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XYLOTOMIC EXAMINATION 
OF SOME VENEZUELAN CAPPARIS  SPECIES, II

K .  B a b o s 1

1 RESEARCH INSTITUTE FOR THE WOOD INDUSTRY, BUDAPEST, HUNGARY

I. R. B e r m u d e z 2 and C. L. J . Cu m a n a 2
2 BIOLOGICAL DEPARTMENT OF SCIENCE UNIVERSITY OF ORIENTE, CUMANA, VENEZUELA 

(R eceived: 1 S e p tem b e r 1981)

The ex te rio r m orphological, eclogical characteris tics , h a b ita t ,  m oreover th e  
m ain  anatom ical fe a tu res  of the  x y lem  o f th e  following fo u r V enezuelan  C apparis 
species are described: C apparis sessilis B a n k s , ex DC., C. pachaca  H . B. e t К ., C. odora- 
tissim a  Jacq ., C. stenosepala  U rb.

M aterials a n d  m ethods

T he blocks m ade from  th e  wood of d iv erse  Capparis species were so ften ed  in a B r i n z e r ’s 
au to c lav e  in  1 : 1 m ix tu re  o f w a te r  and g ly ce rin e , a t  1.5-2 a tm . A fte r th e  m acera tio n , t r a n s ­
v ersa l, tan g e n tia l and ra d ia l sections were p re p a re d . The sections w ere d y e d  w ith  the  alcoholic 
so lu tio n  o f to lu id in  blue. T he m acera tion  of tis su e  w as m ade w ith the  S ch u lze-m ethod  (S á r k á n y  
and  Sz a l a i 1964).

L en g th  of fibres an d  vessel-elem ents, ta n g e n tia l  and rad ia l d iam e te rs  of vessels, w id th  
an d  h e ig h t o f m edullary  ra y s  and  o th er c h a ra c te ris tic s  were m easured . T h e  m in im a-m ax im a 
va lues o f th e  anatom ical fea tu res  o f each C apparis  species were ca lcu la ted  fro m  50-100 m easu re ­
m en ts. E n la rg ed  m icropho tographs were m ade  on  each  section.

E xtern a l m orp hology  and distribution

On th e  basis o f a desc rip tio n  m ade b y  P ro f . I s id r o  R. B e r m u d e z  an d  L u is  J .  Cu m a n a  
C. ( B e r m u d e z  and Cu m a n a , 1980).

To th e  p resen t p a p e r will be enclosed th e  p h o to g rap h s of v e g e ta tio n  and h a b ita t  of 
som e C apparis  species described in  th e  f irs t p a r t  (F ig s 17-20) and th o se  o f th e  C apparis species 
d esc rib ed  in  the  p resent p a r t  (F igs 1-3).

Capparis sessilis Banks, ex DC.

S h ru b  0.5-2.5 m  h igh . Tom entose s te m . A lte rn a te , obovate  leaves, b lades 1.5-9 cm  
long , m u cro n a ted  apex, to m en to se , concolorous. Racem ose in flo rescence , te rm in al, 2.5 cm  
long. H e rm ap h ro d ite , ac tin o m o rp h ic  flowers, 2—5 cm  long. Calyx w ith  4 sepals, superposed , 
tw o  of th e m  5-7  cm long, tw o  4 -5  cm long, to m e n to se , ligh t green. C orolla  w ith  4 c o n to rted  
p e ta ls , 1—7 cm  long, w hite . N um erous s ta m in a  (66—78), 2.8-3 cm  long , a n th e rs  b itheca, 2—3 
m m  long , lo n g itud inal dehiscence. O vary  a b o v e  a gynophore 2 .8 -4  cm  long; b icarpel, u n i­
lo cu la r; p seudo-sep tum  is p re sen t. N um erous ovules, p a rie ta l p la c e n ta tio n , sessile stigm a.
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2 К. BABOS—I. R. BERMUDEZ-L. J . C. CUMANA

B accifo rm , elongated, sub -cy lin d rica l f ru it capsu le , deh iscen t, 6 .5 -23  cm  long, glabrous, b rig h t 
co lou red , pu rp le-redd ish  su tu re s  are p resen t.

H a b ita t: in d ry , g rav illo u s, san d y , o lig o tro p h ic  soils. T hey  grow  sc a tte re d  on the ro a d ­
side , in  shady  or in ten siv e ly  lig h ten ed  places. T h ey  are no t very  freq u e n t.

D istribu tion : S ta te  o f Sucre, E sp a rta .

Capparis pachaca H. B. et K. (Fig. 1)
Tree of 3-6 m h e ig h t. G labrous stem . A lte rn a te , e llip tical, lan c eo la te  leaves. L am in a

2 -  15 cm  long, w ith  m a rg in a te d , m u cro n a ted  a p ex ; g labrous, co riaceous; adax ial and ab ax ia l 
su rfaces olivaceous. R acem ose inflorescence, te rm in a l, 1.5-8 cm  long. C alyx w ith  4 v a lv a te  
sep a ls  2-3  mm long, g lab ro u s , yellow ish, g lands p re sen t. G am osepalous. Corolla w ith 4 p e ta ls , 
c o n to r te d , w hite, 1-1.5 cm  long. N um erous s ta m in a  (52-62), 2 -3  cm  long; an thers b ith eca ,
3— 4 m m  long, lo n g itu d in a l dehiscence. O v ary  above a g ynophore  3—4 cm  long, b icarpel, 
u n ilo c u la r; pseudo-sep tum  is p re sen t; num ero u s ovules, p a rie ta l p la c e n ta tio n , sessile stigm a. 
B acciform e, g lobose-sub-spheric  f ru it  capsule , in d éh iscen t, 6 -7  cm  long , rugose, d ivaceous.

H a b ita t: in  d ry , g rav illo u s, sandy , o ligo troph ic  soils, iso la te d ly  or in sm all groups on  
th e  roadsides or on th e  hills in ten siv e ly  exposed to  ligh t. T hey  are  n o t v e ry  frequent.

D istribu tion : S ta te  o f Sucre, E sp a rta .

Capparis odoratissima Jacq. (Fig. 2)
Tree or shrub  of 2 -7  m  in  heigh t. L ep id o p tero u s stem . A lte rn a te , ellip tical lan ceo la te  

leav es . L am ina 1.3-1.5 cm  long , ob tuse , m ucous; ad ax ia l surface g lab ro u s , olivaceous, lu s tro u s , 
a b a x ia l surface pale g reen . R acem ose in flo rescence, te rm in al, 0 .9 -5  cm  long. H erm ap h ro d ite , 
ac tin o m o rp h ic  flow ers 1 -1 .5  cm  long. C alyx w ith  4 sepals, su p e rp o sed , yellowish, 3 -5  m m  
lo n g , g landulae are p re sen t. Corolla w ith  4 p e ta ls ;  c o n to rted , lep id o p te ro u s  peta ls 5 -6  m m  
lo n g , w hite  when young , a n d  p u rp le-redd ish  w hen  m atu red . N u m ero u s stam in a  (24-32) 5 -6  
cm  long. A nthers b ith eca , 1—2 m m  long, lo n g itu d in a l dehiscence. In fe r io r  ovary , e lo n g a ted , 
b ica rp e la r , un ilocu lar, w ith  pseudo-sep tum . N um erous ovules, p a r ie ta l  p lacen ta tio n , sessile 
s tig m a . B acciform e, oval, cy lin d rica l, e longated , sub-to ru lose , d e h isce n t f ru it  capsule, 1 .5-15 
cm  long, chestnu t-b row n-yellow ish , rough , squam ous.

H a b ita t: in d ry , g rav illo u s, sandy  o ligo troph ic  soils, s c a tte re d  or in  sm all groups on 
th e  roadsides and hills in te n siv e ly  exposed to  lig h t. T hey  are f req u e n t.

D istribu tion : in  Sucre  an d  in o th er S ta te s , N va. E sp a r ta , C arabobo, Zulia, L a ra , 
A nozotegui, Falcón, D tt .  F ed era l.

Capparis stenosepala Urb. (Fig. 3)
Tree or shrub  of 1.5—3 m  in he igh t. S tem  covered  w ith  tr ic h o m e. A ltern a te  leav es , 

o v a te  or elongated  lan ceo la te . L am ina 1-30  cm  long, w ith  m u c ro n a te d  apex ; coriaceous. 
R acem ose inflorescence, te rm in a l, 3-10 cm  long. Flow ers are h e rm a p h ro d ite  or, because o f 
a tro p h y  of the stigm a are  m ascu line, 3 -6  cm  long. C alyx w ith  4 d ialisepals, valved, g reen . 
C orolla w ith  4 d ia lip e ta ls , yellow , 1.5-2 cm  long. Few  stam in a  (6—9), 2 -3  cm long. A n th e r  
b ith e c a , 3 -4  cm long; lo n g itu d in a l dehiscence. B icarpelar, u n ilo c u la r  o v a ry  above a g y n o ­
p h o re , w ith  num erous o v u les ; p a rie ta l p lac en ta tio n , sessile s tig m a . B acciform e, spheric f ru i t  
capsu le , indéhiscent, 7 -8  cm  long, rugose, green-yellow ish.

H a b ita t: in  d ry , shallow  o ligotrophic  soils on th e  sh ad y  ro ad sid es , sca ttered . T hey  are  
v e ry  freq u en t.

D istribu tion : S ta te  o f  Sucre, E sp a rta .

Acta Botanica Academiae Scientiarum Hungaricae 28, 1982



XYLOTOMY OF VENEZUELAN САРРА RIS, Il 3

F ig. 1. C apparis pachaca H . B. e t К ., flow ering  branch . Photo : I. B e r m u d e z  and  L. Cu m a n a *
T acal-E do. S ucre , 1980. I I I .  28

Fig. 2. Capparis odoratissima  Ja c q ., flow ering  b ran ch . P h o to : I. B e r m u d e z  and  L. Cu m a n a ,
Tacal-E do. S u c re , 1980. I I I .  28
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F ig . 3. Capparis stenosepala  U rb ., tree , h a b ita t. P h o to  an d  collector: I. B e r m u d e z  and  L. 
C u m a n a , T acal-E do. Sucre, 1980. I I I .  28

F ig . 4. Capparis sessilis B a n k s , ex DC. C ross-section enlarged 120 tim es. Sm all sized vessels, 
vessel groups, m ed u lla ry  ra y s  and fibres. C o n tac t v asicen tric  lo n g itu d in a l parenchym a

Acta Botanica Academiae Scientiarurn Hungaricae 28, 1982



XYLOTOMY OF VENEZUELAN CAPPARIS, II 5

W ood  A natom y

In  th is  p a p e r  th e  b a s ic  w o rk  o f  M e t c a l f e  a n d  Ch a l k  (1 9 5 0 ) w as f i r s t ly  c o n s id e re d .

Capparis sessilis Banks, ex DC.
Diffused porous wood. The basic  m ass of wood is fo rm ed  b y  po lygonal-shaped  fib res  

w ith  th in n e r wall an d  w ider lum en. P a ra tra c h é a l and  co n tac t v a s ice n tric  long itud inal p a re n ­
chym a. M edullary ra y s  w ith  one or m ore  cells wide (Fig. 4).

R oundish  or oval-shaped  trac h ea e , tan g en tia lly  f la tte n e d  w ith in  the  groups (2 -1 0  
m em bers); w ith in  th e  C apparis species sizes are re la tive ly  sm all; ra re ly  w ith  gum  m ate ria l. 
32 -4 3 -7 0  tracheae  pe r m m 2. T an g en tia l d iam e te r 20 .70-47 .10-57 .50  /rnn. R ad ia l d iam e te r  
20.70-40.94-59.80 /an . L en g th  of th e  vessel-m em bers 119.60-155.94-211.60 /a n ;  sm all, 
a lte rn a te , elongated  b o rd ered  p its  on th e ir  wall. Simple p e rfo ra te  p la te .

M edullary ray s  up  to  1-2 , n o t ra re ly  3—4 cells wide, w ith  hom ogeneous or he terogeneous 
s tru c tu re . H eigh t 34 .50-209.07-437.00 / г т .  W id th  up to 11 .50-32 .66-57 .50  /on . R a y  cells 
freq u e n tly  con ta in  gum  (F igs 5, 6).

F ibres are a rran g ed  in rad ia l row s. D iam eter 7 .80-13 .41-17 .16  /on . W all th ick n ess 
1 .56-1 .73-3 .12  /on . F u ll len g th  142.0-297 .5-426 .0  /on . Tip of th e  fib res  ending in  a p o in t.

D iam eter of th e  lo n g itud inal p a ren c h y m a  cells 9 .20-14 .03 -23 .00  /on . H e ig h t 27 .6 0 - 
57.59-138.00 /an . The cells ra re ly  c o n ta in  gum .

F ig. 5. Capparis sessilis B anks, ex DC. T a n ­
g e n tia l section en larged  120 tim es. M edu lla ry  
ray s  1, 2, 3 cells wide, fib res  w ith  th ic k  w all. 

Vessel and lo n g itud inal paren ch y m a

Fig. 6. C apparis sessilis Batiks, ex DC. R a ­
dial section en larged  120 tim es. H e tero g e­
neous m edullary  ra y , vessel-like trac h e id s , 
long itud inal p a ren c h y m a , fibres w ith  th in  

wall. D ark  gum  in  th e  m edullary  ra y  cells

Acta Botanica Academiae Scientiarum Hungaricae 28, 1982



6 К. BABOS—I. R. BERMUOEZ-L. J. C. CUMANA

F ig . 7. Capparis pachaca  H . B. e t K . C ross-section en larged  120 tim es. V essels, vessel groups 
w ith  sm all sized vessel-like trac h e id s , m ed u llary  ra y s  and fibres. C o n tac t vasicen tric  longi­

tu d in a l p a ren ch y m a

F ig . 8. Capparis pachaca  H . B . e t К . T an g en ­
tia l  section  enlarged 120 tim es. M edullary  
ra y s  1 -2  cells wide, vessel an d  vessel-like 
tra c h e id , long itud inal p a ren c h y m a , fib res 

w ith  th ic k e r w all

Fig. 9. Capparis pachaca  H . B. e t К . R ad ia l 
section  enlarged 120 tim e s . H eterogeneous 
m ed u lla ry  rays, vessels lo n g itu d in a l p a ren ­

chym a a n d  fib res



XYLOTOMY OF VENEZUELAN CAPPARIS, II 7

F ig. 10. Capparis odoratissim a  Jacq . Cross- 
sec tion  120 tim es. Sm alle r sized vessels a n d  
vessel g roups, m ed u lla ry  ray s, fibres w ith  
th ic k e r  wall. C o n tac t v asicen tric  long itu d in a l 

p a ren c h y m a

Fig. 11. C apparis odoratissima  J a c q .  Cross- 
section  enlarged 120 tim es. L arge sized  v es­
sels, vessel groups and  sm all sized vesse l-like  
trach eid s. D ark  gum  in  th e  vessels. M edu l­
la ry  ray s  and fib res w ith  th ick  w all. In  a d ­
d itio n  to the  c o n ta c t v asicen tric  lo n g itu d in a l 
p a ren ch y m a, th e re  is an  a lifo rm -co n flu en t 

lon g itu d in a l p a ren c h y m a , too

Capparis pachaca H. B. et К.
D iffused-porous wood. The basic m ass o f wood is form ed b y  fib res w ith  th ic k e r  w all 

a n d  m edium  lum en. P a ra tra ch é a l, c o n ta c t v asicen tric  lo n g itud inal paren ch y m a. M edu lla ry  
ra y s  u p  to  1-2 , ra re ly  3 cells wide (Fig. 7).

R o und ish  or o val shaped  trach eae , ta n g e n tia lly  f la tte n e d  w ith in  the  g ro u p s  (2—12 
m em bers). T heir n u m b er up  to 15-23-34 p e r  m m 2. T an g en tia l d iam e te r  25 .30-51 .58-78 .20  pin . 
R a d ia l d iam eter 29 .60-60.16-89.70 ^m . L e n g th  of th e  vessel m em bers up  to  1 1 0 .4 0 -1 6 0 .6 3 - 
220.80 p m :  a lte rn a te , sm all elongated b o rd e re d  p its  on th e ir wall. Sim ple p e rfo ra te  p la te .

M edullary  ra y s  u p  to  1-2, ra re ly  3 cells w ide, w ith  hom ogeneous or he te ro g en eo u s 
s tru c tu re . H eigh t 46.00-226.09-540.50 ^ m . W id th  11 .50-39.90-57.50 ^ m  (Figs 8 -9).

F ib res are a rra n g e d  in  rad ia l row s. D iam e te r 6 .24-10.51—14.04 ^m . W all th ick n ess 
1 .56 -2 .49 -3 .12  p m .  F u ll leng th  up to 284 .0-416 .1 -639 .0  p m .  T ip o f fib res  end ing  in  a p o in t.

D iam eter o f lo n g itu d in a l p a ren ch y m a  cells up  to  27 .60-49.49-95.60 p m .

Capparis odoratissima Jacq.
D iffused-porous wood. The basic m ass o f wood is form ed b y  po lygonal-shaped  fib res 

w ith  th in n e r  wall an d  narrow er lum en. P a ra tra c h é a l, co n tac t vasicen tric , ra re ly  a liform - 
co n flu e n t lo n g itu d in a l parenchym a.
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F ig. 12. Capparis odoratissim a  Jacq . T an ­
g en tia l section enlarged 120 tim es . M edullary 
ra y s  1 and  2 cells w ide; vesse l, vessel-like tra- 

ch e id ; longitudinal p a re n c h y m a  and fibres

Fig. 13. C apparis odoratissima  Jacq . R ad ia l 
sec tio n  enlarged 120 tim es. H eterogeneous 
m ed u lla ry  ray s, vessel and  longitud inal p a re n ­

chym a, fib res wi th  th ick  wall

Fig. 14. Capparis stenosepala  U rb . Cross-section en la rg ed  120 tim es. Vessels, vessel g roups, 
sm all sized vessel-like tra c h e id s  in  the  vessel g roups. M edullary  rays, fib res  w ith  th ick  wall. 

A lifo rm -confluen t long itu d in a l paren ch y m a
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Fig. 15. Capparis stenosepala Url). T an g en tia l 
sec tion  enlarged 120 tim es. M edullary ra y s  1, 
2 an d  3 cells wide. Vessels, lo n g itud inal p a re n ­

chy m a and fib res  w ith  th ick e r wall

Fig. 16. Capparis stenosepala  U rb . R ad ia l 
section enlarged 120 tim es. H eterogeneous 
m edullary  rays, vessel, lo n g itud inal p a re n ­

ch y m a an d  fibres

F ig . 17. Capparis coccolobifolia M art, ex  E ich ., flow ering branch . P h o to : I. B e r m u d e z  an d  
L. Cu m a n a , T acal-E d o . Sucre, 1980. I I I .  28
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F ig. 18. Capparis indica  D ru ce., flow ering b ran ch . Pho to : I. B e r m u d e z  and L. Cu m a n a ,
T acal-E do . Sucre, 1980. I I I .  28

F ig . 19. Capparis linearis J a c q .,  sh ru b , h a b ita t.  P h o to  and collector: I. B e r m u d e z  and L. 
Cu m a n a , T acal-E do. Sucre, 1980. I I I .  28
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Fig. 20. C apparis linearis J a c q .,  flow ering  b ran ch . P ho to : I. B e r m u d e z  and L. Cu m a n a ,
T acal-E do . Sucre, 1980. I I I .  28

M edullary  ray s  up  to  1 -2 , ra re ly  3 cells wide (F igs 10 and  11).
R o und ish  or oval-shaped  trac h ea e , ra re ly  so lita ry . W ith in  th e  vessel groups (2—4 

m em bers) th ere  are sm all trach e id -lik e  vessels, too . Size o f the  vessels is generally  n o t large , 
b u t  th ere  are som e vessels 2- or 3 -tim es larger th a n  th e  m edium  size. T h e ir  nu m b er 26-31.4—40 
per m m 2. T an g en tia l d iam ete r 16 .10-47.74—80.50 /im . R ad ia l d iam e te r  18.40-57.68-112.70 ^m . 
L ength  of vessel m em bers u p  to  92 .00-139 .65-230 .00  //m ; w ith  sm all, a lte rn a te , e longated  
bordered  p its  on th e ir  wall. S im ple p e rfo ra te  p la te .

M edullary  ray s 1-2 , ra re ly  3 cells w ide, w ith  he terogeneous s tru c tu re . H eigh t 69 .0 0 - 
210.91-448.50 p m .  W id th  11 .50-14 .49-23 .00  p m .  M edullary  ra y  cells ra re ly  con ta in  gum  
(Figs 12 and  13).

F ibres are a rran g ed  in  ra d ia l row s, ra re ly  in  irreg u lar p o sition . D iam eter up  to  4 .6 8 - 
8 .26-12.48 p m .  W all th ick n ess 0 .7 8 -1 .38 -1 .56  p m .  F u ll len g th  up to  213.00-433.81-639.00 p m .  
T ip of th e  fib res end ing  in  a p o in t.

D iam eter o f th e  lo n g itu d in a l p a ren ch y m a  cells up  to  9 .20 -12 .69 -18 .40  p m . H e ig h t 
41 .40-80.31-128.80 p m .

Capparis stenosepala Urb.
D iffused-porous wood. T he basic m ass of wood is form ed b y  po lygonal-shaped  fib res  

w ith  th ick er w all an d  n a rro w er lum en . P a ra tra c h é a l a lifo rm -co n flu en t lo n g itud inal p a re n ­
chym a. M edu lla ry  ray s  1 and  2 cells wide (Fig. 14).

R o und ish  or o v a l-shaped  trac h ea e , ra re ly  so lita ry , tan g e n tia lly  f la tte n e d  in  th e  groups. 
In  th e  vessel groups (2 -6  m em bers) th e re  are som e sm all trach eid -lik e  vessels, too . L arge
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Table 1

A natom ical characteristics o f  the examined species

Wood elements Features C. s e s s i l i s C . p a c h a c a

A rrangem ent D iffused, so lita ry  or radia l 
group (2-10 m em bers)

D iffused , so lita ry  or rad ia l 
group  (2-12 m em bers)

Shape round ish  or oval; group 
rad ia lly  f la tten e d

ro u n d ish  or oval; group 
rad ia lly  fla tten ed

Tangential diam . 20 .70- 47 .10- 57.50 /im 25 .30- 51 .84- 78.20 /a n

Radial diam . 20.70- 40 .94 - 59.50 ,mn 29.90- 60 .16- 89.70 /an

T rach ea
m em bers

Length of vessel 
members 119.60-155.94-211.60 /an 110.40-160.63-220.80 /a n

N um ber per m m 2 32.00- 43 .48 - 70.00 15.00- 23.00- 34.00

W all thickness 2 .30 - 3 .9 1 - 6.90 /in1 2 .3 0 - 4 .89 - 9.20 /an

In tervascu lar
pitting sm all, e longated , bordered sm all, bordered

Perforation  p la te simple sim ple

Content gum —

W idth narrow narrow

N um ber of cells 1-4 1-2 , ra re ly  3

M edu lla ry
ray s

Classification

H eight

hom ogeneous, or heter. 

34.S0-209.07-437.00 pm

hom ogeneous or heter. 

46.00-226.09-540.50 fim

W idth 11.50- 32 .66- 57.50 p m 11.50- 39.90- 57.50 /mi

Content ra re ly  gum —

A rrangem ent rad ia l rows rad ia l rows

Shape polygonal polygonal

F ib res Full d iam eter 7 .80- 13.41- 17.16 /mi 6 .24- 10.51- 14.04 ^m

Wall thickness 1.56— 1 .73- 3.12 pm 1 .56- 2 .49- 3.12 /in l

Full length 142.00-297.50-426.00 /an 284.00-416.10-639.00 /im

Type of p its sm all, w ith  slot v e ry  sm all, asp irated

A rrangem ent contact-vasicen tric contact-vasicen tric

D iam eter 9 .20- 14.03- 23.00 /an 9 .2 0 - 14.21- 23.00 /an

L o n g itu d in a l
p a ren ch y m a

Height

N um ber of cells

27.60- 57.59-138.00 /an

2-3

27 .60- 49 .49- 96.60 /in 1 

3-6

Content rare ly  gum —
Other — —

Acta Botanica Academiae Scientiarum Hungaricae 28, 1982



XYLOTOMY OF VENEZUELAN CAPPARIS, II 13

Table 2

A natom ical characteristics o f  the examined species

Wood elements Features C .  o d o r a t is s im a C . s te n o s e p a la

A rrangem en t Diffused, rarely so litary ; 
in rad ia l or irregular 
groups (2 — 4 m em bers)

D iffused , ra re ly  so litary ; in 
rad ia l or ra re ly  irregular 
groups (2—6 m em bers)

Shape R oundish  or oval, som e­
tim es tangentia lly  
fla tten ed

R o und ish  or oval, som etim es 
tan g en tia lly  fla ttened

T an g en tia l diam . 16.10- 47.74- 80.50 pm 27 .60- 64.49-103.50 pm

R ad ia l diam . 18.40- 57.68-112.70 pm 20.70- 63.31-115.00 pm

T rachea
m em bers

L en g th  of vessel 
m em bers 92.00-139.65-230.00 p m 119.60-212.88-303.60 pm

N u m b er per m m 2 26.00- 31.48- 40.00 6 .0 0 - 20.44- 28.00

W all th ickness 2 .30- 4 .25- 6.90 fim 2 .30- 5 .33- 11.50 pm

In te rv ascu la r
p ittin g sm all, elongated, bordered m edium , elongated, bordered

P erfo ra tio n  p late simple sim ple

C onten t ra re ly  gum ra re ly  gum

W id th narrow narrow

N u m b er of cells 1-2 , ra re ly  3 1-3

M edullary
rays

Classification

H eigh t

heterogeneous

69.00-210.91-448.50 ^m

heterogeneous

57.50-281.98-575.00 p m

W id th 11.50- 14.49- 23.00 pm 11.50- 31.85- 57.50 pm

C onten t rare ly  gum rare ly  gum

A rrangem en t irregular irregu lar

Shape polygonal polygonal

Fibres Full d iam eter 4 .68 - 8 .26- 12.48 pm 9 .3 6 - 11.54- 15.60 pm

W all th ickness 0 .78 - 1.38- 1.56 pm 1.56- 1.81- 3.12 pm

Full leng th 213.00-433.81-639.00 pm 426.00-643.30-852.00 pm

T ype of p its sm all, w ith  slot sm all, asp irated

A rrangem en t co n tac t vasicentric, rare ly  
aliform -confluent

aliform -confluent

Longitudinal D iam eter 9 .20- 12.69- 18.40 pm 11.50- 15.31- 18.40 pm

parenchym a H eight 41.40- 80.31-128.80 p m 96.60-139.10-230.00 pm

N u m b er of cells 2-4 1-2 , ra re ly  3

C on ten t — —

O ther — o ctah ed ra l calcium 
ox a la te  crystal
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vessel size w ith in  th e  C apparis species. T h e ir  n u m b er up  to  6 -2 0 .4 4 —28. T an g e n tia l d iam eter
2 7 .6 0 - 64.49-103.50 ^m . R ad ia l d iam e te r  20 .70-63.31-115.00 /im . L en g th  o f vessel m em bers
1 1 9 .6 0 - 212.88-303.60 m m ; w ith  a lte rn a te , m edium -sized , e lo n g a ted  b o rd e re d  p its  on th e ir 
w all. S im ple p e rfo ra te  p la te .

M edullary ray s  u p  to  1 -2 , n o t ra re ly  3 cells w ide, w ith  h e terogeneous s tru c tu re . H eigh t 
u p  to  57.50-281.98-575.00 /пт. W id th  11 .50-31 .85-57 .50  /ш .  R ay  cells ra re ly  co n ta in  gum  
(F ig s  15 and  16).

F ibres are in irreg u la r  position . D ia m e te r  up  to  9.36—11.54—15.60 /и n . W all th ickness 
1 .56 -1 .81 -3 .12  ^m . F u ll len g th  426 .00-643 .30-852 .00  /лт. T ip of fib res en d in g  in  a  sm ooth  po in t.

D iam eter of lo n g itu d in a l p a ren c h y m a  cells u p  to 11 .50-15.31-18.40 ^m . H e igh t 96.60- 
139.10—230.00 ^m . T he cells ra re ly  co n ta in  o c tah ed ra l calcium  o x a la te  c ry s ta l.

D etailed  an a to m ica l ch arac te ris tic s  o f th e  wood of four C apparis species are described 
in  T ab les  1 and 2.
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EAST AFRICAN BRYOPHYTES, Y

f M .  B lZ O T 1 and T .  PÓCS2
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(R eceived : 20 April 1981)

Chorological d a ta  w ith  tax o n o m ic  a n n o ta tio n s  accom pany  th e  new  localities 
of 217 species collected  by  T. PÓCS an d  his colleagues in E a s t  Africa, m ostly  in  T an zan ia . 
11 species are rep o rted  for f irs t  tim e  from  E a s t A frica, o th er 3 are new  fo r tro p ica l 
A frica  an d  fu r th e r  14 proved to  he new for the  whole c o n tin e n t. The au th o rs  estab lish ed  
th e  follow ing new  com binations and new  nam es: Jonesiobryum  sphaerocarpum  (B iz.) 
Biz. e t Pócs com b, nov., Squam id ium  biforme (H pe) B ro th , var. densiram eum  (B ro th .) 
Biz. s ta t.  nov ., Fabronia bizotii Pócs s ta t.  e t nom . n o v ., L o p id iu m  struthiopteris (B rid .) 
F leisch, v a r. cam penonii (R en . e t C ard.) Biz. s ta t. n o v ., P apillaria  africana  (C. M üll.) 
Jaeg . va r. f la g e llifer a B izot is described as new  and m an y  new  synonym s are in tro d u c ed . 
F in a lly  a key  of A frican Schoenobryum  species, d is tr ib u tio n  m aps of 13 species, h a b ita t  
p h o to s and  phytogeograph ica l ev a lu a tio n  are supplied.

In troduction

As in  o u r E a s t A frican B ryo p h y tes  I I I  (B iz o t  and  P ó c s  1980: 223) i t  was m en tio n ed , 
th is  c o n trib u tio n  is a d irec t co n tin u a tio n  of E a s t A frican B ry o p h y tes  (fu rth er E A B ) I I I ,  w ith  
som e ad d itio n  an d  d a ta  on liverw orts too . T herefore  we do n o t  in te n d  to rep ea t, fo r sake of 
econom y, th e  in fo rm a tio n s and  a b b rev ia tio n s  g iven in E A B  I I I ,  th ey  are v a lid  w ith o u t 
a lte ra tio n  here  (E A B  IY by  B iz o t  e t al. 1978 w as published ea rlie r, th a n  EAB I I I ) .  T h e  speci­
m ens w ere id en tified  an d  an n o ta ted  b y  th e  la te  prof. M. B iz o t  (B ) and by T . P ó c s  (P ), in  
som e cases b y  R . G r o l l e , by  J . L. D e  S l o o v e r , or b y  A. T o u w . In  add itio n  to  th e  collections 
m en tioned  in  E A B  I I I ,  we received 5 m ore specim ens for id en tif ic a tio n  from  th e  H e rb a riu m  
of th e  N ew  Y o rk  B o tan ica l G arden (N Y ). T he ju n io r a u th o r  expresses his g ra ti tu d e  fo r all 
these  c o n trib u tio n s .

List o f  species collected

H E P A T IC A E

1. Lophocolea cuspidata (Nees) L im pr. — Erica  fo rest, te. *A B E : N at. P a rk , 3000 m  (c. H . 
B a l s l e v  656, N Y ); de t. P . EA B  IV.

2. Plagiochila squam ulosa M itt. — E rica  fo res t, c t. *A BE: N a t. P a rk . 3000 m (c. H . B a l s l e v  
649, N Y ); d e t. P . E a s t  A frican  m o n tan e  species, EA B  IY , new  to  K enya.

3. Porella hoehnelii S tep h . — E rica  fo res t, c t. *A BE: N a t. P a rk , 3000 m  (c. H . B a l s l e v  
651A, N Y );d e t. P . E A B  I, IV.

4. Odontolejeunea tortuosa (Lehm  e t L in d en b .) S teph . — M o n tan e  forest, ph . U L U : B ondw a 
E  1600 m  (6181/U ); de t. P.

5. Drepanolejeunea cambouena Steph . M ontane fo rest a n d  m ostly  in  e lfin  w ood land , 
ph. *W U S: M azum bai U .F .R . 1750 1880 m (6372/CF p .p .) ;  U L U : L u panga  S 1900-
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2000 m  (6287/Q): B ondw a to p  2000-2120 m (6013/B , 6052/ВС, 6388/L, 6889/С Е): M agari 
p e a k  a n d  Е  2000-2340 m (6297/A J, 6299/0 , 6300/A R ); de t. G r o l l e . I t  is n o t a synonym e 
o f  D . cultrella (M itt.) S tep h ., as V a n d e n  B e r g h e n  (1977: 209) trea te s  it ,  b u t  is a d is tin c t 
L e m u ria n  species resem bling  m u ch  m ore th e  A sian  Drepanolejeunea dactylophora  (Nees) 
S p r. th a n  D. cultrella an d  belongs to  th e  Section D igitatae  H erz. A n n o ta tio n  by  P.

6. D repano le jeunea  cultrella  (M itt.)  S teph . — S u b m o n tan e  an d  m on tane  fo res ts , ph. *K E N : 
C astle  F . St. 1960-2000 m (6604/E  p .p ., F  p .p . a n d  6604/H ); T A J: M bololo Hill 1450- 
1600 m (c. F aden  71/968/D , J ,  M, Q, T ); *K asigau  H ills E  1250-1640 m (c. F aden  s.n. 
6. F e b . 1971); *W US: M azum bai U .F .R . 1600-1880 m (6371/A J, 6372/C FB ): *EU S: 
A m a n i 860-900 m (6105/AT, 6088/C, D, E , G, e tc .) ; *NGU: W of K w am an g a  village, 
1100-1450 m (6397/AD); *U K A : M nyera ridge N N E  1900-2130 m  (6739/A A , 6740/BB); 
* K A N : S 1370 m (6140/A J, A P ); U LU : K inole saw m ill 1050-1200 m  (6874/AA, AB); 
T u m b a k o  SE 1390-1480, S 1500 m (6876/AD, A E , AG, 6877/AA, A P , A U , AY); Mwere 
V .  1500-1630 m (6176/E, F , G, 6221/C); L u panga  N W  1500-1850, S 1700-1900 m (6547/G 
p .p .,  6285/AD, A J, 6124/A), to p  2140 m (6072/A A , AD); L upan g a-K in az i ridge 1800- 
1900 m (6836/BC, B J); K inazi N W  1400-1650 m  (6289/AC): P a la ta  N W  1700-1890 m 
(6851/A B , A E, 6852/AA); B ondw a top  and  slopes 1600-2120 m 14 reco rds !; M agari 
p e a k  1500-2345 m (6296/AA, 6297/AC, 6299/N , 6300/B B , BC); K ibungo  W 1500-1700 m 
(6475/B , 6476/AA); B u n d u k i, K ikododo 1750-1900 m (6464/BB); * K IL : Mweka rou te  
2150 m  (6344/B E, B F , B G ); *R U N : M t. R ungw e SW  1800-2050 m (6762/C, 6763/AB); 
d e t  Grolle. W idespread in  th e  m o u n ta in s from  Sao T om é to E ast A frica, E A B  I.

7. D repano le jeunea  pocsii G rolle — E piphyllous in  su b m o n tan e  and in  m o n tan e  forests, 
e lf in  w oodlands. *K A N : S 1370 m  (6140/AI p .p .) ; U L U : L upanga S 1700—1900 m, NW 
1400-2000 m (6285/AE, A K , A L , e tc ., 6124/B); L u p an g a  — K inazi 1800-1900 m (6836/ 
B H ); P a la ta  NW  1700-1890 m  (6851/AC, A D , AG, 6852/AC, AD, A E ): M were v. 1400- 
1600 m (6156/E, G): M agari p eak  N N E  1500-1800 m , E  2000-2100 m (6296/A B , AC, A E, 
6297/A A , AC, etc .); R U N : SW  2050 m  (6763/AA, AC); det. Grolle. A long th e  localities 
re p o rte d  by  G r o l l e  (1976: 210) an d  here, th e  species is know n also from  Z im babw e, Mt. 
P c n i (Y An d e n  B e r g h e n  1978: 444-445).

8. D repano le jeunea  friesii V an d . B ergh. E p ip h y llo u s an d  ram icolous in  su b m o n tan e  and  
m o n ta n e  forests, elfin w ood land  an d  in su balp ine  E rica  h eath . K IL : U m bw e rou te  2800- 
2900 m  (6929/NA); M arangu  ro u te  2200-2650 m  (6 2 4 0 /0 , Y , 6365/K , U ); ab ove  Nkweseko 
v illag e , 1800-1850 m (6359/E ); *U K A : M nyera ridge  N N E  1900 m (6870/B F p .p .)’ *K A N : 
S 1370 m (6140/AH); *U L U : L u panga  S 1700-2000 m  (6285/BY, 6287/Q ); T um bako  S 
1500 m  (6877Д403); B ondw a to p  2100 m  C6233/N, 6889/M); B ondw a N E  1740 m 
(6844/G D ); M idhani 880 m  (6881/AO): M geta v . E  o f Lukw angule PI. 2250 m  (6830/AH); 
W  o f K ibungo Mission 1500-1700 m (6475/AD); M agari peak  2345 m  (6300/AS, BA); 
d e t.  G r o l l e  and  P. E a s t A frican  — L em urian  m o n tan e  species.

9. D repano le jeunea  trem atodes (Nees) Bischl. — E p iphy llous in m o n ta n e  forests, elfin 
w oo d lan d  and in bam boo th ick e ts . K E N : C astle  F . St. 1960-2000 m  (6604/G); U L U : 
B o n d w a E 1700-1900 m , N 1700-2050 m, to p  2120 m (6117/A, B, C, 6119/M, 6259/E , 
6013/A , 6052/BE, 6536/A, 6598/C, etc.); M were v. 1500-1630 m (6176/C, D ); P a la ta  N W  
1850 m  (6852/AB, A F); d e t,  G r o l l e . E as t A frican  — L em urian  m o n ta n e  e lem ent, very  
d o u b tfu l in  Mexico (cf. G r o l l e  1976: 207).

10. D iplasio le jeunea k rau ssian a  (L indenb .) S teph. — E p iphyllous in  m o n tan e  forests. *K IL : 
N E  o f M weka, M nangue R . v a lley  1900 m (6343/B O ); *U LU : M geta v. E  o f L ukw angule 
p la te a u , 2250 m (6830/BC); d e t. P . K now n fro m  B u ru n d i th ro u g h  Z im babw e to  Cape.

11. D iplasio le jeunea zakiae  P . T ix . — The species co llected  in E ast Africa b y  F a d e n , PÓCS 
a n d  o thers , identified  by  G r o l l e  previously as D . utriculata S teph. a n d  a few K en y an  
reco rd s  published u n d e r th is  nam e by  B izo t  a n d  P ó cs  in EAB I. (1974: 411, No. 108)
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p roved  to  be a new species, as G r o l l e  recognized  it, and  d istingu ished  u n d e r th e  nam e 
of D iplasiclejeunea tubulata Grolle sp. n. H e rb a riu m  specim ens of th e  new  species w ere 
c ircu la ted  u n d e r th is unpub lished  n am e, w hen T ix ie r  (1977: 123) p u b lish ed  his D . zakiae  
f ro m  M adagascar. He refers to D. tubulata  G rolle 1966 erroneously, because  D . tubulata  
w as n ev er p u b lished , no t even in th e  p a p e r  c ite d  by  T ix ie r  (1977: 125). T i x i e r  com pares 
D . zakiae  w ith  D . tubulata  and  tre a te s  th em , as sep a ra te  species. In  fa c t, D iplasiolejeunea  
tubulata  G rolle nom . herb, is th e  sam e as D iplasio lej eunea zakiae  T ix ier, w hich  is th is  
w ay  th e  v a lid  nam e for the  species co n cern ed . New records o f D iplasio lej eunea zakiae  
P . T ix .: *K : T a ita  hills, Mbololo hill 1450-1800 in  (c. R. B. F a d e n  e t al. 71/968/X  
T ype  of D iplasio lej eunea tubulata G rolle, 71/1020/G ); T aita  hills, M raru  ridge, 1440- 
1680 m  (c. R . B. F a d e n  e t al. 70/769); *U L U : T u m b ak o  1390-1530 m (6876/AC, 6877/A J); 
L u p an g a  SW  1700-1900 m (6285/AQ); M w ere v. 1500-1630 m  (6176/Q ); B ondw a E  
1600 m (6181/Q ); M adagascar: R . N. d u  M aro je jy , 1450 m (c. G u il l a u m e t  4133/5). 
A s tr ic tly  ep iphy llous m ontane ra in  fo res t species d is trib u ted  in  th e  c ry sta llin e  m assivs 
o f E a s t A frica an d  M adagascar. A n n o ta tio n  a n d  iden tification  by  G r o l l e  a n d  P.

12. Cololejeunea cu n ea ta  (Lehm , e t L in d en b .) S te p h . — Epiphyllous in  m o n ta n e  ra in  fo rest. 
*W U S: U .F .R ., Kambo,. 1620 m  (6374/BM ) associed  w ith  C. leloutrei a n d  C. cardiocarpa. 
D et. P . New fo r th e  co n tin en t, p rev io u sly  k n o w n  from  M adagascar a n d  from  M auritiu s.

13. C ololejeunea card iocarpa (Nees e t M ont.) S ch u st. W US: M azum bai U .F .R .:  K am bo , 
1620 m  (6374/B O ) epiphyllous in m o n ta n e  fo re s t;  de t. P. EAB I, I I I ,  p a n tro p ica l.

14. C ololejeunea filicaulis S teph. — E p ip h y llo u s in  su bm ontane  and in m o n tan e  ra in  fo rests. 
*K : T a ita  hills, Mbololo hill, M raru  ridge  1440-1680 m (c. R. B. F a d e n  e t al. 70/765) 
K asig au  h ill 1250-1600 m (c. R. B . F a d e n  s.n .): *K E N : Castle F . St. 1960-2000 m 
(6604/L); *U L U : M were v. 1400-1600 m  (6156/B , published in E A B  I No. 95 as C. gros- 
sidens); K inole saw m ill 1100 m  (6874/A L, p u b lish ed  in EAB I I I  No. 112 as C. malanjae); 
de t. P . P a laeo tro p ica l species know n fro m  C am eroon to T anzania , M adagascar a n d  to  
R éu n io n , fro m  tro p ical SE Asia an d  M alaysia  to  O ceania, detailed d is tr ib u tio n  g iven  b y  
T i x i e r  (1975: 467).

15. Cololejeunae tan zan iae  Poes — E p ip h y llo u s in  su b m o n tan e  ra in  fo rest. U L U : M t. T u m ­
b ako  SE  1400 m  (6876/AL); det. P . R e ce n tly  described species (P ó cs  1980: 312) w ith  
E a s t  A frican  — M adagascan d is trib u tio n .

16. M annia  capensis (S teph .) S. A rnell On re la tiv e ly  d ry , open g ran itic  rocks. *U L U : 
H u lu lu  Falls S of B unduk i, 1480 m  (6902/A ); d e t. G r o l l e . South  A frican  species kno w n  
from  Cape, N am ib ia , Z im babw e, Z am bia: V ic to ria  Falls. New for E a s t  A frica.

M U SCI

F u n a riaceae

Jo n esio b ry u m  sphaerocarpum  (B izo t) B izo t e t  Pócs comb. nov. M. R . C rosby k in d ly  
tu rn e d  ou r a tte n tio n  to  th e  fac t, t h a t  even  we in tro d u ced  a new  nam e in s tea d  o f th e  
illeg itim a te ly  p u b lished  Jonesia  B izot e t  Pócs non  Jonesia  R oxb.: Jonesiobryum  B izo t e t 
Pócs (1974: 444), we did no t m ake a new  co m b in a tio n  for the  species, th ere fo re  th e  species 
nam e rem a in ed  invalid . T herefore we p ro p o se  th e  above new co m b in a tio n  based  on 
Jonesia  sphaerocarpa  B izot nom . in v a l. in  B iz o t , P ie r r o t  and  P ó c s , R ev . B ryol. e t 
L ichénol. 40: 25 (1974).
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Fig. 1. E vergreen m o n ta n e  fo res t p a tch  su rro u n d ed  by  d ry  deciduous B rachystegia w oodland  
(m iom bo) on th e  E  slope of M t. M ukowonshi, N N E  of M pika in  Z am bia, a t 1800 1900 m  a lt. 
L o ca lity  of Ccilyptothecium p la n ifio n s , M itteno tham nium  microtham nioides , Rhacopilopsis tr in i-  

tensis, Acanthocladiella fle x ilis , P ilotrichella ampullacea  and  others

F ig. 2. Octoblepharum a lb idum  in  d ry  gran ite  rock  crevices, accom pan ied  by  Fabronia longipila  
an d  by Gyroweisia p o csii , on  th e  SW foothills o f N guru  y a  N dege, N of Morogoro, T an zan ia ,

a t  600 m a lt
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Fig. 3. L ow land ra in  fo rests n ear Sanje F a lls  in  M w anihana F o re s t  R eserve, Gologolo M ts. 
(U sagara), T an zan ia , a t  300 m a lt. L ocality  of Cololejeunea adhaesiva , Lejeunea tuberculiflora , 

Lopholp'eunea k ilim an jarica , Cyathodium a frica n u m , etc.

Rhizogoniaceae

17. Rhizogonium  spiniforme (H edw .) B ruch . — Corticolous, ram ico lous and lignicolous in  
su b m o n tan e  a n d  m o n tan e  forests, e lfin  w oodlands. *U K A : Ik w a m b a  N 1875-1920 m  
(6866/J); U L U : L u panga  N W  1300 m  (6064/J ); L upanga — K in azi ridge 1800-1900 m  
(6836/M ); P a la ta  N W  1700-1850 m (6851/L); del. P. P an tro p ica l.

Bartramiaceae

18. Leiomela africana T bér. e t N av. — A lm ost alw ays on tree fe rn  stem s, ra re ly  on  b a rk , in  
v e ry  w et m o n tan e  ra in  fo rests (m ossy  forests). According to  D e  S lo o v er  (1975: 317) 
a ll tro p ica l A frican  Leiomelci belong to  th e  above taxon . W e pu b lish ed  th is p la n t fro m  
several localities in  E A B  I, No. 269 u n d e r  th e  nam e of Leiom ela bartramioides (H ook .) 
P a r . cf. var. borbonicum  B esch. The d a ta  below are new: * K E N : Castle F . St. 2000 m  
(6603/S); K IL : K im efu  v. n ear N kw eseko 1850 m  (6360/N); *U K A : M t. Kifigo SE  1825 m 
(6592/K ); M t. Ik w am b a  N  1900 m (6866/D ); U LU : L upanga S 1750-1950 m  (6468/A );
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F ig . 4. Pandanus cf. engleri s ta n d  in th e  low land  ra in  forests of K im b o za  F orest R eserve, 
U lu g u ru  Mts. a t  300 m a lt .  L o ca lity  of Cyathodium  a frica n u m , Frullania  nodulosa , Cololejeunea 
jo n e s ii , Calymperes usam baricum , E rpodium  b iseria tum , Fissidens a trovirid is , jF. gomae, A na- 

cam ptodon africanus an d  Neckeropsis lepineana

W N W  1900-2050 m (6550/T) M were v. 1450-1560 m  (6158/N, 68 9 1 /E ): K ilangala  SE of 
B unduk i 1750-1990 m  (6464:B L): M geta v . 1600-1640 m (6912 /J): de t. D e  S l o o v e r . 
C haracteristic  species o f  b ry o p h y te  co m m unities living on tree  fe rn  stem s in th e  E as t 
A frican m oun ta ins f ro m  R uw enzori M ts. to  th e  U lugurus and  in R éu n io n  island.

19. Bartramia ham peana C. M üll. On h u m u s covered  rocks a t  th e  fo res t edge. *U LU : 
M geta falls a t  th e  E  e scarp m en t of L u kw angu le  p la teau , 2350 m (6822/AB); det. B. 
S o u th  African.

20. Bartramia jungneri P a r . --  On a cliff su rro u n d e d  by ericaceous w oodland  w ith  g ian t 
Senecios. * K IL : U m b w e ro u te  n ear th e  l i n d  B ivouac, 3330 m  (6791/N A ); det. B. P re ­
viously know n o n ly  fro m  th e  Cam eroon, K e n y a  a n d  U luguru  M ts.

21. Bartramia cf. m icrocarpa P. Y ardé On w e t volcanic rocks. * K IL : Mweka ro u te , 
Charongo v ., 2985 in (6719/K , L); det. B. A froa lp ine  species k n o w n  fro m  Zaire, from  th e  
R uw enzori M ts. a n d  fro m  Mt. E lgon.

22. Bartramia gigantea B o ry  — On d ry  vo lcanic ro ck s su rrounded  by  P h ilip p ia  h ea th , or on 
g ran itic  rocks. * K IL : N ear Mweka B ase H u t, 3000 m (6720/R); * U L U : M geta falls a t
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th e  E  edge o f L ukw an g u le  p la teau , 2350 m (6822/A X ): det. B. P reviously  know n on ly  
from  R éunion.

23. Bartramidula globosa (C. Müll.) B ro th . — * K IL : U m bw e ro u te , on  volcanic rocks o f th e  
U n d  B ivouac, 3330 rn (6791/GA); d e t. B. E as t A frican  m o n tan e  species from  M t. E lgon  
(3600 m) to  Cape, new for Tanzania.

24. Philonotis africana (C. M üll.) R ehm . ex  P ar. -  On th e  g round  of “ dam bo” m o orland . 
*Z: Along th e  G rea t E a s t R oad be tw een  U n d a -U n d a  an d  R u fu n za , 125 km  from  L u sak a , 
1100 m  (6619/E); d o u b tfu l species p rev iously  know n only from  N a ta l. D et. and  a n n o ta ­
tion  by  B.

25. Philonotis fontana (H edw .) Brid. On irr ig a ted  rocks an d  boggy g round  of g ian t Sene- 
cio m oorland . K IL : n ea r B arranco H u t,  3850-3950 m  (6794/G, 6796/B); det. B. N o rth e rn  
tem p e ra te  species, a ltim o n tan e  in tro p ica l A frica , know n be tw een  3450 and 4350 m .

26. Philonotis hastata (D u b .) W ijk et M arg. — U b iq u is t in w et tro p ics, occurring n o t on ly  
on rocks, b u t  also on (often c u ltiv a ted ) soil, on flow erpots, on concrete  dikes a n d  n e a r 
w aterfa lls even on  tree  branches. T : M w anza tow nsip  1136 m  (6199/B); K IL : M aran g u , 
K in u k am ari Fa lls  1500 m (6237/L); L yasom boro  1850 m  (6208/D ); E U S: A m ani 850 m  
(6095/D); *N G U : M nem bule 1400 m  (6437/F); *U K A : w aterfa ll below M andege F . S t. 
1200 m (6744/B ); U L U : Morogoro, all valleys n e a r th e  to w n ,600-1300 m  (6004/C ,6401/A K , 
6561/C, 6723/B): H u lu lu  Falls S of B u n d u k i 1460-1500 m (6900/J, 6902/B); K inole saw ­
mill 1100 m  (6874/N ); M ilawalila F .R . 400 m  (6416/K ); K isim bi Falls 650 m (6276 /J); 
K im boza F .R . 300 m  (6271/C); *USG: M w anihana F .R . below  San je  Falls, 300 m  (6144/ 
A B); *R U N : Isongole village, 1960 m  (6757/A); Z: V ictoria  Fa lls , K nife E dge, 870 m  
(6613/H ); d e t. B. V ery  w idespread p a n tro p ica l species.

27. Philonotis platyneura P. V arde — On irr ig a ted  rocks along a s tream le t in  Senecio m o o r­
land . * K IL : B eh ind  B arranco H u t, 3850 m (6794/E); de t. B. A froalpine species p re ­
viously know n on ly  from  R uw enzori M ts.

28. Philonotis tom entella Mol. in Lor. On irr ig a ted  rocks. K IL : N ear Shira H u t, 3660 m 
(6927/AG); d e t. B. T em pera te  species, d is ju n ct in tro p ical m o u n ta in s, EA B I, IV.

29. Breutelia diffracta M itt. -  On siliciferous rocks in  m o n tan e  fo res t and in th e  ericaceous 
belt. *N G U : M t. M afulum ula  E 1850 m (6439/L); R U N : M t. K yejo  E  of T u k u y u , N  1700 m  
(6770/B); M t. R ungw e, caldera rim  -f- m ean  p eak  E  2500-2600 m  (6506/G, 6504/Y); d e t. 
D e  S l o o v e r . A fro m o n tan e  species, E A B  I.

30. Breutelia perrieri T hér. — G iant E rica  h e a th , on th e  m ossy g round . *K IL : U m bw e ro u te , 
near th e  1st B ivouac , 2850 m (6788/B L); de t. D e  S l o o v e r . P rev iously  know n fro m  M t 
M eru, from  M ad ag asca r and from  R éunion .

31. Breutelia horhonica J .  L. De S loover -  On rocks an d  soil of ericaceous subalp ine  h e a th . 
* K IL : U m bw e ro u te  3330 m, n ear th e  U n d  B ivouac (6791/C); *M ER: W 3750 m (coll. 
J .  Sz u n y o g h y  21/a); det. D e  S l o o v e r . [M. B iz o t  p rev iously  iden tified , as B reutelia  
kilim andscharica  (C. M üll.) P a r.]  Breutelia borbonica is new for co n tinen ta l A frica , p re ­
viously kno w n  o n ly  from  R éunion.

32. Breutelia humbertii P. V arde et T h ér. — On rocks in su b a lp in e  ericaceous h ea th . *M E R : 
W  3900 m  (coll. J .  Szu n y o g h y  2 0 /c); det. J .  L. D e  S l o o v e r . A froalpine species, p re ­
v iously know n on ly  from  the  B iru n g a  volcanoes.

33. Breutelia m uhavurensis P. V arde e t T hér. On su balp ine  rocks. K E N : T eleki v. W  
3900 m  (coll. D. B alázs 105/c); A froa lp ine  species, pu b lish ed  un d er B. subgnaphalea  
(C. M üll.) P a r. b y  B izo t  (1973: 23), revid . b y  D e  S l o o v e r .

34. Breutelia stricticaulis Dix. On th e  g ro u n d  of E rica  g ia n t h ea th . K E N : N aro  M oru 
trac k , 2500 m  (coll. D. Balázs 102 p .p .); de t. D e  S l o o v e r . A froalp ine species p u b lish ed  
b y  M. B iz o t  from  th e  above lo ca lity  u n d e r th e  nam e of B . S tuh lm anii B ro th . (B izo t 
1973: 23.)
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35. Breutelia gnaphalea (P . B eauv .) M itt.;  Jo u rn . L inn. Soc. B ot. 7: 153 (1864); H y p n u m  
gnaphaleum  P . B eau v ., P ro d r.: 64 1805; Syn . nov.: Breutelia ryvardenii B izo t, R ev. 
B ryol. e t L ichen. 42: 850 (1976). — A lth o u g h t a lready  B a r t r a m  (1953: 194) published  
th is  species w ith  qu estio n  m ark  from  th e  M ulanje  Mts. an d  B iz o t , D u r y  an d  PÓCS 
EA B  I I . (1976: 5) confirm ed  its occurrence  based  on th e  recen t collection m ade by 
R y v a r d e n  (de t. J .  L. D e  S l o o v e r ), B iz o t  (1976: 42) described i t ,  as a new  species from  
th e  sam e collection  o f R y v a r d e n . In  fa c t, as J . L. D e  S l o o v e r  confirm ed (in litt .) , 
В . ryvardenii B izo t agrees in all a spects w ith  Breutelia gnaphalea  (P. B eauv .) M itt, and  
th e  p revious id en tif ic a tio n s  were r ig h t. A n n o ta tio n  b y  P.

Erpodiaceae

36. Erpodium biseriatum (A ust.) A ust. — On h a lf  sh ad y  lim estone or crysta lline  rocks o** 
low land ra in  fo res t o r riverine  forest. U L U : K im boza  F .R . 300 m  (6728/E); K im boza  -  
M kuyuni 350 m (6729/A , 6800 /0 , S, 6801/ J ) ; N G U : W  of M honda Mission 550-800 m 
(6399/G); de t. P . P a n tro p ic a l species, in  E A B  I, No. 282 published  u n d e r synonym e 
Solmsiella biseriata  (A ust.) Steere.

Orthotrichaceae

37. Zygodon intermedius B. S. G. — C orticolous in m o n tane  forests. * K IL : M arangu  ro u te  
1900-2200 m (6364/J ) ; T : *K ipengere R ange: K itu lo  P la teau  2650 m  (6750/A W ); R U N : 
M t. R ungw e SW 2450 m  (6766/Z); de t. B. P an tro p ica l species w idesp read  in  A frican  
m o u n ta ins, E A B  I.

38. Zygodon m icrotheca D ix. ex M alta — C orticolous in  m on tane  forests an d  in J u n ip e ru s  
excelsa p lan ta tio n . *W U S: N ear M isalai b e tw een  Soni and B u m buli, 1500 m  (6369/C); 
*U L U : B ondw a N E  1740 m  (6578/B L); de t. P. P rev iously  know n from  R uw enzori, K iv u , 
S o u th ern  H ig h lan d s o f T an zan ia . Seem s to  be very  closely re la ted  to th e  Ceylonese 
Zygodon h um ilis  T hw . e t M itt, an d  also to  th e  o th e r  species of th e  “ A rten g ru p p e  von 
Z. pungens”  of M alta  (1926: 148). its  d ifference fro m  th e  follow ing species m ig h t be  no t 
specific. A n n o ta tio n  by  P.

39. Zygodon pungens C. Müll. C orticolous in m o n tan e  forest. *U L U : M geta r iv e r valley  
above H ulu lu  Fa lls , 1640 m  (6912/S); de t. B. O n th e  base of the  stro n g , yellow ish brow n 
costa  belongs ty p ic a lly  to  th is  species, b u t  its  sm all s ta tu re  shows re la tio n  w ith  Z. p a r - 
vulus  Geh. e t H am p e, w hich  m igh t be on ly  a h a b it  form  of Z. pungens. T he Zygodon  
pungens  g roup b ad ly  needs a revision . Z. pungens  is a L atin  A m erican  species d is tr ib u te d  
from  G uatem ala  to B rasil, new  to  A frica. A n n o ta tio n  by  P.

40. Zygodon reinwardtii (H o rn sch .) B raun  On g ia n t Senecio stem . *A B E : G ik u ru ru  
va lley , 1.5 km  W  of K iandogoro  G ate, 2950 m  (coll. Ma b b e r l e y  327/A); det. B. Seem  
to  be an  oceanic cosm opolite , a ltim o n ta n e  in A frica , cf. EA B  IV.

41. Zygodon trichom itrius H ook, e t Wils. v a r. mildbraedii (B ro th .) M alta  On b asa ltic  
rocks in  P h ilip p ia  h e a th . *K1L: A round  M w eka B ase H u t, 3000 m  (6720/R B ); d e t. B. 
E a s t  A frican m o n tan e  species, from  E lgon  to  C ape, EA B  I.

42. Amphidium tortuosum (H ornsch .) R obins S y n .: A. cyathicarpum  (M ont.) B ro th . In  
lav a  caves, especially  on th e ir  ceiling. K IL : U m bw e ro u te , 1st B ivouac, 2900 m  (6788/A F); 
Sh ira  ro u te , n ear Sh ira  H u t 3660-3700 m  (6926/C, 6927/AB); det. B. W idesp read  in  th e  
S ou th ern  H em isphere , a ltim o n ta n e  in tro p ica l A frica , EA B IV.

43. Leptodontiopsis fragilifolia B ro th . — On g ia n t Senecio  stem s and  on rocks in  Senecio 
m oorland  an d  in  H elichrysum  cushion c o m m u n ity . K IL : Um bw e ro u te , n ear th e  U n d
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B ivouac, 3550 m  (6792/A ); near B arran co  H u t, 3850-3950 m  (6795/E); S of Shira H u t  
3660 m (6927/P); d e t. B. A froalpine species, E A B  IV.

44. Khacliitheciuni perpusillum (Thw ait. e t M itt.) B ro th . — C orticolous on sca tte red  A lb izzia  
trees  in  a coffee p la n ta tio n . K IL : M awingo E s ta te  n ear M w eka v illage, 1350 m (6350/E). 
D isjunct p a n tro p ica l species, EAB I.

45. Macromitrium fasciculare M itt. — C orticolous in  e lfin  w oodland . *U LU : L ukw angule  
P la teau , cen tre  a n d  S edge, 2400-2500 m  (6814/B , 6825/N ); d e t. B. P a laeo trop ic  species 
know n  from  th e  P h ilip p in es to  M adagascar, new  fo r c o n tin e n ta l Africa.

46. Macromitrium levatum  M itt. — C orticolous in  su b m o n tan e  a n d  in  m on tane  fo rests, 
occasionally  on w e t rocks and  on po ro u s lav a  too . * K E N : K a m w eti tra c k  2400—2700 m  
(6601/AD); M E R : E  2100 m , near Y ek u k u m ia  (6519/D ); NGTJ: M afulum ula , N  p eak  
above M nem bule v illage, 1920 m (6440/L): D unem a ridge 1400-1500 m (6398/R); U L U : 
L upanga  SW  1500-1900 m  (6284/AH, 6285/CK ); N W  1700-2000 m (6126/D, 6129/F); 
B ondw a N E  1740 m  (6578/AB): T u m b ak o  SE 1050-1520 m (6264/K , 6876/Q); Mt. M indu 
S 1200 m (6492/L, 6843/A , Y); T egetero M ission 975—1300 m (6424/W , 6427/C); L u k w an ­
gule P la teau  edge n e a r  M geta Falls, 2350 m (6822/Y ); *R U N : M t. R ungw e SW  2450 m , 
E  2500-2600 m  (6766/G , 6504/T); M t. K yejo  N  1700 m  (6770/F); *Z: “ Cloud F o re st”  in

Fig. 5. Fissidens crassipes — Philonotis m arangensis — H ydrogonium  afrofontanum  co m m unity  
on  irr ig a ted  aerial ro o ts  n e a r  a  w aterfall in  th e  G reat R u a h a  R iv er gorge (“ S tiegler Gorge” )

n ear K id a tu , T an zan ia , 480 m  a lt.
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F ig . 6. M ist effected b a rk  of an  A cacia tree  in th e  d ry  w oodlands of K iborian i p eak  above 
M w apw a, T anzan ia , 2000 m  a lt. B rachym en ium  leptophyllum  w ith  Leptodontium  viticulosoides

an d  w ith  Macrocoma tenue

M ukow onshi Mt. 45 km  N N E  of M pika, E  1800-1840 m (6629/Z); de t. B. W idespread  
a fro in o n tan e  species from  G uinea to  M adagascar, EA B I, IV.

47. Macromitrium rufescens Besch — In  m o n tan e  forests, elfin w oodland , c t, ra , ru . *W U S: 
M azum bai U F R . 1750-1880 m (6372/AY. A Z); *UK A: M nyera ridge, 2100 m (6740/AM ); 
*U L U : L upanga — K inazi ridge, 1800-1900 m (6836/AP, AS); B ondw a N E  2120 m 
(6733/B ); *R U N : M t. R ungw e S E , 2500-2600 m (6767/T): det. B. E a s t A frican  Lem u- 
r ian  species, EA B IV.

48. Macromitrium subpungens C. M üll. R am icolous, in su b m o n tan e  ra in  fo rests. E U S: 
Seem s to be very  com m on n ear th e  A m ani F o rest Houses, w here E A B  IV also rep o rted , 
a t  900 m (6100/H, 6086/B N , 6087/K , 6293/D ); H unga v. 880 m  (6881/A R ); *N G U : M honda 
M ission W 800-1000 m  (6400/PB ); *U L U : M t. M indu S 1200-1240 m  (6843/AC, A F); 
M idhani 880 m (6880/AC, 6881/A R ); T u m b ak o  SE  1050 m (6264/J); de t. B. E a s t  A frican 
— L em urian  species, E A B  IV.

49. Macromitrium tristratosum M itt. — C orticolous in low land a n d  in  su b m o n tan e  forests. 
E U S : A m ani 900 m (6086/B O , 6087/W ); U L U : P a la ta  N  1600-1690 m (6850/P); K im boza 
F .R . 300 m (6301/B); d e t. B. E  a n d  S A frica, M adagascar, E A B  I, IV.
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50. Macromitrium cf. ureeolatulum C. M üll, ex  Geh. — *EU S: n e a r Sigi village, on c u ltiv a te d  
palm  tru n k s , 500 m (6375/E): det. В. N ew  fo r co n tin en ta l A frica , previously know n on ly  
from  M adagascar.

51. Groutiella laxotorquata (Besch.) W ijk  e t M arg. — Corticolous an d  on rocks in su b m o n tan e  
forests. *N G U : D u ale  valley near M honda M ission, 550 m (6434/C); U LU : M t. M indu  
S 1200-1240 m  (6843/R ); Tegetero M ission 975 m  (6424/U B ); *R U N : Below L u g u m b o  
village, 1225 m  (6768/FB ); det. B. A ccording to  D. V itt (personal com m unication) i t  is 
no t syn o n y m o u s w ith  G. lomentosa a n d  th ere fo re  re s tr ic te d  to  th e  low, w e tte r p a r t  o f 
trop ical A frica. E A B  I, IV.

52. Sclilotheimia angolosa (P. B eauv.) D ix. R am icolous in elfin  w oodland. *U LU : B on d w a 
to p  S 2120 m  (6889/B S); det. B. N ew  for co n tin en ta l A frica , previously k n o w n  o n ly  
from  M auritius.

53. Schlotlieimia excorrugata C. Müll, ex  Card. — C orticolous, in  m o n tane  forests a n d  in  
elfin w oodland. *U L U : Lupanga N W  1500 m  (6067/L); M orningside 1420 m (6414/M ); 
P a la ta  1500-1700 m  (6849/E, 6850/N); *U K A : M nyera peak  2150 m  (6740/AN); d e t. B. 
P rev iously  k n o w n  fro m  M adagascar, new  for co n tin en ta l A frica.

Fig. 7. T he su b m o n tan e  ra in  fo rest of A m ani, E a s t U sam baras. One of th e  m ost im p o r ta n t  
loca lities o f low land forest e lem en ts in  T anzan ia , a t  980 m
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F ig . 8. M ontane forests a t  th e  c ra te r  rim  a ro u n d  L ake Ngozi in th e  P o ro to  M ts. in  so u th e rn  
T a n z a n ia , a t  2200 m a lt. L o ca lity  o f F issidens ovatus , /' . crateris, F . helictocaulos, F . purpureo- 
caulis. Prionodon ciliatus. M itteno tham nium  brevicuspis, Leucoloma scabricuspes, H ylocomiopsis 

cylindricarpa, Porella capensis an d  of m any  o th er species

54. Schlotheimia ferruginea (H ook, e t G rev.) B rid . -  On shady  rocks in  m o n tan e  m ossy  
fo res t. *W US: M azum bai U .F .R . 1750-1880 m  (6372/AK); de t. B . SE  A frican , k n ow n  
fro m  N atal to  Zam bia.

55. Schlotheimia laetevirens B ro th . — C orticolous in  Ju n ip e ru s p la n ta tio n s  a n d  in  m o n ta n e  
fo rest. W US: M isalai 1500 m (6369/H ); * R U N : Mt. R ungw e SW  1800 m (6777/AA); 
d e t. B. Previously  k n o w n  fro m  M alaw i a n d  fro m  T anzania : M ufind i a n d  from  th e  U sam - 
b a ra  Mts.

56. Schlotheimia m alacophylla Besch. C ortico lous in elfin w oodland . U L U : L ukw angu le  
P la te a u  E  edge, 2350-2450 m (6827/AM); d e t. B. K now n from  R éu n io n  an d  th e  U lugurus.

57. Schlotheimia percuspidata C. Müll. O n b a rk  in  su b m ontane  a n d  in  m o n tan e  fo res ts. 
U L U : T um hako SE  1050 m (6167/X , 6264/G ): B ondw a N 1450 m , N E  1740 m (6528/F , 
6578/A E, B J, 6854/Q); *R U N : Mt. R un g w e SW  2100-2300 m (6764/K ): d e t. B. SE  
A frican  species, k n ow n  from  Cape, N a ta l, T ran sv aa l, M alawi, Z im babw e an d  fro m  th e  
U lugurus.
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58. Schlotheimia rigescens B ro th . — On b a rk , b ran ch es and  on  rocks from  low land up  to  
m o n tan e  forests. *W U S: M azum bai U .F .R . 1750-1880 m (6372/B A ); U L U : L u p an g a  SW  
1700-1900 m (6285/C B , CC, CD); M t. M indu  E  975 m  (6841/M ); K im boza F .R . 300 m  
(6809/B); N guru  ya  N dege H ill N 900, SW  1100 m (6 7 08 /0 , Y, 6448/Z): T um bako  1480- 
1530 m (6877/F); d e t. B. E as t A frican m o n ta n e  species.

59. Schlotheimia robusta T h ér. -  C orticolous, from  su b m o n tan e  ra in  fo rest up to  su b a lp in e  
elfin w oodland. *N G U : A bove M nem bule v illage, 1400 m  (6437/AO); *ULU: B ondw a 
to p  2100 m (6309/Z); L u p an g a  — K inazi ridge  1800-1900 m  (6836/A F); det. B. K now n 
only from  M adagascar, new  to  co n tin en ta l A frica.

60. Schlotheimia schw einfurthii C. Müll. — In  su b m o n tan e  fo rests an d  w oodland, corticolous. 
*K itu langhalo  F .R . N E  o f M orogoro, 700 m  (6857/A): U L U : N guru  ya Ndege N 1000 m ; 
M t M indu 1200 m  (6492/K ): det. B. C en tra l a n d  E a s t A frican  species.

Racopilaceae

61. Racopilum africanum  M itt. — On b a rk  in  m ossy  m o n tan e  forest. *R U N : Mt. R ungw e 
SW  2500-2600 m (6767/Z): de t. B. W id esp read  a fro m o n tan e  species, EA B  I, IV.

H edwigiaceae

62. Hedwigidium integrifolium  (P. B eauv.) D ix . S yn .: H . imberbe (Sm .) B. S. G. -  O n w et 
rocks. *K IL : U m bw e ro u te  3600 m (6792/F); *U L U : B y th e  M geta Falls a t  th e  E  edge 
of L ukw angule  P la te a u , 2350 m, in te rm ix ed  w ith  Schistid ium  alpicola  (6822/AH p .p ., AG ); 
de t. B. D isju n c t in  th e  S o u th e rn  Flem isphere +  A tlan tic  E u ro p e . A ltim o n tan e  in tro p ica l 
A frica. EA B  IV.

63. Braunia camptoclada P . Y ardé  e t Thér. — O n h a rk  a n d  on rocks in  re la tiv e ly  d ry  h a b ita t .  
* K E N : K am w eti t r a c k  2400—2700 in (6601/X ): *K IL : M w eka W ildlife College g a rd en , 
1350 m (6350/AB): M w eka ro u te  3260 m (6720/M ): *Mt. Ip iri S o f B ab ati, 1800 m  (6214/ 
C, D ); de t. B. C en tra l a n d  E a s t A frican m o n ta n e , E A B  I, IV.

Cryphaeaceae

64. Schoenobryum latifolium  (B ro th , e t P. V a rd e )  M anuel Syn.: Acrocryphaea latifolia  B ro th  
e t P . V ard e  — C ortico lous in  m on tane  fo res ts . *PO R : Isongole, n ear th e  lower F ish ing  
Cam p, 2000 m  (6326 /E B ): *R U N : M t. R un g w e N 2300 m (6334/L  published in E A B  I, 
No. 305 u n d e r Acrocryphaea robusta); d e t. a n d  rev id . B. C entra l a n d  E a s t Africa.

65. Schoenobryum robustum  (B ro th , in M ildbr.) M anuel Syn .: Acrocryphaea robusta B ro th .
O n b a rk  a n d  on b ra n ch e s  in  m o n tan e  fo res ts  a n d  coffee p lan ta tio n s . K IL : M weka ro u te  
1900-2500 m  (6717/G ); U p p e r K ikafu  1600-1800 m  (6346/L); M arangu-L yasom boro  
1500-1800 m (6363/G, 6209/C); E E S : A m ani 900 m  (6102/C); d e t. B. E a s t A frican m o n tan e  
species, EA B  I, IV.

M. B iz o t  c o m p i le d  a n  i d e n t i f i c a t i o n  k e y  fo r  t h e  A f r ic a n  s p e c ie s  o f  t h e  

g e n u s  Schoenobryum, u s in g  t h e  n o m e n c la t u r e  g iv e n  b y  M. M a n u e l  (1977: 523), 
a s  fo l lo w s :
1 a Feuilles revolutées jusqu’au sommet très courtement acum inées......... 2

h Feuilles revolutées 3/4 environ à acumen net parfois subpiliforme . . .  3
2 a Feuilles peu imbriquées à sec ovales brièvement acuminées. Nervure

lo n g u e  3/4 f o r t e m e n t  r e v o lu t é e s ,  c e l lu l e s  j u s t a c o s t a le s  4 5 x 9  jim

Schoenobryum latifolium (Broth et P. Varde in P. Varde) Manuel
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b Feuilles plus appliquées à sec, cellules justacostales basilaires 3 0 x 5  /шî
Schoenobryum welwitschii (Dub.) Manuel

3 a Feuilles p lanes................................................................................................... 4
b Feuilles revolutées ...........................................................................................  5

4 a Acumen court, feuilles perichaetiales tronquées
Schoenobryum subrobustum (Broth, et P. Varde in P. Varde) Manuel 

b Acumen fin et long, feuilles perichaetiales acuminées
Schoenobryum plicatulum (Dix. et Thér.) Manuel

5 a Cellules des feuilles papilleuses, acumen des feuilles perichaetiales scabre
Schoenobryum tisserantii (Thér. et P. Varde in P. Varde) Manuel 

b Cellules non papilleuses ................................................................................  6
6 a Feuilles rameales courtement acuminées

Schoenobryum robustum (Broth, in Mildbr.) Manuel 
b Feuilles rameales à long acumen

Schoenobryum madagassum (C. Müll, in Bechenan) Manuel 
et Schoenobryum subintegrum (Ren. et Card, in Ren.) Manuel

66. Cryphaea protensa B ruch  e t Scliim p. ex C. M üll. On bark  an d  tw igs in  m o n tan e  fo rests. 
K IL :  M arangu  ro u te  n ear M an d ara  H u t,  2700—2800 m  (6243/D, 6245/A D ); M w eka ro u te  
2500-2900 m (6717/G, 6718/BV , CZ); d e t. B. E a s t  A frican m o n tan e  species.

67. Cryphaea robusta B ro th , e t T hér. — C orticolous an d  ram icolous in  m o n tan e  everg reen  
a n d  sem ideciduous forests. * K IL : W asendo  g lade N W  of Shira P la te a u , 2600 m  (6355/K ); 
*N G O : Ngorongoro c ra te r  rim  2300 m  (coll. B a lá z s  109f p .p ., P ó c s  6196/D ); K : N E  of 
N a irob i 1600 m (6607/EB ); *G K A : M t. K ifigo SE  1600-1760 m  (6596/B); M t. Ik w am b a  
N W  1700-1875 m (6865/F); de t. B. E a s t  A frican  m on tane , E A B  IV  +  K : L am u ru .

68. Forsstroemia producta (H o rn sch .) P a r. — C orticolous in  d ry  fo rests, m ostly  in  vo lcan ic  
m o u n ta in s. *K: N E  of N airob i, 1600 m  (6607/C, EA ); NGO: N gorongoro c ra te r  rim  
2300 m  (6196/E); M E R : N g u rd o to  c ra te r  rim  1800 m (6213/M); * K IL : W asendo glade 
N W  of Shira P la teau , 2600 m  (6355/V); d e t. B. E a s t A frican m o n tan e  species, E A B  IV .

Leucodontaceae

69. Leucodon dracaenae Solm s ex V en t. — E p ip h y te  in  re la tiv e ly  d ry  evergreen fo res ts  
a n d  on lav a  rocks above th e  fo res t line. M E R : N jeku  2600 m  (6520/A ); K IL : M a n d a ra  
ro u te , above M andara  H u t,  2800 m ; n ea r B a rran co  H u t, 3950 m(!) on  rocks (6245/A G , 
6 7 9 3 /0 ); det. B. W idesp read  E a s t A frican  m o n tan e  species from  E ry th re a  to  S T an zan ia .

70. Leucodon laxifolius C. Müll, e t F leisch. On b a rk  and  on th e  g ro u n d  c f  m o n tan e  fo rest. 
K IL : M weka rou te  2530-2890 m  (6718/AZ, D B ); det. B. E a s t A frican  m o n tan e  species, 
E A B  I.

71. Antitrichia curtipendula (H edw .) B rid . E p ip h y te  in  m on tane  fo rests, on rocks an d  on 
th e  boggy ground of Senecio co tto n ii m o o rlan d  in  th e  subalp ine  ericaceous b e lt. K IL : 
M an d ara  H u t, 2700 m  (6243/Q ); n ear B arran co  H u t 3950 m  (6793/P . 6796/F); d e t. B. 
E A B  I , a ltim o n tan e  in  E a s t  A frica.

72. Pterogonium  gracile (H edw .) Sm. — In  E a s t  Africa th e  ty p ica l e p ip h y te  of re la tiv e ly  
d ry  m o n tan e  evergreen forests (Podocarpus gracilior, Ju n ip eru s excelsa, Olea chryso- 
p h y lla ), occurs also on sole trees, a t  fo res t lim it, exceptionally  in  g ian t bam boo th ic k e t 
(A ru n d in a ria  a lp ina ), also on  rocks above  th e  fo rest line. O ften  asso c ia ted  w ith  L ep to d o n
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sm ith ii, fo rm s a “ m ed ite rra n ea n ”  co m m u n ity  (cf. PÓCS 1976: 103-104). K E N : C astle  
F . St. 2020 m  (6602/L B ); *NGO: O ldonyo Ő ldean i N  2700-3000 m (6920/0); *N G U : 
M afu lum ula  coll ab o v e  M nem bule v illage, 1650-1800 m  (6438/A B ); det. B. E A B  I , IV . 
M ontane  in  E a s t  A frica.

Prionodontaceae

73. Prionodon ciliatus Besch. — C orticolous in  e lfin  w ood land . *U LU : L ukw angule  P la ­
tea u  E  2350 m  (6828/X ); det. B. E a s t A frican  — L em u rian  e lem en t, EAB I +  E th io p ia  
a n d  M t. M eru.

Rutenbergiaceae

74. Neorutenbergia usagarae (D ix.) B izo t e t Pócs — A ty p ic a l ep ip h y te  of b ran ch es a n d  
th in  stem s in  th e  m o n tane  m ossy forests an d  elfin  w oodlands of th e  c rystalline  m assifs 
of E a s t  A frica . In  B iz o t  et al. (1974: 27-29) on ly  1-2 d a ta  a re  g iven  from  each m o u n ta in s , 
w here i t  occurs. T he fu rth e r d a ta  p rove, how  w idespread  is i t  in  th e  concerned m o u n ta in s .

Fig. 9. T he in te r io r  o f th e  very  h um id  m o n tan e  ra in  fo res t in  th e  Mwere valley of U lu g u ru  
M ts. a t  1600 m  a lt. On th e  Cyathea stem s c h a rac te ris tic  co m m u n ity  o f Rhizofabronia persson ii 
var. sphaerocarpa , Leiomela africana , F issidens jo n esii  and  Lejeunea  cyathearum. V e ry  r ich  
epiphyllous v e g e ta tio n , w ith  Cololejeunea h a rr is ii, C. tanzaniae , Diplasiolejeunea zakiae , D re- 

panolejeunea madagascariensis an d  m an y  o th e r  species
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F ig . 10. Neorutenbergia usagarae  on th e  tru n k s  of m o n ta n e  forest trees. N E  ridge  of B ondw a
in  th e  U luguru  M ts. a t  1800 m  alt.

especially  in th e  U lu g u ru s: U K A : M nyera ridge  2100 m (6740/AF, ty p e  lo ca lity  o f N eo­
rutenbergia arm ata  B iz o t  e t P ócs, th is co llection  also w ith  sp o ro p h y te s), M nyera SSW  
1950-2050 m (6742/V); U L U : L upanga  W 1650-2100 m (6071/A L, 6126/A, 6127/C); 
L u p an g a  SW  1700-1900 m  (6258/CE); L u p an g a  — K inazi ridge 1800-1900 m  (6836/A U ); 
P a la ta  NW  1700-1890 m  (6851/E , 6852/A, M a b b e r l e y  1147); B ondw a N E  1750-2100 m  
(6052/AT, 6537/G, 6579/F ) (M a b b e r l e y  1147); N  1850-2000 m  (6230 /F ); N W  1600- 
2000 m (6227/A); M t. T u m b ak o  S 1480-1530 m  (6877/R); M agari peak  E  2000-2100 m , 
to p  2345 m (6297/Q, 6300/A H ); Mt. K ifu ru  S 1875-2010 m (6914/E , 6915/H ); B u n d u k i, 
K ikododo  1750-1900 m  (6464/AG): K ibungo  E  1700 m (6476/G); L u k w an g u le  P la te a u  
W  2400-2500 m , S 2500 m  (6080/AH, 6825/F , S); d e t. P . The species is d is tr ib u te d  in  th e  
W est U sam b ara , N g u ru , U k ag u ru , U lu g u ru  a n d  in  th e  U sagara  M o u n ta in s , all o f pre- 
cam b rian  age, an d  does n o t occur in  th e  a rea  o f te r t ia ry  volcanoes. See m ap  an d  fu r th e r  
d iscussion in  P ó cs  (1975).

Trachypodiaceae

75. Trachypus appendiculatus (R en . e t C ard.) B ro th . On b ark  of sp ra y ed  tree s  n ear a 
w aterfa ll. U L U : H u lu lu  Fa lls , 1560 m  (6910/B ); d e t. B. Palaeo trop ic  species, in  co n tin e n ta l 
A frica is know n on ly  fro m  th e  U luguru  M o u n ta in s .
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76. Trachypus bicolor Reinw . e t H ornsch . v a r. viridulus (M itt.) Z an t. Syn.: T . Inetus (R en . e t 
C ard.) F leisch. On w et rocks in  m o n ta n e  fo res t an d  th ick e t. U L U : B ondw a N  1600 m 
(6050/AV); H u lu lu  Falls 1470 m (6901/B ); *R U N : M t. K yejo E of T u k u y u  to w n , lav a  flow  
of th e  N slope, 1700 m (6770/D); d e t. B. P a n tro p ic a l, EA B I.

77. Trachypodopsis serrulata (P. B eauv .) F le isch , va r. crispatula (H ook.) Z an t. On h a rk  in  
m on tane  fo rest. *PO R : L ake N gozi c ra te r  r im  E  2200-2250 m (6329/AU); de t. P . Pa laeo - 
tro p ic  species (E A B  I, IV); th e  v a r. c r isp a tu la  is m ainly  A sian, p rev iously  k n o w n  in  
Africa o n ly  fro m  N igeria and  Cam eroon.

Pterobryaceae

78. Pterobryon flagelliferum  M itt. J .  L inn . Soc. B o t. 22: 312 (1886). Syn. nov .: Pterobryon  
ju laceum  B ro th . B ot. Jb . 10: 166 (1895). — C om m on ep iphy te  in  su b m o n tan e  a n d  in  
m o n tan e  fo rest. W US: M azum bai U .F .R . 1500 m (6370/AW ); M azum bai, K am b o  1620 m 
(6374/AD); E U S : H unga v. n ear A m ani. 860 m (6378/N); *NG U: A bove K w am an g a  
village, 1400-1500 m  (6398/M); U L U : M zinga v. 1400-1600 m (6290/A F); N g u ru  ya  
N dege su m m it 1150-1300 m (6559/R ); M t. K ifu ru  1875-1980 m  (6914/H ); K ilangala

Fig. 11. Bryurn keniae  on th e  ground of m o n ta n e  fo rests. U luguru  M ts., N E  ridge of B ondw a,
1740 m
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Fig. 12. B am boo (A r u n d inar ia alpina) forest on th e  o u te r  slopes of L ake Ngozi c ra te r in  th e  
P o ro to  M ts. a t  2000 m  a ltitu d e . On th e  nodes Plagiochila la stii, F rullania serrata, Lepido- 
p ilu m  la stii , Floribundaria flo r ib u n d a , P apillaria  borchgrevinkii and  Brachythecium  duem m eri

su m m it SE  of B u n d u k i, 1750-1900 m (6464/B H ); M kungw e F .R . W 800-1100 m (6218/S): 
d e t. B. E as t A frican  m o n tan e  species re s tr ic te d  to  th e  geologically old, crysta lline  a reas 

does no t occur on  th e  volcanoes.
79 Jaegerina stolonifera (C. MüU.) C. Müll. ssp. laticuspis (J . T ay lo r e t P. Varde) G. A rg en t 

Corticolous in su b m o n tan e  ra in  forest. U L U : T u m b ak o  SE  1050 m  (6167/AE): d e t. B. 
E a s t  A frican  subspecies o f a pa laeo trop ic  species, E A B  1.

80. Calyptothecium aeutifolium  (B rid .) B ro th . On b ark  in  m o n tan e  forest, on rocks in  
sp ra y  effected riv e rin e  low land forest. *PO R : Igali pass, 1800 m  (6749/C): Z: V ictoria  
F a lls , P a lm  grove, 800 m  (6614/S ); det. B. v a r. long iuscu lum  (C. Müll.) A rgent *M E R : 
M t. M eru E  1800 m  (coll. S z u n y o g h y  16/b); d e t. P . D is tr ib u ted  from  Angola to S Africa 
a n d  in  R éunion , th e  v a r ie ty  is know n from  C am eroon, E th io p ia  and  from  th e  U sam - 
b a ra s , E A B  IV.

81. Calyptothecium hoehnelii (C. Müll.) A rgent C om m on corticolous ep iphy te  o f m o n tan e  
fo res ts . M E R : N g u rd o to  c ra te r  rim , 1800 m  (6213/Q ): *N G U : M afulum ula N , 1920 m ,
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W  1700-1800 m (6440/G , 6441/G): *U K A : M t. K ifigo  SE  1600-1800 m (6591/D , K , 
6592/L); M nyera  E  1850 m , M nyera ridge 2100 m (6870/B . 6740/AC): M andege F . S t. 
1520 m  (6869/B ); M am iw a W est E S E  1800-1900 m (6863 /E ); M t. Ikw am ba 1700-1875 m 
(6865/W ); U L U : M w ere v. 1550 m (6891/H ); B ondw a N  1450 m (6270/A); M geta v . 1600- 
2250 m  (6830/K , L , 6912/W ); L ukw angule  P la te a u  E  2250-2450 m (6827/AE, 6828/X ); 
S H L : M ufind i Scarp  F .R . n ear F ishing Cam p, 1700 m (6322/M): Lupem e tea  e s ta te , 
1800 m  (6318/A K ); b eh in d  K ilim a tea  fa c to ry  1725 in (6 7 8 0 /J, 6321/K, L); R U N : Sm all 
co llapsed  c ra te r  a long  th e  M beya — T u k u y u  h ighw ay , 2000 m (6756/E, G)M t. R un g w e 
E  2400-2500 m , SW  2100-2300 m (6503/Q, 6764/G); P O R : Igali pass n ear I s a n g a te , 
1940 m  (6748/F); d e t. B. W idespread E a s t  A frican  species from  Mt. E lgon  to  Cape, 
EA B  I , IV .

82. Calyptothecium planifrons (R en. e t C ard.) A rg en t Syn .: P hyllogonium  chevalieri C orb. 
C orticolous in  m o n ta n e  forests. *W US: M azum bai U .F .R . 1500 m (6370/AV); *N G U : 
W of K w am an g a  v illage, 1400-1500 m  (6398 /0 ); * U L U : L upanga  NW  1700-1800 m 
(6127/B); B ondw a N E  1740 m (6578/H ); K ipengere  R an g e  in  Southern  T an zan ia , 15 k m  
N W  of N jom be, N y u m b a m tu , 1940 m  (6754/F); Z: M ukow onshi Mt., 45 k m  N N E  of 
M pika, “ m is t fo res t” , 1800 m (6629/0); d e t. В and  P . C had , C entral A frican R ep u b lic , 
Zaire: S h ab a , Z am bia  a n d  M adagascar, uncom m on.

83. Hildebrandtiella pachyclada Besch. — C orticolous, in  sub m o n tan e  and in  m o n ta n e  
forests. E U S : A m ani 900 m (6086/AW , 6100/A); *N G U : M afulum ula coll 1600-1800 m  
(6438/AC); N  1920 m  (6440/K ); U L U : N g u ru  y a  N dege N 900-1000 m (6448/R , U ); M t. 
M indu 1200 m  (6492/H , 6843/AB): K inazi N W  1400—1650 m  (6289/BA); K inole saw m ill 
900-1000 m  (6189/P); M kungw e F .R . W  800 m (6217/E ); B ondw a N E 1700-1850 m  
(6578/AZ, 6713/A); M t. K ifu ru  E  1580 m  (6905/Q): d e t. B. E a s t African — L em u rian , 
EA B  I, IV.

84. Orthostichopsis subimbricata (H pe) B ro th . Syn .: Pilotrichella p ilifo lia  Dix. — E p ip h y te  
in  su b m o n tan e  an d  in  m o n tan e  forests. E U S : A m ani, on  th e  m ango tree  n ear F o re s t 
H ouses, 900 m  (6100/V); U L U : B ondw a N E  1740 m  (6578/A J, CJ); *SH L: M ufind i 
E sc a rp m en t, beh in d  K ilim a tea  fac to ry , 1725 m  (6780/A); d e t. B. E ast A frican - L em u ­
rian  m o n ta n e  species, E A B  I, IV.

Meteoriaceae

85. Squamidium biforme (H p e .) B ro th . — Ct, ra  a n d  on  b am b o o  stem s in  m ist effected  
Brachystegia  w oodland, m o n tan e  forests a n d  e lfin  w ood land . *K E N : K am w eti T rack  
2400-2700 m  (6601/U , AA p .p .); W US: be tw een  M agam b a  and M abweni, 1900 m  
(6206/E) — fo. chlorothrix; U L U : N guru  y a  N dege N  900-1000 m (6448/S); *U K A : 
M nyera ridge 2100 m  (6871/A X ); * K IP : K itu lo  P la te a u  2650 m (6750/AX); * R U N : 
Mt. R ungw e SW 2500-2600 m (6767/K ); d e t. B. E A B  I, IV.

85/A Squamidium biforme (H pe.) B ro th , va r. densirameum (B ro th .) Bizot comb. nov. 
B asionym : Pilotrichella densiramea  B ro th ., B ot. J a h rb . 20: 197 (1894). Synonym : Squa­
m id ium  densiram eum  (B ro th .)  B ro th ., N a t. P fl. 1: 809 (1894). Ram icolous in  elfin  
w oodland. *U K A : M nyera  ridge 2100 m (6871/AM ); det. B.

86. Pilotrichella am pullacea (C. M üll.) Jaeg . — C om m on e p ip h y te  of m ontane fo res ts  a n d  
elfin w oodlands. M E R : E  2000 m (6339/S); N gurdo to  c ra te r  rim , 1800 m (6213/E , P ) ; 
K E N : C astle  F o re s t St. 1960-2000 m (6603/K ); *NG U: M ask a t Mission, 1500 m (6444 /E ); 
*U K A : Ik w am b a  N  1875-1920 m  (6866/X ); M am iw a E  2200 m  (M a b b e r l e y  1389); 
M nyera ridge  a n d  p eak  2000-2100 m (6740/AB, AD, 6742/A B , 6871/G). U L U : M geta  v. 
2250 m  (6830/M ); * R U N : M t. R ungw e N 2300 m , SW  2500-2600 m (6334/S, 6767/Z);
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*Z: M ukow onshi M t. N N E  of M pika, “ m is t fo re s t”  E  1800-1840 m (6629/W ); de t. B. 
W id esp read  from  C en tra l A frica to th e  M ascarenes.

87. Pilotrichella cuspidata B ro th . — Ct an d  ra  in  m o n ta n e  forests. K E N : K a m w eti T rack  
2400-2700  m (6601/AA); K IL : M weka R o u te  2150 m  (6344/AJ); *N G O : n ear C rater 
L o d g e  2300 m (6196/J); *K A N : S 1100-1300 m  (6139/AM ); *UKA: M t. K ifigo  SE  1600- 
1760 m  (6591/L, M); M t. Ik w am b a  1700 m  (6865/L ); Mamiwa W est S 1900-1950 m 
(6863/C ); near th e  falls a long  th e  road  to  M andege F . S t. 1200 m (6744/D ); n e a r  M andege 
F . S t. 1500 m (6586/E); *R U N : on the  slope o f a sm all, collapsed c ra te r  a lo n g  th e  M beya

T u k u y u  road , SW  2000 m (6756/K ); M t. R u n g w e N E 2400 m  (6327/R ); de t. B. 
E A B  I, IV.

88. Pilotrichella isleana B esch. E p ip h y te  in  su b m o n tan e  and in m o n ta n e  ra in  forests. 
K IL :  M arangu R o u te  1900 m (6208/B); U m bw e R o u te  2100 m (6353/F); * U L U : M idhani, 
N E  of K inole v illage, 860 m (6880/Q, 6881/A G ); L u p an g a  NW  1650—1700 m  (6068/Z); 
d e t.  B. EA B I, IV.

89. Pilotrichella perrobusta P . V arde R am ico lous in  elfin woodland. U L U : L upanga  
K in a z i ridge 1800-1900 m  (6836/P); *U K A : M n yera  ridge 2100 m (6740/A E , 6871/A F); 
d e t.  В and  P. L em urian  species w ith  tro p ica l A m erican  affinities, see E A B  I :  328, p . 433.

90. Pilotrichella sericea K in d b . *NG U: M afu lum ula  coll above M nem bule v illage, 1650- 
1800 m  (6438/U, L); d e t. B. K now n only from  K e n y a : A berdare M ts., L eik ip ia .

91. Papillaria africana (C. M üll.) Jaeg . — C om m on ep iphy te  of m o n tan e  forests. K E N : 
C astle  F orest St. 2020 m  (6602/M, O); N G O : C ra te r  rim  near the  C ra te r L odge, 2300 m  
(6196/G ); M E R : N jek u  2560-2650 m (6341/A N , 6521/F): K IL : coffee p la n ta tio n s  N of 
M aran g u  1500-1800 m  (6209/D ); above M an d a ra  H u t  2800 m (6245/A E); M w eka R o u te  
2725 m (6718/AU); S h ira  R o u te  NW  2600 m  (6355/U ); *NGU: M ask a t M ission 1500 m 
(6444/Q ); *UK A: M andege F. S t. 1520 m (6586/B ); U L U : T um bako SE  1050 m (6264/D); 
M t. M indu to p  1200 m  (6843/D ); SH L : M ufind i 1900 m (6320/R): K ilim a  Tea E s ta te  
1725 m (6780/B); d e t. B. and  P . W idesp read  in  S ou th east trop ical A frica  from  Angola 
to  M adagascar, E A B  I, I I ,  IV.

91/A Papillaria african a  (C. Müll.) Jaeg. var. flagellacea  Bizot var. n ov. A typo 
differt ramis flagelliferis Papillariae nigrescentis similis. *UKA: Mandege 
Forest Station, secondary forest along stream let at 1500 m, on bark. Coll. 
T. Pócs, B. J . H a r r i s  and P. S. M w a n j a b e , 24. May 1972, N o . 6586/B. 
Holotypus: EGR, Isotypus: PC. A conspicuous variety with fragile, 
flagelliform, naked or microphyllous branch tips, which are similar to 
those of Papillaria nigrescens, and serve, as propagulae.

92. Papillaria borchgrevinkii K iaer — On spongy  lav a  rocks and on b am b o o  stem  in  th e  
m o n tan e  forest be lt. *R U N : L ava  flow a t th e  N  fo o t of Mt. K yejo E  o f T u k u y u , 1700 m 
6770/E ); Ngozi c ra te r  r im  E  2100 m (6330/S); th is  species previously k n o w n  from  M ad a ­
gascar and from  th e  U lu g u ru  M ts. is m o st p ro b a b ly  conspecific w ith  P apilla ria  breviculi- 
fo lia  C. Müll, described  from  K ilim an ja ro  M ts., fro m  w hich it  differs on ly  by  th e  d en titio n  
of th e  leaf m argin . D e t. and  an n o ta tio n  by  B.

93. Aerobryidium subpiligerum (H pe.) Card. Ct, ra  an d  ph, ra re ly  te  in  su b m o n tan e  an d  
in m on tane  forests a n d  w oodlands. * K E N : C astle  F . St. 2000 m (6 6 0 3 /J); *T aita  H ills: 
M bololo Hill 1700-1800 m  (R. B. F a d e n  e t al. 71/1020/W ); K IL : U m bw e R o u te  1750— 
2600 m (6372/AV, 6 3 7 3 /J, 6786/E); *M E R : N g u rd o to  cra ter rim  1800 m  (6213/J); *W U S: 
M agam ba — M abw eni 1900 m  (6206/D); E U S : A m ani 900 m (6086/B A , BC); *N G U : 
above  K w am anga v illage  1400-1500 m (6398/N ); *U K A : M nyrea ridge  a n d  peak  1890— 
2100 m (6870/E, 6871/A Y ); U L U : M indu M t. 1200 m (6843/AA); B on d w a top 1800-
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2100 m (6012/A K , 6261/P, 6233/X ); S H L : K ilim a E s ta te  E S E  1725 m  (6780/C); *R U N : 
M t. R ungw e SW 1950-2050 m (6763/B ); det. B. EAB I , I I ,  IV.

94. F loribum laria  flo ribunda (Doz. e t M olk.) Fleisch. — E p ip h y te  (inch epiphyllous) an d  on 
rocks in  m o n tan e  forests. * K E N : C astle  F. St. 2000 m  (6 0 0 3 /0 ): *U K A : M nyera ridge 
N W  1800-1950 m (6743/J); M andege F . St. 1520 m (6869/Y ); M am iw a W est S 1900- 
1950 m  (6863/F); U L U : B ondw a, slopes an d  top  1450-2130 m  (6181/B , 6052/CB, 6578/BC, 
6854/A E); T um bako  SE  1050-1390 m (6875/G); K ilan g a la  1750-1900 m (6464/BG); 
M geta V. 1600-2250 m (6830/Y, 6912/X ) ;  N G U: above K w am an g a  village 1500 m  (6398/L); 
M afulum ula W 1700-1800 m (6441/L). *SH L: K ilim a E s ta te  SSE  1725 m  (6780/D); 
P O R : Iga li Pass 1800 m (6749/D ); *R U N : Mt. R ungw e SW  1700-1800 m  (6761/D); 
*Z: riverine  forest below K u n d a lila  Fa lls , SE  of K an o n a , 1425 m (6624/E). M. B iz o t  
several tim es expressed  his d o u b t, w h e th e r Floribundaria cam eruniae  Dus. is conspecific 
w ith  F. flo r ibunda , or no t, due to  th e  r a r i ty  of the  sp o ro p h y te s  b y  th e  A frican  specim ens 
(B izo t  an d  P oes 1974: 433, B izo t  e t D u r y  1978: 72). F in a lly  A r g e n t  (1979: 189) solved 
th e  p rob lem  exam in ing  m an y  sp o ro p h y te s  of bo th  species a n d  p ro v ed  th e  id e n tity  of 
F. cameruniae  w ith  its  earlier sy n o n y m o n , F. floribunda , w hich  is w idespread  accord ing ly  
b o th  in  trop ical Asia an d  A frica. A n n o ta tio n  by  P.

Fig. 13. Podocarpus m ilan jianus  — E rica  a rb o re a  forest on M t. K ilim an ja ro  a t  2700 m  a ltitu d e , 
w ith  large  cushions of Herbertus, D icranolom a billardieri, L epidozia  cupressina , Plagiochila

barteri, etc.
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F ig . 14. Corticolous b ry o p h y te  co m m unity  on Erica arborea b a rk  in  a g ia n t h ea th  on Mt. 
K ilim an ja ro , a t 2400 m  a lt . ,  w ith  Plagiochila subalpina , A delanthus decip iens , Chandonanthus 

hirtellus. D repanolejeunea fr ie s ii , Lophocolea lucida and  FruUania lindenbergii

95. Floribundaria patentissim a (C. Müll.) F leisch. — E p ip h y te  in  m o n ta n e  forests. *UK A: 
M t. Ikw am ba N W  1630 m  (6865/AC); U L U : M anga E  1150-1250 m  (6225/E); SH L: 
K ilim a E sta te  1725 m  (6780/H ); R U N : M t. R ungw e SW  2400 m (6765/B ); det. В. EA B I.

95 /A  Floribundaria patentissim a (C. M üll.) F le isch  var. squarrosa R en. e t  C ard. *ULU: 
M t. M indu S 1170-1275 in (64-92/J ) ; N guru  y a  N dege E  950-1050 m  (6457/K); *SH L: 
K ilim a Tea F a c to ry  1900 in (6321/N); M ufindi L ake 1800 m  (6324/F ); de t. B. EA B I.

Phyllogoniaceae

96. Catagonium nitens (B rid .)  Card. — M ostly  on sh ad y  g ran itic  rocks in  m on tane  forests, 
som etim es on b a rk  o r on  tree  fern stem . *U K A : near M andege F o re s t S t. 1540 m  (6737/X); 
U L U : B o n d w a-L u h u n g u  1600-1800 m  (6228/A); all sides o f L u p an g a  p e a k  1500-1900 m 
(6547/P, 6285/CW ); M agari peak  1500-1800 m  (6296/X ); de t. В a n d  P . E A B  I.
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Fig. 15. Mossy fo rest o f H agenia abyssinica  an d  Erica arborea a t  2800 m a ltitu d e  on M t. 
K ilim an ja ro  ju s t  below  th e  fo res t line. On th e  ground  H ylocom ium  splendens, C am pylopus  
ja m eso n ii , Leptodontium  lu teum , T h u id iu m  matarumen.se, B ryu m  leptoneurum , B rachym itrion

pocsii, P lagiochila boryana and  o th e rs

Fig. 16. U pper m argin  of th e  re la tiv e ly  d ry  H agenia-P odocarpus-D om beya-Lasiosiphon  fo res t 
on th e  K itu lo  P la teau  (K ipengere  R ange) a t  2700 m  a lt., w ith  d o m in an cy  of Usnea pseudo- 
ceratina, Porotrichum comorense, Plagiochila divergens, F rullania  ca ffraria , Neckera remota an d  
N . submacrocar pa , M acrocoma tenue an d  Rhizofabronia  perpilosa  on  th e  b a rk  of trees. In  th e  

foreground g rassland  a b u n d a n t Pogonatum  oligodus and  F u n a ria  volkensii
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Neckeraceae

97. Neckeropsis lepineana (M o n t.)  Fleisch. — On ro ck s a n d  on b a rk s in  low land  an d  su b ­
m o n tan e  ra in  fo rests. E U S : A m ani near F o re s t H o u ses 900 m  (6107/H ); N gurue valley 
E  of Chemka v illage, 500 -6 0 0  m  (6516/G); U L U : M idhani, N E  of K in o le  village, 860- 
1300 m (6875/F, 6879/A ); M anga E  near Mgolole 1100 m  (6223/N); *N G U : W  of M honda 
M ission, 800-1000 in (6400/U ); det. D e  S l o o v e r  a n d  P. P a laeo tro p ic  species, EA B I.

98. Homaliodendron exiguum  (B osch, e t L ac.) F le isch . R am icolous, ep iphyllous or on 
sh a d y  rocks in  m o n ta n e  fo res ts . *NGU: n ear a  s tre a m  below M nem bule  village, 1400 m  
(6437/GB); *U L U : M w ere v . 1500-1600 m (6176 /B K ); B ondw a N  a b o v e  M orningside, 
1450 m (6854/E); d e t. P . M adagascar, R éun ion , In d om alaysia  — O ceania. New for con­
tin e n ta l  Africa. I n  fa c t ,  i ts  v a r . sem im arginatum  (T hér.) W . Sch.-M ot. is know n  from  
W est Africa. B y th e  k in d n ess  o f th e  d irector a n d  c u ra to r  of PC I w as ab le  to  s tu d y  th e  
ty p e  specim en of th is  v a r ie ty ,  w hich was co llected  in  L iberia, G banga d u rin g  1926. I t  did 
n o t contain  an y  p la n tle t  belonging or re la ted  to  Hom aliodendron exiguum , b u t consisted

F ig . 17. The in te rio r  o f a  m ossy  elfin w oodland on  B ondw a peak  in  th e  U lu g u ru  M ts., a t  
2200 m  alt. V ery rich  b ry o p h y te  h a b ita t,  am ong o th e rs  w ith  B azzania  borbonica, Paraschisto- 
chila englerana, C hiloscyphus decurrens, Conoscyphus trapezoides, P leurozia gigantea , P ilo tri- 

chella perrobusla and Syrrhopodon stuhlm annii
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F ig. 18. G ian t Senecio m oorland above H orom bo H u t, K ilim an ja ro  Mts. a t  3800 m  a lt. 
T y p ical h a b ita t  o f m ore hygrophilous afroa lp ine  b ry o p h y tes , as H ygrohypnum  hedbergii, 

D repanocladus uncinatus , C am pylopus stram ineus, P hilonotis tomentella

o f a very  confusing  m ix tu re : a few shoots of th e  m oss Neckeropsis disticha  (H edw .) 
K in d b . fu lly  in te rm ix e d  w ith  th e  ra re  liv e rw o rt Stictolejeunea balfourii (M itt.) E . W . 
Jo n e s  b o th  being  new  to  th e  flo ra  o f L iberia . T his m ix tu re  p ro b a b ly  m isguided T h e r io t , 
th e  lea f shape  of Stictolej eunea being sim ilar in  o u tline  to  Homaliodendron ex ig u u m , 
w hile  th e  a reo la tio n  of Neckeropsis, being  s lig h tly  d ifferen t from  Homaliodendron, su p p lied  
th e  d is tin c tio n  for th e  descrip tion  of a new  v a rie ty . W hile th e  new e p ith e t w as ap p lied  
to  a m ix tu re , o f w hich  b o th  com ponents w ere p rev iously  described, a le c to ty p ific a tio n  
p ro ced u re  is n o t necessary  and  th e  nam e of va r. sem im arginatum  should be sim ply  re jec ted . 
A n n o ta tio n  b y  P . N om ina reiicienda: H om alia  exigua B osch e t Lac. var. sem im arginata  
T h é r., R ev. B ryol. n. ser. 3: 47 (1930); H om aliodendron exiguum  (Bosch e t L ac.) F leisch , 
v a r . sem im arginatum  (Thér.) W . Sch.-M ot. W illdenow ia 7: 505 (1975).

99. P in n a te lla  flagellacea  (M itt.) B ro th . On b a rk , som etim es on  rocks in su b m o n tan e  a n d  
in  m o n tan e  fo rests. E U S: Chem ka village, 600 m (6382/B ); *NGU: above M nem bule  
village 1650—1800 m  (6438/AA); *U LU : N w ere v. 1400-1600 m  (6158/AG); W  o f K ibungo  
M ission, 1500—1700 m  (6475/AC); *R U N : sm all, collapsed c ra te r  S of Isongole, 2000 m  
(6756/C); d e t. B. E A B  IV.
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100. Pinnatella obiongifrondea (B ro th .) B ro th . — C orticolous (m ostly  on b u tresses) in  low land  
a n d  in  su b m o n tan e  ra in  forests. E U S : E  of C hem ka village, 5-600 m  (6516/N ); Sigi v. 
500 m  (6294/F); A m ani 900 m (6107/B); *N G U : M honda  Mission W  800—1000 m  (6400/M); 
n e a r K om bola  village 900-1200 m (6436/H ); U L U : M idhani, along M zuazi stream , 845 m 
(6882/C, D); T u m b ak o  SE  1050 m (6167/AA); M anga E  1100 m  (6223/H ), N  of K inole 
v illage, 1000 m  (6471/B); B ondw a N  1450 m (6854/A F); det. B. C am eroon, G abon, Congo 
R ep u b lic , R .C .A ., K : K ak am eg a  F ., T anzan ia .

101. Pinnatella tamariscina (H pe.) B ro th . C orticolous in  subm ontane  a n d  in  m o n tan e  ra in  
fo res ts . U L U : K inole  saw m ill 1100 m (6874/L); above Sim bini v illage 1400-1500 m 
(6418/A E ); B ondw a N E  1740 m  (6578/BY); P a la ta  1700-1850 m (6851/F); I t  is very  
closely  re la ted  to  P. flagellacea  (M itt.) B ro th ., d iffers only by  its lea f shape. D et. and 
a n n o ta tio n  by  B. Cam eroon, T an zan ia , M ascarenes.

102. P o ro trich u m  com orense H am pe ex  C. M üll. — E p ip h y te , ra re ly  on sh a d y  rocks in  su b ­
m o n ta n e  an d  in  m o n tan e  ra in  forests. K IL : M aran g u  R oute  1800-2000 m (6208/G, 
6364/M ); *W US: U .F .R . n ear M azum bai 1600-1750 m  (6371/AE); *N G U : M afulum ula 
coll above M nem bule village, 1650-1800 m (6438/T, Y ); W of M honda M ission 800-1000 m

F ig . 19. Corticolous co m m u n ity  on Senecio cottonii t ru n k  in  the  B arranco  v a lley , K ilim an jaro  
M ts., a t  4000 m  a lt., w ith  Tortula cavallii, Bryoerythrophyllum  rubrum , Orthotrichum rupestre

and  Brachythecium  afroglareosum
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Fig. 20. D ry , sem idesertic  lav a  rocks near th e  p rev ious loca lity  n ear B arran co  h u t  a t  3900 m 
a lt. On th e  exposed su rface  M arsupella africana  a n d  A ndreaea m ildbraedii, in  sheltered  crevices 
D ip lophyllum  a fricanum  and  G ymnom itrion laceratum . All h a b ita ts  were p h o to g rap h ed  b y

T. P oes

(6400/K , N ); *U K A : M am iw a W est SE  1800-1900 m (6862/D ); *U L U : L u p an g a  SW 
1700-1900 m (6285/B W ); B ondw a N  1900—2050 m (6599/C, 6120/GA): L uh u n g u  W  1500 m  
(6263/F); M idhani 880 m (6880/G, 6881/B ); *SH L : K ilim a E s ta te , SSE  edge of M ufindi 
E sc a rp m en t 1725 m  (6780/F); *K IP : E  o f Igom a 2575 m (6511/L); K itu lo  PI. 2650 m  
(6750/K ), det. B. W id esp read  in  tro p ica l A frica fro m  F ern an d o  Poo to  Z im babw e an d  
M alaw i.

102/A Porotrichum coinorense (H pe.) var. fiagelliferűm P. V arde — * K IL : M weka R o u te  
2800 m  (6718/A ); *U L U : M t. K ifigo SE  1600-1750 m (6591/R ); *PO R : L ake  N gozi 
C ra ter rim  2200 m  (6329/BV); det. B.

103. Porothaninium  hildehraïultii (C. M üll.) F leisch . In  m ost cases on sh ad y  rocks in  su b ­
m o n tan e  an d  in m o n ta n e  forests. K IL : U m bw e R o u te  2890 m (6211/G, 6718/CK); M w eka 
R o u te  1800-1900 m  (6 2 11/G ); W U S: M agam ba — M abw eni 1850 m  (6205/D); U L U : 
L u p an g a  SW  1500-1700 m Kinole saw m ill 1000 m (6166/G); B ondw a N , N E  1800- 
2000 m (6012/AV); M agari N N E  1500-1800 m (6296/S); ab ove  S im bini v illage 1400-
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1500 m (6418/AL); M aunga v. above M zinga, 1500 m (6263/G ); * K u n d a lila  Fa lls  S E  of 
K an o n a , 1430 m  (6623 /J, 6624/D); d e t. В. E A B  I.

104. Porotham nium  m olliculum  (B ro th .) F le isch . E p ip h y te , som etim es on rocks in  m o n ta n e  
forests. K E N : below  Castle For. S t. 1860-2000 m (6603/L); K IL : Sh ira  R o u te  2600 m 
(6355/S); *W U S: M agam ba — M abw eni 1850 m  (6205/C); *N G U : D unem a ridge above  
K w am anga v illage, 1400 m  (6398/K ); n e a r  a s tream  by M nem bule  village, 1400 in 
(6437/G); *U K A : M t. Ik w am b a  N  1870—1920 m  (P . L a w r e n c e  6866/M ); *U L U : L u p an g a  
W N W  1900-2050 m  (6550/M); K inazi N 1800-1900 m (6837/E); P a la ta  N W  1850-2000 m ; 
B ondw a to p  2000—2130 m (6120/GB, 6889/W ); d e t. B. A from ontane  species k n o w n  from  
Cam eroon, R uw enzori, K en ia , M eru a n d  fro m  K ilim an ja ro  M ts.

105. Porothamnium pennaefrondeum (C. M üll.) C ard , in  G rand. H ist. M adag. 39: 377 (1915). 
B asionym : P orotrichum  pennaefrondeum  C. M üll. L innaea 42: 409 (1876). Syn . n ov .: 
Porotrichum subpennaeform e  C. Müll. F lo ra  73: 488 (1890). T he species is n o t sy n o n y m o u s 
w ith  Porotrichum comorense C. Müll, nőre  w ith  P orotham nium  hildebrandtii (C. M üll.) 
F leisch, as i t  w as tre a te d  b y  Sim , T ran s . R . Soc. S. Afr. 15: 402 (1926). — K IL : U m bw e 
R o u te  2200-2850 m  (6787/J, 6192/Q); M w eka R o u te  2570-2750 m  (6718/CU, C X , CW ); 
U L U : B ondw a N  1900-2050 m  (6051/FB , 6403/A J); *R U N : M t. R ungw e E N E  2 4 00- 
2500 m , SW  2400 m  (2503/P, 6765/D ); a n n o ta t io n  and  det. B. E a s t  A frican  m o u n ta in s , 
A ngola, Sou th  A frica  an d  M ascarenses.

Lem bophyllaceae

106. Rigodium kilim andscharicum  (B ro th .) P a r. E p ip h y te  in m o n ta n e  forests. K IL : U m bw e 
R o u te  1700-1900 m  (6351/S); M arangu  R o u te  1900-2200 m (6364/K ); U L U : L u p an g a  
S 1750 m (6468/B ); K inazi N  1800-1900 m  (6837/D ): det. B. an d  P. E a s t A frican  m o n tan e  
species, from  K ilim an ja ro  to  T ran sv aa l.

Pilotrichaceae

107. Chaetomitriuni dusenii C. Müll. va r. brevinerve (P . V arde) P . V arde  — On b a rk  in  su b ­
m o n tan e  ra in  fo rest. *EU S: A m ani, b eh in d  th e  F o rest H ouses an d  in  Sigi va lley , 900- 
950 m (6377/L, 6513/A); det. B. L ow land fo res t elem ent know n  on ly  from  W est an d  
C entral A frica, a n d  from  A m ani. E A B  IV.

Daltoniaceae

108. Daltonia angustifolia Doz. e t Molk. v a r. strictifolia (M itt.) F leisch . On g ian t Senecio 
s tem  a t th e  fo res t line. *Abe: G ik u ru ru  v . 1.5 k m  W of K iandogoro  G ate, 2950 m  (M a b - 
b e r l e y  327/B): d e t. B. P a laeo trop ic  species, E A B  1.

109. Daltonia cardotii Biz. e t Onr. Syn .: D altonia  interm edia  R en. e t Card. horn, illeg. E pi- 
phyllous in  m o n tan e  ra in  forest an d  in  elfin  w oodland . *U LU : B ondw a E  and  to p , 1600— 
2100 m  (6181/A U , 6233/L); det. P . New fo r E a s t  Africa, p rev iously  know n on ly  from  
Cam eroon an d  from  M adagascar.

110. Daltonia mildbraedii B ro th , in  M ildbr. v a r . levis D eni, e t Leroy — E p ip h y llo u s in  m o n ta n e  
ra in  forest an d  in  elfin  w oodland. *U L U : M w ere v. 1500-1600 m  (6176/AL); L u p an g a  S 
1900-2000 m  (6287/A J); det. P . E a s t  A frican  m o n tan e  species.

111. Daltonia m inuta T hér. — E p iphy llous in  m o n ta n e  forest. *U L U : M were v. 1500-1600 m 
(6168/AS, specim en  preserved  only in  th e  fo rm  of m icroslide); d e t. P . P rev io u sly  kno w n  
on ly  from  N inagongo volcano.
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112. Leskeodon m niifoliuin (H ornsch .) B izo t — E p iphy llous in m on tane  forest. U L U : B ondw a 
1900-2100 m (6051/DC, 6233/AC); d e t. P . EA B  I.

113. Distichophyllidium  africanum Dem . e t  P . V arde E p ip h y llo u s in  m ontane m ossy  fo rest. 
U L U : B ondw a 2000 m (6051/D E); d e t.  P . EA B  I.

114. Lepidopilum dusenii C. Müll. R am ico lous in  bam boo forest. U LU : M geta v . 2250 m 
(6830/P); de t. P . EA B  I.

H ookeriaceae

115. Calyptrochaeta asplenioides (B rid .) C rosby — On sh ad y  rocks in m ontane fo res t. U L U : 
M t. K inazi N W  1630 m (6289/BM ); de t. P. B urund i, U lu g u ru  M ts., Cape, M ad ag asca r, 
R éunion , M auritiu s.

116. Cyclodictyon auhertii (P. B eauv.) O. K u n tze  On th a llu s  o f D um ortiera h irsu ta  in  w et 
m o n tan e  forest. *U L U : K inazi N W  1630 m (6289/B L): de t. P . Previously  kno w n  o n ly  in  
K iv u , area , M adagascar and in  M auritiu s.

117. Cyclodictyon borbonicum (B esch.) B ro th . In te rm ix ed  in  moss cushions on w e t rocks 
o f E rica  forest. K IL : Um bwe R o u te  2850 m  (6788/CR): de t. P . E ast A frican m o u n ta in s  
from  R uw enzori to  Réunion.

118. Callicostella perpapillata B roth , e t P . V arde — E p iphy llous in  m ontane fo rest. *U L U : 
M were v. — B ondw a 1600 m (6181/B D ); de t. P . P rev io u sly  know n only from  W est and  
C entra l A frica a n d  from  U ganda.

119. Callicostella usambarica (B ro th .) B ro th . E p iphy llous an d  lignicolous in m o n ta n e  fo rest. 
* K IL : U m bw e R o u te  1900-2200 m  (6191/A J) p .p . U L U : B ondw a E 1600 m  (6181/C K ); 
d e t. P. G abon, C entra l A frican R ep u b lic , U sam b aras, U lu g u ru  Mts.

120. Lopidium hem ilom a (C. Müll.) F le isch . On b a rk  an d  on rocks in su b m o n tan e  ra in  
forests. E U S: A rnani 900 m (6086/AZ); H un g a  v. 880 m  (6514/J); *NGU: M honda M ission 
W  800-1000 m  (6400 /0 ); *U LU : M anga E  1100 m  (6223/F , G); Tegetero M ission 1100- 
1300 m  (6426/B): B ondw a N 1450 m  (6864/F); det. B. P rev io u sly  know n only fro m  A m ani 
a n d  from  th e  Com oro Islands.

121. Lopidium struthiopteris (B rid .) F le isch . On tree  fe rn  stem s, ro ttin g  w ood a n d  on 
sh a d y  rocks in  m o n tan e  forests. *U L U : L u panga  W N W  1650-2050 m (6068/AA, 6550/K , 
6065/Q); M were v . 1500 m (6220/J , 6255/F); B ondw a N 1900-2050 m  (6308/Q); K ilan g a la  
su m m it SE of B u n d u k i 1750-1900 m  (6464/B K ); d e t. B. P a laeo trop ic  species p rev io u s ly  
know n only fro m  In d o m alay a -O cean ia  an d  R éu n io n  Is lan d

121/A Lopidium struthiopteris (B rid .) F le isch , va r. cam penonii (R en . e t Card.) B izo t stat. nov. 
Synonym : L o p id iu m  campenonii (R en . e t Card.) F leisch. M usci FI. B uitenzorg  3: 1073 
(1908): B asionym : H ypopterygium  cam penonii R en. e t Card, in R en., R ev. de B o t. 9: 
400 (1891). E p ip h y llo u s, corticolous a n d  on tree  fe rn  stem  in m ontane forests. * K E N : 
C astle  For. S t. 1960 m  (6603/G); *W U S: M azum bai U .F .R . 1600-1750 m  (6371/A C ); 
*U K A : M nyera N N E  1900-2100 m  (6 7 3 9 /J); *U LU : K in azi NW  1400-1650 m  (6289/B B ), 
M geta v. 2250 m  (6830/A P); B ondw a E  1600 m  (6181/C H ): de t. B. The va r. w as k n o w n  
prev iously  on ly  from  M adagascar.

122. Lopidium subtrichocladon (B ro th .) F leisch . — E p ip h y te  in  m ontane fo rests. W U S: 
M azum bai U n iv e rs ity  Forest R ese rv e  1500 m  (6370/A K ); *U K A : Mt. Kifigo SE  1600— 
1760 m (6591/E); *U LU : L u p an g a  N W  1800-2000 m , W N W  1900-2050 m  (6130/A G , 
6550/H ); M t. K ifu ru  E  1580 (6905/M ); *NG U: M afu lum ula  W 1700-1800 m  (6441 /F ); 
d e t. B. P rev io u sly  know n only fro m  Sao Tom é an d  fro m  U sam b ara  Mts.

123. Hypopterygium mildbraedii B ro th . — E p ip h y te  an d  on sh ad y  rocks in  m o n tan e  fo rests. 
K IL : Shira PI. N W  2600 m (6355/L); U m bw e R o u te  2100 m  (6353/B); M arangu Old 
M oshi 1700-1800 m (6368/X): *W U S: M azum bai U .F .R . 1500 m (6370/A F); *E U S:
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N g u ru e  V . E  of C hem ka 500-600 m (6516/M ); *N G U : M afulum ula W  1700-1800 m  
(6441 /K ); U L U : M idhan i 860 ш (6879/J); K in az i N W  1400-1650 m  (6289/BC); B ondw a 
N  1500-1800 m  (6050 /A R , 6854/N); det. B. E a s t  A frican  m oun ta ins from  E th io p ia  to  
T an zan ia .

124. Hypopterygium viridissim um  C. Müll. E p ip h y te  a n d  on rocks and  g ro u n d  o f m o n tan e  
fo res ts . K IL : W eru -W eru  v . n ear K issereni, 1260 m  (6345/G); M awingo E s ta te  1350 m 
(6349 /R ); M arangu R o u te  1850-1900 m (6 208 /E ); W US: U .F .R .. K am bo  1620 m 
(6374/A S, Z); *N G U : M afu lum ula  W 1700-1800 m  (6441/Q): *UK A: M am iw a W est S 
1800—1900 m (6862/E ); U L U : Lupanga NW  a n d  c re s t 1800-2100 m (6130/AG, 6550/L, P ); 
P a la ta  NW  1850-2000 m  (6852/N ); B ondw a N 1600-1800 m (6050/AU): de t. B. W idespread 
in  tro p ic a l Am erica a n d  A frica . EA B  I, I I .

Fabroniaceae

125. Anaeamptodon africanus P . Y ardé A t th e  edge  of a knothole  (2 cm  d iam ete r) on a 
t r u n k  in  low land ra in  fo res t. *U LU : K im boza F o re s t  R eserve near M kuyun i, 350-450 m 
(6800/V ); det. B. T y p ica l low land  forest e lem en t p rev io u sly  know n only from  th e  C entral 
A frican  R epublic  n e a r  O ubangu i.

126. Fabronia abyssinica C. M üll. — Corticolous in  m iom bo  woodland an d  in  Velloziaceae 
b u sh . * K IB : m ain  su m m it  SSE 1800 m (6566/N ); Z: L usaka E a s t, C halim bana  R iver 
v a lle y  1330 m  (K o m a s  5 /B , 10/A): det. B. E th io p ia , S o u th eas t Africa from  Z am bia  to  Cape.

—  F abronia  b izotii P ó c s  stat. et nom . nov.
Syn.: Fabronia pocsii Bizot var. cameruniae Bizot, Acta Bot. Acad. Sei. 

Hung. 19: 16 (1973). M. B iz o t  has described in the same paper two peculiar 
Fabronia taxa, which in general appearence were very similar to the members 
of the  genus Rhizofabronia with the long dentition of the leaves and soft 
tex tu re  of their stems, bu t, on the other hand, their leaves had Fabronia like 
costa and basal group of quadrate cells. He described both taxa from the 
collections made by D. B a l á z s , one of them  from Ethiopia, the other from 
Mt. Cameroon. The Ethiopian taxon, with m ature sporophytes, received the 
name of Fabronia pocsii, while the other one, collected on Mt. Cameroon, 
w ith immature sporophytes, was described, as F. pocsii var. cameruniae, not 
differing much in vegetative characters from the Ethiopian plant.

The junior author recently received an unnamed Fabronia species col­
lected by E. W. J o n e s  from Mt. Cameroon, not far from the type locality of 
F. pocsii var. cameruniae Bizot. The specimen corresponds in all aspects to 
the above variety and in addition bears m any mature sporophytes. The 
sporophytes differ considerably from those of Fabronia pocsii from Ethiopia, 
and these differences give ground to raise var. cameruniae at a species level. 
While one Fabronia cameruniae C. Müll, ex Dus., Svensk Vet. Ak. Handl. 28: 
54 (1895) is already described and corresponds to an other taxon, the alloca­
tion of a new name is necessary. The junior author considers it to be an honour­
ing opportunity to commemorate the name of his late friend and co-author
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dedicating this species to him. A distinction between the morphological and 
anatomical features of the two concerned species is given below (see also 
the figs):

Fabronia pocsii B izot Fabronia bizotii Poes |

Capsule u rn  sh a p e d , 1.5-2 X longer, th a n  C apsule bell sh ap ed , as wide or w ider th a n  
w ide, m ore, th a n  1 m m  long. E x o th ec iu m  long, its  len g th  o n ly  a b o u t 0.5 m m . E x o tlie -
cells are m ore or less elongate, th e ir  o u ter cium  cells iso d iam e tric  or irregu lar in  shape ,
wall is th ick , o n ly  sligh tly  convex. Peristo - th e ir  o u te r  w all re la tiv e ly  th in , hem ispheri- 
m ium  ru d im e n tä r . Spores 17-21 /o n  in  d iam - cally  bulging. P e ris to m iu m  consists o f  16
e te r  o f se ta  a t  i ts  b ase  120 130 /a n . p a ired , pap illose , re g u la r  exostom ium  te e th .

Spores 10-13 /a n  in  d iam eter. Seta d ia m e te r  
only 60-70 /on .

F ig . 21. Sporophy tes of Fabronia pocsii B izot, ty p e . P h o t. G. K is
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Fig. 22. S p o ro p h y tes  of Fabronia bizotii Poes, p a ra ty p e . P h o t. G. K is

The seta length varies between 3 and 6 mm by both species, and the 
perichaetial leaves, although smaller, are similar to the stem leaves, F. pocsii 
possessing smaller, shorter, and F. bizotii longer, ciliate teeth. I t  seems to be 
useful to publish full locality records on both species:

Fabronia bizotii Poes — M t. Cam eroon, S slope, in  a  lava cave a b o v e  th e  tim berline , a t  
2900 m  a lt. coll. D. B a l á z s  N o. 79/b, 27. N ov. 1967. (Type of F. p ocsii va r. cameruniae  
B izo t ex Pócs, H o lo ty p e  E G R , Iso ty p e  PC .) M t. Cameroon, S slope, U kile, tree  boughes 
a t  tre e  line. A lt. 8400 fee t ( +  2530 m ). Coil. E . W . J o n es  s. n., A pril 1948, du ring  the  
C am bridge B o tan ical E x p ed itio n  in  th e  B ritish  Cam eroons. (P a ra ty p e  of F. bizotii Pócs, 
w h ich  served for th e  d e sc rip tio n  of i ts  sp o ro p h y te , E G R  and H b . E . W . J o n e s .)
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Fabronia pocsii Bizot — E th io p ia :  M o u n ta in s W  of A ddis A b ab a , n ear th e  L ak e  D ebre 
Zeit, on b a rk , a t  1800-2400 m  a lt . Coll. D. B a lá zs N o. 111/A H , 9. M arch 1968. (H olo- 
ty p e  PC, Iso ty p e  EGR.)

127. Fabronia longipila B roth. O n b a rk  of trees  in  d ry  savanna  w oodlands, of ro ad sid e  and 
of p a rk  tree s , som etim es on  d ry  rock  faces. *K : N airobi, A insw orth  Hill p a rk  (6608/A ); 
K IL : S an y a  J u u  1280 m (6356/A ); M aw ingo E s ta te  near M w eka, 1350 m (6350/C); *U K A : 
M andege F o r. St. 1520 m  (6593/C ); * K IB : N E  face of th e  m ain  p eak , 1900-2000 m 
(6569/N); U L U : Morogoro, a lo n g  Borna ro ad , 525 m  (6142/E); B a h a ti  C am p 600 m 
(6561/M ); *Z: 12 km  E  of L u sa k a , 1300 m (6609/L); 30 km  N E  of Chôm a (6612/A); d e t. B. 
K now n in  E a s t  Africa from  U g a n d a  to  T an zan ia .

128. Fabronia pilifera H ornsch. — E cology , as o f th e  above species. * K E N : Castle F o r. S t., 
near th e  b u ild in g , 2020 m (6602/G ); N a iro b i N E  (6607/D); *N G U : in  coffee p la n ta tio n s  
near K w am an g a  village, 100 m  (6396/G ); U L U : K ikundi above th e  U n iv ersity  C am pus, 
900 m (6428/A); M indu E  rid g e  900 m  (6841/F); N guru ya N dege 900-1000 m  (6448/Q ); 
T egetero  M ission 975 m (6424/A D ); B u n d u k i F ishing Camp 1250 m  (6906/B); M geta v. 
1250 m  (6908/E ); det. B. M ore w idesp read , th a n  th e  preceding species, know n fro m  A ngola 
and  from  Z aire to Cape.

129. Rhizofabronia persoonii (Schw aegr.) F leisch , va r. sphaerocarpa (D us.) B izot — 23 ou t 
of 27 specim ens from  tree fe rn  s tem , tw ice on  b a rk  of o th er trees o r sh ru b s , once on  sh ad y  
rock, an d  once on soil of ro a d c u t  surface  in  m o n tane  ra in  fo rests an d  in  elfin  w oodland , 
betw een 1500 and 2400 m a lt . *U K A : M t. K ifigo SE 1760-1850 m  (6 5 92 /0 ); M nyera  N N E  
1900-2100 m  (6739/K); Ik w a m b a  N  1875-1920 m (6866/B); U L U : B ondw a, a ll sides 
from  1500 to  2100 m, 11 reco rd s, M were v . 1450-1700 m , 5 reco rds; P a la ta  E  1850- 
1900 m  (6 8 52 /0 ); M agari 2000-2100  m  (6297/S); SE of B u n d u k i, K ilangala  to p  1750 m 
(6464/BM ); M geta river v. 1700-2250 m  (6912/T, 6830/S); M t. K ifu ru  S 1875-1980 m 
(6914/D ); *R U N : Mt. R ungw e SW  1700-1800 m (6778/K); d e t. P . A from ontane  e lem en t 
re s tr ic ted  to  m oist forest reg ions o f C am eroon and of E as t A frica from  R uw enzori to 
M alaw i: N y ik a  P la teau .

130. Rhizofabronia perpilosa (B ro th .)  B ro th . T he ecology of th is species differs co n sid erab ly  
from  th a t  o f th e  previous one. I t  grow s e ith e r  on lava rocks, u su a lly  in  sm all holes o r in  
g rea ter “ cav es”  above th e  tim b e rlin e  or on h a rk  in th e  fo rest b e lts , b u t  alw ays in  d rier 
h a b ita t. I t  p refers the h ig h er b ran ch es  a n d  p a r ts  of tru n k s of trees  in  m esophilous or 
re la tiv e ly  d ry  m ontane fo res ts , a n d  n ev er occurs on tree fe rns in  tru e  ra in  fo rests. I ts  
ecology on M t. Cameroon is d iscussed  by  R ic h a r d s  and A r g e n t  (1968: 584), i ts  d is tr ib u ­
tion  is m ap p ed  by  B izot e t al. (1979: 162). T he ju n io r a u th o r  discovered  i t  in  th e  lav a  
cavities o f M t. K ilim anjaro  to o , up  to  3900 m a ltitu d e : U m bw e R ou te , l in d  B ivouac , 
3330 m  (6932/C); I l l r d  B iv o u ac  n e a r B a rran co  H u t, 3900 m  (6935/A); in a lav a  cave 
n ear Shira H u t, 3660 m (6927/AA). T he follow ing records are from  fo rest h a b ita ts :  M E R : 
E  2800 m  (6522/B); K ito to  2400 m  (6520/K ); *PO R : E  of Ig o m a, S 2575 m  (6511/N ); 
*R U N : M t. R ungw e E , 2400—2500 m  (6503/L); *K IP : K itu lo  P la te a u , N W  edge, 2650 m 
(6750/V); d e t. P . I t  seems to  be  a n  endem ic species of the  high A frican  volcanoes, be tw een  
2000 an d  4000 m  alt. of M t. C am eroon, M t. E lgon, A berdare , N inagongo, M t. M eru, 
M t. K ilim an ja ro  and of th e  a b o v e  new  localities.

131. Schwetschkea schweinfurthii C. M üll. — Corticolous in dry  evergreen  forest. *T: Pongw e 
hills in  B agam oyo D istr., 430 in (6145/N ); det. B. K now n only  from  C entra l A frica.

132. Schwetschkea usambarica B ro th . C orticolous in m esophilous m o n tan e  forests. *U L U : 
near M orningside, 1420 m (6414/N ); *Z: fo res t fringe above K u n d u lila  Falls n ear K an o n a , 
1490 m (6626/C); det. B. P rev io u sly  know n on ly  from  U sam bara  M ts.
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Regmatodoiitaceae

133. Regmatodon secundus K ia e r  Corticolous a n d  som etim es on  rocks in  m ontane forests. 
* K E N : Castle F o re s t S t. ,  2020 m  (6602/J, N , L A ); *NG U: M t. M afu lum ula  W  betw een  
M nem bule and M ask a t, 1700-1800 m (6441/J); *U L U : B ondw a N E  1580-1800 m (6781/B , 
6573/M ); *PO R : L ak e  N gozi c ra te r, in n er slope 2100 m  (6775/A); de t. B. A from ontane 
species know n from  G u in ea  an d  Fernando  Poo to  th e  M ulanje M ts. in  Malawi.

Leskeaceae

134. Hylocomiopsis cylindricarpa T hér. Rev. B ryol. L ichénol. 3: 40 (1930). Syn. nov.: Pseudo- 
leskea dispersa C. M üll. B o t. J a h rb . 24: 282 (1897). In  EA B  I, u n d e r th e  la tte r  nam e (No. 
375) we recorded th is  species from  S T an zan ia . F u r th e r  T an z an ia n  localities, where it 
lives, as corticolous m oss in  m on tane  forests: M E R : N jeku  2600 m (6520/B); *N G U : 
M afulum ula W  1700-1800 m  (6441/H ); R U N : S o f Isongole, a long  M beya T u k u y u  
h ighw ay , 2000 in (6 7 5 6 /J); M t. R ungw e SW  1800 m  (6777/A F); d e t. B. A from ontane, 
C am eroon and  from  E th io p ia  to  T anzania .

135. Pseudoleskea leskeoides (P a r .)  C. Müll. va r. m acowaniana T hér. Corticolous in  d ry  
A cacia savanna. * K IL : S an y a  J u u  1280 m  (6356/B ). The v a r ie ty  is know n only from  
S o u th  Africa: Cape, N a ta l ,  T ransvaa l.

Thuidiaceae

136. Haplocladium august i folium  (H pe. e t C. M üll.) B ro th . — C orticolous in  re la tive ly  d ry  
m o n tan e  forests o r on  sole trees. *K IL : Sh ira  R o u te , above W asendo  Glade, 2700 m 
6354/J); Ghona v. n e a r M akom , W of M arangu  1400 m (6366/B); U L U : Chenzema M is­
sion  1700 m (6812/R ); d e t. A. T ouw . S E u ras ia , A u s tra las ia , A frica see in EA B I.

137. Haplohymenium pseudotriste (C. Müll.) B ro th . On b ark  a n d  on  lim estone rocks in 
low land  and in su b m o n ta n e  ra in  forests. *E U S: A m ani, n ear F o re s t Houses, 920 m 
(6376/G); *ULU: K im b o za  F. R . near M kuyuni, 350—450 m (6800/N ): det. В and T o u w . 
SE  A sia, A u stra lasia , S A frica , M auritius, new  fo r E a s t  Africa.

138. Herpetineuron toccoae (Suli. e t Lesq.) Card. — Corticolous in  re la tiv e ly  dry m o n tan e  
forest. *M ER: N g u rd o to  C ra ter rim , 1800 m  (6213/K ): det. B. P an tro p ica l, EA B  IV.

139. Pelekium  velatum M itt. T he records of T h u id iu m  involvens (H edw .) M itt, in E A B  I: 
No. 378 (B izot  an d  P o e s  1974: 438) refer to th is  species (cf. T o u w  1976: 185). The genus 
th e n  was new for A frica , w idespread  in In d o m a lay a  and  in  O ceania.

Amblystegiaceae

140. Cratoneuron filicinum  (H ed w .) Spruce — On th e  g round  of sp ring  hog w ith  Senecio 
cottonii s tand . K IL : b e h in d  B arranco  H u t, 3950 m  (6796/A); d e t. B. H olarctic  species 
w ith  sporadic so u th e rn  loca lities. In  trop ical A frica on ly  in a fro a lp in e  h a b ita ts  of R uw en- 
zori, K enia  and  K ilim a n ja ro .

141. Drepanocladus uncinatus (H edw .) W arnst. — In  sam e h a b ita t,  w ith  th e  preceding species. 
K IL : Um bwe R o u te , b e h in d  B arranco  H u t, 3950 m  (6796/C, 6933 /JB ); M arangu R o u te  
3440 m  (6247/0). E A B  I.

142. Drepanocladus cf. aduncus (H edw .) W arnst. S ubm erged  in  3 m  deep w ater of p ap y ru s  
sw am ps. *K: L ake N a iv a sh a , M errel’s lagoon, 1890 m  (Coll.: J .  J .  G a u d e t , 3. Oct. 1974); 
d e t. P . A very  p ecu lia r m o d ifica tio n  or a new  species o b ta in ed  fo r nam ing  from  N airob i 
U n iv ersity  H erb ariu m . Drepanocladus aduncus  w as n o t know n  from  tropical A frica.
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143. H ygrohypnum  hedbergii P . Y ardé  — O n irr ig a ted  b asa ltic  rocks. K IL : B arranco  H u t ,  
3850 m  (6794/B, D ); de t. B. A froalp ine  species, k n o w n  only from  R uw enzori, K enia  a n d  
K ilim an jaro .

B rachytheciaceae

144. B rachy thec ium  afrog lareosum  (B ro th .) P a r. On b a rk  (inch g ian t Senecios), rocks a n d  
on soil of m o n tan e  fo rests, g ian t E rica  h e a th  a n d  of g ian t Senecio s tands. K IL : U m bw e 
R o u te  3380-4000 m (6932/W , 6933/C); *N G U : n e a r M nem bule village, 1400 m  (6437/E ); 
*U K A : M andege F. Sz. 1730 m (6861/E ); M am iw a W est S 1900 m (6863/D); *U L U : 
B ondw a N 1500 m (6854/V); Chenzem a M ission 1700 m  (6812/J); L ukw angule  P la te a u  
E  2300 m  (6828/T); *PO R : Igali Pass 1940 m  (6748/C); * K IP : K itu lo  P la teau  E  of Ig o m a, 
2650 m  (6750/AA); * R U N : E  of R ungw e village n ear th e  TTC tea  nu rsery , 1500 m  (6759/C); 
d e t. B. E a s t A frican  m o n tan e  species fro m  E th io p ia  to  T anzan ia .

145. B rachy thec ium  borgen»  (H pe.) Jaeg . S yn .: B . atrotheca (D ub .) Besch. — On b a rk , rocks 
a n d  on ro a d cu t surface  in  th e  m o n tan e  fo res t b e lt. U L U : B ondw a N W  1600-1800 m  
(6050/A B , AW ); L ukw angu le  Pl. E  2300 m (6828/W ); C henzem a Mission, 1700 m  (6812/N ); 
* P O R : Igali pass n ear Isa n g a te , 1940 m  (6748/D ); *R U N : SW  of R ungw e village, 1450 m  
(6760/A ); de t. B. E a s t A frican m o n ta n e  species, from  E th io p ia  to  T anzan ia  an d  to  
R éun ion .

146. B rachy thec ium  dum m eri D ix. — On b a rk  an d  on rocks in  m on tane  forests. *K IL : K ik a fu  
gorge near K yere  v illage, 1500 m  (6347/E); *N G U : M ask a t M ission, 1500 m  (6444/L); 
*U K A : M andege For. S t., n ear R u beho  ro ad , 1450 m  (6587/C); *U LU : above M orning- 
side, 1480 m (6885/B); P O R : Ig a li P ass , 1800 m  (6749/B ); de t. B. E a s t A frican  m o n ta n e  
species from  M t. E lgon  to S o u th ern  T an zan ia , u p  to  4600 m a ltitu d e .

147. B rachy thec ium  gloriosum  (C. M üll.) K in d b . — On b a rk  of N u x ia  congesta trees  in  b am boo  
th ic k e t. * K E N : K am w eti T rack , 2400-2700 m (6601/Y ); de t. B. E a s t A frican m o n ta n e  
species know n from  E th io p ia  a n d  fro m  M t. K ilim an ja ro .

148. B rachy thec ium  nigro-viride (C. M üll.) K in d b . — O n sh ad y  rocks in  m o n tan e  fo res t. 
*U L U : M zinga va lley , 1400-1600 m  (6290/A H ): d e t. B. A from ontane  species kno w n  from  
R uw enzori to  S T an zan ia .

149. B rachy thec ium  ram ico la  B ro th . On ro t te n  w ood in  subalp ine  elfin forest. *U L U : 
L ukw angu le  P la te a u  W 2400 m  (6076/B H ): d e t. B. A froalp ine species know n  from  
R uw enzori, E lgon , M uhaw ura, Mt. K en y a  an d  fro m  M t. K ilim an jaro  a t  a lt i tu d e  2500— 
4550 m.

150. B rachy thec ium  vellereum  (M itt.) Jaeg . — T errico lous and  on Senecio stem s in  g ia n t 
E rica  h e a th  an d  in  g ian t g roundsel s tan d s. K IL : M w eka R o u te  2530-2900 m  (6718/CG, 
DC, D E ); U m bw e R o u te , n ear th e  U n d  B ivouac a n d  b eh in d  B arranco  H u t, 3330-3950 m  
(6791/K , 6795/B); de t. B. A froalp ine species, E A B  IV.

151. E u rh y n ch iella  decurrens P. V arde On soil, rocks a n d  on g ian t bam boo stem s in  m o n ta n e  
fo rests. K IL : U m bw e R ou te  2650—2850 m  (6788/C H ); M weka R o u te  2500—2900 m  
(6716/N , 6718/B W , B U ); *NG U: M afu lum ula  N 1920 m  (6440/H ); det. B. A fro m o n tan e  
a n d  afroalp ine , know n from  R uw enzori to  K ilim an ja ro , betw een  1750-4000 m.

152. O xyrrliynchium  sw artzii (T ürn .) W arn st. — On rocks a n d  soil in  m ore open places. * K IL : 
U p p e r K ikafu , along irrig a tio n  d itches, 1600-1800 m  (6346/M); *U LU : B ondw a, F o re s t  
R eserve  edge above M orningside, 1450 m  (6854/Z); d e t. B. T em p era te  E u ras ia , M adeira , 
A çores, A lgeria. In  tro p ical Africa M t. K en y a  a n d  M t. E lgon.

153. P a lam oclad ium  sericeum  (Jaeg .) C. M üll. On a ll su b s tra te s  in  m o n tan e  forests. N G O : 
O ldonyo  O ldeani N N W  2700-3000 m  (6920/B ); K IL : U m bw e R ou te  n ear l in d  B iv o u ac , 
3300 m  (6791/E); M weka R o u te  2600-2900 m  (6718/A F, AS, and  o thers); M aran g u
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R o u te  1850-2800 m  (6208/F , 6245/AF); *W U S: U .F .R ., “ K am b o ”  1620 m (6374/A F); 
*N G U : M afulum ula W  1700-1800 m (6441/N , O): M askat Mission 1500 m (6444/F , O); 
U L U : Mt. K ifu ru  E  1580 m (6905/T); M geta v. 2250 m (6830/G, AQ an d  m an y  o th er 
reco rds); *R U N : M t. R ungw e SW 2500-2600 m  (6767/C); det. B. E a s t A frican  m o n tan e  
species from  N o rth e rn  K en y a  to  Cape.

153/A Palam ocladium  sericeum  (Jaeg .) B ro th , v a r . afrostriatum C. Müll. NGO: n e a r C rater 
L odge 2300 m  (6196/K ); M E R : N jeku  2600 m  (6520/D ); K IL : Shira R o u te , W asendo 
G lade 2600 m (6 3 5 5 /0 ); U L U : B ondw a N E  1740 m (6578/B B ); * K IP : K itu lo  P la teau  
2650 m (6750/AQ); d e t. B.

154. Schimperella atrotheca (P . V arde) P. V arde  — On d ifferen t su b s tra te s  in  m o n ta n e  forest. 
K E N : Castle F . S t. 1960-2000 m (6603/N); K IL : M arangu  — Old M oshi 1700 m  (6368/U ); 
*U L U : Falls of M geta springs a t  E  edge of L ukw angu le  PI. 2350 m (6822/A W ); * K IP : 
K itu lo  P la teau  2650 m  (6750/A J); *R U N : M t. R ungw e SW  2500-2600 m (6767/P); d e t. B. 
E a s t  A frican  m o n tan e  species know n from  E th io p ia  to  M t. K ilim an jaro .

155. Rhynchostegium  distans Besch. — Corticolous in  m o n tan e  forest. *U K A : M andege F. St. 
1500 m  (6586/C); de t. B . L em urian  e lem en t o f th e  E a s t A frican m o u n ta in s, fro m  th e  
R u w an zo ri to  R éu n io n  a n d  M auritius.

156. Rhynchostegium  horridum B ro th . On b a rk , tre e  fern  stem  and  som etim es on  ro tte n  
w ood in m on tane  fo res ts. *K IL : U m bw e R o u te  2850—2900 m (6788/J); N kw eseko 1800- 
1850 m  (6359/AA); W U S: U .F .R . “ K am b o ” , 1620 m  (6374/A J); E U S: A m ani, H u n g a  v. 
880 in (6514/G); *U L U : P a la ta  N W  1850—2000 m  (6852/P); M were v. 1480—1550 m 
(6853/J , 6891/Q, 6893 /J); B ondw a N 1450 m (6854/U , AB); de t. B. E a s t A frican  m o n tan e  
species know n from  U g an d a  to T anzania.

157. Rhynchostegium  volkensii (B ro th .) P a r. — On b a rk , ro tte n  wood an d  on b am boo  stem s 
in  m o n tan e  forests. * K E N : K am w eti T rack  2400-2700 m (6601/AZ); *SPA : K w izu  E 
1000 m (6715/S); *W U S: U .F .R ., “ K am b o ”  1620 m (6374/B F); *U K A : SW  of M andege 
F . S t. 1520 m (6869/L); M t. Ikw am ba 1700 (6865 /J); *U LU : M idhani 880 m  (6881/D ); 
B ondw a N  1400 m  (6855/C); SH L: N W  of N jo m b e, 1940 m  (6754/B); M ufindi F ish ing  
C am p 1800 m  (6324/E ); PO R : E  of Igom a village, 2575 m  (6511/F, K ); d e t. B . E a s t 
A frican  m o n tane , E A B  I , IV.

158. Rhynchostegiella holstii (B ro th .) B ro th . — O n d iffe ren t su b s tra tes  in th e  m o n tan e  fo rest 
b e lt ;  only in  sh ad y  la v a  cave above th e  fo re s t line. K IL : B arranco  B ivouac 3900 m 
(6935/B ); W U S: U .F .R . n ear M azum bai 1620-1880 m (6372/BD, 6374/T); *M E R : N gur- 
do to  c ra te r  rim  1800 m  (6213/LA ); *NG U: M afu lum ula  W  1700-1800 m (6441/E); *U K A : 
M t. Ik w am b a  N W  1700-1875 m (6865/G); M t. M nyera N W  1690 m (6864/C); M andege 
F . S t. 1500 m (6858/B ); U L U : K inole saw m ill 1100 m  (6874/K ); L u p an g a  N W  1000- 
1350 m (6546/E, 6712/C); M orningside 1240 m (6571/D ); C henzem a M ission 1700 in 
(6812/T); *PO R : Iga li p ass n ear Isan g a te  1940 m  (6748/EB ); * K IP : K itu lo  P la te a u  n ear 
Ig o m a village 2650 m  (6750/AB); det. B. E a s t  A frican  m on tane  species know n from  E a s t 
Z aire an d  from  K en y a  to  Malawi.

Entodontaceae

159. Erytlirodontium engleri (B ro th .) Par. — C orticolous in  mesic m o n tan e  fo rest. *U K A : 
M t. M nyere N E  1500 m  (6864/J); det. B. K e n y a , T an zan ia , M alawi.

160. Erythrodontium rotundifoliuin (C. M üll.) P a r. Corticolous in  d ry  evergreen  m o n tan e  
fo res ts , in deciduous w oodland  and  on lone trees . *M ER : N gurdo to  c ra te r  r im , 1800 m  
(6213/G ); *Mt. I P I R I  S of B abati, m isr effec ted  m iom bo, 1800 m  (6214/B); W U S: U .F .R . 
M azum bai, 1500 m (6370/AS); *ULU: T egetero  M ission 975 m (6424/C); *R U N : below  
L u g u m b o  village, 1225 m  (6768/FA); det. B. E a s t  A frican  species know n  fro m  E th io p ia
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to  Z im babw e. A ccord ing  to M. B izo t i t  is v e ry  closely re la te d  to , or iden tical w ith  th e  
preceding species.

161. Erythrodontium subjulaceum (C. M üll.) P a r. - C orticolous in re la tive ly  d ry  fo res ts , 
w oodlands a n d  on lone trees. *Mt. I P I R I  S of B a b a ti, 1800 m  (6214/EB ; *K IL : M aw ingo 
E sta te  1350 m  (6350/H ); *W US: L ushoto  1500 m  (6204/A); U L U : M kuyuni 300 m (6021/C); 
*R U N : M t. R un g w e SW 1800 m (6777/A E ); d e t. B. W idesp read  in trop ical A frica .

162. Mesonodon flavescens (H ook.) B uck. — Syn.: C am pylodontium  flavescens (H ook.) B osch, 
e t Lac., C. m a u ritia n u m  (C. Müll, ex  Besch.) B ro th ., C. dusen ii (B ro th .) B ro th . O n b a rk  
and  branches in  subm ontane  ra in  fo rest. *U L U : M idhani 880 m  (6880/V, 6881/A Q ); 
Tegetero M ission 975 m (6424/UA); C am pylodontium  dusen ii (B ro th .) C. Müll, p ro b a b ly  
also belongs here . D et. and  a n n o ta tio n  by  B. P a laeo tro p ic  species, w idespread in  tro p ic a l 
Asia from  th e  H im alay as to  Celebes an d  to  th e  P h ilipp ines. In  trop ical A frica  on ly  
M auritius, M alaw i an d  ? Cameroon.

163. Entodon dregeanus (H ornsch.) C. M üll. — O n b a rk  or on b am boo  stem  in  A ru n d in a ria  
alpina  th ic k e t. * K E N : K am w eti T rack  2400-2700 m (6601/V, A W ); det. B. F rom  th e  e as t 
A frican m o u n ta in s  to  South  A frica an d  to R éu n io n .

164. Entodon gem inidens (Besch.) B ro th . On b a rk  or on g ro u n d  of m on tane  fo res ts a n d  
sub m o n tan e  w ood lands. *NGU: M afu lum ula  W  1700-1800 m  (6441/P); M askat M ission 
1500 m (6444/H ); U L U : Mt. M indu E  975 m  (6841/L); P ro b a b ly  synonym ous w ith  th e  
preceding species. D et. and a n n o ta tio n s  by  B. E a s t A frica fro m  E th iop ia  to T ran sv aa l, 
Réunion.

165. Entodon vulcanicus Dem . et L eroy  — E p ip h y te  in  H agenia-Podocarpus-D om beya-A rundi­
naria fo rest fo rm ing  the  upper fo rest line. * K IP : K itu lo  PI. 2640-2690 m , E  of Igom a 
village (6740/M , BA); det. B. E a s t A frican  m o n tan e  species: A berdare , M t. M ikéno, 
N gorongoro C ra te r, Rungw e vo lcano , betw een  2200-2800 m.

166. 1Levierella perserrata P. V arde et Leroy — Syn. nov .: L. abyssinica  B roth , nom . n u d ., L .  
fabroniacea  C. M üll. var. abyssinica  D ix. On w e t rocks. *U L U : S of M geta village, 1340 m  
(6392/F); *Z: U n d e r K undalila  Fa lls  SE  of K an o n a , 1430 m  (6623/D); det. B. E th io p ia , 
E  Zaire, U g an d a .

Plagiotheciaceae

167. Stereophyllum nitens M itt. -  On d ifferen t su b s tra te s  of low land  an d  su b m ontane  fo rests. 
*UK A: a long  M sowero stream  600 m  (6745/B ); U L U : K im boza  F. Res. n ear M k u y u n i 
350-450 m  (6800/T); K itu langhalo  F o rest R eserve  N E  of M orogoro, 500-550 m  (6559/D , E ); 
det. B. W id esp read  in trop ical A frica.

168. Stereophyllum radiculosuin (H ook .) M itt. On d iffe ren t su b s tra te s  in all k inds o f  fo res ts 
up  to 2000 m  a lt. *K : F orest R es. N E  of N airob i, 1800 m (6607/B); M E R : N g u rd o to  
cra te r rim  1800 m (6213/N, LB); * K IL : K ik a fu  gorge n ear K yere  1500 m (6347/J ) ; *SPA : 
K w izu E  875 m  (6716/P); *NGU: M afu lum ula  N 1920 m (6440/F); M askat M ission 1500 m 
(6444/G, J ) ;  U L U : Morogoro r iv e r v. near B a h a ti  C am p, 600 m (6561/G); K ig u ru n y ern b e  
700 m (6723/G , N ); M idhani 850-900 m (6882/G ); *USG: Gologolo Mts. below  San je  
Falls, 300 m  (6144/AC); *Z: V ictoria  Falls, P a lm  G rove 800 m an d  K nife E dge a t  870 m  
(6614/S, 6 6 1 3 /J); de t. B. P ro b ab ly  m uch m ore w idespread  in  trop ical A frica, th a n  i t  is 
know n a t  p re sen t: Cameroon, G uinea, G abon , in E a s t A frica only from  th e  U lu g u ru s 
and from  A ru sh a  N at. Park . I f  i ts  id e n tity  w ith  S. ind icum  (B él.) M itt, will be  p ro v ed ,

A ccording to  B u c k  (1980: 128) Levierella belongs to  th e  fam ily  of Fabroniaceae.
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can  ch aracterized , as a p an tro p ica l species, being  com m on in  tro p ic a l an d  su b tro p ica l 
A m erica too.

169. Plagiothecium mildbraedii B ro th , in  M ildb r., W iss. E rgebn. D eu tsch . Z en tr. A fr. E x p . 
2: 169 (1910). Syn. nov .: Plagiothecium a llu a u d ii  T hér., Bull. M us. H is t. N a t. P a ris  30: 
245 (1924). — On b a rk  and  on g ro u n d  o f m o n ta n e  forests. K IL : M w eka R o u te  2750 m  
(6718/CT); M arangu  R o u te  220 m  (6365/A B ): R ectification : in  E A B  I u n d e r No. 403, 
P . nitens D ix. is also P. m ildbraedii from  th e  U lugurus, B ondw a to p . D et. an d  a n n o ta ­
tio n s by  B. E a s t A frican  m o n tan e  species d is tr ib u te d  in th e  u p p e r fo res t b e lt above 
2000 m ascending as h igh  as 4140 m  in  R uw enzori Mts.

170. Plagiothecium  nitens D ix. — On b a rk  in  m o n ta n e  forest. U LU : K inazi N W  1400-1650 m  
(6289/AO); det. B. E A B  I.

Sem atophyllaceae

171. Gammiella merrillii (B ro th .) T ix. Syn .: Clastrobryella foliicola  P . Y ardé R am icolous an d  
epiphyllous in  m o n tan e  forests. U L U : B ondw a N E  1640 m (6844/D): d e t. B. P a laeo tro p ic  
species: Zaire, T an zan ia : N guru  an d  U lu g u ru  M ts., M adagascar, from  In d ia  to  P h ilip ­
p in es and  to Ja p a n .

172. Heterophyllium flexile (R en. e t C ard.) T h ér. e t  P . V arde -  On d iffe ren t su b s tra te s  in 
m o n tan e  forests. * K IL : N kw eseko, 1700-1800 m  (6359/AD); *N G U : M ask a t M ission 
1500 m (6444/N); *U K A : M nyera ridge S 2000 m  (6742/AC); U L U : K inazi N 1950 m  
(6838/H ); Mwere v. 1440 m (6895/M); B ondw a, all slopes 1600-2130 m  (6052/CN, 6228/D  
6578/C); *SH L: M ufindi, K ilim a E s ta te  1725 J  (6780/L): *Z: M ukow onshi M ts., “ m is t, 
fo res t”  1800-1840 m (6629/V); de t. B. A ccord ing  to  th e  senior a u th o r  i t  seem s to  be a 
fo rm  of R hacopilopsis trin itensis  (C. M üll.) B r i t t .  E a s t A frican m o n ta n e  species w ide­
sp read  from  th e  R uw enzori to M ozam bique a n d  to M adagascar.

173. Heterophyllium kilimandscharicum (B ro th , e t P . V arde) Thér. e t P . V arde, Syn.: Acantho- 
cladiella kilim andscharica  B ro th , e t P . V arde  R upicolous in  su b m o n tan e  ra in  fo rests. 
*U L U : M sanga Falls 1150 m (6110/X ); above  S im bin i village, 1400-1500 m (6418/AG); 
d e t. B. K now n only  from  th e  ty p e  lo ca lity : K ilim an ja ro  M ts., Old M oshi, 1960 m a lt.

174. W ijkia cuynetii (B iz.) W. Sch.-M ot. — E p ip h y te  a n d  on shady  rocks in  m o n tan e  forests. 
* K E N : Castle F . S t. 1960-2020 m  (6603/P , 6602/H ); *K IL : N kw eseko, 1700-1800 m  
(6359/AB); U L U : B u n d u k i, K ikododo, 1600-1750 m  (6463/N); M idhani 880 m  (6880/R ); 
T u m b ak o  S, SE  1390-1530 m  (6876/AB, 6877/A ); L upanga  NW  1600-1800 m (6548/K ); 
d e t. B. All records published  in EA B  I. No. 407 un d er Acanthocladium  trichocoleoides 
(C. Müll.) B ro th , also belong here. A fro m o n tan e  species know n from  C am eroon M ts. an d  
fro m  th e  E as t A frican  h ighlands.

175. W ijkia rutenbergii (C. M üll.) Crum  — C orticolous, in  su bm ontane  ra in  forests. *E U S: 
A m ani 860 m (6105/AM ); N G U: K w am an g a  -  M honda Mission 700-1100 m (6396/H ); 
d e t. B. New for c o n tin en ta l A frica, p rev io u sly  k n o w n  only from  M adagascar.

176. W ijkia trichocolea (C. M üll.) Crum  — O n b a rk  a n d  on shady  rocks in  m o n tan e  forests. 
K IL : M arangu R o u te  1800-1900 m  (6211/F ); W U S: M azum bai U .F .R . 1750-1880 m  
(6372/A R ); *U K A : N of M andege F. S t. 1540 m  (6737/M , N, O); M nyera N  1900 m (6870/M ); 
d e t. B. A from ontane species know n in  G abon  a n d  from  E th iop ia  to  Z im babw e: In y a n g a  
M ts.

177. W ijkia trichocoleoides (C. M üll.) C rum  O n g ro u n d  of m on tane  fo res t. *R U N : M t. 
R ungw e SW  2450 m (6766/J); det. B. P rev io u sly  kno w n  from  Sao-Tom é, C am eroon a n d  
from  Mt. K enya (o th er erroneous d a ta  see ab o v e , by  No. 174).

178. M eiothecium usambaricum (B ro th .) B ro th . E p ip h y te  in su b m o n tan e  ra in  fo rest a n d
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in  m ist effected m iom bo woodland. * U L U : M idhani E  880 m  (6881/AT); Mt. M indu 
E  850-1150 m  (6 8 4 1 /J); det. B. P rev io u sly  know n only from  th e  U sam b ara  Mts.

179. Warburgiella leptorrhyncha (Jaeg .) B ro th . -  Corticolous in  m o n ta n e  forest. *U LU : 
P a la ta  W 1520-1650 m (6849/F, J ) ;  B on d w a N E  1580 m (6844/B ); d e t. B. K now n from  
th e  E as t A frican h ig h lan d s and from  M adagascar an d  th e  M ascarenes.

180. Sematophyllum caespitosum  (H edw .) M itt. — All k inds of su b s tra te s  in  subm ontane  an d  
m o n tane  forests u p  to  2350 m a lt .  * K IL : K in u k a m a ri Falls n ear M aran g u , 1500 m  (6237/K ); 
G hona V . near M ahom , 1400 m (6366/C); *EU S: A m ani, on co n cre te  d ike, 850 m  (6095/B); 
*U K A : M nyera W N W  1800-1950 m (6743/G ); *U LU : M idhani 880 m  (6880/A H , 6881/A H ); 
K igurunyem be v . 1000 m (6046/M); M orningside 1250 m (6571 /F , 6575/D, 6899/A); 
B ondw a N, N E  1450-1700 m (6430/C, 6553/E , 6781/D, 6848/E); T egetero  Mission 975 m  
(6424/D); M geta v a lley  1600-2350 m  (6829/W , 6822/AA, 6911/B ); *R U N : R ungw e v il­
lage 1500 1800 m  (6758/D , 6777/A D ); de t. B. P an tro p ica l species. Judg ing  from  the  
a m o u n t of th e  a b o v e  records, i t  m u s t  be m uch  m ore w idesp read  in  Africa, th a n  p re ­
v iously  know n.

181. Sematophyllum dregei (C. Müll.) M agill. — Syn .: R haphidorrhynchium  dregei (C. M üll.) 
B ro th . R haphidorrhynchium  ruwenzorense  D ix. e t T hér. m ig h t also he  conspecific w ith  
th e  above (a n n o ta tio n  by  B). On b a rk  an d  on bam boo stem  in  m o n ta n e  forests. *N G U : 
M afulum ula coll a b o v e  M nem bule v illag e , 1650-1800 m  (6438/Z); *U L U : M geta v. 2250 
m (6830/W ); * R U N : M t. Rungwe SW  2500-2600 m (6767/N); d e t. B . K now n d istrib u tio n : 
F ro m  Cape to  Z am b ez i R iver (and  to  R uw enzori M ts.?).

182. Sematophyllum elgonense (Dix.) B ro th . — R am icolous in  g ian t E ric a  h ea th . K IL : U m bw e 
R o u te , near 1st B iv o u ac , 2800-2900 m  (6929/GA); det. B. A fro a lp in e  species know n fro m  
localities n ea r to  fo res t line a t  a lt. 2400—3800 m  in  R uw enzori, E lgon , A berdare , K ili­
m an jaro  an d  S o u th e rn  H ighlands o f T an zan ia .

183. Sematophyllum fulvifolium  M itt. — E p ip h y te  in  m o n tan e  fo res ts. *U LU : T um bako  S 
1500 m (6 8 77 /0 ); L u p an g a  SW 1700-1900 m  (6285/B X ); *U K A : M nyera ridge 2100 m 
(6871/PA); d e t. B . N ew  for E as t A frica , p rev iously  know n fro m  th e  R odriguez Is lan d s, 
C entral A frican  R ep u b lic  and from  G abon .

184. Sematophyllum obtusifolium (R en. e t  C ard.) B ro th . — On ir r ig a te d  rocks and on sp ray ed  
b a rk  in fring ing  fo res ts. *NGU: M a sk a t M ission 1500 m  (6 4 4 4 /J); *U L U : above K isim bi 
Falls, 800 m  (6498/D ); *SHL: M ufind i, along s tream  below th e  F ish ing  Camp, 1720 m  
(6323/R); * R U N : below  Lugum bo v illag e, 1225 m (6768/J); *Z: above K undalila  Falls 
SE  of K an o n a , 1490 m  (6626/B); d e t. B . P rev iously  know n fro m  M adagascar, G abon a n d  
from  the K ilim a n ja ro  Mts.

185. Sematophyllum sinuosuluin (B esch.) B ro th . — R am icolous in  m o n tan e  forest. U L U : 
M were V . 1500 m  (6531/D ); det. B. E A B  I.

186. Sematophyllum subbrachytheciiforme P . V arde — On d iffe ren t su b s tra tes  from  low land  
to  m ontane fo res ts . K E N : K am w eti T rack  2400-2700 m  (6601/W ); K IL : U m bw e R o u te  
2200-2600 m  (6786/GA); *M ER: N g u rd o to  c ra te r  rim  1800 m  (6213/H); *SPA: M t. 
K w izu E  875-940  m  (6716/0, Q); *N G U : M askat M ission 1500 m  (6444/M); *U K A : 
M nyera ridge 2100 m  (6740/AA, A P ); *U LU : K im hoza F . R es. 400 m (6800/P); M t. 
M indu 1200 m  (6843/AG); B ondw a, all slopes an d  to p  1450—2100 m (6528/B, 6844/K , 
6847/N); K in az i N  1950 m (6838/H ): M geta v . 2250 m (6830/A L); *R U N : E  of R ungw e 
village 1500 m  (6758/F); Mt. R un g w e E  2500-2800 m  (6 504 /0 , Q, 6507/M); *PO R : sm all 
collapsed c ra te r  S o f Isongole 1960 m  (6757/D); *Z: below  K u n d a lila  Falls SE of K an o n a  
1425 m (6624 /F ); M t. Mulilidwa S E  o f Shiwa N g an d u  1500 m  (6627/M ): det. B. A n E a s t  
A frican species w ith  m uch w ider ra n g e  b o th  a ltitu d in a lly  a n d  geographically , th a n  one 
could a n tic ip a te  fro m  the  p rev io u s records: R uw enzori 3150 m , K enia 2500-3000 m , 
K ilim anjaro  3800 m .'4
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187. A croporium  m egasporum  (D u b y ) Jaeg . — E p ip h y te  and lignicolous in  su b m o n tan e  and  
in  m on tane  forests. U L U : T u m b ak o  S, SE  1350-1500 m (6877/B , 6876/R ); M t. K ifu ru  
1750-1800 m  (6913/D , F ); P a la ta  N W  1850-1900 m (6852/L); d e t. B. T ropical A frican 
species know n in  s c a tte re d  localities from  Cam eroon to R éunion .

188. T richosteleum  h u m b ertii P . V arde — O n d ifferen t su b s tra tes  in  m o n tan e  forests. K IL : 
U m bw e R ou te  2650-2850 m  (6787/A); *U K A : M nyera ridge 2100 m  (6871/PB ); U L U : 
L u panga  W NW  1900-2050 m (6550/O B ); P a la ta  NW  1850-1900 m (6852/M ); B ondw a 
n ear the  top  above 2000 m (6404/AG, 6888/K ); th is species is p ro b a b ly  a Warburgiella. 
D et. and  a n n o ta tio n  b y  В. E A B  I.

189. T richosteleum  jo iiesii B izo t ex  Poes — O n sh ad y  rock face in  su b m o n tan e  ra in  forest. 
*U LU : Mwere v. 1440 m  (6895/C); d e t. B. P rev iously  know n on ly  fro m  th e  ty p e  locality : 
M ufindi in th e  S o u th e rn  H ig h lan d s o f T an zan ia .

190. T richosteleum  m am illipes B ro th . — U su a lly  on  ro tte n  wood, associed  w ith  Hookeriaceae, 
in  su bm ontane  an d  in  m o n ta n e  fo rests. * K IL : U m bw e R oute  1900-2200 m  (6191/A J p .p .); 
U L U : L upanga W N W  1900-2050 m  (6550/O A , R); Mwere v. 1400-1600 m (6158/A H , 
6160/G, 6533/E, 6893/L , S): P a la ta  N W  1700-1850 m (6851/L); M idhan i 880 m (6880/AD): 
L u p an g a  — K in azi ridge  1800-1900 m  (6836/A H ); *NGU: M afu lum ula  coll above M nem - 
bule village, 1650—1800 m (6438)/X ); d e t. B . T ropical A frican  species know n from  Li­
b e ria  to T anzania .

191. M acrohym enium  ac ico d o n  (M ont.) D ozy  e t  M olk. — R am ico lous in  m o n tan e  forest. 
*U K A  M nyera rid g e, 2100 m  (6871/M ); d e t. B. L em urian  species know n from  E as t 
A frica only from  th e  old c rysta llin e  m assifs, a sT a ita  Hills in  K en y a  an d  th eU lu g u ru  M ts.

H ypnaceae

192. Bryosedgw ickia densa  (H ook.) Biz. e t P . V arde, Syn.: E rythrodontium  densum  (H ook.) 
P a r. Leskea densa H ook. On re la tiv e ly  d ry  rock  cliffs in  Brachystegia ivoodland (m iom bo). 
*Z: G reat E a s t R oad  be tw een  U n d a u n d a  a n d  R ufunza, 135 k m  E  of L u saka, 1300 m 
(coll. J .  K o r n a s  10/B ); d e t. B. P rev io u sly  know n from  C entral A m erica  and  from  W est 
A frica: G uinea, C en tra l A frican  R ep u b lic , fro m  S ou theast A frica  on ly  Z am bia: M bala.

193. H ypnum  aduncoidcs (B rid .) C. Müll. Terricolous in  m o n tan e  forest. *K IL : Mweka 
R o u te  2600-2800 m (6718/A Q ); M aran g u  R o u te  2800 m (6943/F); d e t. B. P a laeo tro p ic  
species, in Africa know n only from  M t. K en y a , V ictoria Falls, fro m  th e  U sam b ara  and 
U luguru  Mts. and  from  th e  M ascarene Is lands.

194. H ypnum  cupressiform e H edw . — On d iffe ren t substra tes in  m o n ta n e  forests an d  in 
afroalp ine  com m unities. K E N : K am w eti T rack  2000-2700 m  (6601/S, 6602/K ); A B E : 
G ik u ru ru  v. 1 ml W of K iandogoro  G ate  3000 m, on g ian t Senecio stem  (coll. M abberley  
325, 327/C); NGO: O ldean i N N E  2700-3000 m (6920/G); M E R : E  c ra te r  edge 2600 m 
(6341/AT); K IL : Sh ira  R o u te  2600-3700 m  (6355/H , 6925 /0 ); U m bw e R o u te  2200- 
4000 m (6786/GB, 6788/U , 6798/C, 6929/G B , 6933/T, JA ); Mweka R o u te  2640 m  (6718/CE); 
*U K A : M nyera ridge 2100 m  (6871/A R ); U L U : L upanga K in az i 1800-1900 m  (6836/ 
AM); Bondwa top  2130 m  (6052/AY); * K IP : K itu lo  PI. 2650 m  (6750/L); det. B. Cosmo­
po lite , a ltim o n tan e  in E a s t A frica, o ccu rring  on ly  above 2000 m  a lt.

195. B reidleria africana  P. V arde  — T errico lous in  m ontane forest. *K 1L : U m bw e R ou te  
1900-2100 m (6352/A E ); de t. B. P rev io u sly  know n only from  th e  R uw enzori M ts. and  
fro m  M uhaw ura a t  a lt. 3750-4100 m.

196. E ctropothecium  du em m eri D ix. — On ro o ts , in  m ontane fo rest. *U L U : B ondw a N E  
1700-2000 m (6888/J); d e t. B. K now n on ly  from  the  ty p e  lo ca lity  in  U ganda.

197. E ctropothecium  regu läre  (B rid .) Jaeg . M ostly  on soil or on sh a d y  rocks, som etim es on 
C ya th ea  stem  in dense forests. *U K A : n e a r th e  falls below M andege F. St. 1200 m
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(6744/C); U L U : K igurunyem be 700 m  (6723/S); P a la ta  ridge 1700-1850 m (6851/D); 
M geta V . above H u lu lu  Falls 1600 m (6911/D); B u n d u k i, K ikododo  1900 m (6464/B F); 
*SH L: behind K ilim a  Tea Fac to ry , 1725 m (6780 /0 ); * R U N : M t. R ungw e SW , Jo n a  
gorge 1700-1800 m  (6778/E): det. B. W idespread  tro p ic a l A frican  species, EA B  I, I I ,  IV.

198. Ectropothecium revolutum  B roth. — On b ark , in  su b m o n tan e  forests. U L U : above 
K isim bi Falls, 850 m  (6499/D); T u m b a k o  SE 1050 m  (6167/AC); de t. B. Seems to  be a 
low land forest e le m en t know n from  C am eroon, E a s t U sam b a ra  an d  from  th e  U luguru  M ts.

199. Ectropothedium sericeuin P. Varde — O n bark  an d  wood in su b m o n tan e  forests. *U LU : 
K inole, M idhani 860 m  (6881/AH); M w ere v. 1500 m  (6893/K ): de t. B. Previously  know n 
on ly  from  M t. K ilim a n ja ro  a t 4050 m  a ltitu d e . A ccord ing  to  P . V a r d e  (1955: 195) i t  is 
re la ted  to th e  p reced in g  species. T he e x trem e  a lt i tu d in a l records suggest th e  necessity  of 
revision of th e  a b o v e  tw o species. A n n o ta tio n  b y  P.

200. Isopterygium sericifolium  Dix. On overhang ing  lav a  rocks in  g ian t E rica h eath . *K IL : 
U m bw e R oute, 2850-2900 m (6788/H , A E ); det. B. A froa lp ine , know n  from  R uw enzori, 
K enia  and U lu g u ru  M ts.

201. Vesicularia galerulata (D ub.) B ro th . — On b ark  an d  rocks in  su b m o n tan e  and m o n tane  
ra in  forest. *W U S: M azum bai U .F .R . 1600-1750 m  (6371/A D ); *U K A : M andege F . St. 
1500 m (6586/D); *U L U : Mzuazi v . n e a r  M idhani, 850 m (6882/J ) ; above S im bini village, 
1400-1500 m (6 4 1 8 /A J); Bondwa N  1450 m  (6430/H ): M geta v . 1600-1640 m (6912/Y); 
de t. B. EAB I.

202. Taxiphyllum gahonense B roth, e t P . V ard e  var. plagiothecioides P. V arde — On rocks in 
subm ontane fo res t. *SPA : Kwizu E  1000 m  (6716/R ): de t. B. E A B  I.

203. Mittenothamnium ctenidioides (D ix .) Schelpe — On C y a th ea  stem  in  m on tane  ra in  forest. 
*U LU : Mwere v . 1570 m (6891/N); d e t.  B. P rev iously  kno w n  on ly  from  Cape, new for 
E a s t Africa.

204. Mittenothamnium cygnicollum (D ix .) W ijk . e t M arg. — On soil, b a rk , ro tte n  wood and  
som etim es on  Cyathea  stem  in  m o n ta n e  forests. * K IL : M aran g u  — Old Moshi 1750 m  
(6368/AG); *W U S: M azum bai U .F .R . 1500 m (6370/AO); *U K A : M andege F. St. 1520 m 
(6869/P); M t. K ifigo  SE  1600—1760 m  (6591/C); U L U : K inole saw m ill 1050 m (6264/E); 
Mwere v. 1550 m  (6893/A); B u nduk i F .R .,  K ifuru  E  1580 m  (6905/H ); L upanga E, W N W  
1750-2050 m (6550/N , 6468/G); B on d w a N, N E  1800-2050 m (6230/Q, 6845/G); de t. B. 
W idespread m o n ta n e  species from  N o r th  K enya to  Cape.

205. Mittenothamnium microthamnioides (G eh.) W ijk e t M arg. On ro tte n  wood in m o n tane  
forest. *Z: M ukow onshi Mts. 45 k m  S E  of M pika, 1800-1850 m (6629/R ); det. B. K now n 
from  Elgon a n d  fro m  Ruwenzori M ts., from  M ozam bique a n d  from  M adagascar.

206. Mittenothamnium patens (H am pe) C ard . — On b a rk  a n d  soil in subm ontane  a n d  in  
m ontane fo rests. *U L U : B unduki n e a r  H ulu lu  F a lls , 1480 m (6901/D); B ondw a N E  
1740-2020 m  (6403/A K , 6578/AD); d e t. B. K now n from  T ran sv aa l and from  th e  E a s t 
U sam bara M ts.

207. M ittenothamnium pseudoreptans (C. M üll.) Card. O n b a rk  in  e lfin  woodland. *U K A : 
Mamiwa E  2200 m  (coll. Ma b b e r l e y  1396); det. B. P rev io u sly  know n from  Z im babw e: 
Inyanga M ts., T ra n sv a a l, N atal a n d  fro m  Cape.

208. Rhacopilopsis trinitensis (C. M üll.) B ritt ,  e t D ix. — On b ark  an d  on ro tte n  wood in  
subm ontane a n d  in  m ontane fo res ts . *K IL : U m bw e R o u te  2390 m (6786/B); *E U S: 
A m ani 900 m  (6086/AY); *NGU: D u a le  v . be tw een  M hona an d  K om bola villages, 6 0 0 - 
900 m (6435/F); W  of M honda M ission 800-1000 m  (6400/L); W of K w am anga village 
1100-1400 m  (6397/A G ); *UK A: M nyera  W  1800-1950 m  (6743/F); *U LU : M kungw e 
F. Res. 800-1100  m  (6218/P); N g u ru  ya  N dege to p  1100-1300 m  (6459/Q); B u n d u k i 
Fishing C am p 1275 m  (6907/E, G); T u m b ak o  SE  1390-1500 m (6877/Q, 6876/S); S im bin i 
1400-1500 m  (6418/A K ); H ululu  F a lls  1450-1500 m  (6900/G ); K ifu ru  S 1980-2010 m

Acta Botanica Academiae Scientiarum Hungaricae 28, 1982



56 M. BIZOT-T. PÓCS

(6915/F); B ondw a to p  2120 m  (6889/V, B D , B U ); *R U N : SW  2450 m (6766/H ); *Z: 
M ukow onshi M ts. 45 k m  N N E  of M pika 1840 m (6629/T); de t. B. T rop ical A m erica and 
A frica. Seems to  be m ore w idesp read , th a n  th e  previous d a ta  suggest — cf. EA B I.

Polytrichaceae

209. Pogonatum  aloides (H edw .) P . B eauv . — O n roadside banks in  th e  m o n ta n e  fo rest belt. 
*U L U : B ondw a N 2100 m  (6848/B ); *SH L : beh ind  K ilim a Tea F a c to ry , 1725 m  (6780/AA); 
d e t. B. B oreal te m p e ra te  species n o t ra re  in  A frican m oun ta ins from  K en y a  to  M alawi.

210. Pogonatum  capense (H pe.) Jaeg . — On roadside  b an k  in  m o n tan e  fo rest. *U L U : B ondw a 
N  1700 m (6553/F); d e t. B. S o u th  A frican  species know n from  th e  V ic to ria  F a lls  to  Cape 
a n d  from  M adagascar.

211. Pogonatum  oligodus (C. M üll.) M itt. S yn .: P. simense (B .S.G .) Jaeg . — On soil of rocky 
g rassland  above th e  fo res t line. * K IP : K itu lo  P la teau , 2700 m  (6752/J ) ;  d e t. B. South  
A m erica: Colum bia, E cu ad o r, Chile; T rop ical iVfrica: Cam eroon, E th io p ia , M t. E lgon, 
K ilim an ja ro , Sou th  T an zan ian  h ig h lan d s, T ran sv aa l, N atal.

212. Pogonatum  theriotii D em . e t L eroy  — On ro a d cu t surface in  m o n tan e  fo rest. *UKA: 
M andege F orest S ta tio n , 1530 m  (6736/B ); d e t. B. Previously  know n on ly  fro m  th e  type  
lo ca lity : Zaire, K iv u , 1800 m.

213. Pogonatum  usambaricum (B ro th .) P a r. In d . B ryol. 990 (1898). B asionym : Polytrichum  
usam baricum  B ro th . B ot. J a h rb . 20: 194 (1894). Syn. nov.: Pogonatum  holstii (B ro th .) 
P a r. In d . B ryol. 981 (1898). B asionym : Polytrichum  holstii B ro th . B ot. J a h rb .  20: 194 
1894). — On th e  g ro u n d  a n d  rocks of su b m o n tan e  and m o n tane  fo res ts, su b a lp in e  g ian t 
E rica  h e a th  up  to 3000 m  a lt. *A B E : A b e rd are  N a t. P ., 3000 m (coll. H . B a l s l e v  651); 
* K E N : Castle F. St. 2000 m  (6603/M ); W U S: M azum bai U .F .R . 1500 m  (6370/AT); 
*U K A : 1 km  SW of M andege F. St. 1530 m (6868/A); U L U : M anga E  1200 m  (6225/D); 
B ondw a N 2100 m  (6848/A ); L u p an g a  crest SW  2050 m (6551/E); M geta v . 2215 m 
(6829/K ); det. B. E a s t A frican  m o n ta n e  species.

214. Poly trichum commune H edw . — On th e  soil in  afroalp ine com m unities n e a r th e  forest 
line . K IL : M aungu c ra te r  floor above M an d ara  H u t, 2900 m (6941/A); A B E : G ik u ru ru  v. 
1.5 k m  W of K iandagoro  G ate, 2950 m  (coll. Ma b b e r l e y  334); d e t. B. Cosm opolite, 
m o n ta n e  in  trop ical A frica , u su a lly  in  h a b ita ts  above 2000 m.

215. Polytrichum  keniae D ix. — T erricolous in  subalp ine  Erica arborea g ian t h e a th . K IL : 
U m bw e R ou te  2850-2900 m  (6788/AS); d e t. B. A froalpine species know n  from  Cam eroon, 
E lg o n , R uw enzoni, K en ia , M uhaw ura , M eru  a n d  K ilim anjaro  M ts. above 3000 m  a ltitu d e .

216. Polytrichum subformosum Besch. On soil a n d  rocks of m o n tan e  forests a n d  subalp ine  
P h ilip p ia  h eath . * K E N : K am w eti T rack  2400-2700 m (6601/AB); * K IL : M w eka Base 
H u t 3000 m (6720/A); U L U : L ukw angu le  PI. 2450 m (6815/A); S H L : beh in d  K ilim a Tea 
F a c to ry , 1725 m (6780/A B ); det. B. W e consider th is species a sy n o n y m  of Polytrichum  
com m une  Hedw. var. perigoniale  (M ichx.) K indb . also w idespread in th e  E a s t  A frican 
m o u n ta in s  (cf. B iz o t  e t al. 1979: 164) b u t  to  m ake a final decision, i t  seem s to be necessary 
to  com pare  th e  ty p es o f concerned  tax a .

217. Polytrichum  piliferum H edw . — On th e  g ro u n d  of afroalp ine com m unities. K IL :  U m bw e 
R o u te  3700-3950 m (6797/P , В В ); de t. B. A n alm ost cosm opolite (b ipo lar tem p era te )  
species restric ted  to  th e  a ltim o n ta n e  h a b ita ts  in  tropical A frica be tw . 3400—4400 m.
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On th e  geographical d istribution  o f  species enu m erated  
in  East African B ryoph ytes III and V

The junior author tries to analyse the distributional pattern of the 
enumerated species, especially in groups, where many additional data were 
recorded compared to  previous publications.

1. Afroalpine elements

B iz o t  and PÓCS (1 9 7 4 : 386) supplied  a p re lim in ary  lis t based  on th e  species en u m era ted  
in  E A B  I . In  our E A B  I I I  and EAB Y fu r th e r  records were p u b lished , m o stly  on species, 
w h ich  where know n fro m  o th e r A froalpine localities, as from  R uw enzori, E lgon , th e  B irunga 
vo lcanoes and from  M t. K e n y a , and recen tly  becam e know n from  M t. K ilim an ja ro . K ilim anjaro  
is reg ard ed  to  have, a lo n g  M t. Meru, th e  d r ie s t  c lim ate am ong th e  h igh  m o u n ta in s of A frica. 
T his is th e  t ru th  in g en era l an d  fits  especially  to  th e  u sua l access of th e  m o u n ta in s , th e  M arangu 
R o u te  and  to  th e  n o r th  w estern  ap p ro ach , accessible by  four w heel d riv en  cars, th e  Shira 
R o u te . On the  o th er h a n d , th e  Mweka R o u te , and  especially  th e  U m bw e R o u te  goes th ro u g h  
a m u ch  higher ra in fa ll a rea  com parable w ith  places on th e  slopes o f R uw enzori and of th e  
B iru n g a  volcanoes. U n til  recen t days, th e s e  sections o f th e  m o u n ta in s  w ere very  u n d e r­
co llected  and m any  b ry o p h y te s  recorded t il l  now  from  o th e r m o u n ta in s w ith  h igher p rec ip ita ­
tio n , becam e know n fro m  these  pa rts , as: K u rz ia  irregularis, Leptoscyphus hedbergii, A n iso -

F ig. 23. D istrib u tio n  of afroalpine e lem en ts . Circle: K u rzia  irregularis , upside triang le : 
A frican  range of Lep todon tium  luteum , dow n  tu rn ed  trian g le : M ielichoferia elgonensis, square: 
F u n a ria  volkensii. H e re  a n d  on the  follow ing m aps b lack  do ts m ean  th e  p rev iously  know n, 

em pty  dots re p re se n t th e  new records
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thecium  ugandae, A tracty locarpus alticaulis , Rhabdoweisia a frica n a , R . linea ta , Bryoerythro- 
p h y llu m  alpigenum , В . ru b ru m , M ielichoferia cratericola, M . elgonensis, B artram ia m icrocarpa , 
P hilonotis platyneura, Lep todontiopsis fra g ilifo lia , Brachythecium ram icola , Sem atophyllum  elgo- 
nense, Breidleria a fricana , Isop teryg ium  seric ifo lium , and  o thers . Several species p rev iously  
k n o w n  from  typ ica l a fro a lp in e  h a b ita ts , w ere discovered in m o u n ta in  a reas be tw een  2000 and  
3000 m  a ltitudes, from  re lic  loca lities, as A nisothecium  ugandae (U lu g u ru , 2215 m ); F unaria  
volkensii (K itu lo  PI. 2700 m ); Pohlia chrysoblasta (R ungw e 1960 m ); Rhynchostegiella decurrens 
(N g u ru  1920 m ); f in a lly  som e ra re  species on ly  once collected b efo re , w ere recollected  in  th e  
sam e  or in  o ther m o u n ta in s , like  Colura berghenii, Fissidens sp inosolim batus, or Breutelia  
h um bertii. Since th e  p u b lic a tio n  of E A B  I th e  s ta tu s  and  ran g e  of an  afroalp ine  species, 
p rev io u sly  know n as C am pylopus procerus, h as been  cleared ( F r a h m  1980: 216, w ith  d is tr ib u ­
tio n  m ap). According to  F r a h m  (l.c .) th e  species is synonym ous w ith  th e  S o u th  A m erican  
C. jam eso n ii (H ook.) Ja e g .,  w h ich  lives on  th e  param os and  su b p a ram o s of th e  Cordilleras 
a m o n g  very  sim ilar c o n d itio n s  to  its  afroa lp ine  an d  afro-subalp ine  h a b ita ts .

The following bo rea l te m p e ra te  e lem ents n o t m entioned  in  E A B  I (B izot  and  PÓCS 
1974: 386) live usua lly  also in  a froa lp ine  h a b ita ts :  Philonotis f ontana, Cratoneurum  fil ic in u m ,  
O xyrrhinchium  sw artzii a n d  Pogonatum  aloides, while A m p h id iu m  cyathicarpum  is a so u th e rn  
te m p e ra te  species.

F ig . 24. Lowland tro p ical fo re s t e lem ents. Circle: Leptolejeunea astroidea , tr ian g le : Cololejeunea
cuneifolia
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2. The “ Mediterranean” group

A n in teresting  g ro u p  of species, w hich  ty p ica lly  in  th e  S o u th  E u ro p ean  and  N o rth  
A frican  M editerranean  re g io n  is d is tr ib u te d , spo rad ica lly  o ccu r n o t on ly  in  th e  region of 
S o u th  A frica ch arac te rized  b y  sim ilar c lim atic  conditions, b u t  also in  m an y  d ry  m o n tan e  
loca lities o f E ast A frica, as Fossombronia husnotii, Exormotheca pustu losa , F issidens algarvicus, 
F unaria  calcarea var. convexa , and  o thers, m en tio n ed  by  B iz o t  an d  PÓCS (1974: 393) and  by  
PÓCS (1976: 103).

3. South African elem ents

w ith  d isjunct o ccu rren ce  in  E ast A frican  m o u n ta in s: Odontoschisma africanum , M annia  
capensis , Fissidens borgenii v a r. obtusifolius, F. s im ii , F . breutelii, F. hoegii, F. mac-oivanianus, 
B artram ia hampeana, Schlotheimia percuspidatum , Pseudoleskea leskeoides, Rhaphidorrhynchium  
dregei and  M ittenotham nium  ctenidioides. T h ey  occur u sua lly  in  th e  m o n tan e  forest be lt betw een 
1000 an d  2500 m in  E a s t  A frica.

4. Lowland forest elem ents

As is discussed in  E A B  I (B izo t  an d  P o e s  1974: 391), th e y  are  w idespread  in  W est a n d  
C en tra l Africa, in th e  G uinea-C ongo basins a n d  have v e ry  d is ju n c t a rea  in  E a s t A frica, w here 
low land  and  su b m o n tan e  fo res ts are re s tr ic te d  to  sm all, sc a tte re d  p a tch es o f th e  coast an d  th e  
foo th ills  and ra iny  slopes o f th e  old cris ta lline  m assifs o f K en y a , T an zan ia , M alawi, Z im babw e

Fig. 25. D istrib u tio n  o f L em urian  e lem en ts. Circle: Drepanolejeunea madagascariensis, upside 
triangle: D iplasiolejeunea zakiae , d o w n  tu rn ed  tr ia n g le : Leucophanes mayottense
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Fig . 26. The d is tr ib u tio n  of a p a laeo tro p ic  species: Homaliodendron exiguum

a n d  M oçam bique, w here occur betw een  a ltitu d e s  o f 100 and 1500 in : Cololejeunea cuneifolia, 
Caudalejeunea dusenii, Leptolejeunea astroidea , F issidens calabariae, F. diaphanodonta , F . p a r­
kiig F . p ierro tii, F . rivicola , F . sm ilioides , F . vogelianus, Pinnatella oblongifrondea, Chaeto- 
m itrium  dusenii, Callicostella perpap illa ta , Anacam ptodon africanus, Schuetschkea schwein- 
fu r th ii  an d  m any  others.

5. Lemurian elements

Since the  f irs t acco u n t given on th e  M adagascar-M ascarenian  e lem en ts  occurring  in 
E a s t  A frica  (P ócs 1975) th e ir  n u m b er in creased , even by  our tw o p a p ers  w ith  a lm ost 50 
species: Jamesoniella purpurascens , Schistochila sphagnoides, Paraschistochila englerana, Frul- 
lam a  bullata , F . usambarana v a r . reducta, Cololejeunea cuneata, Drepanolejeunea madagascarien- 
s is , D . cambouena, F .  trematodes, D iplasiolejeunea cornuta, F .  zakiae , F issidens hymenodon, 
F . lacouturei, F . reflexus, F . plan ifion s, F. ventroalaris, Trematodon m ayottensis, Aongstromea 
vulcanica , Campylopus f la g ey i, H olom itrium  borbonicum  var. hamatum , Leucoloma grim m ioides,
L. p erro ttii , Brachymenium pulchrum , Orthodontium loreifolium , Leucophanes mayottense, L. 
renau ld ii, L. seychellarum , B artram ia gigantea , Breutelia borbonica, B . perrieri , F . gnaphalea, 
M acrom itrium  rufescens, iVf. subpungens, Af. urceolatum , Schlotheimia angulosa , Sc/г. excorru- 
gata , Sc/i. robusta, P apillaria  borchgrevinkii, Cyclodictyon aubertii, L opidium  hem ilom a , W ijkia  
rutenbergii, Warburgiella leptorrhyncha; also in  S o u th  A frica: Lejeunea v illaum ei, M acrom itrium  
tristratosum , Calyptrochaeta asplenioides an d  Pogonatum capense belong here. As i t  w as a lready 
u n d e rlin ed  (P ó cs and B iz o t  1974: 393, P ó cs  1975: 126, 1981: 303-305), these  L em u rian  ele­
m en ts  d is tr ib u te d  before th e  d issec tion  of G o ndw analand , and occur m ain ly  (41 o u t o f 46 !) 
in th e  old crystalline  m o u n ta in s  o f  m a in lan d  A frica , only 5 o f th em  live on th e  younger 
v o lcan o es !
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6. Palaeotropic species

Since th e  la s t  a cc o u n t on th is  g ro u p  of species, w hich are d is tr ib u te d  b o th  in  tropical 
A frica  an d  Asia (P ó c s  1975), several p u b lic a tio n s  rep o rted  e ith e r new  occu rren ce  of species, 
p rev iously  know n, as A sian , in A frica, o r new  sy n onym y, w hich p ro v ed  t h a t  A frican  and Asian 
species are id en tica l (G r o l l e  1977, 1981), T i x i e r  (1975, 1977), J o n e s  (1979, 1980), T o w n s e n d  
(1978), and o thers. E A B  I I I  and V in clu d e  th e  follow ing a d d itio n a l p a laeo tro p ic  species: 
Cheilolejeunea decursiva , Cololejeunea bolombensis, C. filic a u lis , C. hyalino-m arginata  (earlier 
syn . o f C. leloutrei), Tortula schm idii (earlie r syn . o f T. hildebrandtii or T. erubescens), M acro- 
m itrium  fasciculare , Homaliodendron exiguum  ( th e  form er records being erroneous), and Gam- 
m iella m errillii (syn. o f Clastrobryella foliicola).

7. Neotropic species

Zygodon pungens is f irs t reco rd ed  from  A frica. R hacopilopsis trin itensis  and Stereo- 
phyllum  radiculosum  seem  to  be m uch  m ore  w idespread. Cam pylopus jam eson ii and  Leptodon- 
tium  luteum  are th e  com m on e lem en ts o f th e  a ltim o n tan e  v eg e ta tio n  o f S o u th  A m erican 
C ordilleras and  E a s t  A frican  high vo lcanoes.

Fig. 27. The d is tr ib u tio n  of an  a fro m o n tan e  e lem ent in  E a s t A frica: H ylocom iopsis cylindri- 
carpa , based  on th e  m ap  of D e  S l o o v e r  (1976: 384), w ith  new  reco rds ad d ed  (circle), and of 

a  S o u th e as t A frican species: Schlotheimia percuspidata  (trian g le)
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A great p a r t  o f th e  e n u m e ra te d  species belongs to  th e  a fro m o n tan e  or eas t A frican 
m o n ta n e  d is trib u tio n  p a tte rn .  We do n o t go in  de ta ils  ab o u t th e ir  ran g e , because full in fo rm a­
tio n  w ill be given by  a C heck list o f th e  Mosses o f Sou th  and  E a s t  T ro p ica l A frica (u n d e r p re ­
p a ra t io n  by  G. K is).
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STUDIES IN RONDELETIEAE (RUBIACEAE) III. 
THE GENERA ROGIERA AND ARACHNOTHRYX

A. B orhi di

ECOLOGICAL AND BOTANICAL INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES,
VÁCRÁTÓT, HUNGARY

(R eceived : 1 J a n u a ry  1982)

B ased on a co m p ara tiv e  s tu d y  of th e  N o rth  A m erican  species o f th e  genus
R endeletid, a u th o r  found  essen tia l generic differences betw een  th e  A n tillean  an d  C en tra l
A m erican  species. R ev alid a tes  th e  genera Rogiera P lan ch , and  Arachnothryx P lan ch .
w ith  am p lified  descrip tions an d  respec tive  com binations.

As i t  w as po in ted  o u t (B o r h id i  an d  F e r n a n d e z  1982: 309) th e  orig inal co n ce p t of 
Rondeletia L. has been  largely  w idened b y  D e  Ca n d o l l e  (P ro d r. 4: 406, 1830) an d  B e n t h a m  
(PI. H a rtw . 1841). P l a n c h o n  — Flores des Serres 5: 442,1849 — recognized, th a t  C en tra l A m er­
ican  Rondeletia species h ad  te rm in a l p an icu la te  a n d  th y rso id  inflorescences and  flow ers w ith  
beard ed  or n a k ed  th ro a t  o f corolla, w ith o u t faucia l ring , lam ellae or denticles. H e obse rv ed  
also a ch ara c te ris tica l arachno id  pubescence on th e  corolla  an d  leaves o f several species. U pon  
these  d ifferences P l a n c h o n  described tw o genera se p a ra ted  from  Rondeletia L. -  n am ely  
Rogiera a n d  Arachnothryx.

L a te r  b o th  genera have  been  m erged in to  Rondeletia s.l. Rogiera was in c lu d ed  by  
B e n t h a m  a n d  H o o k e r  (1873) an d  K . S c h u m a n n  (1897) w ith o u t any  taxonom ic  ran k . Arachno­
thryx  h as b een  considered  b y  th e  sam e au th o rs  as a  section  of Rondeletia. St a n d l e y  in  his 
tre a tm e n t on  Rondeletia (1918) c rea ted  a  new  section  for Rogiera b y  th e  n am e: Am oenae  
S tan d i., an d  d iv id ed  th e  Arachnothryx in to  tw o new  sections: Leucophyllae S tand i, an d  L ani- 
florae  S tan d i.

T he m en tio n ed  au th o rs  an d  o th ers  dealing w ith  A m erican  Rondeletieae, as H e m s l e y , 
D o n n e l -S m it h , B. L. R o b in s o n  e tc . p a id  l ittle  a tte n tio n  to  th e  s tru c tu re  o f th e  coro lla  tu b e  
an d  th ro a t ,  considering  th em  as fe a tu res  o f secondary  im p o rtan ce .

In my opinion the structure of the corolla-throat is very im portant in 
taxonomical and evolutionary points of view. The structure of the th roa t, 
the presence or absence of the faucial ring, its form, pubescence, etc. have 
an im portant role in the mechanism of pollination, in the selection of the 
possible pollinators, in the development of basic plant-animal relationships 
which may be decisive in the evolution and phylogenetic relations of the 
different taxonomic groups.

Based upon a comparative morphological examination, B o r h i d i  and 
F e r n a n d e z  (1982a and b) determined the chief generic characteristics of 
Rondeletia L. based on R. americana. Comparing these characteristics with 
those of other groups of Rondeletia, it turned out, tha t a close correlation can 
be found between the different forms of corolla-throat, the structures of 
placenta and the exine pattern  and form of pollen grains.
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In consequence of these recognized correlations, it seems necessary to 
revalidate the genera Robiéra and Arachnothryx upon the following charac­
terization:

R ogiera  Planch, in Fl. Serres 5: 442. 1849
Syn.: Rondeletia  sect. Am oenae  S tand i. N . A m er. FI. 32: 49 (1918).

Shrubs or small trees with usually large, foliaceous and reflexed stipules. 
Leaves opposite, usually large, pubescent or glabrous. Inflorescence broad, 
term inal, cymose-paniculate or cymose-corymbose, many flowered. Flowers 
5-parted, calyx lobes small or large and foliaceous; corolla large, glabrous or 
antrorse-pilose outside, densely yellow-bearded in the throat, faucial ring, 
lamelles or denticles absent. Corolla tube puberulent or villous within, stamens 
included beneath the throat, filaments short, puberulent, anthers elliptic, 
included in the bearded throat. Style deeply bilobate, naked. Ovary globose, 
2-loculate, disk annular naked. Placenta sphaeroidal, little, soft, with a puncti- 
form central insertion to the septum. Ovules numerous, perpendicularly dis­
posed to the placenta. Pollen grains sphaeroidal or subsphaeroidal, 3-col- 
porate, exine thick, densely foveolate with tight irregular foveoles and exerted

F ig . 1. Pollen  of Rogiera ligustroides (H em sl.) B o rh id i. X1400 (S canning-photo  m ade  by
Dr. K . V á n k y )
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ora (Fig. 1). Capsula globose, th in , loculicidally dehiscent, 2-valvate. Seed 
angulate, exappendiculate, not winged.

Species typica: Rogier a amoena Planch.

Rogiera am oena Planch . F l. Serres 5: 442 (1849)
Syn. : Rogiera menechma P lan ch . F l. Serres 5: 442 (1849). — Rondeletia versicolor J. 
S m ith  B ot. Mag. 4579 (1851). — Rogiera versicolor L indl. e t P a x t. Fl. G ard . 2: 69 
(1851). — Rondeletia latifolia  O erst. Y idensk. Meddel. 1852: 43. — Rogiera latifolia  
D ecne. R ev. H ortic . IV. 2: 121 (1853). Rondeletia amoena H em sley  D iagn. PI. Nov. 
26 (1879). ? Rondeletia schumanniana  K . K rause B ot. J a h rb .  40: 315 (1908).
C en tra l A m erica

Rogiera cordata (B en th .) P lan ch . F l. Serres 5: 4426 (1849)
Rondeletia cordata B e n th . PI. H a rtw . 85 (1841). — G uatem ala  

Rogiera ehrenbergii (K . Schum .) B orh id i com b, nova
Rondeletia ehrenbergii K . Schum . N . A m er. Fl. 32: 50 (1918). — G uatem ala  

Rogiera gratissima L inden  in  P lan ch  F l. S erres 15: 133 (1864)
Rogiera elegantissima R egel G a rten fl. PI. 490 (1865). — Rondeletia gratissim a  H em sl. 
D iagn. PI. Nov. 25 (1879). M exico 

Rogiera intermedia (H em sl.) B orh id i comb, nova
Rondeletia intermedia H em sl. D iagn . PI. N ov. 26 (1879). M exico 

Rogiera langlassei (S tand i.) B orh id i comb, nova
Rondeletia langlassei S ta n d le y  N. A m er. FI. 32: 53 (1918). — M exico 

Rogiera ligustroides (H em sl.) B orh id i com b, nova
Rondeletia ligustroides H em sl. D iagn . PI. N ov. 26 (1879). — M exico 

Rogiera pittieri (Schum , e t K rau se ) B orh id i com b, nova
Rondeletia p ittieri K . Schum , e t K ra u se  B ot. Ja h rb . 40: 316 (1908). — C osta R ica 

Rogiera roezli Planch . F l. Serres 5 :4 4 2  (1849)
Rogiera elegáns P lan ch . F l. Serres 5 :4 4 2  (1849)

Rogiera stenosiphon (H em sl.) B orh id i com b, nova
Rondeletia stenosiphon H em s. D iagn . PI. N ov. 26 (1879). — M exico, G u a tem ala  

Rogiera strigosa (B en th .) B orh id i comb, nova
Bouvardia strigosa B en th . PI. H a rtw . 75 (1841). — Rondeletia strigosa H em sl. D iagn. 
PI. N ov. 27 (1879). G u a tem ala , S a lv ad o r 

Rogiera suffrutescens (B ran d .) B orh id i com b, nova
Rondeletia suffrutescens B ran d . U n iv . Calif. Publ. Bot. 6: 70 (1914). M exico

A rachnothryx Planchon Fl. Serres 5: 442 (1849)
[Syn .: Rondeletia sect. Arachnothryx  B e n th . e t H ooker 1873: . . . .  — Rondeletia  sect. 
Leucophyllae S tand i. N. A m er. FI. 32: 53 (1918). -  Rondeletia sect. Laniflorae  S tan d i.
N . A m er. FI. 32: 55 (1918). — Rondeletia  sect. Calycosae S tan d i. N. A m er. FI. 32: 
59 (1918).)

Shrubs or small trees with various, usually erect stipules. Leaves opposite, 
large, usually tomentose or pubescent. Inflorescence term inal, cymose-race- 
mose, cymose-corymbose, paniculate or elongate thyrsiform, rarely capitate, 
many-flowered. Flowers 4-parted. Calyx lobes short or elongate, narrow or 
broad, corolla large or small, tube arachnoid tomentose or pubescent outside, 
puberulous, hirsute or glabrescent w ithin, the throat naked, slightly widened 
without faucial ring, lamelles or denticles. Stamens 4, subsessile, filaments
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F ig . 2. Pollen of A rachno thrix  leucophylla  (H B K .) P la n ch . X1400 (Scanning-photo  m ade b y
Dr. K. V á n k y )

short, naked, anthers oblong-elliptic, usually included. Pollen grains oblong- 
elliptic, 3-colporate, exine thick, sparsely foveolate with regular tight and 
shallow foveoles, sometimes with scattered emergent denticles (Fig. 2). Styles 
long, naked, shortly bilobate at the apex. Ovary globose or elliptic, small, 
2-celled, disk annular slightly lobate, naked. Placenta discoidal or elliptic, 
concave, thin, not sulcate, with a central insertion to the septum. Ovules 
numerous, horizontally disposed. Capsule globose or subglobose, small, vails 
thin, loculicidally dehiscent, 2-valvate. Seeds numerous, angulate, punctulate, 
brown or yellow, exalate.

Species typica: Rondeletia leucophylla H.B.K.

I . Sectio: A rachnothryx

Arachnothryx aspera (S ta n d i.)  B o rh id i comb, nova
Rondeletia aspera S ta n d le y  N. Am er. FI. 32: 54 (1918). — C osta R ica  

Arachnothryx darienensis (S ta n d i.)  B orhidi comb, nova
Rondeletia darienensis S ta n d le y  N. Am er. FI. 32: 53 (1918). — P a n a m a  

Arachnothryx leptodictya (B . L . R obins.) B orhidi com b, nova
Rondeletia leptodictya  B . L. R obinson Proc. A m er. A cad. 45: 402 (1910). — Mexico
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Arachnothryx leucophylla (H B K .) P lan ch . F l. Serres Ser. I. 5: 442 (1849)
Rondeletia leucophylla  H. B. K . N ov. Gen. Spec. 3: 395 (1820). — Rondeletia elongata 
B artl, in  DC. P ro d r. 4: 409 (1830). — Bouvardia discolor H . e t  A. B ot. Beech. V oy. 
428 (1840). — Arachnothryx elongata Planch . Fl. Serres 5: 442 (1849). — Rondeletia 
dubia H em sl. D iagn . PI. N ov. 28 (1879). — Mexico 

Arachnothryx nitida (H em sl.) B orhidi comb, nova
Rondeletia nitida  H em sl. D iagn. PI. N ov. 39 (1879). — M exico 

Arachnothryx rekoi (S tan d i.)  B orhid i comb, nova
Rondeletia rekoi S tan d ley  Proc. Biol. Soc. W ash. 8: 126 (1918). Mexico

II . Sectio: L an iflorae (Standi.) Borhidi com b, nova

[Sect. Laniflorae S tan d i, sub Rondeletia N. Am er. FI. 32: 55 (1918).]

Arachnothryx bourgaei (S tan d i.)  B orh id i comb, nova
Rondeletia bourgaei S tand i. N. A m er. FI. 32: 56 (1918). M exico 

Arachnothryx buddleioides (B en th .) P lan ch . Fl. Serres 5: 442 (1849)
Rondeletia buddleioides B enth . PI. H a rtw . 69 (1841). - Rondeletia affin is  Hem sl. D iagn. 
PI. Nov. 28 (1879). — C entra l A m erica  

Arachnothryx capitellata (H em sl.) B orh id i comb, nova
Rondeletia capitellata  H em sl. D iagn. PI. Nov. 28 (1879). — M exico 

Arachnothryx cooperi (S tan d i.)  B orh id i com b, nova
Rondeletia cooperi S tand ley  P u b l. F ie ld . Mus. N a t. H is t. C hicago B ot. Ser. 4: 267
(1929) — P a n a m a

Arachnothryx gracilis (H em sl.) B orhid i comb, nova
Rondeletia gracilis  H em sl. D iagn. PI. Nov. 53 (1880). — G u a tem a la , H onduras 

Arachnothryx inconstans (S tan d ley ) B o rh id i com b, nova
Rondeletia inconstans S tan d ley  P u b l. F ie ld . Mus. H ist. N a t .  Chicago B ot. Ser. 7: 31
(1930) — C olum bia

Arachnothryx heteranthera (B ran d .) B orh id i comb, nova
Rondeletia heteranthera B rand . U n iv . Calif. Publ. B ot. 4: 387 (1913). — Mexico 

Arachnothryx laniflora (B en th .) P lan ch . F l. Serres 5: 442 (1849)
Rondeletia laniflora  B enth . PI. H a rtw . 85 (1841). M exico, G u a tem ala  

Arachnothryx pansam alana (S tan d i.)  B orh id i comb, nova
Rondeletia pansam alana  S tan d i. N . A m er. FI. 32: 58 (1918). — G u a tem ala  

Arachnothryx rufescens (B . L. R obins.) B orh id i comb, nova
Rondeletia rufescens B. L. R ob inson  Proc. Am er. A cad. 45: 402 (1910). — Rondeletia  
villosa f. strigosissim a  D onn. S m ith . E n u m . P la n t. G u a t. 2: 30 (1891). — Rondeletia  
rufescens ovata B. L. R obins. Proc. A m er. Acad. 45: 403 (1910). — G uatem ala  

Arachnothryx secundiflora (B. L. R ob ins.) B orh id i comb, nova
Rondeletia secundiflora  B. L. R obins. P roc. Am er. A cad. 45: 403 (1910). — G u a tem ala  

Arachnothryx septicidalis (B. L. R obins.) B orhid i comb, nova
Rondeletia septicidalis (B. L. R ob inson  P roc. A m er. A cad . 45: 403 (1910). M exico 

Arachnothryx stachyoidea (D onn. S m ith ) B orh id i comb, nova
Rondeletia stachyoidea D onn. S m ith  B o t. Gaz. 43: 298 (1906). — G u a tem ala , C osta R ica  

Arachnothryx thiem ei (D onn. Sm ith ) B orh id i comb, nova
Rondeletia thiemei D onn. S m ith  B o t. Gaz. 42: 299 (1906). — H o n d u ras  

Arachnothryx villosa (H em sl.) B orh id i comb, nova
Rondeletia villosa  H em sl. D iagn. PI. N ov. 27 (1879). M exico
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I I I .  Sectio: Calycosae (Standi.) Borhidi com b , nova

[Sect. Calycosae S ta n d i, sub  Rondeletia , N. A m er. FI. 32: 59 (1918).]

Arachnothryx aetheocalym na (D onn. Sm ith) B o rh id i comb, nova
Rondeletia aetheocalymna  D onn. S m ith  B o t. Gaz. 43: 298 (1906). G u a tem ala  

Arachnothryx belizensis (S tan d ley ) B orhidi com b, nova
Rondeletia belizensis S ta n d le y  Publ. C arnegie In s t .  W ash. No. 461: 91 (1935) — G ua­
tem ala , H o nduras

Arachnothryx bertieroides (S ta n d i.)  B orhid i com b, nova
Rondeletia bertieroides S tan d ley  Publ. F ie ld . Col. Mus. B et. Ser. 4: 267 (1929) — P an am a 

Arachnothryx brevicollis (K irk b r .)  B orhidi comb, e t stat. nov.
Rondeletia salicifolia  ssp . brevicolla K irk b rid e  Ann. Mo. B e t. G ard . 55: 383 (1963) — 
P an am a  (brevicolla”  does n o t ex is t in L a tin , exac tly : brevicollis)

Arachnothryx calycosa (D o n n . Sm ith ) B orhid i com b, nova
Rondeletia calycosa D onn . Sm ith . B ot. G az. 56: 59 (1913). C osta R ica 

Arachnothryx costaricensis (S tan d i.)  B orhid i com b, nova
Rondeletia costaricensis S tan d i. N. A m er. FI. 32: 61 (1918). — C osta R ica 

Arachnothryx darcyi (D w yer) B orh id i comb, nova
Rondeletia darcyi D w y er A nn. Mo. B ot. G ard . 67: 467 (1980) — P a n a m a  

Arachnothryx deamii (D onn. S m ith ) B orhid i com b, nova
Bouvardia deamii D o n n . S m ith  Bol. Gaz. 49: 455 (1910). Rondeletia deam ii S tand ley  

. N. Am er. FI. 32: 60 (1918). M exico, G u a tem ala  
Arachnothryx galeotti (S ta n d i.)  B orhid i comb, nova

Rondeletia galeotti S ta n d i. N. Am er. FI. 32: 59 (1918). M exico 
Arachnothryx ham eliifolia (D w yer e t H ay d en ) B o rh id i comb, nova

Rondeletia ham eliifolia  D w yer e t H a y d en  A n n . Miss. B ot. G ard . 65 :144  (1$67) — P an am a  
Arachnothryx jurgenseni (H em sl.)  B orhidi com b, nova

Rondeletia jurgenseni H em sl. D iagn. PI. N ov. 29 (1879). — M exico 
Arachnothryx kirkbridei (D w y er) B orhidi comb, nova

Rondeletia kirkbridei D w y er A nn. Mo. B o t. Gard* 67: 469 (1980) — P an am a  
Arachnothryx platysepala (S tan d i.)  B orhid i com b, nova

Rondeletia p latysepala  S tan d ley  Ann. Mo. B o t. G ard. 27: 343 (1940) P an am a 
Arachnothryx linguiformis (H em sl.) B orhid i comb, nova

Rondeletia lingu iform is  H em sl. D iagn. PI. N ov. 29 (1879). — G u a tem a la  
Arachnothryx rosea L inden , H o r t.  L inden. (1859) 3. — N. G ran a t.
Arachnothryx salicifolia (D w y er e t H ayden) B o rh id i comb, nova

Rondeletia salicifolia  D w y er e t H ay d en  P h y to lo g ia  15 :58  (1967) — P a n a m a  
Arachnothryx secunda (S ta n d i.)  B orh id i comb, nova

Rondeletia secunda S ta n d le y  C ontr. U . S. N a t. H erb . 18: 141 (1916). P an am a
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CAMBIAL ACTIVITY IN MANGIFERA INDICA  L.
Y . S . D a v e  and K . S . R a o
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(R eceived: 30 J a n u a ry  1982)

C am bial a c tiv ity  in  M angifera indica  L. has been stud ied  from  J a n u a ry  1978 to 
D ecem ber 1978. C am bium  is nonsto ried  com prising  elongated  fusifo rm  an d  isodia- 
m etric  r a y  in itia ls . R adial g row th  in  th e  tree s  is continuous as th e  cam b iu m  is ac tiv e  
in all th e  m o n th s . H ow ever, m ore cam b ia l a c t iv ity  is noticed in  th e  la te r  p a r t  o f  th e  
year. T an g e n tia l divisions in the  cam bial zone leads to the d iffe ren tia tio n  of vascu la r 
e lem en ts. T h e  len g th  and w id th  of fusifo rm  in itia ls  v a ry  in  d iffe ren t m o n th s . T he 
v a ria tio n s  in  th e  m ean  leng th  of fusifo rm  in itia ls  show a close re la tio n sh ip  w ith  th a t  
o f x y lem  fib ers . C lim atic facto rs do n o t show  an y  re la tion  w ith  th e  a c tiv ity  o f th e  
cam bium .

In trodu ction

N ow  i t  h a s  becom e a well-know n fa c t  t h a t  th e  env ironm en ta l changes a re  closely  
asso c ia ted  w ith  a  reg u la r sequence of g ro w th  a n d  d o rm an cy  in m ost p lan ts . T rees grow ing  in  
regions w ith  te m p e ra te  c lim ate  show d is tin c t g ro w th  rings. T ropical w oody p la n ts  a re  con­
sidered  to  h av e  a long period  of cam bial a c t iv ity  a n d  in some of th em  cam bial cells u su a lly  
d iv ide  an d  develop  in to  vascu lar e lem ents a t  m ore  or less un iform  ra te  th ro u g h o u t th e  y e a r 
( F a h n  1977). T h ere  are conflicting  rep o rts  a b o u t  th e  period icity  o f wood fo rm atio n  in  tro p ica l 
trees . T h e  ring less trees in  th e  ra in  fo res t o f In d ia  w as reported  75%  (C h o w d h u r y  1961), 
in th e  ra in  fo res t o f  A m azon basin 43%  (A l v im  1964) an d  in M alaysia on ly  15%  of th e  species 
show ed c o n tin u o u s  rad ia l grow th  ( K o r ib a  1958). T he form ation  of g ro w th  rings in  som e 
tro p ica l deciduous (C o s t e r  1927-28) and  everg reen  tree s  has been s tud ied .

T he p re se n t w ork  has been u n d e rta k e n  to  s tu d y  the  a c tiv ity  o f th e  cam bium  in  M an gi­
fera  indica , an  everg reen , diffuse porous tro p ic a l tree  and is an ad d itio n  to  o u r p rev io u s 
re p o rts  on seasonal a c tiv ity  of cam bium  in  decid u o u s species (R ao an d  D a v e , 1981, D a v e  
an d  R ao  1981).

M aterials and m ethods

Sam ples o f cam bial tissue to g e th e r w ith  th e  o u te r  wood and in n er b a rk  w ere collected  
from  th e  m ain  tru n k s  a t  chest heigh t of six  trees  o f Mangifera indica L. grow ing in u n iv e rs ity  
b o tan ica l g a rd en  a t  V allabh  V id y an ag ar (22°34 ' N  72°56' E). S im u ltan eo u sly  sm all pieces of 
young  b ran ch es (m easu ring  10 m m  d iam ete r) w ere also collected. P eriod ic  collections were 
m ade  fro m  J a n u a ry  1978 to  D ecem ber 1978 in  th e  f ir s t  week of every  m o n th . T he p ro ced u re  
used  fo r sam p lin g , sectioning, s ta in ing  an d  s tu d y  o f th e  m ateria l was sam e as those  described  
earlie r in  d e ta il b y  R ao and D a v e  (1981). M eteorological d a ta  was o b ta in ed  from  th e  In d ian  
M eteorological D e p artm en t, A hm edabad  in  G u ja ra t  S ta te  of India.
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R esu lts
Cambium structure

Cambium is nonstoried comprising vertically  elongated fusiform initials w ith tapering  
ends and isodiam etric ray initials (Fig. IA). Cambial initials are uninucleate and each nucleus 
possesses one to tw o nucleoli. Vascular cam bium  is active in all the months w ith the dif­

idig. 1. T an g en tia l (A) a n d  tran sv erse  (B -E )  sec tions of cam b iu m  of Mangifera indica. — 
A) C am bium  show ing n o n sto ried  a rran g em en t o f fusifo rm  and  ra y  in itia ls . X l5 0 . — B) C am ­
bial zone in  J a n u a ry . A rrow s in d ica te  tan n in  co n te n ts  in  v ascu la r cells. X 350. — C) C am bium  
show ing th e  ra d ia l sé ria tio n  of d ifferen tia tin g  xy lem  elem ents. X 350. — D) Cambial zone in  
O ctober show ing d iffe re n tia tin g  xy lem  and phloem  cells. X 530. — E ) Cam bial zone in  N o v em ­
ber show ing a ra d ia l file w ith  an tic linally  d iv ided  fusiform  cells (a t arrow s). x 6 7 0 . — cz : 
cam bial zone; dp :  d iffe re n tia tin g  phloem  elem en ts; dx : d iffe ren tia tin g  xylem  elem ents; f i :  

fu sifo rm  in itia l; ph : phloem ; ri : ra y  in itia l; x y  : xylem
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fe re n tia tin g  deriva tives to w a rd s  xylem  a n d  p h lo em  (Figs 1 B -E , 2). Secondary  xy lem  and 
ph loem  are  form ed b y  p e ric lin a l divisions o f  cam bial cells; a n tic lin a l division lead  to  an 
increase  in  circum ference o f  th e  cam bium  (F ig . IE ) . Cam bial cell w alls are th in  w ith  in co n ­
sp icuous beaded n a tu re . C am bial rays are p re d o m in an tly  b ise ria te . T he fusiform  in itia ls  con­
s t i tu te  76 to  81%  of th e  to ta l  cam bial tissue .

Cambial activity

C am bium  is ac tiv e  th ro u g h o u t th e  y e a r  w ith  no period o f d o rm an cy . Periclinal d iv isions 
in  th e  cam bial cells occu r con tinuously  a n d  th e  resu lting  cells u n d e rg o  gradual d iffe ren tia tio n  
to  fo rm  xylem  and p h lo em  e lem ents (Fig. 1C, D ). How ever, th e  r a te  o f cam bial a c tiv ity  v a ry ­
ing period ically  is in d ic a te d  by  the  n u m b er o f  cells in the cam b ia l zone and d iffe re n tia tin g  
v a sc u la r  elem ents (F ig . 2). C am bial a c tiv ity  is  considerab ly  h igh  fro m  S eptem ber to  D ecem ber 
(F ig . ID , E ). In  the  y o u n g  b ra n ch  also cam b iu m  shows con tin u ed  a c t iv ity  w ith  m ore a c t iv ity  
in  O c to b er (Fig. 2).

Cell size variation

T he leng th  and  ta n g e n tia l  w idth  of fusifo rm  in itials u n d e rg o  changes du ring  a c t iv ity  
o f  th e  cam bium  and ra n g es  from  349 to 428 p m  and 20 to  23 //in  respec tive ly  (F ig . 3). T he 
increase  an d  decrease in  w id th  correspond to  th e  decrease an d  in crease  in  leng th  of fusifo rm  
in itia ls  in  all th e  m o n th s e x c e p t Septem ber a n d  O ctober (F ig. 3). T he changes in  th e  len g th  
of fu sifo rm  in itials and  x y lem  fibers are c losely  re la ted  th ro u g h o u t th e  y ear (Fig. 3). H ow ever, 
th e  m ean  len g th  of x y lem  fib e rs  is g reater a n d  is 1.9 to 2.5 tim es lo n g er th a n  fusifo rm  in itia ls . 
T h e  tan g e n tia l d iam ete r o f  ra y  in itials ran g es fro m  16.0 to 20.6 p m . T he h e igh t an d  w id th  of 
c am b ia l ra y s  ranges fro m  226 to  290 pm  a n d  22.8 to 36.5 p m  resp ec tiv e ly .

У  Phloem Ц  Cambium jpjj Xylem

F ig. 2. Schem atic d iag ra m  illu stra tin g  th e  seasonal v a ria tio n  in  th e  m ean  n u m b er o f cell 
lay e rs  in  th e  cam bial zone in  th e  m ain t r u n k  a n d  young b ra n ch  a n d  d iffe ren tia tin g  xy lem  

a n d  phloem  e lem en ts  in the  m ain t ru n k
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£ 3 о  Xylem fiber

F ig . 3. H istogram s show ing th e  seasonal v a ria tio n s in  m ean leng th  of x y lem  fibers and leng th
a n d  w id th  of fusiform  in itia ls  in  fin l

Months

F ig . 4. A graphic re p re se n ta tio n  of m eteorological d a ta  of Y allabh  V id y an ag a r during  th e
y ear 1978
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Development of vascular tissues

Since th e  cam bium  is active  th ro u g h o u t th e  year, th e  d iffe re n tia tio n  of v ascu la r ele­
m e n ts  occurs con tinuously  (F ig . 2). The d e r iv a tiv e s  o f fusiform  in itia ls  und erg o  rad ia l en la rg e ­
m e n t a n d  occur in  ra d ia l ro w s tow ards x y lem  (F ig . 1C). The d e riv a tiv e s  o f  r a y  in itia ls  undergo 
re la tiv e ly  little  change d u rin g  d iffe ren tia tio n , b u t  enlarge rad ia lly . T he d iffe re n tia tio n  of xy lem  
is fa s te r  th a n  phloem . T he r a te  o f d iffe re n tia tio n  o f vascu lar e lem en ts  is n o t  p aralle led  b y  th e  
r a te  o f  divisions in  th e  cam b ia l zone. T h e  n u m b er of d iffe ren tia tin g  e lem en ts o f x y lem  in 
A u g u s t an d  phloem  in  O c to b er is m ax im al.T h e  new  phloem  cells m a tu re  ra p id ly  an d  th e  cam bial 
zone rem ain s close to ph lo em . Phloem  p a re n c h y m a  and xy lem  ra y  cells a d ja c e n t to  cam bium  
possess ta n n in  con ten ts (F ig . IB ).

Cambial activity in relation to phenology and climatic factors

As an  evergreen tre e , M angifera  b ea rs  leaves all th e  y ear a ro u n d . T rees flow er in  M arch. 
Y o u n g  shoots arise from  o ld er b ranches fro m  Ju n e  to  A ugust and  in  th e  follow ing m on ths 
c a m b iu m  shows m ore a c t iv ity .

R ain fa ll and a ir  te m p e ra tu re  are in te rd e p e n d e n t facto rs, th e  la t te r  reach ing  th e  peak  
in  M ay  a t  th e  end of d ry  p e rio d , w hen th e  n u m b e r  o f daily  sunsh ine  h o u rs  is also a t  m axim um . 
W ith  th e  s ta r t  of ra ins in  Ju n e , air te m p e ra tu re  begins to fall, reach in g  m in im u m  in  A ugust 
w h en  th e  ra ins are h e av y  (F ig . 4). F low ering  re su lted  in M arch w hen  th e  av erage  m ax im um  
te m p e ra tu re  is 35 °C. T h e  v a r ia tio n  in  te m p e ra tu re  and d u ra tio n  of su n sh in e  hours do n o t 
b rin g  a n y  change in  c am b ia l a c tiv ity . D u rin g  th e  developm ent o f y o u n g  leaves from  older 
b ra n ch e s  re la tiv e  h u m id ity  a n d  ra in fall a re  co n sid erab ly  high.

D iscu ssio n

The relative num ber of fusiform and ray initials in the cambial zone 
varies considerably. K o z l o w s k i  (1971) generalized th a t more than  90% of the 
cambium is composed of fusiform initials. In  the present study the proportion 
of fusiform initials in the cambial zone varies from 76 to 81% as also been 
noted in some Indian tropical trees ( G h o u s e  and Y u n u s  1974, 1976). The 
wide variations in the ratio of fusiform and ray initials in the cambial zone of 
different plants is probably related to  the differences in vigour, growth, girth 
and age of the species investigated.

The pattern of radial growth is paralleled by the w idth of cambial zone 
which increases, remains constant and then declines w ith the rate  of cell 
production ( P h i l i p s o n , W a r d  and B u t t e r f i e l d  1971). The rate of cambial 
cell division in Mangifera is not paralleled by the ra te  of differentiation of 
vascular elements in all the months. In August, when the cambium is four 
layered, the differentiating xylem elements occur in maximum number. In Sep­
tem ber, the differentiating xylem elements decreases, while the cambial cell 
num ber increases. The number of bo th  the vascular elements increases in 
October when the cambium is with maximum number of cells. W i l s o n  (1966) 
found that the variation in the num ber of cell across the cambial zone seems
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to  reflect a balance between the rate  of cell division and the rate  of differentia­
tion  of new derivatives.

Changes in the length of fusiform initials are ju st one aspect of the 
profound modifications which takes place in the cambial zone during the life 
of plants (Ca t e s s o n  1974). In  Mangifera, the length of fusiform initials differ 
in  different months and the increase in the mean length corresponds with the 
decrease in the mean w idth or vice versa. While this kind of relationship does 
not exist between the length and width of fusiform initials of Tectona ( R a o  and 
D a v e  1981) and Gmclina ( D a v e  and R a o  1981).

Only limited attem pts have been made to establish the size relationship 
between cambial initials and the elements produced by them ( S h a r m a  et al. 
1979). In the present study the periodic variations in the length of fusiform 
initials correspond to th a t of xylem fibers as also been noted in Tectona ( R a o  

and D a v e  1981) and Gmelina ( D a v e  and R a o  1981). This correlation exists 
throughout the year as the cambial cells leave a record of their activities in 
their derivatives. Ch a t t a w a y  (1936) has observed th a t the fibers in dicoty­
ledonous wood are 1.1 to  9.5 times longer than the cambial initials. The xylem 
fibers in Mangifera are 1.9 to 2.5 times longer than fusiform initials. The fiber 
elongation is less in comparison with Tectona ( R a o  and D a v e  1981) and Gmelina 
( D a v e  and R a o  1981). The less elongation of fibers probably related with the 
continuous activity of the cambium.

There are plants in which the cambium is active throughout the year 
and this type of activity  is usually found in plants growing in tropical regions 
( F a h n  1977). Reing an evergreen species Mangifera showed continuous activ­
ity  of the cambium throughout the year 1978. However, all the evergreen 
trees do not show continued cambial activity. Cambium is found to be dormant 
for a short period in an evergreen tropical Psidium guajava (C h o u  and Ch i a n g  

1973) and Liquidambar formosana (Lu and Ch i a n g  1975). In Mangifera, the 
correlation between extension growth and cambial activity is not clear like 
certain  evergreen trees (C h o w d h u r y  1958, F a h n  et al. 1968). The enhanced 
activ ity  of the cambium in the later part of the year may be due to the develop­
m ent of young leaves from older branches during rains. The interval between 
shoot growth flushes of mango sometimes exceeding 12 months ( K r a m e r  and 
K o z l o w s k i  1979) may be the probable reason for the lack of shoot growth in 
the Mangifera of present study. However, more studies are essential to get a 
comprehensive idea on the pattern of cambial activity in evergreen trop­
ical trees.
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RUBIACEAS CUBANAS II-III
II. E L  G É N E R O  C A SA SIA  A. R IC H . E N  CUBA

II I .  N O V E D A D ES E N  E L  G É N E R O  A N T IR H E A  COM M ERS.

M. F e r n a n d e z  Z e q u e i r a 1 y A. B o r h i d i 2
1 INSTITUTO DE BOTÁNICA ACADEMIA DE CIENCIAS DE CUBA, LA HABANA 

2 INSTITUTO DE BOTÁNICA, ACADEMIA DE CIENCIAS DE HUNGRÍA, VÁCRÁTÓT, HUNGRÍA

(L legado: 1 de O ctubre  1981)

A new species o f Casasia — C. acunae Fernandez  e t  B o rh id i — is described 
a n d  its  m orphological d iscrim ination  fro m  C. jacquinioides (G riseb .) S tan d i. A new  
a n a ly tic  key  for d e te rm in a tio n  of th e  C uban  ta x a  is also p re sen ted . In  th e  genus 
Antirhea  a taxonom ic  rev ision  of a po ly m o rp h ic  species — A . abbreviata U rb . — was 
carried  out. I t  re su lted  a new  s ta tu s :  Antirhea abbreviata ssp. obcordata (A lain) B orhidi 
e t  Fernandez  and  th e  descrip tion  of a new  v a rie ty : var. moaensis F e rn an d ez . A nother 
new  Antirhea species: A . pedicellaris B o rh id i e t Bisse from  th e  a f f in ity  o f A . multi- 
nervis U rb. is also described.

E l genera C asasia A . R ich , en Cuba

Casasia  A. R ich ard  in  Sagra: H ist. F is. Po l. N a t. Cuba X I .:  9. 1850.
A rb u sto s о árboles con ho jas o p u estas  у  estipu las persisten tes . In flo rescen cia  te rm in al, 

c im osa , flo res com unm ente  g randes, b lan cas , 5-m eras о ra ras  veces 4 -m eras. T ubo  del cáliz 
tu rb in a d o , el lim bo cupulifo rm e, lóbulos su b u lad o s о trian g u lares , p e rs is ten te s . Corola asalvi- 
lla d a , m ay o rm en te  g lab ra  po r fuera , el tu b o  a la rg ad o , cilindrico, lóbu los coriáceos, con tortos, 
(4 )-5 . E stam b res  4 о 5, in se rto s  en la  g a rg a n ta  de la  corola; f ilam en to s m u y  co rtos, an te ras  
d o rs if ija s , inclusas. D isco a n u la r ; ovario  2 -locu lar, estilo incluso , con dós lóbulos lineares. 
O vulos num erosos, p lacen ta s  pa rie ta les . F ru to  en  b a y a  grande globosa о p irifo rm e; pericarpio  
g rueso  y  duro . Sem illas num erosas, g ran d es, ho rizon tales, re ticu lad as . E n d o sp erm io  córneo. 
G énero  endém ico de las In d ia s  O cciden tales con 9-10  espécies en  C uba, Ja m a ic a , E sp an o la  
y  en  la s  B aham as.

Clave analitica para los taxones cubanos:
1 a INervios laterales de las hojas muchos, muy unidos entre si y paralelos 2

b Nervios laterales de las hojas menos, numerosos, separados, no parale­
los ........................................................................................................................  3

2 a Hojas glabras, el margen piano ........................................  1. C. calophylla
b Hojas aterciopeladas en el envés, el margen revoluto . . 2. C. nigrescens

ba Hojas de 3.5—8.5 cm de largo de 0.7—2 cm de ancho, oblongo-lanceola-
das, fruto de 2.5—4 cm de diám etro...........................  2/a ssp. nigrescens

bb Hojas de 7—11 cm de largo, y  de 2—4.5 cm de ancho, obovadas, fruto de 
4—7 cm de diámetro ........................................................... 2/b ssp. moaensis

3 a Hojas de 3—14 cm de ancho, fruto de 5—7 cm .................  3. C. clusiifolia
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aa Hojas e inflorescencia glabras ..............................  3/a var. clusiifolia
ab Inflorescencia y  hojas en los nervios del envés h i r s u to s .......................
......................................................................................................  3/b var. hirsuta
b Hojas de hasta 1.5 cm de ancho, fruto de 1—1.5 c m ...........................  4

4 a Hoj as lanceoladas de 1.5—3.3 cm de largo, flores mayormente 4-meras,
lóbulos del cáliz aovados, alargados en el fruto de 1—2 cm de largo .........
....................................................................................................4. C. jacquinioides

b Hoj as obovadas a rómbeas de 0.5—1.5 cm de largo, flores mayormente 
5-meras, lóbulos del cáliz subulados, no alargados en el fruto de 0.5—1 cm 
de largo ..............................................................................................5. C. acunae

1. C. calophylla A. R ich , in  Sagra  H ist. F is. Pol. N at. Cuba X I: 9 (1850). T ypus: V a l e n z u e l a  
s. n. P inar del R io : V u e lta  de A bajo  (P). D istribución : R osques sem ideciduos y  deciduos, 
m ato rra les costeros, m ay o rm en te  sobre caliza, en to d a  Cuba e Isla  de P inos. Meso- y  Micro- 
faneró fito , notófilo.

2. C. nigrescens (G riseb .) W r. in U rb . Sym b. A n t. 5: 505 (1908). B asión im o: Randia nigrescens 
Griseb. Cat. P la n t. Cub. 1866: 123; ty p u s: W r ig h t  2659. S ierra  de N ipe, P inal de M ayari. 
D istribución: M a to rra les serpen tinosos de las m o n tan as  del N o rte  de O riente, C uba; 
endém ica.
a) ssp. nigrescens, end ém ica  de las S ierras de N ipe y  C ristal; n an o faneró fito , m icrófilo.
b ) ssp. moaensis B o rh id i e t M uniz A cta  B ot. Acad. Sei. H u n g . 17: 31 (1971), fo to tip o : 

A cta  Bot. Acad. Sei. H u n g . 18: 46 (1973). T ypus: B o r h id i , M u n iz  e t V a zq u ez  НАС. s. n. 
E ndém ica en la  S ierra  de Moa, Cuchillas de Toa y  B araco a . N an ó fito , notófilo.

3. C. clusiifolia (Jacq .) U rb . Sym b. A n t. 5: 505 (1908). B asiónim o: Gardenia clusiifolia  Ja c q u in  
Coll. V. Suppl. 1796: 37. ta b . 4. fig. 3. D istribución : M ato rra les costeros en Cuba, F lo rida , 
B ah am as y B erm uda. M icro- y  n an o fan eró fito , meso- y  no tófilo .
a) var. clusiifolia, en to d a  el area.
b ) var. hirsuta B orhid i A b s tra c ta  B o t. U niv . B u dapest 5: 43 (1977). T y p u s: 27768 SV Н А С , 

O riente: G ibara. D istrib u c ió n : C osta N o rte  de O riente.
4. C. jacquinioides (G riseb .) S tan d i. C ontr. U. S. N at. H erb . 20: 208 (1919). Basiónim o: Aliber- 

tia  jacquinioides G riseb. C at. P la n t. Cub. 1866: 123. T ypus: W r ig h t  2663, B aracoa. D is tr i­
bución : M atorrales se rp en tin o so s de las m o n tan as del N o rte  de O rien te , Cuba, endém ica. 
N anofanerófito , m icrófilo . S inónim o: C. parvifolia  B ritt. B ull. T orr. B ot. Club 43: 461 (1916).

D escripción complementaria:

A rbustos, ra m ita s  e scab rositas cuando  jóvenes, estipu las d e lto ides acum inados, de 1-3 
m m , pubérulos cuando jó v en es , ho jas oblanceolado-oblongas a oblongo obovadas u  obovadas, 
de  1 .5 -3 .3  cm de largo p o r 0 .6 -1 .2  cm de ancho , estrechadas hacia  la base, redondeadas agudi- 
ta s  en  el ápice, con u n  pequeiío  m ucrón , coriáceas, g labras, el m arg en  rev o lu to . Nervio m edio 
h u n d id o  en el ház, fu e rte m e n te  p ro m in en te  y  engrosado hacia  la base  del envés, los la te ra les 
5—7 pares p rom inentes y  an asto m o sad o s en am bas caras. Corola y  cáliz te trám ero s. Lóbulos 
del cáliz triangulares a  ovales, de 0.5 m m  de largo próxim os e iguales. T ubo  del cáliz de 1.5 
m m  de largo, peloso p o r fu e ra . Corola de 7 -8  m m  de largo, g lab ra . T ubo  de la corola de 4 .5-5  
m m  de largo, lóbulos ob longo-aovados oblanceolados agudos y  ap icu lad o s en el ápice de 
3—4 m m  de largo. E s tam b res  de 2 m m  de largo, insertos en el tu b o  de la  corola. F ilam entes m uy 
c o rto s , adnatos en el c u a r to  in ferio r de la corola. A n teras lineales de 3 m m  de largo, breve- 
m e n te  bilobulados en la b ase , el conective  ap icu lado  en el ápice. E stilo  4 m m  de largo, ligera-
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Fig. 1. H olotipo de Casasia clusiifolia  (J a c q .)  U rb . var. hirsuta  B orh id i (27768 НАС)

m en te  ensanchado . Ovario o b o vado , de 1.2—1.5 m m  largo, lig e ram en te  coinprim ido , m uy 
poco tu rb in a d o , ob tu sam en te  c u ad ra n g u la r , peleso po r fuera , poco lobu lado  b ilu cu lar y  gla- 
b ro  en el ápice. F riito  globoso de 0 .9 -1 .4  cm  de largo por 0 .9-1 .2  cm  de d iám etro . Cáliz p e r­
s is ten te  en el fru to , lóbulos ob longo-aovados a largados d u ran te  la  m ad u ració n  del fru to .

5. Casasia acunae Fernandez  e t  B o rh id i sp. n.

F ru te x  dense ram ifica tu s . R am u li h o rn o tin i tere tes, dense b re v ite rq u e  h irsu ti, veterio - 
res c inerei vei albi, lo n g itu d in a lite r  f issu ra ti, g labri. S tipulae  la te  tr ia n g u la re s  usque ad  1 m m  
longae, a cu tae  e t b rev ite r a cu m in a tae , h irsu tae . Folia  conferta  vel in  b rach y b las tis  fasc icu la ta , 
subsessiles vel usque ad 1 m m  longe  p e tio la ta , la te  obovata  vel r a r i te r  rhom bea , basi cu n ea ta  
e t in  p e tio lu m  p ro trac ta , ap ice  p leru m q u e  ro tu n d a ta , tru n c a ta  vel o b tu sa , apice em arg in a ta  
vel o b tu sa , brevissim e m u cro n u la ta , 0 ,5-1 ,8  cm  longa, e t 0 ,3-1 ,0  cm  la ta , nervo m edio supra  
im presso , su b tu s p rom inen te , la te ra lib u s  u tro q u e  la te re  3 -5 ,u tr in q u e  p ro m in en tib u s , an astom o- 
sa n tib u s  e t a n te  m arginem  co n ju n c tis ; sup ra  lucida  su b tu s n itid u la  e t  p a llid a , u tr in q u e  g labra  
m arg ine  recu rv a  vel rev o lu ta , coriacea. F lo res 5-m eri p leru m q u e  so litarii ax illares vel
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su b te rm in a le s , sessiles. H y p a n th iu m  o b o v a tu m , p u b e ru lu m , 2 m m  lo n g u m , tu b u s  calycis 
la tu s ,  p u b e ru lu s , m argine m em b ran aceu s  1,2-1,5 m m  longus, lobi 5, lev ite r  inaeq u ales , d is tan ­
tes , su b u la ti  0 ,5-1 m m  long i, dorso p u b eru li, p lerum que lev ite r  re cu rv a ti. Corolla coriacea, 
e x tu s  g lab ra  7-8 m m  longa, tu b u s  5—6 m m  longus, sub lob is 2 m m  la tu s , lobi 5, la te  trian g u lares 
a c u ti  2 -2 ,5  m m  longi. S tam in a  5, tu b i  corollae inserti, f ila m en ta  b rev ia  u sq u e  a d  1 m m  longa, 
in  1/3 in ferio ri tu b i corollae a d n a ta ,  a n th e rae  oblongo lin ea res, 3 m m  longae , basi b rev ite r 
a u ricu la to -b ilo b a tae , ap ice a p ic u la tae . S ty lus 5 m m  longus, apice d ila ta tu s , rhom boideo acu ­
tu s .  O v a riu m  com pressum  tu rb in a tu m , lev ite r 3 -lo bu la tum , o b o v a tu m  2-loculare, ex tu s pilo- 
su m , v e rtic e  g labrum . F ru c tu s  g lobosus apice lobis calycin is coronatus, 5 -10  m m  longus sine 
ca ly ce , 5—9 m m  in  d iam e tro , ex tu s  sq u am atu s, lobi calycis non  crescen tes sub  m a tu rita te  
f ru c tu s .

H o lo typus: C uba, O rien te  (P ro v . H olguin) M oa; leg.: Sra. B u c h e r  N o. 126, Nov. 1939 
SV /H A C  !

Iso ty p i: Roig 8202 SV /H AC !, 11454 SV/HAC !
P a ra ty p i:  Cl e m e n t e  6895, Cam ino de Centeno, C ananova , M oa; leg .: Cl e m e n t e , A l a in  

e t Ch r is o g o n e , Ju lio  1949 SV /H AC ! Se encuen tra  e s ta  especie, en la  zona de los latosoles de

Fig. 2. E je m p la r fru c tificad o  de la Casasia jacquinioides  (G riseb .) S tand i.
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F ig . 3. E je m p la r  fru c tificad o  de la  Casasia acunae F e rn an d ez  e t  B orhid i (C lem ente 6895 НА С)

se rp en tin a  de la  zona su bcostera  de M oa. B asândonos en los da tos actuales se p u ed e  con- 
sid e rarla  с о т о  u n a  especie endém ica de esa région.

T ipo  ecológico: N an o fan eró fito , nanófilo .

N ovedades en  el género A n tirh ea  Com m ers.

E l género A n tirhea  Com m ers, es u n  género de d is trib u c ió n  p an trop ica l, tiene  u n a s  
40—45 especies rep re se n tad a s  en las A n tillas, A m érica C en tra l, Asia Tropical y  M adagascar. 
E n  C uba v iv en  20 especies, de ellas 15 son endém icas, hecho  que perm ite  considerar el A rchi- 
piélago cu b an o  с о т о  u n  cen tre  de evolúción del género.

A l a in  (1964), en  el to m o  Y. de la  F lo ra  de C uba, p ré sen ta  17 especies con clave an a litic a  
y  descripciones co rtas. E l tra b a jo  taxonôm ico  critico p re lim in a r realizado po r los au to re s , 
p e rm itió  d escrib ir nuevos tax o n es  p a ra  la  ciencia. A co n tin u ac ió n  se describen los m ism os:
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A n tirh ea  abbrev iata  U rb . S ym bolae  A ntillanae  9: 159 (1923).

T y p u s: E k m a n  9523, N ipe: Rio P ilo to . (S)
A rb u s to , ram itas  g lab ra s  о casi, resinosas; estip u las  triangu lares, coriáceas g lab ras  a 

pelosas h a s ta  de 3 m m ; h o jas  oblanceolasas, oblongo a b o v ad as , ancham ente  o b o v ad as , sub- 
o rb icu lares  a obcordiform es de 1.1-2.8 cm  de largo po r 0 .8 -3 .5  cm de ancho, a te n u a d a s , o b tu sas 
о re o n d ea d as  a tru n c a d a s  y  em arg inadas el àp ice, algo estrech ad as a subobtusas о ag u d as en 
la b ase , coriáceas; pelositas en el m argen en el haz  y  en  el nervic m edio del envés, m a r­
gen recu rv o .

Inflorescencia  1-2 f lo ra , p ed u ncu lar de 1 -4  m m , câliz de 3-4 m m , lóbulos sem iorbi- 
cu la res  о an ch am en te  tr ian g u la re s , cotos, a ceccs el lim bo sub truncado , escabroso  y  poco 
o n d u lad o s  en el m argen. Corola b lanca, el tu b o  de 10-13 m m , peloso por d en tro , lóbulos 5, 
ob o v ad o s a aovados de 2 -4  m m , estam bres 5, inclu idos en la gargan ta  de la coro la , insertos , 
f ila m en to s  cortos de 0 .2-1  m m ; an te ras  lineal lan ceo lad as , subsentados de 3 m m  de largo, 
do rsifija s  en el tercio  in ferio r; ovario 1-4 lo cu la r; estilo  de 3 m m  de largo, el àp ice  tr ia n g u la r  
el e s tig m a  b ilobulado; f ru to  e líptico-oblongo, co ronado  p o r los lóbulos del cáliz pe rsis ten tes , 
h a s ta  de 1.1 cm de largo sin  el cáliz y  h a s ta  1.5 cm  de largo  con el cáliz y de h a s ta  0.6 mm 
de ancho .

E s ta  especie se e n cu e n tra  en los m a to rra le s  sie inpreverdes de se rpen tina  del N. de la 
p a r te  m ás orien tal de C uba, donde p résen ta  u n a  c ie rta  v a riab ilid ad , condicionada ap aren te - 
m en te  p o r  su d is tribuc ión  geográfica en las d is tin ta s  m o n ta n a s  de esta zona. P a ra  p rec isa r el 
c a rá c te r  morfológico de é s ta  v a riab ilid ad  se re a liz a ro n  m ediciones de largo y  an cho  de ho jad  
y  f ru to s , p rocesándolas y  evaluândo las p o ste rio rm en te . Al ana liza r el co m p o rtam ien to  gráfico 
de la d istribuc ión  de las m ediciones en esta  especie, vem os que se d istinguen  2 grupos de 
poblac iones según los va lores encontrados en  el ind ice  re láción  largo/ancho de ho jas .

L as hojas de los e jem plares colectados en las sie rras de Nipe y  Cristal, que  rep re se n tan  
la fo rm a  tip ica  de la especie, son m ás a la rg ad as , ob lanceo ladas a elipticas, d istingu iéndose  
b ien  de la form a o b o vada  о anchm en te  o b o v ad a , a veces obcordada, que p résen ta i! las ho jas 
de los e jem plares analizad o s de la zona de M oa. E l hecho que esta  diferencia m orfológica se 
p ré se n ta  conscuen tem en te  en  los ind iv iduos de los dos grupos m encionados, nos hace con- 
s id e ra r , que éstos g rupos re p re se n tan  dos tax o n e s  in fraespecificos m orfológicam ente m arcados 
y  geográficam en te  d e lim itad o s, en el rango de subespécie. E n  la zona de las C uchillas de B ara- 
coa se co lectaron  e jem p la res estériles que tie n e n  h o jas e lip ticas , m ucho m ás g ran d es que las 
de las zonas an tes m encionadas y posib lem ente  co rresp o n d e  a otro  nuevo ta x o n  infraespecifico  
de la especie A. abbrev iata .

A . abbreviata

La subdivision taxonômica de esta especies es la que sigue:
A n tirh ea  abbreviata Urb. ssp. abbreviata
Folia oblanceolata, elliptica vel leviter oblonga, 1.3-4 cm longa et 0.8-1.9 cm 
lata , longitudo latitudinem  1.8-2.4-plo superans, apice attenuata, obtusa vel 
ro tundata.
Area: Sierras de Nipe y Cristal. Provincia Holguin y N. de Stgo de Cuba. 

Endémica.

ssp. abbrev iata : h o jas  ob lanceoladas, e lip ticas о ligerm en te  oblongas, de  1 .3 -4  cm  de 
la rg o  y  0.8-1 .9  cm de an ch o , la reláción larg o /an ch o  es de 1.8-2.4; el àpice a te n u ad o , o b tu se  
a red o n d ead o .
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A ntirhea ab breviata  Urb. ssp. obcordata (Alain) Borhidi et Fernandez sta tu s  
novus.
Basionymon: Antirhea obcordata Alain Candollea 17: 108, I960 
Synon: Antirhea abbreviata var. obcordata (Alain) Borhidi Bot. Köziem. 58: 

177 (1971)
A typo differt: folds obovatis, late obovatis rariter suborbicularibus vel ob- 
cordatis, 1.1—3.5—(4.8) cm longis et 0.9-3.5 latis, longitudinibus latitudinem
1.2-1.8-plo superantibus, ápice rotundatis, truncatis vel emarginatis.
Area: Sierras de Moa y Toa. Provincias: Holguin y Guantánamo. Endém ica.

ssp. ob co rd ata  (A lain) B orhidi e t F e rn án d ez
D ifiere del tip o , en  te n e r  hojas obovadas, an ch a m e n te  o b ovadas , ra ram en te  sub o rb icu la res  a 
obcordiform es de 1.1—3 -5  (4.8) cm de largo p o r 0 .9 -3 .5  cm  de ancho ; la reláción la rg o /an ch o  
está  en tre  1.2—1.8; el ápice redondeado, t ru n c a d o  о em arg inado .

Dentro de esta subespeeie se distinguen 2 variedados, que son las 
siguintes:

Var. obcordata: foliis obcordatis, apice truncatis et emarginatis, basi 
attenuatis.

V ar. o b cordata : ho jas obcordiform es, el ápice tru n ca d o  y  c la ram en te  em arg inado , la rg a - 
m en te  a te n u a d a s  en  la base.

Yar. m oaen sis Fernandez var. nova
A var. obcordata differt foliis obvatis vei suborbicularibus, apice ro tun ­

datis vei subtruncatis, non emarginatis, basi obtusiusculis.
Holotypus: C l e m e n t e  3639: Moa, Yagrumaje de Arriba, Prov. Holguin 

Leg.: H. Clemente, mai. 1944 НАС !

V ar. m oaensis Fernandez , d ifiere de la v a rie d ad  obcordata en ten er hojas o b o v a d as  о 
suborb icu lares , red o n d ead as  о su b tru n cad as , no em arg in ad as en  el ápice, ligeram en te  o b tu sa s  
en la base.

N o ta : li,n  el caso de la ssp. obcordata ap licam os el n om bre  propuesto  por A l a in  con 
p rio rid ad , en  sen tid o  am plio , incluyendo las o tra s  fo rm as de esta  subespeeie (e jem p la res  de 
var. m oaensis) que ex is ten  en Moa, ten ien d o  en cu en ta  que  el tax o n  descrito p o r  A l a in  
rep résen ta  u n a  fo rm a  ex trem a de la subespeeie c a rac te ris tica  p a ra  la zona de Moa.

A ntirhea p ed icellaris Borhidi et Bisse sp. n.

F ru te x . R am i h o rn o tin i 4-anguli, lo n g itu d in a lite r  s tr ia ti ,  m inu tissim e puberu li, v e te rio re s  
te re tes , c inerei, len tice lla ti e t tran sv e rsa lite r  f is su ra ti, g lab ri. S tipu lae  in te rp e tio la re s  la te  
o v a ta e , su perne  a cu m in a to -su b u la tae  e t 1 m m  longe m u cro n a ta e , 3 -4  m m  longae, dense p u lv e ru - 
len to -p ilasae , v a ld e  deciduae. Folia 3-15 m m  longe p e tio la tae , petiolis p u lv eru len to -p ilo sis 
su ffu lta , o b lo n g o -o b o v ata , inferne longe a t te n u a ta ,  c u n ea ta  e t in  petio lum  p ro tra c ta ,  ap ice 
ro tu n d a ta , r a r i te r  su b tru n c a ta  e t brevissim e e m arg in a ta , 2.5—7 cm  longa e t 0 .8 -3  cm  la ta ;

Acta Botanica Academiae Scientiarum Hungaricae 28, 1982



88 M. Z. FERNANDEZ-A. BORHIDI

Fig. 4. H o lo tipo  del A ntirhea pedicellaris B o rh id i e t Bisse (17793 H A JB )

nerv o  m edio supra in ferne  ap p la n a to , superne in sulco lev ite r  prom inulo, sub apice evanescen te , 
su b tu s  p rom inente, la te ra lib u s  num erosissim is sum  ang u lo  70° ab eun tibus, u tr in q u e  prom inu- 
lis e t  dense m in u teq u e  re ticu la tis , m argine an g u stiss im e  recurva u tr in q u e  n itid a , g labra  
c h a rtac e a . In flo rescen tiae  axillares 0 ,8-3  cm longe p ed u n cu la tae , m inute  lax eq u e  p u b eru lae , 
sem el b ifu rca tae , ram is 1 ,5 -4  cm longis, laxe 6-11 flo ris ; pedicolli 1,5-4,5 m m  longi, p a te n te s , 
pilosiusculi. Calycis tu b u s  cum  h y p an th io  o b o v a tu s , 1 ,8 -2  m m  longus, g laber, superne  1-1,2 
m m  Ia tus, lobi 5, la te  o v a ti vei su b tru n c a ti, cca 0 ,2 -0 ,4  m m  longi, m argine pilosi. Corolla non 
v isa . F ru c tu s d rupaceus o b o v a tu s , 7 -8  m m  longus e t 4 m m  latus, niger, g lab er, ap ice lobis 
calcyc in is m argine pilosis co ro n atu s, la te ra lite r  com pressus, basin versus lev ite r  costa tu s, 
2 -sperm us. Sem ina cy lin d racea , lineari-oblonga, 4 m m  longa e t 0,5 m m  la ta ,  4 -co sta ta , apice 
in c ra ssa ta , basi a tte n u a ta .

Holotypus: 17793 HAJB; Prov. Holguin; Monte la Brena, en pluvisilvas 
inontanas a 300-500 m de altura, Moa. Col.: J . B i s s e  et H. L i p p o l d , 12, 8, 
1970. Isotypus: JE .
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Obs: F o rm a , n e rv a tio n e  fo liorum  e t h a b itu  A. multinervis U rb . affin is, sed  flo rib u s 
m anifeste  p ed icella tis  in te r  om nes species h u iu s  generis insignis.

E s ta  especie es parec ida  a la A ntirhea multinervis U rb. en  c u an to  a l aspecto  g enera l, 
fo rm a y  n e rv iación  de las hojas, pero es la  ù n ica  especie del género que tiene  flores ped icela- 
das. H a s ta  ah o ra  no ha  sido colectada o tra  vez. P ro b ab lem en te  es endém ica de la  S ierra  
de Moa.
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EGERIAN (UPPER OLIGOCENE) MACROFLORA 
FROM VERŐCEMAROS (HUNGARY)

L .  H a b l y

BOTANICAL DEPARTMENT OF THE NATURAL MUSEUM OF HUNGARY, BUDAPEST, HUNGARY

(R ece iv ed : 1 April 1981)

The a u th o r  deals w ith  a  n ew ly  discovered E g erian  f lo ra  locality  in  H u n g a ry  
an d  describes a new  species: Debey a hungarica  sp. n. O th e r  species of th is genus have  
becom e know n so fa r from  th e  E o cen e  and  the  C retaceous. T h e  find ing  in  V erőcem aros 
can  be considered  to  be a relic w h ich  is supported  also b y  th e  fa c t th a t  th e  flo ra  is m ore 
therm ophilous th a n  th e  H u n g a ria n  E gerian  floras.

Introduction

T here  is a sm all b u t  v e ry  in te re s tin g  pa laeobotan ical m a te ria l  in  th e  H u n g arian  N a tu ra l 
M useum , B u dapest co llec ted  b y  A. B o r o s  in  1973. The rem ain s — f if ty  specim ens — come 
fro m  V erőcem aros (N o rth  H u n g ary ). T h e  lo ca lity  has no t been  m en tio n ed  in  p u b lica tions y e t, 
i t  h a s  been referred  to  m ere ly  as P la tanus nep tun i (E tt .)  B iiz e k -H o lÿ -K v ac e k  (H a b l y  1980). 
U n fo rtu n a te ly , no fu r th e r  collecting w as possib le because th e  e x a c t lo ca tio n  of th e  lo ca lity  is 
u n k n o w n . The age of th e  flo ra  is E g e rian . T he N a g y m a r o sy  n a n n o p la n k to n -te s t in d ica tes  
N P  25 zone, since i t  co n ta in s  also Zygrablithus bijugatus, Helicopontosphaera recta and  Spheno- 
lith u s conicus. There is a  s ig n ifican t tra n s fe r  from  th e  Eocene a n d  m ain ly  from  th e  C retaceous. 
O n th e  basis o f general n a n n o p la n k to n -f lo ra  profile N a g y m a r o s y  assum es N P  25 zone to  be 
p ro b ab le . All th is suggests th a t  th e  V erőcem aros flora can  be  classified  in to  th e  K ovacov  
F o rm a tio n  w hich co n ta in s  s ig n ifican t f lo ra  locality  also in o th e r  places.

T he rem ains h av e  been  p re se rv ed  in  clayish sandstone. A s th e y  do n o t co n ta in  ep i­
d e rm is, th ey  were c lassified  by  m eans o f  th e  conventional m e th o d s  based  on m orphology . 
T h e  T e rtia ry  ven atio n  — especially  w ith  specim ens con ta in ing  sm alle r q u an titie s  o f c lay  — 
c a n n o t be seen or on ly  v e ry  in d is tin c tly .

S y stem a tic  descriptions

Lauraceae

Daphnogene lanceolata U n g er (P la te  I ,  1, 2, 7, 8, P la te  IV, 1-4)
1850 Daphnogene lanceolata  U nger (ex  p a r te ) ,  Gen. e t Spec. P la n t.  Foss.: 424 Socka (U p p er 

Oligocène)
1850 Daphnogene lanceolata  U nger, D en k sch r. k. Akad. W iss. m a th .-n a t .  cl. 2: 167, T af. 34, 

A bb. 1—7. Socka (U p p e r  O ligocène)
1873 Daphnogene ungeri H eer e t E n g e lh a rd t, N ov. A cta. Leop. 36: 27, T af. 5, Abb. 5. G öhren 

(M iddle Oligocène)
1873 E ucalyp tus oceanica U nger e t  E n g e lh a rd t, ib id .: 29, T af. 5, A bb. 11. G öhren (M iddle 

Oligocène)
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1926 Loranlhophyllum  sp ., M enzel, B e itr . Gél, T h ü rin g . 5: 32, A bb. 6. W a lte rsd o rf  (Middle 
Oligocène)

1934 Daphnogene lanceolata U n g e r e t  W eyland , A bh. P reuss. Geol. L. A. N F  161: 83, Taf. 11, 
A bb . 6, Taf. 13, A bb . 7, T af. 14, A bb. 8. A lte n ra th  (M iddle O ligocène)

1940 Daphnogene septim ontana  W ey lan d , Paleon togr. B. 84: 110, Taf. 4, A bb . 3 -7 . A lten ra th  
(M iddle Oligocène)

1950 Daphnogene septim ontana  W ey lan d , K r a u s e l  and  W e y l a n d , P a leo n to g r. B. 91: 64, 
T af. 14, Abb. 5 -8 , T e x ta b b . 24. A lten ra th  (M iddle Oligocène)

1950 C innam om ophyllum  scheuchzeri (H eer) K rausel e t  W eyland , P a leo n to g r. B. 91: 68, Taf. 
11, A bb. 7, Taf. 16, A bb . 1 -6 , T af. 17, Abb. 1, A bb. 25 (N r. 6343/1, 6344/1). Regis (Middle 
Oligocène)

1963 C innam om ophyllum  scheuchzeri (H eer) K rause l e t  W eyland , Ma i J b .  S ta a t l .  M us. Minerai. 
Geol. D resden: 71, T af. 8 , A bb . 4 -6 . Seifhennersdorf (M iddle Oligocène)

1963 Laurophyllum  acu tim ontanum  Mai, ib id .: T af. 8, A bb. 10, T ex tfig . l l a - e .  Seifhenners- 
d o rf  (Middle Oligocène)

1964 C innam om ophyllum  scheuchzeri (H eer) K rause l e t W eyland , W a l t h e r , J b .  S taa tl. Mus. 
M ineral. Geol. D resden : 48, T af. 17, Abb. 1-4 . Se ifhennersdorf (L ow er Oligocène)

1965 C innam om ophyllum  bitterfeldense  Schneider, Geologie 14, H . 10: 1241, T af. 4, Bild 11-13, 
A bb . 5. B itterfeld  (M iddle O ligocène)

1976 Daphnogene lanceolata U n g er, B u z e k , H o l y  an d  K v a c e k , Sborn . geol. véd. paleont.
18: 100, Taf. 7, A bb. 1—4, T af. 19, A bb. 3-7 . M ark v artice  (E gerian )

1978 Daphnogene lanceolata U n g e r, M a i and W a l t h e r , A bh. S ta a tl. M us. M ineral. Geol. 
D resden : 28: 40, T af. 2, A bb . 1-23, Taf. 19, A bb . 1-15, Taf. 20, A bb . 1 -4 . H aselbacher 
Serie (Middle Oligocène)

M a te r ia l: No. 79. 1. 1.; 79. 7. 1.; 79. 8. 1.; 79. 9. 2.
D esc rip tio n : Leaves m o stly  n a rro w  lanceo late , lam ina  sym m etrica l or a sy m m etrica l, trinerved . 
L a m in a  leng th  6-8 cm , w id th  1 .7 -2 .2  cm . Base acu te , m arg in  en tire , v e n a tio n  acrodrom ous, 
su p ra b a sa l, im perfect. T he species is v e ry  freq u en t in  th e  T ertia ry . In  H u n g a ry  i t  is especially 
w id esp read  in the  E gerian . In  tro p ica l forests to d ay , laurel forests are fo u n d  below 800 m 
a .s.l. T h e ir w ater-need is a b o u t 1000-2000 m m  a t 21-23  °C m ean a n n u a l tem p era tu re . E ven 
if  no  such  tropical c lim ate  ex is te d , th e y  m u st have  been therm ophilous e lem en t of forests of 
low  m o u n ta in s.

Daphnogene cinnamomifolia (B ro n g ia rt in  Cuvier) U nger (P la te  I, 3, P la te  IV , 5)

1822 Phyllites cinnam om ifolia  B ro n g n ia rt in Cuvier, R echerch . sur les oss. foss. 2 Bd. H ab ich ts­
w ald  (Lower Miocene)

1850 Daphnogene cinnam om ifo lia  U nger, D enkschr. k . A kad. W iss. m a th .-n a t .  CI. 2: 168, 
T af. 39, Abb. 7-9 . Socka (U p p e r Oligocène)

1873 C innam om um  rossmässleri H eer e t E n g e lh a rd t, N ov. A ct. Leop. 36: 26, T af. 5, Abb. 4, 
G öhren (Middle O ligocène)

1950 C innam om ophyllum  p o lym o rp h u m  (A. B r.) K rause l e t W eyland, P a leo n to g r. B. 91: 70, 
T af. 17, Abb. 2 -3 , T af. 18, A bb. 1, Abb. 27. R egis I I / I I I .  (M iddle O ligocène)

1974 Daphnogene c innam om ifo lia  (B rong. in  C uvier) U nger, K v a c e k  a n d  W a l t h e r , Abh. 
S ta a tl. Mus. M ineral. Geol. 21: 199, Taf. 1, A bb. 1 -2 , T af. 2, Abb. 1 -5 , A bb . 1-2. H ab ich ts­
w ald  (Lower M iocene)

1974 Daphnogene c innam om ifo lia  (B rong. in  Cuvier) U nger, K v a c e k  an d  W a l t h e r , ib id .: 
202, Taf. 1, Abb. 4, T af. 3, A bb. 1-5, Abb. 3. S e ifhennersdorf (L ow er Miocene)

1974 Daphnogene c innam om ifo lia  (B rong. in Cuvier) U nger, K v a c e k  an d  W a l t h e r , ibid.: 
201, Taf. 1, A bb. 3, T af. 4, A bb. 1-3. M eissner (Low er Miocene)
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1978 Daphnogene cinnam om ifo lia  (B rong . in  Cuvier) U nger, M a i  a n d  W a l t h e r , Abh. S ta a tl .  
M us. M ineral. Geol. D resden : 28: 43, T af. 2, A bb. 24 -25 , T af. 20, Abb. 5 -9 , A bb . 21, 
A bb . 1—2. H ase lb ach er Serie (M iddle Oligocène)

M ateria l: No. 79. 18. 1.
D esc rip tio n : L eaves n a rro w  ellip tic , lam in a  asy m m etrical, tr in e rv ed . L am ina  len g th  8 cm , 
w id th  4 cm . B ase acu te , m arg in  en tire , v e n a tio n  acrodrom ous, su p rab asa l. O nly one specim en 
of th e  f lo ra  has been  fo u n d . I t  is n o t a v e ry  ra re  specim en in  th e  T e rtia ry , b u t  com m on espe­
cially  in  th e  Oligocène and  Miocene.

Daphnogene bilinica (U nger) K nobloch e t K vacek  (P la te  I. 5, P la te  IV, 6)

1847 Ceanothus b ilin icus  U nger, Chlor, p ro t .:  145, T ab . 49, F ig . 9.
1950 C innam om ophyllum  scheuchzeri (H eer) K rause i e t W ey land , P a leon togr. В. 9 1 (1 -4 ) :  68, 

T af. 11, A bb. 7, T af. 16, A bb. 1 -6 , T af. 17, A bb. 1, T af. 18, A bb. 2 -4 , T ex tab b . 25 -2 6 .
1963 C innam om ophyllum po lym orphum  (A . B R .) K rause i e t  W ey lan d , W e y l a n d  an d  K i l p p e r , 

P aleo n to g r. В. 113 (5 -6 ): 104, T af. 25, A bb. 28-29, T e x ta b b . 10.
1964 C innam om ophyllum  bilin icum  (U nger) K nobloch, N eues J b .  Geol. Pal. M h.: 601.
1965 C innam om ophyllum  bitterfeldense Schneider, Geologie 14 (10): 1241, Taf. 4, A bb. 11 -13 , 

T ex tab b . 5.
1967 Daphnogene bilinica  (U ng.) K no b lo ch  e t  K vacek , V est. U U G  42 (3): 201.
1971 Daphnogene b ilin ica  (U ng.) K n o b lo ch  e t K vacek , K v a c e k , Sbor. Geol. V éd. R . P . 13: 

67, PI. 2, A bb. 1-4 , PI. 9, A bb. 4 -6 , T ex tab b . 14. K uclin  (M iddle O ligocène) K u n d ra tic e , 
M ark v artice , K nizeci ( =  P irk sen b erg ) (E gerian)

1978 Daphnogene bilinica  (U ng.) K v a ce k  e t  K nobloch, T ic l e a n u  an d  G iv u l e s c u , C our. 
Fo rsch . In s t. S enckenberg  30: 140, T af. 2, A bb. 1 -4 , 8, 9, T af. 3, A bb. 6 -7 . C orus I I .  
Cluj (U p p er E g erian )

1979 Daphnogene b ilin ica  (U ng.) K v acek  e t K nobloch, H a b l y , A nn. H is t.-n a t. Mus. N a t. 
H u n g . 71: 56, T e x ta b b . 1. B aro m állás  (T a tab án y a ) (E g erian )

M ateria l: No. 79. 9. 2.; 79. 14. 1. (3 specim en).*
D escrip tio n : L eaves oblong, lam ina  a sy m m etrica l, trin e rv ed . L am in a  len g th  2—3 cm , w id th  to
0 .5-1 .6  cm . M argin e n tire , base acu te , v e n a tio n  acrodrom ous, su p ra b asa l im p erfec t. I n  th e  
f lo ra  i t  is rep re sen ted  on ly  by  th ree  specim ens: tw o by  v e ry  sm all leaves and  a b a sa l-fra g ­
m en t. I t  is r a th e r  w idespread  in  th e  T e rtia ry .

Platanaceae

Platanus neptuni (E ttin g sh au sen ) B ûzek, H o lÿ  e t K vacek  (P la te  I , 4, 6, 9, 10, 11, P la te  I I ,  
1 -2 , P la te  V, 1 -6 , P la te  V I, 1 -6 , P la te  V II, 2 -4 , P la te  V I I I ,  1)

1866 Spargan ium  nep tu n i E ttin g sh a u se n , Foss. F lo ra  B ilin  I . :  31, T af. 7, Abb. 9 -15 . K u c lin  
(M iddle Oligocène)

1866 Sparganium  extinclum  E t t . ,  ib id .: 31, T af. 7, A bb. 8. K u c lin  (M iddle Oligocène)
1869 B om bax chorisiaefolium  E t t . ,  Foss. F lo ra  B ilin  I I I . :  11, T af. 42, A bb. 2, 4, 5. K u c lin  

(M iddle O ligocène)
1869 Quercus arctocarpites E t t . ,  ib id .: 63, T af. 55, A bb. 19. K u c lin  (M iddle Oligocène)
1869 Ceralopetalum haeringianum  E t t . ,  ib id .:  6, T af. 40, A bb. 27 -28 , T af. 41, A bb. 4 -5 . K u c lin  

(M iddle O ligocène)

* T he specim en n u m b er and  th e  in v en to ry  n u m b er are  d iffe ren t in  th e  case o f sev era l 
im p rin ts  in  th e  stone.
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1885 Ceratopetalum cundraticiense  E n g e lh a rd t, N o v a  A cta  Leop.: 48, T af. 11, A bb . 2. K u n d ra . 
tice  (E gerian)

1898 V iburnum  oligocenicum  E n g e lh a rd t, A b h . d t .  n a t  m ed. V er. L o tos 1 (3): 96, T af. 9, 
A bb. 61.

1898 Am pélopsis bohemica E n g e lh a rd t, ib id .: 101, T af. 10, A bb. 23-26.
1898 Elaeodendron g ra nd ifo lium  E n g e lh a rd t, ib id .: 107, T af. 10, A bb. 30.
1898 Phyllites quercoides E n g e lh a rd t, ib id .: 116, T af. 11, A bb. 29.
1898 Phyllites am phirocioides E n g e lh a rd t, ib id .: 116, T af. 11, A bb. 47, 68, 79.
1898 Equisetites eltingshauseni E n g elh ard t, ib id .:  85, T af. 9, A bb. 6, 8, 11, 30, 31, 36, 37.
1967 Plalanus nep tun i ( E t t .)  B ûzek, H olÿ e t K v a ce k , M onatsber. D eu tsch . A kad . W iss. B er­

lin  9 (3): 205, T af. 1, A bb. 1 -6 ,Taf. 2, F ig . 1 -9 . Suletice, M ark v artice , K u n d ra tic e  (E ge­
rian ), K uclin  (M iddle Oligocène)

1971 P latanus nep tun i ( E t t .)  B űzek, H oly e t  K v a ce k , K v a c e k , P aleo n to g r. B. 3: 435, Pl. 56, 
Fig . 1, 5, 6, Pl. 56 , Fig . 1 -3 .

1973 P latanus neptuni ( E t t .)  B űzek, H olÿ e t K v a ce k , K n o b l o c h , “ D er A ufsch luss”  24 (7-8 ): 
281, Abb. 1, 2, 4. Bois d ’Asson (U pper O ligocène)

1975 Platanus nep tun i ( E t t . )  B űzek, H olÿ  e t  K v acek , K n o b l o c h  e t a l., B iozonal. D ivis. 
U p p er T ertia ry  B as. E a s t.  Alps. W est. C a rp a th . Geol. Survey  P rag u e  88, 89, 91. M ark­
v a rtice , B echlejovice, K u n d ra tice , K nizeci, K ru m v ir , Z danice (E g erian ), Cheb B asin , 
borehole (K a rp a tia n )

1978 P lalanus nep tun i ( E t t .)  B ûzek, H olÿ e t  K v a ce k , K v a c e k  and  W a l t h e r , Cour. Forsch. 
In s t .  Senckenberg  30: 81, T ex tab b . 5. M ark v artice  (E gerian)

1978 Platanus neptuni ( E t t .)  B ûzek, H olÿ  e t  K v a ce k , B ű z e k , K v a c e k  an d  W a l t h e r , V estn ik  
U U G  53: PI. 3, F ig . 6. K u n d ra tice  (E g erian )

1979 P latanus nep tun i ( E t t .)  B ûzek, H olÿ  e t  K v a ce k , H a b l y , A nn. H is t .-n a t.  Mus. N at. 
H ung. 71: PI. 8, F ig . 1 -5 , PI. 9, Fig. 2, 3, 5, 6, PI. 10, Fig. 1-5 , PI. 11, F ig . 1-3. B uda­
p e s t, T ard  Clay F o rm a tio n  (K iscellian =  L ow er Oligocène)

M a te ria l: No. 79. 4. 1.; 79. 5. 2.; 79. 10. L ; 79. 11. 1.; 79. 12. 2.; 79. 14. L ;  79. 15. 1.; 79. 16. 2.
(17 specim en)
D esc rip tio n : M edium  a n d  larg e  leaves, 1.9—3.3 cm  w ide and  6-12 cm  long. M argin en tire  a t
b a se , fro m  one th ird  o f lam in a  upw ards in d en te d . V en a tio n  cam ptodrom ous, b roch idodrom ous.
B eside  th e  leaf rem ains tw o  inflorescence h a v e  b een  found  in th e  V erőcem aros flo ra . One is
0.9 cm  long to g eth e r w ith  s ta lk , th e  inflorescence is 0.2 cm  in  d iam eter. T he o th e r  is slightly
la rg e r, w ith  a leng th  of 1.2 cm  and a d iam e te r o f 0.4 cm.

A ceraeeae

A cer sp. (P la te  V I1 1, 5 -6)
M ate ria l: No. 79. 12. 2. (2 specim en)
D escrip tio n : The flo ra  d id  n o t  y ield an y  reco gn izab le  Acer leaf-rem ains, on ly  tw o pieces of 
h a lf - f ru it  im pression, 1.7 a n d  2.0 cm respec tive ly .

T iliaceae

Tilia sp . (P la te  V II I ,  4)
M a te ria l: No. 79. 17. 1.
D esc rip tio n : The f lo ra  y ie ld ed  an  e longated  lea flik e  g row th , w ith  en tire  m arg in , len g th  5-8 
cm , w id th  1.1 cm. In  th e  m idd le  th e  im p rin t o f a  sp h erica l body  w ith  0.6 cm  d iam e te r can  be 
o b se rv ed . I t  is p ro b ab ly  th e  b rac t-lea f of T ilia w ith  a n  a tta ch e d  fru it.

Acta Botanica Academiae Scientiarum Hungaricae 28, 1982



OLIGOCENE FLORA FROM VERŐCEMAROS 95

Ulmaceae

Zelkova zelkovaefolia (U ng. 1843) B ûzek  e t K o tlába  (P la te  I I ,  9, P la te  V II , 3)
1843 Ulmus zelkovaefolia  U nger pl. 24.
1851 Zelkova ungeri ( E tt .)  K ováts
1963 Zelkova zelkovaefolia  (U ng.) B û z e k  e t  K o tlá b a , K o t l á b a  p . 59.
1971 Zelkova zelkovaefolia  (U ng.) B ûzek  e t K o tláb a , B û z e k  p . 58.
1976 Zelkova zelkovaefolia  (U n g .)  B iizek e t  K o tlá b a , K n o b l o c h  a n d  K v a c e k  p . 49.
M aterial: No. 79. 5. 2.
D escrip tion : O nly one specim en of th is  species has been fo u n d  in  th e  flo ra . This is an  ap ical 
frag m en t. Apex a c u te , v en atio n  sim ple c raspedodrom ous, m arg in  in d e n te d . S ecundary  v e n a ­
tio n  ended a t th e  to o th  apex. Z elkova is very  freq u en t in  th e  H u n g a ria n  Miocene. I t  is a 
d o m in an t e lem ent in  som e localities o f th e  S arm atian  stage. In  th e  H u n g a ria n  U pper Oligocène 
i t  is ra re , and u n k n o w n  in th e  Lower Oligocène.

U lm us cf. fischeri H eer (P la te  I I ,  5, P la te  V II , 1)
1856 Ulmus F ischeri H eer, H e e r , F lo ra  té r t .  Helv. I I .  57, T af. 79, A bb . 1—3.
1885 Ulmus F ischeri H eer, E n g e l h a r d t , N ova A cta Leop. Ak. N a t. 48: 322, Taf. 11, A bb. 31. 
1969 Ulmus cf. fis ch e r i  H eer, K n o b l o c h , T ert. Flor. M ähren: 106, T af. 52, A bb. 10.
1976 Ulmus cf. fis ch e r i  H eer, B û z e k , H o l y  e t K v a c e k , Jo u rn . Geol. Sei. pa laeontology 18: 

95, Pl. V I. F ig . 7 -8 .
M aterial: No. 79. 14. 1.
D escrip tion : The le a f  is sym m etrica l a n d  8.5 cm long, th e  w id th  o f one h a lf  of the  lam in a  is 
2.2 cm. F rom  th e  m ain  vein  a no t fu lly  p e rfec t secondary v e n a tio n  b ran ch es  ou t, w ith  in d en ted  
end ings, in d ica tin g  t h a t  i t  is craspedodrom ous. M argin in d en ted  te e th  com pound w ith  sm aller 
u n its  a t  each base. T h e  species is described  m ainly  from  th e  Czech E g erian  and the  Swiss 
T e rtia ry .

Myricaceae

Myrica banksiaefolia U nger (P la te  I I ,  3, 4, 6, 7, 11, P la te  V II I ,  2 -3 , P la te  IX , 1-3)
1850 M yrica  banksiaefolia  U nger, G en. e t  spec. P la n t.:  395.
1856 D ryandroides banksiaefolia  H eer, F lo ra  T ért. Helv. I I . :  102, T af. 100, Abb. 3—10.
1865 M yrica  (D ryandroides) banksiaefolia  U ng., Sa p o r t a , A nn. Sei. N a t. B ot. 5, 4: 103. 
M aterial: No. 79. 5. 2 .; 79. 8. 2.; 79. 14. 1.; 79. 18. 1. (5 specim en)
D escrip tion : F ra g m e n ta ry  rem ains rich  in  form al v a r ie ty  c h a ra c te ris tic  of M yrica leaves: 
n arrow , long, s lig h tly  asym m etrical. E n tire  m argin  a t  th e  base , in d e n te d  a t  the  u p p e r p a r t.  
V enation  craspedodrom ous or sem icraspedodrom ous. B ase an d  a p ex  acu te , base lanceo la te .

Palmae

cf. Calamus noszkyi Ja b lo n szk y  (P la te  X I I ,  2, 3, 5)
1914 Calamus N o szky i  Jab lo n szk y , M agy. K ir. Fö ld t. In t .  É v k . 22 (4): 236, Taf. I , Abb. 1-3 . 
1959 Calamus n o szky i J a b l.,  R á s k y , J o u rn . P a leon t. 33 (3): 454.
M ateria l: No. 79. 2. 1.; 79. 4. 1.; 79. 9. 2 .; 79. 16. 2.
D escrip tion : A few  sm all p a lm -frag m en ts  have  been found  belonging  p ro b ab ly  to  Calam us 
noszkyi Jab l. k n ow n  from  Ip o ly ta rn ó c . T h ey  are n o t well p reserv ed  to  show  the  awns of th e  
leafle ts. The vein  in  th e  m iddle is occasionally  d istin c t; th e  lea f is 1 .9 -2 .3  cm  long. The species 
o rig ina tes from  Ip o ly ta rn ó c , its  age is O ttn an g ian . The p a lm  in d ic a te s  b y  all m eans, w arm , 
m oist, w et clim ate.
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P lan tae  in certae sedis

D eb ey a  huiigarica sp. n. (Plate I I , 8, 10, Plate I II , 1-3, 5-8, Plate IX , 4, 5, 
P la te  X , 1-4, Plate X I, 1-4, Plate X II , 1)

Holotypus: No. 79. 5. 2. PI. I II . Figs 1-2; Pl. X. Figs 1-2.
Derivatio nominis: from Hungary
Locus typicus: Verőcemaros (North Hungary)
S tra tum  typicum: stage Egerian (Upper Oligocène), Kovacov Formation, NP 
25 nannoplankton zone
M aterial: No. 79. 3. 1.; 79. 5. 2.; 79. 6. 1.; 79. 7. 1.; 79. 8. 1.; 79. 9. 2.; 79. 13.
1.; 79. 16. 2.; 79. 17. 1. (12 specimen)

D e sc rip tio n : The leaves c o n sis t o f th ree  lea fle ts  springing from  one c en tre . T h ey  have no 
in d iv id u a l leafle t-petio le , b u t  th e y  are  n o t m u tu a lly  in tergrow n. A lm o st all th e  specim ens are 
f ra g m e n ta ry , h u t  th e ir  larg e  n u m b er allows reco n stru c tio n . T h eir o rig ina l m easurem ents 
ra n g e  fro m  3 to  15 cm. On th e  basis  o f m orpholog ical featu res th ey  are  d iv id ed  in to  tw o groups.

1. L arge leaves consisting  a lw ays o f th re e  leafle ts, leng th  12—15 cm , w id th  2-2.5 cm. 
T h e  p e tio le  is 1.6-1.7 cm  long , genera lly  th ic k  w ith  w idening ends. T he m arg in  o f th e  leaflets 
is f re q u e n tly  frag m en ta ry , th e y  are  well p reserv ed  and whole. T he m ain  ve ins a re  strong. 
T h e  cam p to d ro m e-b ro ch id o d ro m e c h a ra c te r  o f th e  secondary  v e n a tio n  can  be ra re ly  seen on 
a c c o u n t o f poor p re se rv a tio n , so i t  o ften  a p p ea rs  to  be re ticu lo d ro m o u s. T he base of the  
le a f le ts  is slightly  a sy m m etrica l. T he m id -leafle t is n o t bigger th a n  th e  tw o flan k in g  ones.

2. T he o th er p a r t  o f  th e  leaves is sm all. I t  co n ta in s also en tire  specim ens, b u t  none of 
th e m  h as  a  petiole. L ike th e  p rev ious ty p e , th ese  too , have th ree  lea fle ts . T he leafle ts are 
eq u a l, th e  m iddle leafle t is n o t  m ore developed  th a n  th e  side ones. T h ey  a re  b o th  oblong, the 
a p e x  a n d  th e  basis are acu te . T he basis is b u t  slig h tly  asym m etrical. T he v e n a tio n  is cam pto- 
d ro m o u s; in  some cases i t  show s b roch id o d ro m o u s ch aracteris tics , in  o th e r  cases i t  looks 
m ere ly  re ticu lodrom e. In  m y  op in ion  th e  tw o  ty p es  belong to th e  sam e species, differences 
a re  d u e  to  ecological reaso n s on ly . T he la rg e r leaves are p ro b ab ly  sh ad e  leaves, while the  
sm all ones are sun leaves.

No such find has been known so far from Hungary. In  paleobotanical 
litera tu re  references to such remains are often made. The characteristic shape 
of the  leaf makes it relatively easy to establish the relationship, but the 
problem of its taxonomic classification has not been solved. I classify the 
species into the Debeya form-genus, which, so far, has been found only in 
Paleocene and Eocene sediments. The Verőcemaros species is much younger 
th an  th a t, dating from the Upper Oligocène. S e w a r d  and C o n w a y  (1935) 
m ention similar remains from Greenland (Kingigtok), under the name Dicotylo- 
phyllum bellum. The rest of similar remains are mentioned under Dewalquea, 
which, on the basis of K n o b l o c h ’s (1964) revision has to be called Debeya. 
The new species can be well isolated from those having indented margin. 
I t  differs significantly from Debeya gelindenensis (Sap. et Mar.) Knobl. with 
entire margin insomuch as in th a t not only three, but more leaflets grow from 
the  petiole, often not from the same centre, but from small petioles arising
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on the petiole. The Debeya genus is widespread in the Cretaceous and the 
Paleogene; ranging from Greenland to Bulgaria, from Belgium to Kazakhstan, 
though not too frequent (Ma k u l b e k o v  1977).

From morphological point of view the species in Hungary is nearest to 
Dicotylophyllum bellum. This too, has leaflets with entire margin. The leaf 
consists invariably of three leaflets of oblong shape. The venation, however, 
does not show brochidodrome characteristics, although this may be due to 
poor preservation. A considerable difference however is th a t Dicotylophyllum'’s 
petiole is so thick th a t the bases of the leaflets literally sink into it. Debeya 
hungarica sp. n. never shows this feature. Mention m ust be made also of 
Picrodendron genus possessing similar leaf characteristics; K o c h  (1972) relates 
this to Dicotylophyllum pointing out th a t the two leaves are entirely similar. 
Since the leaflets of Picrodendron possess petiole of quite considerable length, 
Docotylophyllum bellum cannot be identified with the Debeya genus. Similar 
considerations led us to disregarding Acer henryitis in spite of the fact th a t 
the locality contains Acer fruits. Of recent species the Rubus henryi var. 
bambusarum Hemsl. et Rehd. shows remarkable sim ilarity with the indented 
Debeya species. This is a 6 metre high shrub in Central China. The three leaflets 
of which grow from one point are oblong, with brochidodromous venation 
and indented margin. I t  is regrettable th a t the Debeya remains sofar recovered, 
— including those from Verőcemaros —, do not contain epidermis, which 
could probably render valuable information in solving the problem.

The ecological and climatological demands of Debeya hungarica sp. n. can 
be deduced from the Oligocène climate Hungary. The elements of the Verőce­
maros flora are relatively thermophilous, mainly paleotropical elements, the 
most characteristic ones are Platanus neptuni and the Lauraceae family. The 
flora contains a smaller quantity of Arctotertiary elements than in the other 
Egerian floras in Hungary. I t seems th a t the survival of a thermophilous flora 
was facilitated by microclimatological or other factors. This supports the 
possibility of the existence of a Debeya as an Upper Oligocène relic. As its 
main period of existence is th a t of the Cretaceous and the Paleogene, it had 
its heyday under tropical—subtropical circumstances.

E co log ica l, p a leoc lim ato log ica l eva lu ation

The flora of Verőcemaros by its species composition itself, shows therm o­
philous characteristics which is unusual in the Hungarian Egerian. Platanus 
neptuni (E tt.) Bûzek, Holy et Kvacek is present in larges number, which 
according to K n o b l o c h  (1973) is bound with expressedly warm periods. This 
is supported by the presence of palms, of laurel and Myrica. If we calculate 
by percentage the proportion of A rctotertiary and Paleotropical elements, we

7 Acta Botanica Academiae Scientiarum Hungaricae 28, 1982



98 L. HABLY

find th a t 60% of the species are paleotropical, while considering specimen 
num ber as well, the Paleotropical elements constitue 90%. This is a rather 
unusual proportion in the Egerian floras in Hungary, since our Egerian is 
characterized by the preponderance of an A rctotertiary flora. Even the Arcto- 
te rtia ry  species are not expressedly cold-suffer. They are all riverside plants, 
so their climatological value is rather uncertain. Acer, Ulmus can be found 
under rather wide climatological conditions along riversides. This flora offers 
a fairly adequate explanation for the presence in the Egerian of a genus species 
characteristic of the Upper Cretaceous, Paleocene. The survival of Debeya 
hungarica sp. n. is due to microclimatological factors. The climate must have 
been more wet, which is indicated partly  by the presence of palms, and partly  
by  the size of Platanus neptuni ( H a b l y  1980). The presence of extensive 
swamp-forests is excluded: both Taxodium and Sequoia — so characteristic of 
the  Egerian in Hungary — are absent. I t  is also remarkable th a t the flora 
contains neither ferns nor gymnosperms. The majority of the  species, con­
sequently, lived far from riversides; Myrica the only m ark indicating bog, 
b u t this can occur at riversides as well.

On the basis of the principle of actualism deductions can be made con­
cerning the morphology of the surroundings as well. In the present riverside 
tropical forests riverflats, riverside plants live right on the banks, and laurel 
decorates the slopes up to a height of 800 metres. The members of the Myrta- 
ceae forests next to it  are already absent from the Verőcemaros flora. Similarly, 
Platanus neptuni m ust have lived on low mountains, rather on hillsides. This 
indicates that the Verőcemaros flora belonged to the vegetation of a hilly 
riverside area. Laurel forests today live in the tropical belt under climatological 
conditions characterised by 1000—2000 mm rainfall per year, and 21—23 °C 
mean annual tem perature. In summer the characteristic tem perature is 30 °C. 
These conditions seem to be realistic in the case of the Verőcemaros flora. 
30 °C for summer mean tem perature is not extremely high, bu t the 21—23 °C 
mean annual tem perature indicates th a t an even warm tem perature prevails 
all the year round. These conditions favour the development of a therm o­
philous flora and in it the survival of relics. No xerophilous characteristics are 
presented by the flora. Measurements made on Platanus neptuni — a com­
parison with Platanus neptuni specimens in the Tard Clay Formation (Kiscel- 
lian, Lower Oligocène) flora demonstrated th a t the size of the plants and of 
the lamina is considerably larger in the Verőcemaros flora.

A C K N O W L E D G E M E N T S

T he au th o r is in d e b te d  to  D r. C. B û z e k  (P rag u e), Dr. E w a Za s t a w n ia k  (K rak o w ), 
a n d  D r. G. A v a k o v  (T bilisi), for th e ir  v a lu ab le  suggestions in connection  w ith  th e  ev a lu a tio n  
o f  th e  flo ra , as well as D r. A . N a g y m a h o sy  (B u d a p es t)  for th e  d e te rm in a tio n  of th e  age of 
th e  f lo ra  by  th e  n an n o p la n k to n -te s t.
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Daphnogene lanceolata  U nger — 1. 79. 1. 1. XO.75 — 2. 79. 7. 1. x0.75  — 7. 79. 9. 2.
X 0.75 -  8. 79. 8. 1. X 0.75

Daphnogene cinnam om ifo lia  (B rong. in  C uv.) Ung. — 3. 79. 18. 1. XO.75 
P la ta n u s neptuni ( E tt .)  B ûzek, H olÿ  e t  K v acek  — 4. 79. 16. 1. XO.75 — 6. 79. 14. 1. XO.75 

9. 79. 5. 2. X 0.75 -  10. 79. 12. 2. xO.75 -  11. 79. 16. 1. XO.75 
Daphnogene bilinica  (U ng.) K nob loch  e t  K v acek  — 5. 79. 14. 1. xO.75
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Plate II

Platanus neptuni (E tt .)  B uzek, H o ly  e t  K v acek  — 1. 79. 10. 1. XO.75 — 2. 79. 9. 2. XO.75 
M yrica  banksiaefolia  U nger — 3 .7 9 .5 .2 . XO.75 — 4. 79. 14. 1. x0 .75  — 6. 79. 18. 1. XO.75 —

7. 79. 8. 1. X 0.75 -  11. 79. 14. 1. x0 .75  
U lm us cf. fisch eri  H eer — 5. 79. 14. 1. XO.75 

Zelkova zelkovaefolia  (U ng .) B ùzek  e t K o tláb a  — 9. 79. 5. 2. X 0.75 
Debeya hungarica  n. sp. — 8. 79. 13. 1. XO.75 — 10. 79. 5. 2. XO.75
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Plate III

Debeya hungarica n . sp . — 1. 79. 5. 2. x 0 .7 5  h o lo ty p u s  — 2.79. 5. 2. x O .7 5  h o lo ty p u s  — 3. 79. 
6 .1 .  X 0.75 -  5. 79. 9. 2. x O .7 5  -  6. 79. 7. 1. x O .75  -  7. 79. 8. 1. x O .75  -  8. 7 9 .'1 6 . 2. xO .75 

P lantae incertae sedis — 4. 79. 12. 1. XO.75
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Plate IV

Daphnogene lanceolata  Ung. — 1. 79. 1. 1. X 1.2 — 2. 79. 7. 1. X 1.2 -  3 .7 9 .9 .2 .  X l .5  —
4. 79. 8. 1. X 1.2

D aphnogene cinnam om ifolia  (B rong . in  Cuv.) Ung. — 5. 79. 18. 1. X 1.2 
Daphnogene bilinica  (U ng.) K nob loch  e t K vacek  — 6. 79. 14. 1. X 1.5

OLIGOCENE FLORA FROM VERŐCEMAROS
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P late  V

P la tanus nepluni (E tt .)  B û zek , Holÿ e t K vacek  — 1. 79. 10. 1. X 1.2 — 2. 79. 4. 1. X 1.2 — 
3. 79. 14. 1. X 1.2 — 4. 79. 12. 2. x 2 .2  — 5. 79. 14. 1. x l .2  -  6. 79. 9. 2. x l . 5
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Plate VI

P la lanus nep tun i (E tt .)  B uzek , H o lÿ  e t  K v acek  — 1. 79. 12. 1. X 1.2 — 2. 79. 12. 1. x l . 2  — 
3. 79. 16. 1. X 0.75 -  4. 79. 12. 2. x 2 .2  -  5. 79. 9. 2. x l . 2  -  6. 79. 11. 1. X l .2
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Plate VII

U lm us  cf. fisch eri H eer — 1. 79. 14. 1. X 1.2
P la tanus neptuni (E tt .)  B ûzek , H olÿ  e t K vacek  — 2. 79. 5. 2. X 1.2 — 4. 79. 9. 2. X 1.2 

Zelkova zelkovaefolia  (U n g .)  B ûzek e t K o tlab a  — 3. 79. 5. 2. X 1.5
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Plate VIII

P latanus nep tun i (E tt .)  Biizek, H oly e t K v acek  — 1. 79. 16. 1. X l.2  
M yrica  banksiaefolia  U nger — 2. 79. 14. 1. X 1.5 — 3. 79. 18. 1. X l.2  

T ilia  sp. -  4. 79. 17. 1. X 1.2 
Acer sp. — 5. 79. 12. 2. x  .3 6. 79. 12. 2. x 3
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Plate IX

M yrica  banksiaefolia  U nger — 1. 79. 5. 2. X l .2  — 2. 79. 8. 1. X l.2  — 3. 79. 14. 1. X 1.2 
P lantae incertae sedis — 4. 79. 3. 1. X 1.2 

Debeya hungarica  n. sp. — 5. 79. 16. 1. X l.2
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Plate X

Debeya hungarica  n . sp. — 1. 79. 5. 2. X 0.75 h o lo ty p u s — 2 .79 . 5. 2. X 0.75 h o lo typus — 3. 79. 9.
2. X 0.75 — 4. 79. 5. 2. x l . 2
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Plate XI

Debeya hungarica  n. sp. — 1. 79. 13. 1. X 1.2 — 2. 79. 8. 1. X 1.5 — 3. 79. 6. 1. X 1.2 4. 79.
8. 1. X 1.5
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Plate XII

Debey a hungarica  n. sp. — 1. 79. 7. 1. X 1.2
cf. Calamus noszkyi J a b l . — 2. 79. 2. 1. XO.75 — 3. 79. 4. 1. XO.75 — 5. 79. 9. 2. XO.75 

Plantae incertae sedis — 4. 79. 12. 2. XO.75
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ASPECTS AND TYPES OF COMPETITION 
BETWEEN LICHEN SPECIES 

IN EPIPHYTIC COMMUNITIES

T . K is s
SAVARIA MUSEUM DEPARTMENT OF NATURAL SCIENCE, SZOMBATHELY, HUNGARY 

(R eceived : 1 J u ly  1981)

T he aspects and  th e  ty p es  o f com p etitio n  betw een lichen species in  ep ip h y tic  
com m unities have  been in v estig a ted .

F o r th is  a special term in o lo g y  was w orked ou t on th e  ty p es of c o n ta c ts  betw een  
foliaceus-foliaceus, fo liaceus-crustose , fo liaceus-fru ticose  and  fru tico^e-fru ticose  species.

T he re su lts  in d ica te  t h a t  th e  co m p e titio n  betw een colonies is v e ry  s trong , above 
all on th e  sm all surfaces, in th e  o p tim al an d  te rm in a l phases of succession.

I t  was found  th a t  th e  h isto logical a n d  m orphological co n stru c tio n  of th a lli  p lay  
a v e ry  im p o r ta n t  role in th is  a spect o f th e  com petition . This was m o st obvious in  th e  
ty p es of co n ta c ts  betw een  lac in ia te  foliose an d  fru ticose  species. T he s tra p -sh ap e d  an d  
th read -lik e  fru ticose  species have  su p p o rtin g  tissues w hich w ith s tan d  th e  la te ra l  p re s­
sure. T hus these  colonies alw ays v e rtica lly  overgrow  o th er species w hich belong to  
o th e r life form s.

Introduction

An assessm en t of th e  dem ograph ic  processes o f com petition  is u sua lly  based  on  th e  
n u m erica l changes o f ind iv iduals pe r u n it  tim e . T he s tu d y  of th e  co m p etition  in  lichen  com ­
m u n itie s  is still a t  an  in itia l stage. T h u s th ere  are  n o t enough q u a n tita tiv e  d a ta  availab le  
a b o u t th e  n u m erica l changes o f p o p u la tio n s an d  its  re la tio n s to  th e  processes o f co m p etitio n .

O nly  th e  p h y sical ap p earance  of co m p e titio n  be tw een  colonies has been  d e a lt w ith . 
T he d iffe ren t ty p es  o f co m p etition  hav e  been s tu d ied  on ly  in  saxicolous lichen  com m unities. 
T ypes o f c o n tac ts  betw een  crustose  an d  squam ulose  species have been ex ten siv e ly  s tu d ied  
(M a l in o w s k i  1972, D e g e l iu s  1940. Т о рн а м  1977, H a w k s w o r t h  and  Ch a t e r  1979, P e n t e ­
c o st  1980). H ow ever, no research  has y e t been  done on th e  aspects and ty p es  o f co m p e titio n  
in  ep ip h y tic  com m unities.

In  th is  s tu d y  th e  a u th o r’s obse rv a tio n s o f e p ip h y tic  com m unities will be described  
a n d  v a rio u s ty p es  a n d  aspects of co m p etitio n  be tw een  foliaceus-foliaceus, fo liaceus-crustose , 
fo liaceus-fru ticose  an d  fru ticose-fru ticose  species w ill be discussed.

M ethods

F ield  obse rv a tio n s were m ade  of e p ip h y tic  com m unities in  w estern  H u n g a ry , in  a 
v in ey a rd  and  several forests. T he ex am in a tio n s  w ere carried  o u t on th e  tru n k s  of Picea abies, 
P in u s  silvestris , Quercus robur and  on v ine-stocks an d  v ine  branches.

T he list o f ex am ined  lichen species an d  th e ir  life form s (the  ab b rev ia tio n s o f life fo rm s, 
a f te r  G a l l é  1976-77):

E x  B acid ia  luteola (S ch rad .) M udd.
E x  D iplotom m a alboatra (H offm .) Br. e t R o str.
R a  E vern ia  pru n a str i (L .) Ach.
P a  H ypogym nia  physodes (L .) Nyl.
P a  P arm elia  exasperatula  Nyl.
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P a  P arm elia subargentifera  N y l. va r. conspurcata (Sch.) N yl.
P a  P arm elia sulcata T ay l.
R a  Pseudevernia fu rfuracea  (L .) Zopf.
Us Usnea hirta  (L .) W igg. v a r . m inu tissim a  (M er.) H illm .

O n th e  basis o f te rm in o lo g y  of H a w k s w o r t h  an d  Ch a t e r  (1979), and  P e n t e c o s t  
(1980), I h a v e  designed also a special term ino logy  fo r e p ip h y tic  lichens (Tables 1-3).

Table 1

Overgrowth terminology

Expression Description

A m В m arginal overgrow th : A overgrow s В

В ш A В m arginally  overgrow s A

A В A overgrows В

В A В overgrows A

A m В m с several m arginal overgrow ths: A m arginally  over­
grows В, В m arg inally  overgrow s C

A В с several overgrow ths: A overgrow s В, В over­
grows C

A . В A overgrows ep iphy tica lly  upon  В

В . A В overgrows ep iphy tica lly  upon  A

A V В A vertically  overgrow s В

В V A В vertically  overgrow s A

A V В A vertically  overgrow s th e  lower p a r t  of В

В V A В vertically  overgrow s th e  lower p a r t  of A

A V В V с several vertical overgrow ths: A overgrows В, В 
overgrows C

Table 2

Terminology o f  line contacts

Expression Description

A m В line con tact w ith  lower m arg inal surface

A m В the lower surface of A in co n tac t w ith upper
surface of A

B m A the lower surface of B con tacts th e  upper surface
of A

A m  В th e  upper surface of A co n tac ts  the  upper surface
of В

A m B m Ç

A m B m Ç several types o f line con tacts

Ä  m B m  C

A II B “ truce” condition: m arg inal g row th cases

A и B H C several “ tru ce”  conditions
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Table 3

Terminology o f  window contacts

Expression Description

А  Л B(W ) A overgrow s in  a  w indow  of В

В Л A(W ) В overgrows in  a  w indow  of A

2A Л B(W ) two colonies o f A overgrow  in a window of В

2B Л A(W ) two colonies o f В overgrow  in a window of A

C lassification  o f  overgrow th  types and line con tacts

T his c lassifica tion  con tains th e  ty p es  o f c o n ta c ts  be tw een  fo liaceus-fo liaceus, fo liaceus- 
c rusto se , fo liaceus-fru ticose  and  fru tico se -fru tico se  lichens.

A. Overgrowth contacts

A .l .  M argina l overgrowth: The colony overg row s th e  cen tra l p a r t  of th e  o th e r  th a llu s .
A .2. Overgrowth: T h e  colony overgrow s fu r th e r  th a n  th e  cen tra l p a r t  o f th e  o th e r  th a llu s .
A .3 . Several m arginal overgrowths: M arg inal o v e rg ro w th s betw een  m ore th a n  tw o  colonies.
A . 4. Several overgrowths: O vergrow th c o n ta c ts  b e tw een  m ore th a n  tw o colonies.

B. Line contacts

B . l .  T h e  th a lli  c o n ta c t th e ir  lower m arg in a l su rfaces.
B .2 . T h e  low er p a r t  o f one of th e  colony c o n ta c ts  th e  m arg in  of th e  o th e r co lony , b u t  i t  does 

n o t  grow  o ver i t .
B .3 . T he colonies c o n ta c t th e  up p er surfaces.
B . 4. T he colonies c o n ta c t on th e ir m arg in s b u t  th e y  do n o t grow onto  each  o th e r. In  th is

case th e  m arg in a l g row th  is s topped  (“ tru c e ”  cond ition ).

C. Vertical overgrowth contacts

C. l .  T he fru ticose  species overgrow s th e  fo liaceus.
C.2. O ne fru tico se  overgrow s another.
C.3. T he fo liaceus species overgrow s th e  low er p a r t  o f th e  fruticose.
C. 4. Several vertical overgrowths: v e rtica l o v e rg ro w th  be tw een  m ore th a n  tw o  colonies.

D. W indow contacts

T he cen tra l reg ions o f older th a lli  d is in te g ra te  an d  on these surfaces th e  process o f 
reco lo n iza tio n  begins.
D . l .  W indow  c o n ta c ts  be tw een  th e  sam e species.
D .2. W indow  c o n ta c ts  be tw een  d ifferen t species.
D .3 . M ore th a n  tw o  ju v en ile  colonies g row  in to  th e  recolonized p a r t  o r p a r ts  o f th e  o lder 

th a lli.
D .4. W indow  co n ta c ts  betw een  species w hich  be lo n g  to  d ifferen t live form s.
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F ig. 1. In te r-  and  in tra sp e c if ic  co m p etition  b e tw een  ju v en ile  colonies of H ypogym nia  p h y so­
dés an d  Parm elia sulcata. S u b s tra tu m : v ine-stock , on 16 cm 2 surface . The types of co n ta c ts : 
A =  H ypogym nia  physodes (sh ad ed ), В =  P arm elia  sulcata  (u n sh ad ed ). A || A; A m  А; В |j В ;

В m  В; В Л В ; А || В ; A m  В; А Д В

T hese survey  m e th o d s  are  su itab le  fo r in te rp re tin g  th e  c o n tac ts  and co m p e titio n  
be tw een  on ly  tw o or th ree  colonies.

W e can  describe th e  m u ltip le  re la tio n sh ip s b e tw een  colonies on su p ra in d iv id u a l levels 
on ly  b y  using  th e  m a trix -fo rm u la . T his new  m eth o d  is re p re se n ted  b y  th e  following exam ple .

F ig u re  1 show s th e  in te r-  an d  in trasp ec ific  co m p e titio n  be tw een  juvenile  colonies o f 
P arm elia  sulcata and  H yp o g ym n ia  physodes, on v in e-s to ck s, on  16 cm 2 surface. T he o u tlin e  of 
colonies w as d raw n on tra c in g  pap er. The d raw ing  of th e  th a lli  w as copied from  trac in g  p ap er 
to  g ra p h  p aper. W ith  th e  use  o f  g rap h  p ap er we can  m easu re  th e  area  of th e  colonies and  
p o p u la tio n s in  m m 2. T h e  in te rp re ta tio n  of th e  c o n ta c ts  u sin g  th e  previously defined  t e r ­
m inology can  be seen in  F ig . 1.

Table 4

The matrix-form ula, on the example o f  H ypogym nia  physodes and Parmelia sulcata 
(for explanation see text)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 A 10 00 00 00 00 00 00 00 00 00 00 00 00 00 00

2 01 A 10 01 00 00 00 10 00 00 00 00 00 00 00 00

3 00 01 в 01 00 00 00 00 00 00 00 00 00 00 00 00

4 00 10 10 A 10 00 00 00 00 00 00 00 00 00 00 00

5 00 00 00 01 в 00 00 00 00 00 00 00 00 00 00 00

6 00 00 00 00 00 в 01 10 00 00 00 00 00 00 00 00

7 00 00 00 00 00 10 в 10 00 00 00 00 00 00 00 00

8 00 01 00 00 00 01 01 в 00 00 00 00 00 00 01 00

9 00 00 00 00 00 00 00 00 А 10 10 00 00 00 00 00

10 00 00 00 00 00 00 00 00 01 в 00 00 00 00 00 00

11 00 00 00 00 00 00 00 00 01 00 А 00 00 00 00 00

12 00 00 00 00 00 00 00 00 00 00 00 А 10 00 00 00

13 00 00 00 00 00 00 00 00 00 00 00 01 А 10 00 00

14 00 00 00 00 00 00 00 00 00 00 00 00 01 в 00 00

15 00 00 00 00 00 00 00 10 00 00 00 00 00 10 в 00

16 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 в
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T he m atrix -fo rm u la  expresses th e  in te r-  and  in tra sp ec ific  com petitions as w ell. T h is is 
a sim ple m eth o d  for exam in ing  th e  fea tu res  o f com petition  in  lichen  com m unities.

To p rep are  the  m a tr ix  tab le  we hav e  to  n u m b er each co lony . T he sym bols o f th e  species 
are fo u n d  on  th e  m ean  diagonal.

T he m atrix -fo rm u la  in  our exam ple is show n in  T able  4.
T he 0 re p o rts  those  colonies th a t  we can  f in d  un d er one or m ore thallus. T he 1 re p o rts  

those  colonies w hich overgrow  th em .
T h e  (00) is th e  absence of con tac ts .
W e can  re ad  from  th e  m atrix -fo rm u la  also th e  in tra -  a n d  in te rsp ecific  co n tac ts , because  

th e  sym bols o f species are  on th e  m ean  d iagonal. U n d er th is  e x p la n a tio n  the  m a tr ix  is a sy m ­
m etrica l.

T his m eth o d  rep resen ts  th e  s ta rtin g  p o in t o f th e  fu r th e r  s ta tis tic a l analysis. W hen  we 
have  enough  d a ta  ab o u t th e  ty p es o f re la tio n s betw een  species an d  populations, we will know  
th e  s tru c tu re  of th e  lichen com m unities and its  changes, too.

R esu lts

I. Interspecific and intraspecific cojnpetition between foliaceus 
and foliaceus species

1.1. H ypogym nia physodes —  Parmelia sulcata

T hese species o ften  grow to g eth e r. T h ey  have  a sim ilar g ro w th  form  b u t th e ir  lobes 
differ in  m orphology . H a l e  (1973: 7), has w ritte n : H ypo g ym n ia  physodes, “ . . . i s  a well- 
estab lish ed  segregate  o f Parm elia  w ith  hollow  lobes an d  no r iz in es” .

T he obse rv a tio n s w ere m ade of th e  v in e-stocks, vine b ra n ch e s  and  oak trees. T he m o st 
d o m in a n t species found  on these  p la n ts ’ surfaces w as H ypogym nia  physodes (Table 5).

T he m o st freq u e n t overg row th  c o n tac ts  w ere: В m A a n d  A m  B.
In  th is  case only one of th e  species, P arm elia  sulcata , h a s  rh izine. J a h n s  (1973: 18) 

has w ritten  a b o u t th e  a tta c h m e n t o f th a lli  to  a su b s tra te . “ W hen  th e  tip  of th e  rh iz in es” , 
o f th e  P arm eliaceae-ty p e , “ reaches th e  su b s tra te  th e  grow ing h y p a e  spread and form  a d isc­
like h o ld fas t a tta c h in g  th e  lichen to  th e  su b s tra te . In  th is disc th e  hyphae  and p a rtic les  o f 
the  su b s tra te  are glued to g e th e r.”  I t  is v e ry  in te res tin g  to  o b serve  th e  con tacts be tw een  
rh izine  of P arm elia sulcata an d  th e  u p p e r surface  of H ypogym nia  physodes. Parmelia sulcata  
has rh izine  on ly  to  th e  m arg inal p a r t  of i ts  lobes. T he rh izines a re  sm aller and m ore ra re  on 
the  end of lobes so th is  species is able to  m arg in a lly  overgrow  H ypogym nia  physodes. T he

Table 5

The types o f  overgrowth, line and window contacts

Overgrowth contacts Line contacts Window contacts

A m  В A m В A A B (W )

В in A A m  В В A A(W )

A II В

A =  H ypogym nia physodes В =  Parmelia sulcata
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rh iz in e  o f  Parmelia sulcata c o n ta c t th e  u p p e r  su rface  o f  H ypogym nia  physodes  b u t do n o t 
a t t a c h  to  it .

B o th  species have  a s im ila r “ ep ico rtex ”  ( H a w k s w o r t h  1969) above th e  co rtica l h y p ae . 
T h e y  h a v e  a “ non-pored  e p ic o rte x ”  (H a l e  1973). T h is  is one of th e  ty p es  o f  ep ico rtex  th a t  
is  less op en  th a n  th e  “ po red  e p ic o rte x ” . A ccord ing  to  m y  research , these  p o res should  p lay  a 
v e ry  im p o r ta n t  role in  th ese  ty p e s  o f c o n ta c ts ; fo r ex am p le , betw een  P arm elia  species w hich  
h a v e  a  pored  epicortex.

1.2. Hypogym nia physodes —  Hypogymnia physodes

I n  m ost cases th e  lo w er surfaces o f th e  th a ll i  w ere in  co n tac t w ith  each  o th er. T he 
m a rg in a l  p a rts  o f th e  lobes d id  n o t  s tick  to  th e  su b s tra tu m . T hey  w ere u su a lly  recu rv ed  
(F ig . 2 ) (Table 6).

O n th e  sm aller su rfaces o f  th e  v ine-s to ck s an d  b ranches were o b se rv ed  th e  sev era l 
m a rg in a l  overgrow ths. F ig u re  3a  show s th e  w indow  c o n tac ts .

e

F ig . 2. D iag ram atic  v e r tic a l sections show ing th e  ty p e s  o f in trasp ecific  c o n ta c ts  o f H y p o ­
gym nia  physodes. a ) A m  A, b ) А Д A, c) A  m  A, d) A m  A , e) A  m  A

Table 6

Intraspecific contacts between species

Overgrowth contacts Line contacts Window contacts

A m  A A m  A A A A(W)

A ni A m  A A m A

A m  A
A II A

1.3. P arm elia  su lcata —  P a rm elia  su lcata

O vergrow th c o n ta c ts  are  observab le  also b e tw een  juvenile  colonies. T he ty p e  of line 
c o n ta c t :  B m  B , is th e  in it ia l  phase  o f o v e rg ro w th  c o n ta c t (Table 7). T h e  several m arg in a l 
o v e rg ro w th s  and  th e  severa l overg row ths a re  ty p ic a l betw een  juven ile  colonies. In  m an y  cases 
th e  rh izine  broke th ro u g h  th e  u p p e r co rtex  in to  th e  lay e r of hyphae. O n th e  end  of th e  rh izine  
d isc-like  fragm en ts w hich  a t ta c h  th e  colony to  th e  o th e r  thallu s  were o b se rv ab le . The qu estio n
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Fig. 3a. A  juven ile  colony of H ypogym nia  physodés overgrow  in a “ w indow ”  of th e  sam e
older species

F ig. 3b. W indow  c o n tac ts  b e tw een  H ypogym nia  physodes an d  P arm elia subargentifera  va r. 
conspurcata. Two juven ile  colonies o f  H ypogym nia  physodes overgrow  in  th e  recolonized p a rts

of P . sub argenti fera  va r. conspurcata

is: how  can  th e  rh izine  g e t in to  th e  o th e r  colony th ro u g h  th e  co rtex  ? T his is an  an ato m ical 
an d  h isto logical p rob lem .

Som e know n v eg e ta tiv e  s tru c tu re s  allow th e  rh iz in e  to  p e n e tra te  m ore easily . The 
aera tio n  pores fo r exam ple , such  as cyphelle, p seu docyphellae  a n d  som e ty p es  o f soralia:

Table 7

Intraspecific  contacts between P . sulcata and 
P. sulcata. Substratums : Quercus robur 

and vine stocks and vine branches

Overgrowth contacts Line contacts Window contacts

в í5 в
B A B

B m  B iîi В

В л в  л в

B m B В л B(W )
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Ifi

щШк
F ig . 4. C om petition  betw een fo liaceus species on a sm all surface of v in e-b ran ch . T he species 
belongs to  different ages. On th e  f ig u re  ju v en ile  colonies o f Parm elia sulcata  and  o lder thalli 
o f H yp o g ym n ia  physodes can  be seen. C om petition  is observable be tw een  ju v en ile  colonies, too

m an ififo rm  soralia in H yp o g ym n ia  gen era  an d  th e  rim iform  soralia  on th e  u p p e r  surface of 
P arm elia  sulcata  ( J a h n s  197 3 : 46).

O n th e  upper co rtex  o f th is  species we can  f in d  veins in  a ne t-like  p a tte rn . T he cortex  
u su a lly  b reak s along its  v e in s . T hese  v e g e ta tiv e  s tru c tu re s  an d  th e  b reak ag e  of th e  upper 
c o r te x  give po ten tia l su rfaces fo r th e  fo rm a tio n  an d  developm en t o f o v erg ro w th  con tacts, 
e sp ec ia lly  in  dense co m m u n itie s  w here  th e  com p etitio n  is v e ry  s tro n g  be tw een  species and 
p o p u la tio n s . I  have o bserved  a p rim e  exam ple  of th is  on a 4 cm 2 surface  of a v ine-b ranch , 
b e tw ee n  juven ile  species o f  P arm elia  sulcata  (F ig . 4).

T h e  density  and th e  p ro b a b ili ty  of th e  fo rm atio n  of o v erg row th  co n ta c ts  increases as 
th e  colonies grow.

1.4. H ypogym nia physodes —  P a rm elia  subargen tifera  var. conspurcata

B o th  p lan ts were com m on  on v ine  b ranches. The m orphology  o f th e  species is dif­
fe re n t, especially  in th e  ju v en ile  s tag e. T he co m p etition  betw een  these  colonies is v e ry  strong. 
T he occurrence of line c o n ta c ts  is v e ry  ra re  (F ig . 3b, Table 8).

1.5. P arm elia  subargentifera va r. co n sp u rca ta  —  P. subargen tifera  var. co n spurca ta

T ables 2 and 9 show  t h a t  in  th e  cases o f in traspecific  c o n tac ts  th e  ro les o f th e  line 
c o n ta c ts  are more s ig n ifican t th a n  in  in te rsp ecific  con tacts.

1.6. P arm elia  sulcata —  P a rm elia  su b arg en tife ra  var. conspurcata

O nly three  ty p es o f c o n ta c ts  w ere fo u n d  betw een  these  species. T he nearness of the  
th a l l i  to  each o th er is n ecessa ry  fo r th e  dev elo p m en t of co n tac ts . In  s tu d ied  cases i t  w as found 
th a t  these  species were fu r th e r  from  one a n o th e r  in  m ost areas (T able 10).
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Table 8

Interspecific contacts between H ypogym nia physodés 
and Parmelia subargentifera var. conspurcata. 

Substratum  : vine-branches

ergrowth contacts Line contacts Window contacts

в m A A  m  В А  Л B (W )

A m В

A Л В

В Л A

A m B iîî A

A Л В Л A

A =  H . physodes, B =  P . subargentifera var. conspurcata

Table 9

The types o f  intraspecific contacts

Overgrowth contacts Line contacts

B m В В in В

В Л В В m В

В iîi В ín В В И В

Table 10

Types o f interspecific contacts. Substratum  : 
vine-stock and branches and Quercus robur

Overgrowth contacts Line contacts

A m  В А и В

В ín А

A =  P. sulcata, B =  P. subargentifera var. conspurcata

II . Interspecific contacts between foliaceus and crustose species

“ Since th e  species differ in  th e ir  b asic  m orphology , th ere  a re  tw o k inds o f o v e rg ro w th  
an d  ep ip h y tic  g ro w th  depending u p o n  w hich  species is overgrow n.”  (P en teco st  1980.)

In  T able  11 th e re  are th ree  k in d s  o f c o n tac ts  because th e  developm en t o f o v e rg ro w th  
c o n ta c ts  change w ith  th e  phases o f succession . T he m arg inal o verg row th  co n ta c ts  a re  less 
com m on in  th e  te rm in a l phase  o f succession, b u t  m ost com m on in  th e  in itia l phase  o f  coloniza-
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Table 11

Type o f  contacts between foliaceus and crustose species. 
Substratum : vine-stock and branches

Species Types 
of contacts

I I . l . H . physodes- В . luteola A i î ï  В

А Л  В

A . В

I I . 2 . H . physodes-D . alboatra A ín C 

А Л  C 

A . C

I I . 3 . P . subargentifera var. 
conspurcata-D . alboatra

D m  C

d a c

D . C

A =  H ypogym nia  physodes, В =  B acidia  luteola, C =  Diplotomma  
alboatra, D  =  Parmelia subargentifera var. conspurcata

tio n  o f  foliaceus species. In  th e  te rm in al phase o n ly  som e of c rustose  lichens a re  observab le  
on  v a rio u s  surfaces because th e  foliaceus species o v erg row  th em .

T h e  developm ent o f  ty p e s  o f con tacts b e tw een  colonies was v e ry  well observed  on 
b o th  v ine-b ranches an d  v in e-s to ck s. The v in e-b ran ch es w ere covered  w ith  c rustose  tax o n s 
a n d  w ith  juven ile  fo liaceus species. H ow ever on th e  v ine-s to ck s I observed  on ly  foliaceus and  
fru tico se  species. F igure  5 show s a m odel of th e  d ev e lo p m en t o f ov erg ro w th  c o n tac ts  betw een  
fo liaceus an d  crustose species.

I II .  Interspecific competition between foliaceus-fruticose species

T he foliaceus a n d  fru tico se  species d iffer in  th e ir  basic m orphology  an d  h isto logy. 
C o n tra ry  to  lacin ia te  foliose lichens, th e ir lobes a re  s tra p -sh ap e d  or th read lik e  w ith  a rad ia l 
o r d o rs iv en tra l thallu s.

W e can  d istin g u ish  tw o  ty p es  of histo logical c o n stru c tio n s  in  fru ticose  lichens ( J ahns  
1973). In  some species th e  h y p h a e  of the  co rtex  serve as su p p o rtin g  tissue  (E vernia pru n a str i, 
Pseudevernia furfuracea, e tc .) . T h ey  form  a cy lin d rica l tu b e  a t  th e  la te ra l edge of th e  th a llu s , 
w hile th e  cen tre  o f th e  co lo n y  is hollow or fills a c o tto n y  m edulla .

T h is ty p e  of c o n s tru c tio n  serves to  keep th e  p la n t  u p rig h t and  to  w ith s tan d  la te ra l 
p ressu re . In  th e  su p p o rtin g  tis su e  th e  hyp h ae  is closely  cem en ted . These h isto logical c h a r­
a c te ris tic s  provide th e  b asis  fo r th e  successful c o m p e titio n  be tw een  foliaceus-fru ticose species. 
O n th e  o th er han d  m a n y  s tra p -sh ap e d  th a lli a re  a tta c h e d  to  th e  su b s tra te  b y  a  h o ld fast. 
T herefo re  th e y  can  ex is t on  v e ry  sm all surfaces, b e tw een  th e  lobes o f foliaceus species.

In  th e  second ty p e  o f  fru ticose  lichens th e  su p p o rtin g  tissue is s itu a te d  in  th e  cen tre  
o f  th e  m edu lla  (“ ax ia l s t r a n d ” ). The axial s tra n d  g ives sk e le ta l s tre n g th  to  pendulous ta x a  
( U snea  species).

T he strap -sh ap ed  a n d  th read lik e  species a lw ays v e rtic a lly  overgrow  th e  foliaceus tax a .
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F ig. 5. O v erg row th  m odel be tw een  fo liaceus and crustose  species. A =  foliaceus species 
(shaded), В =  c ru s to se  species (u n sh ad ed ). A ssum ptions: b o th  species begin  growing a t  th e  
sam e tim e, b u t  th e  ra d ia l grow th  ra te  o f A is m ultip le  th a t  o f B. T he lichens grow on a defined 
surface area. I. Sm all c ircu lar th a lli  on  th e  surface. T here is no c o n ta c t  betw een  th em  (“ open 
stage” ). I I .  R ad ia l g ro w th  of th alli. I I I .  Several “ tru ce ” co n d ition  be tw een  thalli. IV. M arginal 
o verg row th  c o n ta c ts  be tw een  fo liaceus a n d  crustose species. B e tw een  foliaceus colonies on ly  
tru ce  condition . V. O verg ro w th  c o n ta c ts  be tw een  foliaceus an d  c ru sto se  colonies. M arginal 
overg row th  an d  o v e rg ro w th  c o n ta c ts  be tw een  foliaceus colonies. V I. T he foliaceus colonies

to ta lly  overg row  th e  crustose th a lli

Table 12

The types o f  overgrowth contacts between 
foliaceus-fruticose species. Substratums: Picea abies, 

P in u s silvestris, Quercus robur, vine-stocks and branches

Species Overgrowth
contacts

Ш .1 . H . physodes-Pseudevernia A V В
furfuracea В V A

I I I . 2. Parmelia exasperatula- A V  В
Pseudevernia furfuracea В V A

III .3 . H . physodes-E vernia  prunastri В V A
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F ig . 6. Compel ition  be tw een  fo liaceus (H ypogym nia  physodes) and  fru tico se  ( Pseudevernia 
fu rfu ra cea ) species. T he fo liaceus species overgrow s the  lower p a r t  o f th e  fruticose

F ig . 7. In terspecific  co m p etitio n  be tw een  Pseudevernia furfuracea  and  Usnea hirta  var. niinu- 
tissim a . On the  photo i t  can  be seen th a t  th e  th re a d s  of Usnea overgrow  v e rtica lly  th e  s tra p ­

shaped  colony

F ig u re  6 shows th e  co m p e titio n  be tw een  H ypogym nia  physodes a n d  Pseudevernia f u r ­
fu ra cea . T he com petition  b e tw ee n  these  species is o ften  observable  on  oak  trees (Quereus 
petraea , Qu. robur), on P in u s  silvestris  tru n k s , on  Picea abies b ran ch es a n d  on v ine-branches. 
T h e  co m p etitio n  betw een P arm elia  exasperatula  an d  Pseudevernia fu rfu ra cea  w as observable 
so le ly  on  v ine-branches. T h e  co m p etitio n  be tw een  H ypogym nia  physodes  a n d  E vernia pru- 
nastri is observable p rim arily  on  oak  tru n k s , ra re ly  on P in u s silvestris an d  v in e -tru n k s  (Table 12).
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IT . Interspecific competition between fruticose species

T he in te rsp ec ific  com petition  w as o b se rv ab le  betw een Usnea hirta  v a r . m in u tiss im a  
a n d  Pseudevernia furfuracea, on v in e -b ran ch es  (F ig . 7). The figure  also show s w ell t h a t  th e  
th rea d lik e  Usnea  ta x o n  v e rtica lly  o v erg row  th e  s tra p -sh ap e d  species. T he th re a d s  o f Usnea  
c an  com e u p  fro m  th e  low er surface o f th e  Pseudevernia furfuracea  b e tw een  th e ir  lobes. T he 
ax ia l sk e le ta l tis su e  keeps th e  th re a d s  o v er th e  th a llu s  o f th e  Pseudevernia fu rfuracea .

S um m ary

This study has summarized only the first results of our research on this 
subject which will be continued later.

The competition between species sheds light on the different types of 
contacts. The competition was observable between species which belonged to 
the same or different live forms.

The competition seems to be strongest on small surfaces where the 
space is too small for taxa. The competition between colonies increases on 
larger surfaces also if the number of individuals reaches a stage of density. 
This case generally follows in epiphytic communities in the optimal phase of 
succession. After the optimal phase, comes a period when the given surface 
can not support any more thalli. This is the “ carrying capacity” of a given 
space ( O d u m  1971, J u h á s z - N a g y  and V i d a  1978).

From these contacts emerges the importance of using the niche concept. 
Thus far this has not been applied to lichen ecology, only to bryology ( S i m o n -  

S z e r é n y i  1975, S l a c k  1977) and in research of grassland communities in 
H ungary ) ( F e i c e t e - P r é c s é n y i - M o l n á r - M e l k ó  1976, P r é c s é n y i - F e k e t e -  

M e l ic ó - M o l n á r  1977a, b, P r é c s é n y i - F e k e t e - M o l n á r - M e l k ó - V i r á g h  

1979, etc.).
The negative relationship between the amount of space and the strength 

of the competition was evident on the grape-vines. On the branches the com­
petition was stronger than on the trunks.

The histological and morphological construction of thalli is a very im ­
portant component in the aspects of competition.

We have some information about the growth phases and growth rates 
of lichens ( H a l e  1967, 1973, A r m s t r o n g  1974, 1976, R i c h a r d s o n  1967, 
W o o l h o u s e  1968, etc.) but we know almost nothing of the dynamics of lichen 
populations ( H o s o k a w a  and O m u r a  1959, W i l l  and W o l f  1980). Only the 
research of these problems will insure the progress of lichen ecology.
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C onditions of in v itro  v e g e ta tiv e  m icro -p ropagation  of four p o ta to  c u ltiv a rs  
(So lanum  tuberosum  L. B in tje , D ésiré, G rac ia , O stara) have b een  s tud ied . The in v e s tig a ­
tions in cluded  d e te rm in a tio n  of o p tim u m  shoo t inocula an d  com parison  of th e  effects 
of va rio u s cu ltu re  m edia. A ccording to  th e  resu lts  shoots m o st su itab le  for iso la tio n  
developed from  tu b ers  given no p rev ious tre a tm e n t, an d  th e  h ighest reg en e ra tio n  
ab ility  was d isp layed  by  th e  basal a n d  ap ical segm ents of th e  shoots. The c u ltiv a rs  
show ed th e  follow ing o rder of re g en e ra tio n  po ten tia l: O s ta ra , G racia, Desire, B in tje . 
The o rg an izatio n al efficiency of th e  c u ltu re  m edia g reatly  depends on th e  re g u la to rs  
con ta ined  in  th em , and on th e ir c o n ce n tra tio n s  and in te rac tio n s . T he largest n u m b er of 
p lan tle ts  developed  on a M u r a s iiig e - S k o o g  (1962) cu ltu re  m edium  co n ta in in g  0.5 
mg/1 NAA, 0.4 mg/1 K n and  0.7 mg/1 th ia m in e , too. The re su lts  show th a t  th e  m eth o d  
em ployed is su itab le  for th e  in v itro  v e g e ta tiv e  p ro p ag atio n  of p o ta to , b u t  th e  d if­
ferences being  ra th e r  g rea t betw een th e  cu ltiv ars  m u st be ta k e n  in to  co n sid era tio n .

In trod u ction

P o ta to  is going to p lay  an  increasing  ro le in the  world su p p ly  of food (M u r a s h ig e  
1978). T h a t  is w hy  ex p erim en ts  w ith  a view  to  i ts  reliable and pa th o g en -free  p ro p a g a tio n  
h av e  been  s ta r te d  all over the  w orld. A m ong th em  im p o rta n t role is p lay ed  by  th e  in  v itro  
v e g e ta tiv e  m ic ro -p ro p ag a tio n , since th is  m e th o d  is pathogen-free , an d  m ay  even fo rm  th e  
basis o f w orking technolog ies (M a r ó t i 1978, M e l l o r  and St a c e -S m it h  1977, M u r a s h ig e  
1978, N o s e r a n  e t al. 1977, Q u a k  1977, W e s t c o t t  e t al. 1977). R esu lts  ob ta in ed  so fa r  w ith  
m eris tem  cu ltu res  show  th a t  th ere  are considerab le  differences in  reg en eratio n  p o te n tia l  
be tw een  th e  c u ltiv a rs  (B e h n k e  1975, 1976, L am  1977, R oca  et al. 1978, S o p o r y  1977, S o p o r y  
a n d  R o g a n  1976). I t  is therefore  desirab le  to  e la b o ra te  special p ro p ag a tio n  m ethods a d a p ta b le  
to  th e  d iffe ren t cu ltiv ars . So it  is im p o r ta n t to  know  th e  proper w ay  of inducing  shoot g ro w th  
fro m  th e  tu b ers , f in d  th e  b es t reg en eratin g  seg m en ts  of shoots, get a cq u a in te d  w ith  th e  e ffects 
o f cu ltu re  m edia  an d  s tim u la to rs  as well as w ith  th e  conditions o f la b o ra to ry  in cu b a tio n , e tc . 
T h e  ob jec tiv e  se t in  our ex p erim en ts w as to  f in d  th e  op tim um  sh o o t segm ents on th e  one 
h a n d , an d  estab lish  th e  effects of various c u ltu re  m ed ia , on the  o th er.

M aterials an d  m ethods

F o u r cu ltiv a rs  o f p o ta to  (So lanum  tuberosum  L. B intje , D ésiré, G racia, O sta ra) w ere 
in c lu d ed  in  our experim en ts . T ubers of a b o u t 4 cm  in d iam eter w ere th o ro u g h ly  w ashed  in  
ta p  w a ter, th en  p laced  in  P e tr i dishes and  forced  w ith  or w ith o u t p rev ious tre a tm e n t a t  a 
te m p e ra tu re  o f 22 ^  2 °C in diffuse lig h t d ay  a n d  n ig h t a lte rn a te ly . O ne of th e  p re tre a tm e n ts  
consisted  of d ipp ing  th e  in ta c t  tu b ers  f irs t in to  7 0 %  ethylic  alcohol th en  in to  50%  so lu tio n
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F ig. 1. D evelopm ent o f in o cu la  of Solanum tuberosum  L. cv. B in tje  iso la ted  from  th e  b asa l 
seg m en t of shoot on m ed ium  A a f te r  th e  21st d ay

o f C a-hypochlorite  fo r 15 m in u te s , th en  w ashing th e m  in  distilled w ater. T he o th er p re tre a t­
m e n t was th e  follow ing: pieces of ab o u t 0.5 cm 3 each  bearing  shoots w ere excised from  th e  
tu b e rs  previously  w ashed  in  ta p  w ater, and  p laced  in  P e tr i  dishes on a ta lcu m  surface co n ­
ta in in g  2 m g/kg G A 3 w hich  w as k e p t con stan tly  w et. F ro m  th e  tu b ers  an d  ex p ian ts , respectively , 
1—4 cm  long shoots grew  in  2 -3  weeks, from  th e  ap ical or nodal seg m en ts o f which 1—5 m m  
long  inocula were p re p are d . T he inocula were s te rilized  again  in 70%  e th y lic  alcohol (for 0.1 
m in u te )  and 25%  C a-hypoch lo rite  solution (for 15 m inutes), th e n  w ashed  twice in  d is­
tilled  w ater.

Besides th e  m in era l e lem ents of the  cu ltu re  m ed iu m  of M u r a s h ig e —S k o o g  (1962) th e  
b asa l m edium  used in  th e  ex p erim en t co n ta ined  0.5 mg/1 nicotin ic acid-H C l, 0.5 mg/1 p y rid - 
oxine-H C l, 2.0 mg/1 g lycine , fu r th e r  0.1 mg/1 G A 3 a n d  30 g/1 saccharose as fixed  com ponents. 
T h e  agar co n cen tra tio n  w as 0 .8% . The p H  was a d ju s te d  to  5.8 before th e  autoclave t r e a t ­
m en t. By changing th e  k in d  an d  ra tio  of reg u la to rs  we produced  6 v a r ia n ts  o f cu ltu re  m ed ium  
(mg/1): A) In do le-3 -ace tic  acid  (IA A ) 0.5 — K in e tin  (K n ) 0.04 — T hiam ine-H C l (В х) 0.1; 
В ) T he sam e as A) b u t w ith o u t agar, a liqu id  m ed iu m  (w ith  p ap er b rid g e); C) N ap h th y len e- 
ace tic  acid (NA A) 0.05 — K n  0.4 — B L 0.1; D) N A A  0.5 — K n  0.4 — B x 0.7; E) In d o leb u ty ric  
acid  (IB A ) 1.0 -  K n  0.5 — B 1 0.7; F) IB A  2.0 -  K n  0.5 -  В г 1.0 (F ig s 1, 2a, 2b).

The inocula  excised  fro m  th e  shoots were g row n  in  12 X 100 m m  te s t- tu b e s  on 5 cm 3 c u l­
tu re  m edium  a t 30 T: 2 °C w ith  a 16 hour illu m in a tio n  an d  8 hour dark  period . Illu m in atio n  w as 
supp lied  by  Orion 20 W F. 7 -D ay light and  T u n g sra m  20 W F. 30-W hite  type  fluo rescen t 
lam p s (120 W /m 2). T h e  p e rio d  of in cubation  w as 4 weeks. In  each  ex p erim en t 50 iso la tes 
w ere generally  used . T he re su lts  were p u t to q u a lita tiv e  ev a luation  an d  sum m ed up  in a tab le .

W ith in  4 -8  w eeks th e  p rim ary  iso lates developed  callus, o r 4 -5  cm  long shoots, or 
reg en e ra ted  in ta c t p la n tle ts . These were cu t again  in to  0.5 cm segm ents a n d  used for p ro p a g a ­
tio n , since from  th e  nodes new  shoots can be reg en e ra ted . A fter reach in g  a leng th  of 5 -6  cm  
— an d  ro o t in itia tio n  h a d  also begun — th e  h e a lth y  p lan tle ts  were tran s fe rre d  from  th e  s te rile  
cu ltu re  m edium  to  a 4 : 1 : 1 ra tio  m ix tu re  of au to c lav e d  loam , san d  and  pearlite  filled  in to  
p las tic  cups. T he p la n tle ts  w ere covered one b y  one w ith  glass for a w eek to  p rev en t an  exces­
sive ev ap o ra tio n , and  ir r ig a te d  every  2 to  4 d ay s w ith  K nop so lu tion  (F ig . 2).

R esults and d iscu ssion

In our experiments we found the most and the strongest shoots to 
develop from the untreated tubers, and th a t after 2-3 weeks. Shoots develop­
ing from a single sprout sometimes were even 4—5 in number, divided into
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F ig. 2. P la n tle t  of Solanum  tuberosum  L. cv. O stara  iso lated  fro m  sh o o t segm en t on m edium  D
a fte r  th e  3rd (a) and  4 th  (b) week
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Tabic 1

Development o f  potato ( Solanum  tuberosum L .)  cultivars

Regulators, mg/1 Development responses of

Culture media Bintje
C Sh p

A 0.5 — — 0.04 0.1 + + + + +  +

B* 0.5 — — 0.04 0.1 — — —

C — 0.05 — 0.4 0.1 + + + +
D — 0.5 — 0.4 0.7 + + + + + +
E — — 1.0 0.5 0.7 + + + +

F — — 2.0 0.5 1.0 + + + + +  +

Abbreviations: C —  callus, Sh —  shoot, P  - plantlet

leafy nodes and internodes. From the sterilized tubers shoots dev eloped only 
after 4—5 weeks. They were inferior to the control shoots in length, thickness, 
num ber of leaves and leaf area as well. They showed reduced growth on the 
different culture media too. Sterilization resulted thus in expressed inhibition. 
The GA3-talc treatm ent also hindered both the beginning of the shoot develop­
m ent and the subsequent growth of shoots. The shoot axes remained thin and 
th e  leaf surface did not exceed 1—2 mm2. They exhibited poor development on 
a sterile culture medium too. This phenomenon is brought into connection 
w ith the low nutrient reserves of expiants and the lack of stim ulators required 
for the initiation of shoot development.

The results of our experiments carried out to establish the regeneration 
potential of shoot segments — in tact plant — show the differences between 
the cultivars. The largest number of plantlets suitable for further culturing 
were obtained from the basal segments of shoots, less from the apical inocula 
and least of all from the medial nodes of shoots. The cultivars’ order of regener­
ating plantlets on the same medium (A) was: Ostara, Gracia, Desire, Bintje. 
This order of succession remained unchanged with the other culture media, too.

The regeneration potentials of culture media and regulators are shown 
in Table 1. In the course of evaluation the origin of the inocula (basal, apical 
or medial segment) was left out of consideration. The results show that the 
ra te  of callus formation on the inocula of cultivars was more or less the same 
on all culture media except medium B. Shoot organization was more intensive 
th an  callus formation. Development into intact plantlets was somewhat re­
tained by the slowness of root formation; the cultivars’ order of plantlet 
regeneration was essentially the same on all culture media used as on medium A.

When comparing the actions of culture media A and В we find the 
organization potential of the solid (agar) medium to exceed by far that of
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on various culture media after 4 weeks at 30 ±  2 °C

potato cultivars

Désiré Gracia Ostara
C Sh P c Sh P c Sh P

+ + + + H- + _U _1_ +  +  + +  +  + + + + + + + + +
+ — + + — + + —

+  + + + +  + + + + -i- +
+ + + + +  +  + + +  +  + + + + _L + + + + + +

+ + + + — + + + + + + + +
+ + + + + + +  + + + +  + + +

Sym bols: —  no developm ent, -f- slig h t developm ent, - J -+  m edium  developm ent, 
intensive developm ent, * liquid  cu ltu re  m edium  w ithout ag ar, w ith  filte r-paper bridge

the liquid (paper bridge) medium. A comparison between media C and D 
reveals th a t higher concentrations of NAA and thiam ine (Bx) considerably 
increase the organ formation and the development of plantlets. The optimum 
interaction of the two compounds makes its effect felt in every cultivar. From

F ig. 3. P la n tle t  of Solanum  tuberosum  L. cv. O sta ra  transferred  to  a m ix tu re  o f loam , sand
and  p earlite , a f te r  six weeks
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the  results of variants E and F we have drawn the conclusion that neither 
IBA  and its growing concentrations on the one hand, nor the  interactions 
changed by the higher concentrations of Kn and B15 on the  other, increase 
the root formation and general organization of inocula. As to the order of 
efficiency of the culture media applied: the largest number of plantlets regen­
erated  on media D and A , while the fewest of them on those marked C and B. 
The efficiency was due partly  to the compounds used and their concentrations, 
respectively, partly to the  appropriate interactions of the compounds as con­
firm ed by the data of the relevant literature ( M e l l o r  and S t a c e - S m i t h  1977, 
Q u a k  1977, P e n n a z i o  et al. 1976, R o c a  et al. 1978, T ó t h  and M a r ó t i  1979).

The plantlets regenerated from various shoot segments were transferred 
to  plastic cups generally after 6—7 weeks (Fig. 3).
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GROWTH DYNAMICS OF THE CALLUS TISSUES 
OE PETAL AND OVARY ORIGIN 

OF THE DATURA INNOXIA  MILL.
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(R eceived: 1 S ep tem b er 1981)

T he effec t o f grow th  reg u la to rs  (k in e tin  and  2,4-D ) on th e  g row th of th e  callus 
tissues o f flow er (p e ta l, ovary) origin o f th e  3 year-o ld  D atura innoxia  Mill, has been  
exam ined .

T he p ro p e r co n cen tra tio n  of th e  g ro w th  reg u la to rs  w as de te rm in ed  for th e  fo rm a­
tion  of th e  o p tim u m  biom ass. We have  ex am ined  the  g ro w th  dynam ics of th e  tissues 
grow n in lig h t an d  d a rk  in a m odified M u r a s h ig e - S k o o g  m ed iu m  contain ing  1 mg/1 
of k in e tin  and  1 mg/1 of 2,4-D w hich w ere found  to  be th e  o p tim u m  ratios. D uring  th e  
incu b a tio n  period  (6 weeks) th e  fresh an d  d ry  w eights, th e  d a ily  g row th  ra te  and grow th 
values o f th e  callu s tissues were m easu red . I t  was estab lish ed  th a t  b o th  callus tissues 
were g rad u ally  grow ing during  th e  six w eeks. W ith  cu ltu res  o f b o th  pe ta l and  o v a ry  
origins th e  g ro w th  value  re la ted  to  th e  fresh  and  d ry  w eigh ts w as considerably  h igher 
in d a rk  th a n  in lig h t (Tables 3 to 6). T he daily  g row th h a d  a m ax im um  value  in  all 
in stances. T he g ro w th  of th e  tissue cu ltu res  — excep ting  th e  p e ta l grown in light — 
slowed dow n in  th e  s ix th  week.

The g ro w th  value  of callus tissues o f p e ta l origin, re la te d  to the  d ry  w eigh t is 
h igher in  m edia  w ith o u t k inetin  th a n  in th e  basic one (1 mg/1 o f k in e tin , 1 m g/l of 2,4-D ).

Introduction

M edicam ents o f p lan t origin have  been p lay in g  an  ever m ore  im p o rta n t role in  th e r ­
ap eu tics  and  p h a rm a ce u tic a l in d u s try , re sp ec tiv e ly . A lkaloids as seco n d ary  m etabolic  p ro d u c ts  
a re  v e ry  o ften  responsib le  fo r th e  desired effect.

A m ongst several te s t  m ate ria ls th e  D atura  genus was also su b jec ted  to  a th o ro u g h  
ex am in a tio n , and u p  till now  30 alkalo ids hav e  been  iden tified  fro m  th e  genus ( E v a n s  e t al. 
1953 , L ie b is c h  e t al. 1966, V e r z á r - P e t r i  1971). B esides th e  a lk a lo id s a lread y  know n in 
th e ra p eu tic s  new er e fficacious com pounds hav e  been  found . R e ce n tly  th e  a lk a lo id -ex trac t of 
th e  flow er o f D atura in n o xia  has been used  fo r an ae s th e tiza tio n  in  surgical o p erations in 
C hina (S h a n g h a i T r a d it io n a l  M e d ic in e  A n e s t h e s ia  R e s e a r c h  C o o r d in a t in g  G r o u p  
1975 , X ia o  P e ig e n  1980). T his was w hy we decided  to  produce tis su e  cu ltu res  also from  th e  
flow er o f D atura innoxia  in  o rder to  s tu d y  th e  secondary  m etabo lic  p ro d u c ts  (Y e r z á r - P e t r i  
e t al. 1980).

U p till now m an y  researchers have  d e a lt  w ith  th e  b iom ass fo rm atio n  and  a lka lo id  
p ro d u c tio n  of th e  callus tissues of various orig in  o f D atura innoxia . E x am in in g  D atura innoxia  
p la n ts  grow n in  p h y to  trô n e , Co sso n  (1969) fo u n d  th a t  lig h t had  e x e rted  a positive  in fluence 
on th e  a lka lo id  p ro d u c tio n , hence he c u ltiv a te d  th e  tissue  cu ltu re s , to o , un d er lig h t o f a 
f lu o rescen t lam p  of 8000 L ux . Sm o r o d in  (1974) ex am ined  th e  e ffec t o f th e  tem p e ra tu re  w ith  
re sp ec t to  th e  b iom ass p ro d u c tio n  and  to ta l a lka lo id  co n ten ts  o f th e  callus tissues, and  in  
connection  w ith  th is  h e  estab lished  th a t  th e  g ro w th  of th e  tissues is m o st in tensive  a t  26 °C 
w hile stro n g ly  checked u n d e r 18 °C and above 35 °C. In  connection  w ith  th e  tissue p ro d u c tio n
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F ig . 1. Callus tissues o f o v a ry  (left) an d  p e ta l  (rig h t) origins of six w eek old Datura innoxia

o f D atura  innoxia  H ir a k o a ’s w ork m u st be s tressed  b y  all m eans. H e p ro d u ced  callus an d  
susp en sio n  cu ltu res fro m  v arious D atura  species. Am ong o thers he ex am in ed  also th e  effec t 
o f  lig h t on th e  g ro w th  an d  alkaloid p ro d u c tio n  of th e  callus tissues o f D atura innoxia . H e 
e s tab lish e d  th a t  th e  d ry  w eigh t and  a lka lo id  co n te n ts  of th e  cu ltu res g row n  in d a rk  are less 
t h a n  those  of th e  c u ltu re s  grow n in  lig h t ( H ir a o k a  1976).

Concerning th e  a lka lo id  co n ten ts , V e r z á r - P e t r i  e t al. (1978) o b ta in e d  sim ilar re su lts  
fo r th e  callus cu ltu res  o f ro o t and  lea f o rig ins o f Datura innoxia  h u t  th e y  fo und  the  b iom ass 
fo rm a tio n  m ore in ten siv e  in  d a rk  ( D u n g  e t ah , in  press). C oncerning callu s tissues of flow er 
o rig in , d a ta  were n o t a t  o u r disposal so we th o u g h t i t  p a rticu la rly  n ecessary  — before e x am in a ­
tio n  of alkaloid p ro d u c tio n  — to s tu d y  th e  g ro w th  of th e  tissues.

M aterial and  m ethods

T hree-year old cu ltu res  p roduced  fro m  th e  flow er (ovary  and  p e ta l)  of D atura innoxia  
M ill, were grown in  d a rk  an d  in  ligh t (2500 L ux .), in  m odified M u r a s h ig e - S k o o g  m edia  a t  
26 °C w ith  70%  re la tiv e  a ir h u m id ity  (F ig . 1). T he cu ltu res were g ra fte d  in to  fresh  m ed ia  
e v e ry  4 -5  weeks.

For the  e x am in a tio n s  re la tin g  to  th e  g ro w th  dynam ics o f th e  cu ltu res  and  effect o f 
g ro w th  s tim u la ting  m ate ria ls  the  tissues w ere grow n in ep ro u v ettes  co n ta in in g  20 ml m ed ia . 
T h e  te s ts  were re p ea te d  te n  tim es.

A t the  end of th e  six-w eek g ro w th  p e rio d  th e  fresh  and d ry  w eigh ts of th e  callus w ere 
d e te rm in ed  in each ep ro u v e tte , an d  th e  re su lts  w ere s ta tis tica lly  ap p ra ise d  (G o r d o n  e t al. 
1976). For ch arac te riz in g  th e  g row th  a c t iv ity  o f th e  tissues we used  th e  v e ry  sam e indexes 
as S z ő k e  e t al. (1979) d id  w hen th ey  an a ly sed  th e  callus tissues of th e  M atricaria  chamomilla  L.

1. Fresh  w eigh t o f th e  tissues in  g
2. D ry w eigh t o f th e  tissues in  m g
3. G row th v a lue  (GY):

GV = r t -  p 0
n

w here  F t  =  w e ig h t  o f  th e  tis su e  a t  th e  e n d  o f  th e  e x p e r im e n t
P 0 =  s ta r t in g -w e ig h t  o f  th e  t is s u e  a t  th e  g ra f t in g  (N ic k e l l  1956).
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The g ro w th  v a lu e  w as calcu la ted  b o th  for th e  fresh  an d  d ry  weights of th e  tissues.
4. C onten ts o f d ry  m ate ria l of th e  tissues in per cen t.
5. G row th  speed of th e  tissues viz., the daily  g ro w th  of th e  fresh  w eight of th e  tissu es 

(M a r o t i 1976). In  th e  ex am in a tio n s  re la tin g  to th e  g ro w th  d y nam ics of the  tissues th is  v a lu e  
was calcu la ted  every  w eek. In  th e  experim ents p e rfo rm ed  w ith  th e  app lication  of m a te ria ls  
s tim u la tin g  th e  g ro w th , th e  end-w eight of the  callus w as used  for th e  calculations. R u b b in g  
p rep ara tio n s were m ade fo r m icroscopic ex am inations. T he a lka lo ids were ind ica ted  b y  h is to - 
chem ically  m odified  D rag en dorff-reagen t (V e r z á r - P e t r i  1973).

E xp erim en ta l resu lts and th eir  a ssessm en t

G row ing in  dark , th e  callus tissues produced  from  th e  flow er (ovary  and p e ta l)  o f 
D atura innoxia  Mill. — sim ilarly  to th e  callus tissues o f ro o t an d  leaf origins produced  in  o u r 
in s titu te  — are hom ogeneous cu ltu res consisting  o f loose, p a ren c h y m a to u s  cells o f yellow ish  
colour. T he callus tissu es o f o v a ry  origin are m o rpho log ically  sim ilar to  th e  callus tissu es o f 
pe ta l origin. T here  w ere no signs o f organogenesis in  e ith e r o f th e  cases (Fig. 1). F rom  a  lig h t- 
m icroscopic analysis i t  has  been estab lished  th a t  th e  shape  o f th e  cells varies b o th  in  th e  
ov ary  and p e ta l tissu e  cu ltu res . In  th e  tissues o f o v a ry  orig in  band-like  and ro u n d ish  cell 
form s can generally  be seen (F ig . 2) while the  ro u n d ish  cell fo rm  is dom inating  in cu ltu res  o f 
pe ta l origin.

D uring  h is tochem ical ex am in atio n s th e  p resence of c ry s ta ls , w hich gave p o sitiv e  
alkalo id  reac tio n  to  th e  effec t o f D ragendorff-reagen t, w as o bserved  in th e  ind iv idual id io b lasts .

T he s ta n d  of th e  tis su e  cu ltu res of ovary  and  p e ta l orig ins grow n in  light becam e m ore 
solid b u t  th ere  were no signs of organogenesis even th e n , in  c o n tra ry  to  th e  cu ltu res o f le a f  
origin in w hich e x trem e ly  m an y  trach eae  were fo rm ed  due  to  lig h ting . I t  m u st be m en tio n ed  
th a t  in  th e  cu ltu res  o f p e ta l  orig in  s ta r tin g  from  th e  th ird  w eek of th e  grow th  season s te a d ily  
in tensify ing  green sp o ts  cou ld  be observed due to  th e  lig h tin g , referring  to  chlorophyll fo rm a ­
tion . In  such  tissues th e  presence of ch lorop lasts c an  d e fin ite ly  be established b y  lig h t-  
m icroscope.

Before th o ro u g h  chem ica l ex am inations th e  effec ts o f th e  co n cen tra tio n  of th e  g ro w th  
con tro llers on  th e  g ro w th  of th e  tissues were exam in ed . O ur a im  was to choose a c u ltu re  
m edium  of o p tim u m  h o rm o n al concen tra tion .

Fig. 2. Cells of va rio u s sh ap e  of th e  callus tissue of o v a ry  orig in  (obj.: X 8; p ro j.: Х б .З)
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T a b le  1

The effect o f  growth regulators — kine lin  and 2.4-D  —  on the growth o f callus tissues o f  ovary origin
o f  D atura innoxia

Serial 
number of 

experi­
mental 

variants

Concentration, 
mg/1 Fresh-weight 

of callus, 
g/culture

Drv-weight 
of callus, 

mg/culture

Contents 
of dry

Growth value, GV 
relating to Growth

rate,
mg/daykinetin 2,4-D

material,
0//0 fresh- 

weight
dry-

weight

l 0 l 1.8237 ±  0.1467 84.5905 4.6384 11.6910 18.6452 40.0000

2 0.2 l 2.4045 ±  0.2429 107.5436 4.4726 15.7328 23.9759 53.8286

3 0.5 l 2 .4 9 2 0  ±  0.2971 110 .4853 4.4336 16.3417 24.6590 55.9119

4 1 l 3 .2462  ±  1.2366 121 .5669 3.7449 21.5901 27.2326 73.8690

5 2 l 2.9388 ±  0.7712 103 .6779 3.5279 19.4509 23.0781 66.5500

6 5 l 0.6079 ±  0.2741 33 .4460 5.5019 3.2303 6.7675 11.0524

7 10 l 0 .2979 ±  0.0674 16.5906 5.5692 1.0731 2.8529 3.6714

8 1 0 0.9005 ±  0.3859 59.2682 6.5817 5.2665 12.7644 18.0190

9 1 0.2 1.9216 ±  0.3746 84.5965 4.4024 12.3716 18.6466 42.3286

10 1 0.5 3.2913 ±  0.4920 123.6475 3.7568 21.9040 27.7158 74.9429
11 1 1 3.2462 ±  1.2366 121.5669 3.7449 21.5901 27.2326 73.8690

12 1 2 3.0126 ±  1.2283 114 .4908 3.8004 19.9645 25.5893 68.3071

13 1 5 0 .3494 ±  0.1868 19.3749 5.5452 1.4324 3.4996 4.8976

14 1 10 0.1508 ±  0.0444 8.6862 5.7601 0.4941 1.0173 0.1690

T a b le  2

The effecl o f  growth regulators —  kinetin  and 2 ,4-D  —  on 
o f  D atura innoxio

the growth o f callus tissue o f  petal origin
i

Serial 
number of 

experi­
mental 

variants

Concentration,
mg/l Fresh-weight 

of callus, 
g/culture

Dry-weight 
of callus, 

mg/culture

Contents 
of dry

Growth value, GV 
relating to Growth

kinetin Í2,4-D
material,0//о fresh- 

weight
dry-

weight
mg/day

l 0 1 4.6192 ±  0.3352 167 .8894 3.6346 30.6600 28.7718 106.5071

2 0.2 1 4.5034 ±  0.3769 159 .9112 3.5509 29.8663 27.3571 103.7500

3 0.5 1 3.6875 ±  0.4314 135.6115 3.6776 24.2742 23.0480 84.3238

4 1 1 4.5192 ±  0.4406 149.5042 3.3082 29.9746 25.5116 104.1262

5 2 1 4.6048 ±  0.4829 148.5554 3.2261 30.5613 25.3433 106.1643

6 5 1 0.9993 ±  0.1536 48 .1223 4.8156 5.8492 7.5335 20.3190

7 10 1 0.4500 ±  0.0105 25.2697 5.6155 2.0843 3.4811 7.2405

8 1 0 1.7818 ±  0.5895 105.9868 5.9483 11.2125 17.7946 38.9500

9 1 0.2 2.2766 ±  0.7078 121.7548 5.3481 14.6038 20.5908 50.7309

10 1 0.5 2.3581 ±  1.6408 102.9499 4.3658 15.1624 17.2561 52.6714

11 1 1 4.5192 ±  0.4406 149.5042 3.3082 29.9746 25.5116 104.1262

12 1 2 3.3435 ±  0.9109 116.1799 3.4748 21.9164 19.6022 76.1333

13 1 5 0 .3154 ±  0.0526 16.2614 5.1558 1.1618 1.8836 4.0357

14 1 10 0 .1174 ±  0.0000 7 .3846 6.2901 0.0000 0.3095 0.0000
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T ab les 1 and  2 show th e  g ro w th  re su lts  o f th e  callus tissues o f o v a ry  an d  p e ta l o rig ins 
grow n in  d a rk  in th e  basic m edium  w ith  various aux in  and  k in e tin  co n cen tra tio n s . T here  
were no signs o f organogenesis in  e ith e r  o f  th e  experim en ta l v a r ia n ts  (F igs 3, 6). T h e  ovary 
callus tissues grew  m ost in tensive ly  w ith  th e  following po rtio n in g : 1 mg/1 of k in e tin  an d  1 mg/1 
of 2,4-D (ra tio  1 : 1) or 1 mg/1 of k in e tin  and  0.5 mg/1 of 2,4-D , respec tive ly  (ra tio  1 : 0.5). 
T he g ro w th  is re la tiv e ly  in tensive  ev en  w ith  1 mg/1 of k in e tin  an d  2 mg/1 of 2,4-D or 2 mg/1 
of k in e tin  a n d  1 mg/1 of 2,4-D (F ig . 4). A pp ly ing  a larger a m o u n t o f k in e tin  an d  2,4-D  con­
cen tra tio n , th e  cu ltu res  grew a lit t le  or n o t a t  all. In  cases like these  th e  tissues becam e m ore 
solid and  th e ir  d ry  m ate ria l co n ten ts  in creased  considerab ly  (F ig . 5).

T he petal callus tissues also in creased  in ten siv e ly  in  a m ed ium  w ith  1 mg/1 o f k in e tin  
and  1 mg/1 of 2,4-D . Increasing  th e  k in e tin  co n cen tra tio n  to  2 mg/1 (w ith  1 mg/1 o f 2,4-D ), 
th e  g row th  v a lu e  of th e  callus tissues show s a sim ilar value  as w hen app ly ing  1 mg/1 of k in e tin  
(Table 2). I t  is in te res tin g , how ever, th a t  grow ing th e  tissue in  a m edium  w ith o u t k in e tin  
(1 mg/1 of 2 ,4-D ), th e  grow th  va lue  — re la tin g  to  d ry  w eight m ain ly  — exceeds t h a t  o f th e  
tissues g row n in  th e  basic m edium  (1 mg/1 o f k inetin  and 1 mg/1 of 2,4-D ) hav in g  n e arly  th e  
sam e fresh  w eigh t and  daily  g row th  b u t  less co n ten t of d ry  m ate ria l. In  a m edium  w ith o u t

Fig. 3. E ffec t o f g row th  regu la to rs on th e  g row th  of callus tissue of o v a ry  origin of Datura  
ianoxia  (th e  serial n u m b er of the  e x p erim en ta l v a ria n ts  corresponds to  those  given in  T ab le  1)
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F ig . 4. E ffec t of g row th  re g u la to rs  on th e  g row th  of th e  callus tissue of p e ta l origin of D atura  
in n o x ia  (th e  serial n u m b er o f th e  experim en tal v a r ia n ts  corresponds to  those  given in  Table 2)

k in e tin  th e  grow th of c u ltu re s  shows a sim ilar in te n s ity  th ro u g h  m ore g ra ftings. So the  cu l­
tu re s  o f p e ta l origin are sup p o sed  to  have th e ir  ow n c y to k in in  syn thesis, w hich assures th e  de­
v e lo p m en t of th e  tissues.

S im ilarly  to  th e  o v a ry  callus tissues th e  g ro w th  of th e  tissues is s tro n g ly  checked by 
in c reased  con cen tra tio n s o f  k in e tin  (5 and  10 mg/1) w ith  a stab le , i.e. id en tica l co n cen tra tio n  
of 2,4-D  (1 mg/1) and by  in creased  con cen tra tio n s o f 2,4-D  (5 and 10 mg/1) w ith  a stab le  con­
c e n tra tio n  of k in e tin  (1 mg/1).

A dding 1 mg/1 of k in e tin  and  2,4-D, an  in ten siv e  g row th  was experienced  b o th  in  
o v a ry  and  pe ta l callus tissu es, hence we perfo rm ed  th e  ex am in atio n  of g ro w th  dynam ics in  
b asic  m ed ia , in  d a rk  an d  in  lig h t, using  th is co n ce n tra tio n . T he purpose of these  exam inations 
w as to  estab lish  w ith in  how  m an y  weeks th e  tissu es w ould have reach ed  th e ir  m axim um  
w e ig h t (for the  purpose of chem ical exam inations).

In  T ables 3 an d  5 th e  re su lts  are show n w hich  charac te rize  th e  g ro w th  of callus tissues 
o f o v a ry  and  pe ta l orig in  g row n  in  dark. D uring  6 w eeks th e  fresh  and  d ry  w eigh ts of th e  callus 
co n sid erab ly  increased . In  case o f callus cu ltu res o f p e ta l  origin th e  daily  g row th  of th e  fresh  
w e igh t is in tensive  in th e  f i r s t  week b u t m ain ly , in  th e  period  be tw een  th e  second and fo u rth
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w eeks (it increases b y  35 tim es a t  th e  e n d  of th e  period). W ith  re sp ec t to  th e  o v a ry  th e  daily  
g ro w th  was m ost in te n siv e  be tw een  th e  th ird  and fo u rth  w eeks (F igs 5A an d  6A). I t s  g row th  
in te n s ity  is sligh tly  slow er th a n  in  t h a t  o f p e ta ls (th e  tissu es g row  25 tim es th e  size o f th e  
sta rtin g -w e ig h t a t  th e  end  of th e  p e riod ). The d ry  m ate ria l co n te n ts  o f th e  tissues reach  th e  
p e ak  in  th e  period  b e tw een  th e  f i r s t  a n d  second weeks in  b o th  cases. B y  th e  end of th e  g row th  
season th e  w a ter co n te n ts  increase  due  to  th e  g row th  o f th e  cells (en la rg em en t, expansion) 
a n d  so th e  d ry  m a te ria l co n te n t o f th e  tissues g radually  decreases (F igs 5A and  6A).

Table 3

Growth dynam ics o f  callus tissue o f  ovary origin o f  D atura innoxia  grown in dark
in  the basic medium

Contents 
of dry 

material,

Growth value, GY Growth
rate,

Incubation
period
(week)

Fresh-weight of callus, 
g/culture

Dry-weight 
of callus, 

mg/culture
aceording to mg/day 

(based on
% fresh-

weight
dry- 

w eight
of weekly 
growth)

0 0.1817 6.4080 3.5267
l 0.3279 ±  0.0740 17.1256 5.2228 0.8046 2.3225 20.88
2 0.7187 ±  0.0807 37.7051 5.2463 2.9554 6.3152 55.82

3 1.2705 ±  0.2868 61.2622 4.8219 5.9923 10.8856 78.83

4 2.7105 ±  0.2453 105.6010 3.8960 13.9174 19.4879 205.70
5 3.8382 ±  0.1544 135.3618 3.5267 20.1238 25.2619 161.10
6 4.3231 ±  0.5728 136.1698 3.1498 22.7925 25.4185 69.27

Table 4

Growth dynamics o f  the callus tissue o f  ovary origin o f  D atura innoxia  grown in  light
in  the basic medium

Incubation
period
(week)

Fresh-weight of callus, 
g/culture

Dry-weight 
of callus, 

mg/culture

Growth value, GV Growth 
rate, 

mg/day 
(based on 

rate
of weekly 
growth)

of dry 
material, according to

% fresh-
weight

dry-
weight

0 0.2609 11.6906 4.4809
l 0.4772 ±  0.0554 27.9491 5.8569 0.8290 1.3907 30.90

2 0.6190 ±  0.1028 39.3164 6.3516 1.3725 2.3630 20.25

3 1.0165 ±  0.1882 58.2231 5.7278 2.8961 3.9803 56.78

4 1.9053 ±  0.6406 87.7143 4.6037 5.2695 5.7829 126.97
5* 2.5934 ±  0.7817 116.8430 4.5054 8.9402 8.9946 98.30

6* 2.4045 ±  0.5386 107.8370 4.4848 6.9121 7.3410

* On week 0 th e  fresh  w eight o f th e  callus is 0.3039 g /cu ltu re , its  co n ten ts o f d ry  m ate ria l 
is 4.2542%
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Table 5

Growth dynamics o f the callus tissue o f petal origin o f D atura innoxia  grown in  dark
in the basic medium

Contents 
of dry 

material,

Growth value, GV Growth
rate,

Incubation
period Fresh-weight of callus, 

g/culture
Dry-weight 
of callus, 

mg/culture
according to mg/day 

(based on
/о fresh-

weight
dry-

weight
of weekly 
growth)

0 0.1407 4.4687 3.1761

l 0.4111 ±  0.0763 21.4421 5.2158 1.9205 4.2235 38.62

2 0.7053 ±  0 .0793 37.1537 5.2678 4.0106 8.0510 42.02

3 1.5023 ±  0.2467 67.3977 4.4863 9.6727 15.4188 113.80

4 3.0083 ±  1.6049 105.4740 3.5061 20.3718 24.6946 215.10

5 4.0791 ±  0.4162 129.5563 3.1761 27.9791 30.5614 152.90

6 5.1640 ±  0.3843 150.4531 2.9135 35.6866 35.6521 154.90

Table 6

Growth dynamics o f  the callus tissue o f  petal origin o f  Dat ura innoxia  grown in  light
in the basic medium

Incubation
period
(week)

Fresh-weight of callus, 
g/culture

Dry-weight 
of callus, 

mg/culture

Contents 
of dry 

material,
0//о

Growth value, GV Growth 
rate, 

mg/day 
(based on 

rate
of weekly 
growth)

according to

fresh- 
weight

dry-
weight

0 0.3120 12.0622 3.8661

l 0.3473 ±  0.0042 19.7617 5.6901 0.1131 0.6383 5.04

2 0.4120 ±  0.0657 26.8385 6.5142 0.3205 1.2250 9.24

3 0.6059 ±  0.0970 39.8536 6.5776 0.9419 2.3040 27.70

4 1.3892 ±  0.4919 78.5454 5.6540 3.4525 5.5117 111.90

5 1.9811 ±  0.8654 100.3684 5.0663 5.3496 7.3209 84.55

6 4.1194 ±  0.6515 151.8575 3.6864 12.2032 11.5895 305.47

T he daily grow th of b o th  callus tissues grow n in  basic m edia  in  light, re la te d  to the  
fresh  w eigh t, has two in ten siv e  periods (Tables 4, 6; F igs 5B, 6B). In  case o f cu ltu res  of ovary  
o rig in  th e  lower m axim um  v a lu e  m an ifests its e lf  a lread y  in  th e  f ir s t  w eek w hile th e  higher 
one, in  th e  fourth  week. T he m o st in ten siv e  g row th  period is th a t  be tw een  th e  second and 
fo u r th  weeks. In case o f c u ltu re s  o f p e ta l origin a few w eeks’ sh ift can  be seen in  th e  grow th. 
T h e  low er m axim um  value  m an ifes ts  itse lf on ly  in th e  fo u rth  w eek w hile th e  h ig h er one, in 
th e  s ix th  week. I t  should be m en tio n ed  th a t  th e  g row th  in te n sity  of th e  callus tissues of ovary  
o rig in  is h igher up to th e  f i f th  w eek th a n  th a t  o f th e  cu ltu res o f p e ta l orig in  b u t th e  develop­
m e n t ceases after the  f if th  w eek . T he d ry  m ate ria l co n ten ts  o f th e  tissues grow n in  ligh t hits 
th e  p e ak  in  the  second or second  and  th ird  weeks, respectively .

A d a  Botanica Academiae Scientiarum Hungaricae 28, 1982



GROWTH DYNAMICS IN DATURA INNOXIA CALLUS TISSUES 141

Com paring th e  g row th value of c u ltu re s  (re la tin g  to fresh an d  d ry  w eights) g row n  in 
d a rk  and  ligh t, i t  was established th a t  th e  g ro w th  in te n sity  o f  th e  cu ltu res  o f  b o th  o v a ry  
a n d  p e ta l origins is considerab ly  h igher in  d a rk  th a n  in light.

F o r th e  sake of com pleteness i t  m u s t be  n o ted  th a t  th e  d ry  m a te ria l co n te n ts  o f th e  
callu s tissues o f o v a ry  an d  pe ta l origins g ro w n  in  d a rk  is alm ost id en tica l a t  th e  beg in n in g  of 
th e  g row th  season b u t  la te r  the  p e ta l c u ltu re s  show  lower values, co m pared  to  th e  cu ltu res  
g row n in  ligh t w here th e  d ry  m ate ria l c o n te n ts  o f  th e  callus tissu es o f o v a ry  orig in  show  a 
low er value. C om paring th e  ligh t co n d itio n s, th e  co n ten ts  of d ry  m a te ria l o f th e  callus tissues 
o f b o th  ov ary  and  p e ta l origins is low er in  d a rk  th a n  in  light.

In  our in s titu te  observations p a ra lle l to  th e  ex am inations o f callus tissue of flow er 
orig in  o f D a tu ra  in n o x ia  were carried  o u t also  fo r  th e  ro o t and lea f  callus tissues o f th e  p la n t

Fresh-weight of the 
culture

. Contents of dry-mater ia l 
á---- л  in •/.

▲----A GV in dry-weight

Daily qrowth of fresh- 
* * weight

o — o Fresh-weight (g)

л___* Contents of dry-materia l
û û in %

A— A Growth value (GV)

• — •  Growth rate (m g /d ay )

Fig. 5. G row th dynam ics of callus tissue  o f o v a ry  origin of Datura innoxia . — A: g row n  in
d ark ; B : g ro w n  in  ligh t
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Fresh-weight of the 
culture

Contents of dry-mater ia l 
in %

▲— A GV in dry-weight

___ Daily growth of fresh-
weight

Fresh-weight (g)

Contents of dry-materia l 
in %

A-----A Growth value (GV)

• — •  Growth rate (mg/day)

Fig. 6. G row th  dynam ics o f  th e  callus tissue of p e ta l orig in  of D atura innoxia . — A: g row n
in d ark : B: grow n in  lig h t

( D u n g  e t ah, in  press). So we h ad  an o p p o rtu n ity  to  com pare  th e  ex am inations of g ro w th  
dynam ics.

T he daily  g row th  o f th e  cu ltu res o f flow er o rig in  h its  th e  p eak  in  th e  fo u rth  week w hile 
t h a t  o f  th e  cu ltu res o f ro o t a n d  lea f  origins is m o st in ten siv e  in  th e  s ix th  week.

E x am in in g  th e  g ro w th  of th e  tissues of flow er orig in  in  d a rk  an d  lig h t we estab lished  
th a t  — sim ilarly  to  th e  callu s tissues of ro o t and  lea f  o rig ins — th e  g ro w th  value is h igher in  
d a rk  th a n  in  light.

I t  m u st be n o ted  t h a t  H ir a o k a ’s stem  cu ltu res  o f  D atura in n o xia  grew  m ore in ten siv e ly  
in  lig h t (1976).
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Growing callus tissues in m edia  w ith o u t k in e tin , we e s tab lish ed  th a t  th e  cu ltu res  of 
p e ta l origin grew  sligh tly  more in te n siv e ly  in  th is  case th a n  in  th e  basic  m edium  (1 mg/1 of 
k in e tin  and 1 mg/1 of 2,4-D) while in  case o f th e  o th e r th ree  cu ltu res  th e  g row th  was checked .
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EL GÉNERO DIPLASIOLEJEUNEA EN CUBA*

D . M. R e y e s

INSTITUTO DE BOTANICA, ACADEMIA DE CIENCIAS DE CUBA, LA HABANA, CUBA 

(L legado: 20 M arzo 1982)

A fter a h isto rica l accoun t key an d  d e ta iled  descrip tion  of C uban  D iplasiolejeunea  
species are given based  m ostly  on ow n collections. Before th e  A u th o r’s a c tiv ity  on ly  
4 species were know n from  th e  island , w h ich  nu m b er is increased  to  12, in c lud ing  3 
species new  to  science: Diplasiolejeunea p ocsii R eyes, D. grolleana R eyes and  D . bor- 
hid iana  R eyes. A ccording to  our p resen t know ledge, Cuba is one of th e  rich est areas 
in  D ip lasio le jeunea species and  especially  i ts  eas te rn  p a r t, w here  th e  g rea tes t n u m b er 
o f species are co n cen tra ted , m igh t p lay  an  im p o r ta n t role in  th e  ev o lu tion  and  spéc ia­
tio n  of th e  genus. E ach  species are fig u red  an d  d istrib u tio n  m aps are given.

A grad ecim ien tos

Quiero d e ja r co nstanc ia  de g ra ti tu d , en p rim er lugar, al D r. T . PÓCS quien  ha  sido 
gu ia  en  el desarro llo  del trab a jo . Al Dr. A. B o r h id i  po r su apreciable a y u d a  en cu an to  a la 
vegetác ión  y  fitogeografia  de Cuba. Al Dr. R . G r o l l e  (JE )  de la R D  A, y  D r. R . G r a d s t e IN 
(U ) de H o lan d a  por su valiosa  ay u d a  tax o n o m ica . E l a u to r quiere ex p resa r sus ag radecim ien­
tos a los d irectores y  custos de los herbarios siguientes: B P , E G R , F , F H , F I .  G, НАС, J E ,  L, 
M A N C H , N Y , S, Y E N , por h ab er p restado  sus m ate ria les  valiosos respec tivos.

In trod u ction

L a especie que rep ré sen ta  el L ec to tipo  de este  género es D iplasiolejeunea pellucida  
(M eissner) Schiffner =  Jungerm ann ia  pellucida  M eissner.

L a d u p lic idad  en los an figastrio s en las p la n ta s  de este género h a n  hecho que h isto rica- 
m en te  se h a y a n  estu d iad o  sep arad as del resto  de las lejeuneas, en Synopsis H e p a tica ru m  son 
t r a ta d a s  en im a sección del género L ejeunea, la sección D uplicatae , G o t t s c h e  e t al. (1844-1847).

Sp r u c e  las p lan tea  с о т о  un  subgénero d e n tro  del género Lejeunea, el subgénero  D ip la - 
sio-Lejeuneo  (S p r u c e  1884), el cual es e levado al rango  de género po r S c h if f n e r  [in E n g l e r  
e t P r a n t l : N a t. P flanz. 1/3: 121 (1893)1-

D ebido a  la d iv ersidad  de ca rac te ris tica s  que p resen tan  las especies p e rten ec ien tes  a 
este  género, S c h u s t e r  (1970), lo h a  d iv id ido  en  très  subgéneros: Physolejeunea, A u stro - 
lejeuneopsis, y  Diplasiolejeunea.

Subgénero Physolejeunea. — P la n ta s  con  filid ios p ro fu n d am en te  convexos, m ás о 
m enos un ifo rm es, d is tan te m e n te  d ispuestos d e jan d o  ve r el caulidio; an fig astrio s  re la tiv a m e n te  
peq u en o s y  p u n tiag u d o s; lim bo del filidio con m árgenes llan am en te  adheridos al lóbu lo ; 
lóbu los g randes con el m argen  superior in v o lu to .

* P a rte  del tesis en titu lo : E stu d io  tax o n ô m ico  y fitogeográfico  de la subfam ilia  m as 
im p o rta n te  de las h ep â tica s  epifilas (L ejeuneaceae : Cololejeuneoideae) en  Cuba.
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Subgénero A ustrolejeuneopsis. — P la n ta s  con filid ios p ro fu n d am en te  convexos, d is- 
ta n te m e n te  d isquestos d e jan d o  ve r el cau lid io ; lim bo  del filid io  con m árgenes no in v o lu ta s , 
cu an d o  es ap lan ad o , el co n to rn o  es m ás о m enos en corvado .

Subgénero D iplasiolejeunea. — F ilid ios e s trech a in en te  im b ricad o s , ocu ltando  el c au li­
d io ; células foliares lam in are s , p u n tia g u d a m e n te  d im órficas; an fig a strio s  grandos de segm entos 
redondeados.

T i x i e r  (1978), p a r tie n d o  de especies co lec tad as en  M adagascar, establece las secciones 
sigu ien tes to m an d o  с о т о  e lem entos ca rac te ris tico s del g am e tó fito , fu n d am en ta lm en te  de los 
filid ios у  an figastrio s:

Sección Pellucidae  (nom . illeg., d e n tro  del subgénero  D ip lasio le jeunea  Schuster), ty p u s :  
D . pellucida  (M eissn.) S ch iffn .

Sección Villaum eae , ty p u s : D. v illaum ei S tep h .
Sección U triculatae , ty p u s : D . utriculato  S teph .
Sección Cornutae, ty p u s :  D . cornuta S tep h .
E l m ism o a u to r  (T i x i e r  1982) elevece al ran g o  de especie D . pe llucida  var. m alleifo rm is 

E v an s , y  describe 21 subspecies.
E l género D iplasio lejeunea  es tà  a m p liam en te  d is trib u id o  en las regiones trop icales del 

m u n d o . Se h an  descrito  49 especies, de las cuales se b an  synon im izado  3, y  dos v a ried ad es. 
De las cuales 23 especies y  2 v a riedades e s tá n  p resen tes  en  A m érica T ropical.

E l género D ip lasio lejeu n ea  en Cuba

L a presencia de este  género en C uba fue re p o rta d o  por p rim e ra  vez por M o n t a g n e  
(1842), bajo  el nom bre de Lejeun ia  unidentata  L eh m an n  e t L in denberg . E v a n s  (1912), d a  a 
conocer la presencia en C uba de la D. pellucida  (M eissr.) Schiffn. y  aclara  la id en tid ad  de 
Lejeunea unidentata  r e p o rta d a  por M o n t a g n e  (1842) de C uba con D . rudolphiana  S tep h . 
St e p h a n i  (1916) describe  la  especie D. cobrensis G o tt, ex S tep h ., co lectada  en C uba p o r 
W r ig h t .

E n  1976 с о т о  re su lta d o  de la rev ision  de m ate ria le s  co lectados en  Cuba, se e n c u e n tra n  
n u ev as especies del género  D iplasiolejeunea , e s ta s  son: D. brunnea  S tep h an i, D. jo h n so n ii  
E v an s , las que su m ad as a las an terio res hacen  u n  to ta l  de 6 especies de este género p re ­
sen tes  en Cuba.

A p a r tir  de 1978 se realizan  n um erosas expediciones de co lectas en to d a  Cuba con- 
ju n ta m e n te  con el D r. Pócs en co n trándose  o tra s  especies: D . arm atiloba  S tephan i, D. cavifolia  
S tep h an i, D. galloana Jo v e t-A s t, D. pellucida  v a r . m alleiform is E v an s , y  très  especies, que 
p a recen  ser, nuevas p a ra  la  ciencia, com p le tan d o  de esta  fo rm a u n  to ta l  de 12 especies y  
1 v a rie d ad .

Clave dicotomica para la determináción de especies del género Diplasiolejeunea,
presentes en Cuba

1. P lantas con el margen del filidio formado por células h ia lin as .............. 2
2. Plantas pequenas, formando parches no compactos afelpados, filidios

reniformes, no adheridos al sustrato. Monoicas .................................... 3
3. Plantas corticolas, color verde brillante cuando se colectan, blanqueci- 

nas cuando secas, diente apical maleiforme, àngulo de abertura de los 
segmentos del anfigastrio redondeados ..................... D. armatiloba (1)
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3. Plantas epifilas, color verde olivo cuando se colectan, pardas cuando
secas, diente apical agudo, àngulo de abertura de los segmentos del 
anfigastrio agudo ................................................................D. brunnea (2)

2. Plantas grandes, 17—25 mm de longitud, formando parches compactos 
aplanados, filidios ovados, aplanados, adheridos al sustrato. Dioicas 4
4. Plantas que formán parches con los extremos de las rarnas adheridos

al sustrato, diente posterior inconspicuo, papila hialina distal . . .  5
5. Plantas con filidios 1-2 ocelos basales, diente apical agudo, ápice de

segmentos do anfigastrios terminado en célula a g u d a .......................
...........................................................................................  D. pellucida (7)

5. Plantas con filidios sin ocelo basal, diente apical maleiforme, ápice
de segmentos de anfigastrios terminado en una célula có n ic a ...........
................................................................................  var. malleiformis (8)

4. Plantas que formán parches con ram as en toda su extension adheridas 
al sustrato, carece de ocelo basal, diente apical maleiforme terminado 
en células hialinas, diente posterior conspicuo, papila hialina central, 
ápice de los segmentos agudos terminados 1—2 células hialinas punti-
ag u d a s ......................................................................................... D.pocsii (11)

1. Plantas con cl margen del filídio formado por células no h ia lin a s ........  6
6. Plantas con las ramas secundarias idénticas a la rama principal, filidios

con el margen inferior re v o lu to .................................................................. 7
7. Plantas con filidios con 1—2 ocelos basales diente apical curvado, 

anfigastrios distantes, segmentos del anfigastrio con àpices agudos. 
Dioicas ................................................................................. D. cobrensis (4)

7. Plantas sin ocelos basales, diente apical terminado en dos células hiali­
nas superpuestas, anfigastrios imbricados con el ápice de los segmentos 
redondeados. M onoicas....................................................... D. johnsonii (6)

6. Plantas con filidios y anfigastrios de las ramas secundarias más pequenas 
que en la rama principal, filidios con el margen inferior no revoluto 8
8. Plantas con el diente apical del lóbulo siempre agudo ...................  9

9. Plantas formando parches epifilos о corticolas compactos, célula del
ápice de los segmentos del anfigastrio redondeadas о cónicas nunca
hialinas. M onoicas................................................................................. 10
10. Plantas con rizidios ramificados, anfigastrios imbricados ocul- 

tando el caulicio, ápice de los segmentos de anfigastrios redon- 
deade, diente apical agudo extendido, diente posterior inconspi­
cuo .......................................................................... D. unidentata (10)

10. Plantas con rizidios simples, anfigastrios distantes dejando ver 
el caulidio, ápice de los segmentos del anfigastrio agudos, diente 
apical agudo, muy largo, 10—13 células, oblicuo, diente posterior
conspicuo generalmente curvado .................D. rudolphiana (9)

9. Plantas formando parches no compactos, anfigastrios con el ápice
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de los segmentos agudos terminados en 1—2 células hialinas. Dioicas
............................................................................................. D. galloana (5)

8. Plantas con el diente apical del lóbulo m ale ifo rm e........................  11
11. Plantas poco robustas, pequenas 9—12 mm de longitud, rizidios 

simples, ocelos 5—7 por filidio. Ápice de los segmentos del anfi-
gastrio agudo. Monoicas .............................................D. cavifolia (3)

11. Plantas robustas, grandes, 14—25 mm de longitud, ocelos ausen-
t e s ..........................................................................................................  12
12. Anfigastrios contiguos, bifidos 1/3—1/2 de su longitud, ápices de 

los segmentos redondeados. Rizidios ramificados. Células centra­
les del limbo 20—25 pm, diente posterior del lobulo conspicuo,
2—4 células de alto ...............................................D. grolleana (12)

12. Anfigastrios distantes, b.fidos 2/3—3/4 de su longitud, ápices de 
los segmentos agudo. Rizidios simples. Células centrales del 
lobulo 11—15 pm, diente posterior del limbo oculto por involu- 
ción del margen l ib r e ........................................ D. borhidiana (13)

D escripcion  de las esp ecies Cubanas del género D ip lasio lejcu n ea

1. D ip lasio lejeu n ea  arm atilob a  Stephani, Hedwigia 35: 80 (1896)

T ip o :?
P la n ta s  poco ro b u sta s , p e q u en a s  12-17 m m  de lo n g itu d , 1.5 m m  de ancho to ta l  de la 

ra m a  principal. Color verde  b r illa n te  cu an d o  se colectan , b lan q u ecin as cuando  secas. Corti- 
co las о epifilas, fo rm ando  p arch es co m p acto s, deprim idos. R am ificaciones irregu läres, sim ples, 
r a m a  secundaria  id én tica  a la  r a m a  p rin c ip a l. R izidios sim ples, caedizos, poco num erosos, 
a la rg ad o s 32-40 /tm  de lo n g itu d , 5—7 [im  de ancho , color p a rd o , tra n sp a re n te s , fo rm ando  
fascicu lo  sobre p a ran fig as tr io . C aulidio poco ro b u sto  75-82 ^ m  de ancho , sinuoso; an a tó m ia  
in te rn a  fo rm ad a  p o r 7 célu las co rtica les  y  3 célu las m edulares con espesam ien tos in te rm ed io s 
en  la  m em b ran a . F ilídios ovado-oblongos, a p la n ad o s , о ren iform es, inserción  tran sv e rsa l, base 
de  inserción  m uy  breve 9-12 /fm, in cu m b e n te s , im b ricados hacia  la cara  dorsa l, m argen  hialino  
fo rrnado  de 2—5 e stra to s  celu lares; àp ice del lim bo red o n d ead o , m arg en  superio r cóncavo, 
m arg en  inferior convexo hacia  la  qu illa , célu las del borde no h ialino  13—15 X 13-15 /tm ; células 
c en tra le s  ligeram en te  m ás g ran d es que las de b o rd e ; células basales g randes y  a la rg ad as 20 - 
25 x47 -52  /im , con trigonos y  esp esam ien to s in te rm ed io s; ocelos p resen tes  10-15 p or filíd ios, 
d ispersos, 8-11 x22-25  /пт. L óbulo  g ran d e  con reláción  al tam a n o  del filid io , h in flad o , el 
m arg en  libre in v o lu to  en  p a r te , la  p a r te  no in v o lu ta  ex ten d id a  y  ad h erid a  al lim bo del filidio 
lo que  form a un  pliegue desde la base  del lóbulo  h a s ta  la  m itad  de su lo n g itu d ; quilla  a rq u ea d a . 
D ie n te  apical g enera lm en te  m ale ifo rm e, ra ra s  veces agudo, 3-4 células de a lto , cu an d o  el 
d ien te  ap ical es m aleiform e el ápice e s tà  fo rrnado  por dos células c u ad ra d as , о por 3-4 células, 
en  este  caso, las dos células de los ex trem o s son agudas h ia linas, cuando  el d ien te  es agudo  el 
áp ice  e s tá  forrnado po r u n a  célu la  c u ad ra d a  о cónica. D iente p o ste rio r forrnado por 1-2 células, 
inconsp icuo , a veces ocu lto . P a p ila  h ia lin a  no observada . A n figastrio s pequenos con re láción  
a l tam a n o  de los filíd ios, ápice de los segm entos redondeado  о lig e ram en te  agudo forrnado  por 
v a r ia s  células о po r u n a  célula cón ica; 10-12 células en la  base de cada  segm ento , base  de 
in serción  red o n d a , ángulo de a b e r tu ra  de los segm entos red o n d ead o ; se d iferencia  de D. brun-
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F ig . 1. D iplasiolejeunea armatiloba S te p h an i — A. Porción  de la  p la n ta  cara  ven tra l. B. F ilidio. 
C. Células del bo rd e  del filidio. D. Células del cen tro  del filid io . E . L óbulo, diente ap ica

F . A nfigastrio
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n e a  S te p h an i en que el tam a n o  de los an fig a strio s  es diferente, y  el âp ice  de los segm entos, que 
alli, son agudos. P la n ta s  m onoicas. Según St e p h a n i (1916), el p e ria n to  crece en  u n a  in n o v á ­
c ión  la te ra l ;  de tam an o  g ran d e  1.83 m m  de a lto , y  0.90 m m  de ancho , âp ice  red o n d ead o , bordes 
lisos, b rá c tea s  pequenas lanceo ladas con lóbulos g ran d es 1/3 del tam a n o  de la  b rá c tea ; b rác teo la  
p e q u en a , ovada, b ifida  1/2 de su lo n g itu d  to ta l ,  âp ice  de los segm entos ag udos, àngulo de aber- 
tu r a  de los segm entos o b tu so . In flo rescencia  fo rm ad a  por 4-5  p ares de b rá c tea s , an terid io r 
sésiles.

H a b ita t .  — C ortícolas, ram ícolas о ep ifilas , crecen en vegetác ión  de p lu v is ilv a  m o n ta  a. 
H a  sido  co lectada sobre ra m ita s  hacia  la p a r te  m ás p róx im a a la base del peciolo de las ho jas, 
en  las ra m a s  inferiores de la  p la n ta  que sirve  de su s tra to , vegetáción  p lu v is ilv a  m o n tan a , clim a 
e s tac io n a l hûm edo, 1100 m  en L a G ran P ied ra .

M a te r ia l  re v isa d o . — CUBA: P ro v in c ia  S an tiag o  de Cuba, G ra n  P ie d ra , 1100 m , col. 
R e y e s  2713 (НАС). — D O M IN IC A : H ep aticae  dom inicensis E llio ttin ae  1649, 16492, 16541 (G). 
1074/24 (S). Le M ont R ougé, sin col. (S). — M E X IC O : Chiapas, col. S h a r p  s/n  (F).

D is tr ib u c iô n .  — C uba, G uadalupe, D o m in ica , Mexico, E cu ad o r

A c t a  B o t a n i c a  A c a d e m i a e  S c i e n t i a r u m  H u n g a r i c a e  2 8 ,  1 9 8 2

Fig. 2. D iplasiolejeunea armatiloba. D is tr ib u tio n
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2. D ip lasio lejeu n ea  brunnea Stephani, Spec. Hepat. Y: 922 (1916)

T ip o : G uatem ala , C o b á n , col. T ü r k h e im  s /n , ex  h b  L e v ie r  (G).
P lan ta s  p e q u en a s  8-16 m m  de lo n g itu d , 1.5-2 m m  de ancho  to ta l  de la ra m a  p rincipal. 

Color verde b rillan te  a  verde  olivo cu an d o  se colectan , b lan q u ecin as a p a rd as  cuando  secas, 
a  lo que deben su n o m b re . R am ificaciones irregu läres, ram as secun d arias  d ife ren tes  en  lo n g itu d  
de la  ra m a  p rin c ip a l, ancho  to ta l id é n tic a  la ram a  p rincipal. R izidios tra n sp a re n te s , color 
p a rd o  claro, 32—77 fim  de longitud , 8—12 ^/m de ancho, num erosos, creciendo sobre paran fi- 
g a strio . Caulidio poco ro b u sto  75-87 /(m  de ancho, en u n  co rte  tran sv ersa l aparecen  7 células 
co rtica les y  3 células m ed u la res con espesarn ien tos en la m em b ran a , células cortica les 7-19  X 16 
fin î, células m ed u la res 3 -1 0 x 1 0  fim . F ilíd io s ovados-oblongos, ren ifo rm es; inserción  tr a n s ­
v e rsa , base de in se rc ió n  m u y  co rta , in cu m b e n te s , sep a rad am en te  im b ricad as hacia  la cara 
d o rsa l: lim bo del filíd io  de m argen lisa  a lg u n as veces fo rm ados po r 2 -8  e s tra to s  de células 
h ia lin as , las células del bo rd e  no h ialino , casi cu ad rad as 10-15 X 10-12 ^m , con escasos trigonos 
y  espesarnientos in te rm ed io s ; células c e n tra le s  m ás grandes 1 7 x 1 5 —17 fim  con pocos trigonos 
y  engrosam ien tos in te rm ed io s; células c en tra le s  parec idas a las del bo rd e ; célu las basales 
g ran d es y  a la rg ad as 27-35  X 12-20 ^ m , con trigonos y  espesarn ien tos in te rm ed io s. Ocelos 
12-20 po r filídios, d ispersos por el lim bo . O leocuerpos de las células v e g e ta tiv a s  pequeiios y  
num erosos, fusiform es, con la  superficie g lobulosa  debido a que e s tán  fo rm ados po r pequeiios 
g lóbulos; los o leocuerpos de los ocelos so n  grandes y  poco num erosos, pero  igual en  form a. 
L óbulo  grande con re lác ió n  al tam an o  del filíd io , h in flad o , a rq u ead o ; qu illa  m u y  a rq u ead a . 
D ien te  apical agudo fo rm ad o  por 3-5  cé lu las  de a lto , y  2 -3  célu las en la base; àpice del d ien te  
ap ical form ado  po r 1 -2  células agudas. D ie n te  p o sterio r conspicuo, fo rm ado  p or 2 -3  células 
de a lto , base fo rm ad a  p o r 1-2 células, r a ra s  veces oculto  p o r involución del m arg en  libre del 
lóbu lo . P ap ila  h ia lin a  no observada. A n fig astrio s  pequeiios con re láción  al tam a n o  de los 
filíd ios, situados se p a ra d a m e n te  en el cau lid io , dejando  ve r p a r te  de éste , son b ífidos 3/4 de 
su lo n g itu d  to ta l 6 -8  célu las en la base de los segm entos, a b e r tu ra  del ángulo de los segm entes 
ag udo , ápice de los seg m en to s agudos, fo rm ad o  por 1-2 célu las p u n tiag u d as , m arg en  liso, base 
de inserción red o n d a . P la n ta s  dioicas. In flo rescen cia  fem en ina  creciendo en u n a  pequeiia  
in n o v ác ió n  de u n a  ra rn a  secundaria, b rá c te a s  y  b rácteo las p a rec idas a filíd ios y  an fig astrio s  
pero  m ás estrechos; p e r ia n to  ovado-oblongo , ápice red o n d ead o  1—2 m m  de a lto , 0.7—0.8 m m  
de an ch o ; arquegonio p eduncu lado . In flo rescen cia  m ascu lina  ocupando  u n a  ra in a  secundaria , 
in te rc a la r  о te rm in a l, fo rm ad o  por 3 -4  p a re s  de b rác teas, b rá c tea s  y  b rácteo las au n q u e  p a rec i­
d as a filíd ios y  a n fig a s trio s , bien d ife renciab le  de éstos por ser m ás pequenos y  de lóbulos m uy 
g ran d es. P resen tan  e s ta s  p lan ta s  num erosos p ropágulos disciform es, situ ad o s de fo rm a in- 
d isc rim in ad a  sobre la c a ra  dorsal del lim b o  del filidio, los filíd ios que llevan  p ropágulos son 
id én tica s  a los que no los llevan ; los p ro p ág u lo s  e s tán  fo rm ados po r 28 células h ac ia  el lado 
izq u ie rd o , y  27 célu las h ac ia  el lado d e rech o , con 4 p royecciones celulares, el tam a n o  de los 
p ropágulos es v a riab le .

Habitat. — Son p la n ta s  epifilas, c recen  form ando parch es dispersos hacia  la p a r te  apical 
y  c en tra l del lim bo de las ho jas , y  e sp ecia lm en te  ho jas de palrnas, cuando  crecen en lugares 
m u y  húm edos y som bríos cubren  casi la  to ta lid a d  del lim bo ; h a n  sido co lectadas tam b ién  
sobre  h o jarazca , v iv en  en  vegetáción  de p lu v is ilv a  de m o n ta n a , p luv isilva  su b m o n tan a  y 
bosque nublado a d ife ren te s  a ltitudes.

M aterial revisado. — CUBA: P ro v in c ia  G ranm a, su b id a  L om a A lbear 1300-1400 m, 
col. P ó cs  9066/DB, DC (Н А С , EG R ). P ro v in c ia  Santiago de C uba, L a  G ran P ied ra , 1100 m, 
col. R e y e s  s/n (Н А С , E G R ). P rov incia  H o lg u in , cam ino de M oa hacia  L a M elba, col. B is s e  
15457/a (JE ). Col. B o r h i d i  5961 (JE ). D os K m s N  de L a  M elba, cerca Dos C om adres, col. 
P ó c s  у  R e y e s  9170/D N , CM, CN (Н А С , E G R ). P rov inc ia  G u an tán am o , M onte V erde, col. 
W r ig h t  s/n (FN ). N o rte  de G u an tán am o , C upeyal, col. S c h u b e r t . — JA M A IC A : D elphin  
H e ad  a n d  v icin ity , ep ifilo , col. B r it t o n  2308 (JE ). — T R IN ID A D : V alencia, Toco R oad ,

Acta Botanica Academiae Scientiarum Hungaricae 28, 1982



152 D. M. REYES

F ig . 3. Diplasiolejeunea brunnea  S tep h an i — A. Porción  de la p la n ta  сага v e n tra l. B. Filidio. 
C. Células del borde del filid io . D. Células del cen tro  y de la base del filidio. E . O leocuerpos. 
F . L óbulo . G. A nfigastrio . H . A n a tó m ia  del caulidio. I. Inflorescencias fem en ina  y  m asculina
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col. B r it t o n  1838, 1846, 1847 (F H ). — G U A TEM A LA : Sin lo ca lid ad , col. T ü r c k h e im  5826, 
ex  h b . L e v ie r  (G). L ag u n a  S ap a lá , A lta  V erap az , col. St e y e r m a r k  44935 (F ). — H O N D U R A S: 
S in loca lidad , sobre h o jas de  p ip er, col. St a n d l e y  18594 (F H ). — COSTA R IC A : San D om ingo 
de Golfo Dulce, col. P o t t ie r  15603 (NY) V alle R io  Luis, col. T o n d u z  15566, 15569, 6229 (F H ). 
— V E N E Z U E L A : L a  G u a ira , sin col. 1074/14 (S). — E C U A D O R : S an tiago  Zam ora, col. 
M é n d e z  1074/2 (S). P ro v in c ia  Los R íos H acien d a  C lem entina, sin  co lec to r 1074/3 (S). Z am ora 
C hinch ipe, sin colector 1074/6, 9, 10, 11 (S). P ro v in c ia  Ñ apo P a s ta z a , sin  co lecto r 1074/8, 22 (S). 
P ro v in c ia  Esm eraldas s in  co lecto r 1074/7, 12, 13 (S). — P E R U : D e p a rta m e n to  de Ju n in , 
a long  R io  Perene near H a c ie n d a  3 Colonia P e ren e , 600 m , col. K i l l i p  a n d  S m it h  25167 (NY). 
T a ra p o to , sin colector 609 (F H ). — B O L IV IA : S in localidad , col. H o l m e s  s/n (NY). E p ífila , 
col. H e r z o g  4706 (F H ). — B R A Z IL : Sao P ao lo , sin colector 1074/23 (S).

Distribución. — C u b a , Jam aica , T rin id a d , M éxico, G u a tem ala , H o n d u ra s , Costa R ica, 
V enezuela , E cuador, P e ru , B o liv ia , Brazil

3. D ip lasio lejeun ea  ca v ifo lia  Stephani, Bot. Jahrb. Syst. 20: 318 (1895), Spec. 
H epat. 5: 918 (1916)

S y n .: Lejeunea cavifolia  S te p h a n i, B ot. J a h rb .  7: 89 (1886)
Diplasiolejeunea brachyclada  E vans, B ull. T o rrey  B ot. Club 39: 216 (1912)

A cta  Bolanica-AemhmiaeSvienjjiarum Hungaricae 28, 1982

Fig. 4. D iplasiolejeunea brunnea  S tephani. D istrib u c ió n
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F ig . 5. D iplasiolejeunea cavifolia  S te p h an i — A. Porción de la  p la n ta  сага  v e n tra l. B. F ilid io . 
C. Células del borde del filid io . D. Células del cen tro  del filidio. E . Células de la  base del filid io . 

F . Lóbulo. G. D ien te  ap ica’ d ien te  posterio r. H. A nfigastrio . I .  R a m a  au to ica
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Diplasiolejeunea javan ica  S tep h an i, Spec. H ep at. 5: 928 (1916)
D iplasiolejeunea vanden-bergheni G rolle, R ev. B ryol. L ichén . 29: 208 (1969)

T ipo : Sâo T hom é, M t. Caffé, 700 m , col. M ö l l e r  7a (G).
P lan ta s  de m ed iano  tam ano  15—20 m m  de lo n g itu d , 1 .5-2  m m  de ancho  to ta l  de la 

ra m a  principal. E p ífila s  о corticolas. C olor verde  b rillan te  cu an d o  se co lectan , b lan quecinas 
о p a rd as  cuando secas. Cuando son ep ífilas  crecen form ando  parches no co m pactos, dispersos; 
cuando  son cortico las crecen form ando p a rch es  com pactos, num erosos. R am ificaciones irre ­
gu läres d is tan te s , las ra m a s  secondarias d ife ren tes  a la ra m a  p rincipal en  c u an to  a lo n g itu d  
y  tam an o  de los filid ios y  anfigastrios. R izid ios num erosos, 0.1 m m  de lo n g itu d , p a rd o s, 
tran sp a re n te s , sim ples, creciendo en fascicu lo  denso sobre p a ran fig as tr io . C aulidio ro b u sto  
0 .8 -1  mm de ancho , a  veces sinuoso; cé lu las corticales iso d iam é trica s , g ran d es, a la rg ad as 
7 - 2 5 x 1 9  /ш î; célu las m edulares cortas, p eq u en as 3 - 1 9 x 1 3  /tm . F ilid ios ovados, de inserción 
casi tran sv ersa , base  de inserción m u y  c o r ta  0 .9-1 .1  m m , in cu m b en tes , sub im b ricad o s a 
im b ricados hacia la  c a ra  dorsal, m argen  liso , ápice ovado , m arg en  superio r a veces rev o lu to , 
célu las del borde 1 4 -2 0 x 1 7 -2 2  /im , cé lu las cen tra les 1 5 -2 0 x 2 0 -2 7  f im  con escasos trigonos 
y  espesam ientos in te rm ed io s; células b a sa le s  m ás g randes y  a la rg ad as 1 7 -2 2 x 1 8 -2 7  con 
trig o n o s y espesam ien tos in term edios. O celos num erosos 20-28  p o r filid ios, a veces ag rupados, 
1 8 -2 3 x 1 9 -2 6  fin î, m em b ran as sin tr ig o n o s  ni engrosam ien tos in te rm ed io s. L óbulo  grande, 
con reláción al tam a n o  del filídio, h in fla d o , m argen  libre in v o lu te  en p a r te ;  qu illa  fo rm ando  
u n  ángulo agudo con el m argen inferior del lim bo del filid io ; d ien te  ap ical m ale ifo rm e, a  veces 
lig e ram en te  agudo, d isq u esto  ob licu am en te , 4 -6  células de a lto , 2 -3  célu las en la  b ase ; d ien te  
po ste rio r conspícuo, 2 -3  células de a lto , 2 célu las en la base , a veces oculto  p o r la  invo luc ión  
del m argen libre, el d ien te  apical y  el d ien te  p osterio r fo rm án  u n  ángulo  ab ie rto  red o n d ead o , 
típ ico  de esta  especie. P ap ila  hialina c e n tra l  con reláción  a la  base del d ien te  ap ical. A n fi­
g astrio s d is tan tes , d e jan d o  ver pa rte  del cau lid io , bifidos h a s ta  3/4 de su lo n g itu d  to ta l ,  ápice 
de los segm entos te rm in ad o  en 1-2 célu las ap icu ladas, ángulo  de separac ión  de los segm entos 
m u y  ab ie rto ; 7 célu las en  la base de cad a  segm en to , bordes lisos, base  de in serción  al caulidio 
red o n d ead a . P lan ta s  au to icas. In flo rescencia  fem enina o cupando  u n a  p eq u en a  inn o v ác ió n  en 
u n a  ra m a  secun d aria ; b rác teas y b rá c teo la s  m uy  parec idas a  filid ios y  an fig a strio s , pero de 
m en o r tam an o ; p e r ia n to  de bordes lisos, áp ice  redondeado , 1—1.5 m m  de a lto , y  0 .5 -0 .8  m m  
de ancho , arquegonio  sésil. In flo rescencia  m ascu lina  fo rm ad a  p o r 3 -5  p ares de b rá c tea s ; 
b rá c tea s  y  b rácteo las m u y  parecidas a filid io s  y  an figastrio s de m enor tam a n o  y  lóbulos m uy 
g ran d es; an terid ios sésiles.

Habitat. — E p ifilo s, ram icolas о co rtico las, crecen fo rm an d o  parches sobre la  su p e r­
ficie  del lim bo de las h o jas , sobre ram as jó v en e s , о sobre co rteza  de p lan ta s  que v iv en  en  p luv i- 
silvas, lianas a orillas de rios, p luvisilvas m o n ta n a s , p luv isilvas a ltim o n ta n as , о bosques nubla- 
dos, en  tipos de b ioclim as eu term âxérico  e n  la  región de M oa, estac io n a l hûm edo en la  région 
de M oa, tam bién , y  en  la  Sierra M aestra, y  en  clim a eum esaxérico  en  la S ierra  M aestra.

M aterial revisado. — CUBA: P ro v in c ia  San tiago  de C uba, Pico T u rq u in o , S ierra  M aestra  
1700-1750 m , ep ífilas, col. B o r h id i , M u n îz  e t V a z q u ez  5842 (JE ) . E l U vero , S ierra  M aestra  
cam ino  de la costa al S del M anguito 400 -6 0 0  m , col. B is s e  e t L ip p o l d  14479 (JE ) .  P ro v inc ia  
H olgu in , Cuchillas de M oa en pluvisilva l ia n a  del valle R io J a g u a n i 150 m , col. P ó cs  y  R e y e s  
9169/B B  (НАС, E G R ). L a  M elba falda E  de la  S ierra de M oa 800-1000 m , col. B is s e  e t L ip p o l d  
11163/b (JE ) . -  JA M A IC A : Sin lo ca lid ad , col. E v a n s , cortico la , 25505 (F H ). -  P U E R T O  
R IC O : M onte C erro te n e a r A d jun tas 900-1050  m , col. B r it t o n  e t S t e w a r d s o n  5452 (NY ). 
M t. Luquillo  n ear E l Y u n q u e , col. E v a n s  24,127 (NY ). — D O M IN IC A : H ep aticae  D om ini- 
censis E llio ttionae  16521 (G). — M A R T IN IC A : Sin loca lidad , sin  co lector 012021 (G). — 
G U ATEM ALA: A lta  V erap az , supra C obán 1550 m, col. T ü r c k h e im  5074 (F I) . Se T ac tic  D p t 
A lta  V erapaz 500 m , col. S t a n d l e y  7005 (F ) . A lta  V erapaz 350 m , col. T ü r c k h e im  5068b (F I) . 
A lta  V erapaz 1260-1440 m , col. St a n d l e y  69372 (F , NY). Sin loca lidad  sin  co lector 16523, 
16524 (G). — COSTA R IC A : M onte V erde sobre  hojas de n a ra n ja  y  grifus, col. J a m e s  s/n  (F ). 
— V E N E Z U E L A : C aracas prov. 4000 m , col. F u n c k  e t S c h l im  387 (NY ). — S U R IN A M E :
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Sin lo ca lid ad , col. Su r i n g a r  4744 (L). — B R A Z IL : A lto Serra, Säo Paolo  E stac ió n  biológica, 
col. H o e h n e  1002 (JE ) . S a n ta  C a th arin a , col. P a b s t  315/a ( F H ) .  Sin loca lidad , sin colector 
012018 (G).

Distribución. — C uba, Ja m a ic a , P u erto  R ico, D om inica , M artin ica , G u ad alu p e , T rin i­
d a d , M exico, G uatem ala , C osta  R ica , V enezuela, Su rinam e, B razil, E cu ad o r, J a v a ,  S u m a tra , 
F o rm o sa , Säo Thom é, N ig eria , G hana, K enya, T an zan ia , Zaïre, M auritiu s

4. Diplasiolejeunea cobrensis Gottsche ex Stephani, Spec. Hepat. 5: 923 (1916)

T ip o : C uba, E l Cobre, col. W r i g h t  1173 (G);
P la n ta s  de pequeno  ta m a n o , con reláción a o tra s  especies de este  inism o género , 5 m m  

de lo n g itu d . Color pa rd o  oscu ro  cuando  secas. E p ifila s  asoc iada  a o tra s  h ep âticas . R am i- 
ficac io n es irreguläres, ra m a s  secondarias id én ticas  a  la ra m a  p rin c ip a l. C aulidio robu sto , 
ex te n d id o . Filidios ovados-ob longos, inserción  tran sv e rsa l, base  de inserción  m u y  co rta , 
a p re ta d a m e n te  im bricados h a c ia  la cara  dorsal, bordes lig e ram en te  c renu lados, àpice redon- 
d e ad o , m argen inferior re v o lu to , célu las del borde casi c u ad ra d as  y  p eq u en as 1 8 x 1 8  ^m ; 
cé lu las  cen trales lig e ram en te  m ay o res; células basales g ran d es y  a la rg ad as 1 8 x 3 6  //m , con 
tr ig o n o s  grandes y e sp esam ien to s in te rm ed io s; ocelos 13-18 p o r filid io , d ispersos, sin trigonos 
n i espesam ien tos in te rm ed io s; ocelo basal c o n stan te , g rande, 2 7 x 5 4  //m . L óbulo  grande  con 
re lác ió n  al tam ano  del filid io , fusifo rm e, h in flad o , m arg en  lib re  in v o lu to ; qu illa  ligeram ente  
a rq u e a d a , cônica, no p a p ilo sa ; d ien te  apical lig e ram en te  agudo , c la ram en te  cu rvado , 2-3 
cé lu las de alto , sin célu las su p e rp u es tas  en el àpice, 2 -3  célu las en la b ase ; d ien te  posterio r 
inco n sp icu o , oculto. A n fig astrio s  m u y  pequeiios con re láción  al tam an o  de los filidios, pro- 
fu n d a m e n te  bifidos 3/4 de  su  lo n g itu d  to ta l ,  2 células en la base  de cada  segm ento , apice de 
los segm entos term in ad o  en 1 célula red o n d ead a , àngulo  de a b e rtu ra  de los segm entos ligera­
m e n te  aguda, base de in se rció n  re c ta , p a ran fig as trio  m u y  b reve, las células del an figastrio  con 
trig o n o s y  espesam ientos in te rm ed io s  escasos. P la n ta s  dio icas ? In flo rescencia  fem enina ere­
d e n d ő  en innováción la te ra l  de la ra m a  principal, b rá c tea s  y b rác teo la s  m u y  parec id as a los

A c t a  B o ta n ic a - A fc r d e m ia e  S c i e n t i a r u m  H u n g a r i c a e  2 8 ,  1 9 8 2

Fig. 6. D iplasio lejeunea cavifolia  S tep h an i. D istribución
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F ig. 7. D iplasiolejeunea cobrensis G o ttsch e  ex S tephan i — A. P o rc ión  de la p lan ta , v is ta  
v en tra l. B. Filidio. C. Células del bo rd e  del filidio. D. Células del c en tro  del filidio. E . D iente 

ap ica l y  d ien te  poste rio r. F . A nfigastrios. G. P e rian to

fiiid ios y anfigastrio s pero  de m enor tam a n o . P e rian to  a la rgado  1 -2  m m  de a lto , y 0 .5-1 m m  
de ancho, àpice red o n d ead o , no a lado.

Habitat. — E p ifila s  fo rm ando  p arch es d ispersos y  co m prim idos en tre  o tras  hepâticas.

M aterial revisado. — CUBA: P ro v in c ia  de O riente (a c tu a lm e n te  Santiago de Cuba), 
rég ion  del Cobre, col. W r ig h t  16495 (G) (H olo typus).

Distribución. — C uba
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F ig . 8. Diplasiolejeunea galloana  Jo v e t-A st — A. Porción  de la p la n ta , сага  v e n tra l. B. Filidio.
C. C élulas del borde del filid io . D. Células del cen tro  del filidio. E . Célul as de la  base  del filidio.

F . D ien te  ap ical. G. A nfigastrio

Acta Bolanica Academiae Scientiarum Hungaricae 28, 1982



DIPLASIOLEJEUNEA EN CUBA 159

5. D ip lasio lejeu n ea  galloana Jovet-Ast, Rev. Bryol. Lichen. 25: 277 (1956)

Tipo: G uadalupe.
P la n ta s  p e q u eñ a s  con relación a o tra s  especies del género 9 -1 2  m m  de lo n g itu d , 2 m m  

de ancho to ta l  de la  ra m a  principal. Color verde  b rilla n te  cuando  se colectan , b lan q u ec in as  
cuando secas. E p íf ila s  fo rm ando p a rch es  a p lan ad o s , dispersos. R am ificaciones irreg u la re s , 
d is tan te s ; ram as secu n d arias  idén ticas a  la  ra m a  p rin c ip a l. R izid ios num erosos, 0.1 m m  de 
lo n g itu d , tra n s p a re n te s , crecen en fascículo  sobre  p a ran fig as tr io . Caulidio ro b u sto , sinuoso , 
según R ischler (1961), en  u n  corte tran sv e rsa l e s tá  fo rm ado  p o r 7 célu las corticales g ra n d es  y  
a la rg ad as 7 -1 9 x 1 6  /m i, y  por 3 células m ed u la res c o rta s  y  p eq u eñ as 3 -1 6 x 1 1  /íin, o cu p an d o  
la porción  c en tra l, to d a s  con espesam ien tos en la s  m em b ran as . F ilid ios ovados, de in se rc ió n  
tran sv ersa l, base  de  inserción  breve 35-45  /un , in cu m b en te s , im b ric ad a s  a su b im b ricad as p o r 
la cara  dorsal, m a rg e n  liso, ápice red o n d ead o , l ig e ram en te  convexo  en el m argen  in fe r io r ;  
células del borde  casi cu ad rad as , p eq u eñ as 1 0 - 1 5 x 5 - 7  /m i, célu las cen trales lig e ram en te  
m ayores; células b a sa le s  g randes y  a la rg ad as 1 6 -1 8 x 2 1 -2 6  /tm , a  m enudo  trígonos y  e sp esa ­
m ien tos in te rm e d io s ; ocelos poco num erosos 5 -7  p o r filid io , no siem pre  presen tes, d isp e rso s
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1 2 -1 5 x 1 8 -2 2  fim , carecen de  trígonos y  e sp esam ien to s in term edios. L óbulo  de m ed iano  
ta m a n o  con reláción al ta m a n o  del filid io , 0 .4 -0 .5  m m ; qu illa  a rq u ead a  fo rm ando  u n a  línea 
c o n tin u a  con el m argen  in ferio r del filid io , m arg en  lib re  invo lu to ; d ien te  ap ical agudo, te rm i- 
n a d o  en  una  célula cónica о red o n d ead a , ápice del d ien te  apical no agudo , 3 -7  célu las de a lto , 
2—3 célu las en la  b ase ; d ien te  poste rio r consp ícuo , o cu lto  por invo luc ión  del m argen  lib re ; 
p a p ila  h ialina  cen tra l con re láción  a la base  del d ien te  apical. A n fig astrio s pequenos con 
re lác ió n  al tam an o  del filid io , b ifidos 1/2 de su  lo n g itu d  to ta l ,  àngulo de a b e r tu ra  de los segm en- 
to s  red o n d ead o , 6 -7  células en  la  base  de cad a  seg m en to , ápice de los segm entos ap icu lad o , 
te rm in a d o s  en u n a  célula ag u d a  h ia lin a , bo rdes lisos, base  de inserción al cau lid io  red o n d ead a . 
P la n ta s  dioicas. In flo rescencia  fem en ina  ocu p an d o  u n a  innováción  co rta , en  la  ra m a  p rin c ip a l 
о en  u n a  ram a  secundaria , b rá c tea s  y  b rác teo las  p a rec id as  a filidios y  an fig astrio s  pero  m ás 
e s trec h as . Perian to  según J o v e t -A s t  (1956), a la rg ad o  0.6-0 .8  m m  de lo n g itu d , 0 .3 -0 .4  m m  
de an ch o , bordes lisos, ápice redondeado . E sp o ra s 3 5 -5 0  //m .

Habitat. — E pifilo s fo rm an d o  parches poco densos, dispersos, com prim idos, creciendo 
en  to d a  la  superficie del lim bo de ho jas de p la n ta s  que crecen en v eg etác ió n  tip o  bosque 
n u b la d o  en b ioclim a estac io n a l h ûm edo  de la G ran  P ied ra .

M aterial revisado. — CUBA : P ro v inc ia  S a n tiag o  de Cuba, G ran P ied ra  F inca Isab e lica  
1130 m  m onte nub lado , ep ífila , col. P oes, R e y e s  y D u a n y s  9112/BS (Н А С , E G R ). — H O N ­
D U R A S : L ancetilla  V alley n e a r  Tela D p t A tla n tid a  200-600 m, col. S t a n d l e y  56752, 56876 
( J E ) .  — COSTA R IC A : P ro v in c ia  H ered ia  2000 m , col. S t a n d l e y  49709a (JE ) .  — CO LO M B IA : 
C ord ille ras on S ip aruna, D p t S a n tan d e r M t. San  M artin  near C h arta  2300-2500 m , col. 
K i l l i p  s/n (JE ). — E C U A D O R : P ro v inc ia  de P ich in ch e , col. A s p l u n d  s/n (JE ) . P E R U : 
S in localidad , sin colector 1074/15 (S). B R A Z IL : Sin localidad, sin co lector 1074/16 (S).

Distribución. — C uba, G uadalupe , H o n d u ra s , C osta R ica, Colom bia, Su rinam e, G u y an a  
F ra n c e sa , E cuador, Peru , B razil

6. D ip lasio le jeu n ea  jo h n so n ii Evans, Bull, Tnrrey Bot. 39: 603 (1912)

T ip o : Jam aica , C inchona, IV 1903, col. J o h n s o n  14. (Y U ).
P la n ta s  g randes 15-29 m m  de lo n g itu d , 2—2.5 de ancho to ta l  en la ra m a  p rin c ip a l. 

E p íf ila s , ram ícolas о cortíco las. V erde olivo cu an d o  se colectan , p a rd as cu an d o  secas. F o rm a n  
p a rc h e s  ap lanados, co m pactos y  num erosos. R am ificaciones irregu läres, ra m a s  secu n d arias  
id é n tic a s  a la  ra m a  p rincipal. R izid ios num erosos, efim eros, fo rm ando  fasciculo sobre p a ran - 
f ig a s tr io . Caulidio ro b u sto  187 fim  de ancho, fo rm ad o  po r 7 células co rtica les largas y  g ran d es 
17—3 0 x 1 8 -2 0  f im ; células m edu lares co rtas y  p e q u en a s  8 -1 5 x 1 1 -1 3  f im , am bas con e sp esa ­
m ie n to s  en la m em b ran a . F ilid ios o v ad o -o rb icu la res , inserción casi tran sv e rsa l, base  de 
in se rc ió n  m uy b reve; in cu m b en te s , a p re tad a m en te  im bricados hacia  la  c a ra  dorsal, m arg en  
liso , ápice redondeado , m arg en  in ferio r re v o lu to ; célu las del borde 1 7 -2 2 x 1 5 -1 7  //m , con 
escasos trígonos y  espesam ien tos in te rm ed io s; c é lu las cen trales 20-25 x  17—22 //m  con pocos 
tr íg o n o s  y  espesam ientos in te rm ed io s; células b a sa le s  m ás grandes y  a la rg ad as  2 5 -3 0 x 1 7 -2 5  
f im  con  trígonos y  espesam ien tos in te rm ed io s; ocelos 15-25 por filid ios, 27-32 x 3 2 -3 7  ^m , 
m em b ran a s  sin trígonos ni espesam ien tos in te rm ed io s , dispersos. E n  m a te ria l fresco aparecen  
o leocuerpos en las células fo liares y  en los ocelos, de  pequeno  tam an o  en  las células n o rm ales, 
g ra n d e s  en los ocelos, fo rm ad o s po r m asas, a p a re n te m e n te , por superposic ión  de glóbulos 
re d o n d ead o s  y  b rillan tes. L óbulo  grande, h in fla d o ; quilla  a rq u ead a  fo rm an d o  u n a  lin ea  co n ­
t in u a  con el m argen  rev o lu to  del filid io ; d ien te  ap ica l agudo, esparcido  o b lícu am en te , con el 
áp ice  form ado por I 2 célu las cônicas h ia lin as su p e rp u es tas , 3-5 célu las de a lto , 2 -4  célu las 
en  la  base  d iente poste rio r inconsp icuo , fo rm ado  p o r  1 -2  células, a veces es u n a  sim ple c renu la- 
c ión , o tra s  veces reforzado p o r u n a  célula coalescen te , en a lgunas especies, co lectadas en  C uba, 
se o b se rv a  todo el m argen  lib re  ligeram en te  d e n ta d o , por p rolongaciones celu lares; p ap ila  
h ia lin a  cen tra l con reláción  a la  base del d ien te  ap ical, en el e jem plar descrito  por E v an s  (1912),
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F ig. 10. D iplasiolejeunea joh n so n ii E v an s  — A. Porción  de la  p la n ta , c a ra  v e n tra l. B. Filidio.
C. Células borde del filid io . D. Células c en tro  del filidio. E . O leocuerpos. F . D ien te  apical y

d ien te  posterior. G. A nfigastrio . H . In flo rescencia  m ascu lina. I. A n a tó m ia  del caulidio

11 Acta Botanica Academiae Scientiarum Hungaricae 28, 1982



162 D. M. REYES

o cu p a  u n a  posición d is ta l. A nfigastrios im b ricad o s , bífidos 1/2 de su lo n g itu d  to ta l ,  14-20 
célu las en la base de cad a  segm ento ; áng u lo  de  a b e rtu ra  de los segm en tos red o n d ead o ; ápice 
de los segm entos red o n d ead o s, bordes lisos. P la n ta s  au to icas. In flo rescen cia  fem enina según 
E v a n s  (1912), naciendo en  u n a  peq u eñ a  in n o v ac ió n  en la ra m a  p rin c ip a l, 1 -2  inflorescencias 
p o r ra m a ; p erian to  ob longo-ovado  1.1 m m  de larg o , 0.6 m m  de an ch o , lig e ram en to  crenulado 
en  sus bordes, cinco qu illas, ápice con u n  co rto  pico. Inflo rescencia  m ascu lin a  en u n a  pequeña 
in n o v ac ió n  en la ra m a  p rin c ip a l, fo rm ad a  p o r  8 -10  pares de b rác tea s .

Habitat. — E p ífila s , ram ícolas o co rtíco las  es la  especie de este  género , p resen te  en 
C uba, que alcanza m ay o r tam a ñ o  y  que fo rm a  parches m ás co m pactos, g ran d es y  num erosos. 
L as especies epífilas c recen  h ac ia  la  p a r te  in fe r io r  y  el pecíolo de las h o jas ; las especies cortícolas 
m u e s tra n  preferencia p o r  la  co rteza  de P in u s  sp., crecen en v eg etac ió n  de p luv isilva  sub ­
m o n ta n a , p luvisilva m o n ta n a  y  m on te  n u b la d o , siem pre sobre los 700 m  de la t i tu d ;  en  bio- 
c lim a eu term axerico  en  la  región de M oa, h úm edo  tro p ical de la  S ierra  M aestra  y  Gran 
P ie d ra , y  en eum esaxerico  de la Sierra M aestra .

M aterial revisado. — CUBA: P ro v in c ia  de S ancti S p iritu s , SE  de T opes de Collantes 
700 m , epífilos, col. P ó c s  y  B o r h id i  9007/A  (Н А С , E G R ). Pico P o tre rillo  870-970 m , ram íco la ,
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col. P ó cs  y  BoRHiDi 9011/g (НАС, E G R ). P ro v in c ia  de San tiago  de C uba, Pico Suecia Sierra 
M aestra  1700-1750 m , ram ico las, col. B o r h i d i , M u n îz  y V a z q u e z  5841 (НА С, E G R ). Loina 
L a  F ran c ia , Sierra M aestra  800-1000 m , col. B is s e  e t L ip p o l d  14410 (JE ) . La G ran  P ied ra , 
p in are s  de la cim a 1130 m , cortícolas, col. PÓCS y  R e y e s  9048/G (НА С, E G R ) La G ran P ied ra  
1130 m , epífilas, col. P ó c s , R e y e s  y  D u a n y s  9112/CC (Н А С , E G R ). F inca  Isabelica  sobre 
fru ta le s  viejos 1180 m , ram icolas, col. P ó c s ,  R e y e s  y  Ca l u f f  9210/E  (НА С, E G R ). Sierra 
de L a  G ran P iedra, P ico K en tu ck y  1050 m , col. P ócs, R e y e s  y  Ca l u f f  9207/BO (Н А С , E G R ). 
P ro v in c ia  G u an tán am o , R éserva  n a tu ra l C upeyal, ram icola y  cortico la , col. R e y e s  1105 
(Н А С , EG R ). Sin lo ca lid ad , col. H io r a m  11721, 12405 (Н А С , E G R ). -  JA M A IC A : Sin 
lo ca lid ad , sin colector 25505/b (FH ).

Distribución. — C uba, Jam aica

7. D ip lasio lejeu iiea  pellucida (Meissner emend. Evans) Schiffner, in Engler et 
P rantl, Natürl. Pflanzenfam. 1/3: 121 (1893)

S y n .: Jungerm annia  pellucida  M eissner, S p rengel in  L innaeus, S y st. Vég. 16, 42: 325 (1827)
Lejeunea ocellulata N ees e t M ont, in  M o n t., Ann. Sei. N a t. B o t. I I ,  19: 264 (1843)
Lejeunea pellucida  M eissner G ottsche e t  ab , Syn. H ep .: 393 (1845), Spruce, T ran s . Proc.
B o t. Soc. E d in b u rg h  15: 302 (1884)
P la n ta s  de m ed ian o  tam ano  11—15 m m  de longitud , 1.5—2 m m  de ancho en la  ra m a  

p rin c ip a l. Color verde  b rilla n te  cuando se co lec tan , am arillen tas о lig e ram en te  p a rd as  cuando  
secas. F o rm a  parches no  com pactos, a fe lp ad o s , el ex trem o de las ra m a s  adheridos al su s tra to . 
R am ificació n  regu lar, d is ta n te ;  ram as secu n d arias  idén ticas a la  ra m a  principal. R izidios 
num erosos, 120 /m i de lo n g itu d , finos 2 -5  /um  de ancho, incoloros, tra n sp a re n te s , fo rm ando  
fasciculo  sobre p a ran fig as tr io . Caulidio ro b u s to  83-87 p m  de ancho , fo rm ado  p or 7 células 
co rtica les grandes y  a la rg ad a s  7 -1 6 x 1 1  /m î, 3 células m edu lares co rtas  y  p eq u en as 3—14 X 
9-11  //m , am bas con espesam ien tos en la  m em b ran a . F ilidios ovados, inserción  tran sv ersa l, 
base  de inserción m u y  c o rta  30-45 //m , in cu m b e n te s , d is tan te m e n te  im b ricad as h ac ia  la  cara  
d o rsa l, m argen fo rm ado  p o r células h ia lin as , m argen  inferior y  superio r con 2 -4  e s tra to s  de 
cé lu las h ialinas, àpice 6 -8  estra to s  celu lares h ialinos; células del borde  casi cu ad rad as  5 -8  X 
4 -6  p m  con escasos tr ig o n o s  y  en g rosam ien tos en la m em b ran a ; célu las cen tra les ligeram en te  
m ay o res que las del b o rd e ; células basa les g ran d es y  a la rg ad as 1 3 - 1 8 x 6 - 7  p m  con trigonos 
y  espesam ien tos en la s  m em branas. Ocelos 16-20  por filidio, d ispersos 1 0 -1 5 x 8 -1 0  //m, sin 
tr ig o n o s  ni denticiones in te rm ed ias , en ocasiones agrupados. L óbulo  g ran d e, h in flad o ; quilla  
a rq u ea d a , d iente ap ical agudo , o b licu am en te  esparcido , 3-5 célu las de a lto , 2 -3  células en la  
b ase : d ien te  posterio r inconsp ícuo , 1-2 cé lu las  de a lto , a veces ocu lto  p o r involución del m argen 
lib re , p ap ila  h ialina  d is ta l  con reláción a la  base del d ien te  ap ical. A n figastrio s d is tan te s , 
d e jan d o  ver en p a rte  el cau lid io , bifidos 3/4 de  su longitud  to ta l ,  àp ice de los segm entos agudo 
te rm in ad o  en 1-2 célu las ap iculadas, 12—15 célu las en la base  de cad a  segm ento , àngulo  de 
a b e r tu ra  de los segm entos red ondeada, m a rg e n  en tero , base de in se rció n  al caulidio red o n d ead a . 
P la n ta s  dioicas. In flo rescencia  fem enina en  u n a  pequena  in n ováción  de la  ra m a  secu n d aria  о 
en  la  ra m a  principal, te rm in a l о in te rc a la r ;  p e ria n to  1-2 m m  de a lto , 0.5 m m  de ancho , de 
bo rd es ligeram ente  c ren u lad o , àpice re d o n d ea d o ; arquegonio sésil. H acia  la cara  dorsal de los 
filid ios m ás viejos ap arecen  num erosos p ro p ág u lo s  disciform es, s itu ad o s  de fo rm a in d iscrim ad a  
en to d a  la  superficie del filid io .

Habitat. — E p ifilo s  crecen fo rm an d o  p arch es dispersos no com pactos, los ex trem o s de 
las ra m a s  adheridos al su s tra to , el resto  a fe lp ad o s , crecen en to d a  la  superficie  del lim bo de 
las h o ja s  que le sirven de su s tra to  que v iv e n  en  vegetáción  de p lu v is ilv a  m o n tan a  en b ioclim a 
estac io n a l hûm edo de la  Sierra M aestra, y  G ran P ied ra; p lu v is ilv a  m o n ta n a  en  bioclim a 
h ip o te rm ax erico  de B a raco a , y  en b osque  n u b lad o  con b ioclim a tip o  eum esaxerico  de la 
S ierra  M aestra.
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F ig . 12. D iplasiolejeunea pellucida  (M eissner) Schiffner — A. Porción  de la p lan ta , сага
v e n tra l.  B. Filidio. C. C élulas del borde del filidio. D . Células del cen tro  del filidio. E . Células

de la  base del filid io . F . L óbulo. G. A nfigastrio
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M aterial revisado. — CUBA: P ro v in c ia  S ancti Sp iritu s , T rin id a d  M t., col. B r it t o n  
5279, 5118 (NY). P ro v in c ia  G ranm a, c res ta  E  pico Palm a M ocha, epífilo , col. PÓCS y D u a n y s  
9081/A H  (НАС, E G R ). P ro v in c ia  S an tiag o  de Cuba, Pico Suecia S ierra  M aestra  1700-1750 m , 
epifilos, col. B o r h id i , M u n îz  y V a z q u e z  5839 (НА С, E G R , J E ) . Paso  de las A ngustias 1700 
m , col. B o r h id i 6300 (E G R ). La G ran  P ied ra  1130 m, epifilos, col. P ó cs , R e y e s  y  D u a n y s  
9012/B B , B R , 9007/S (Н А С , EG R ). P ro v in c ia  G uan tan am o , c im a Y u n q u e  de B aracoa 450- 
540 m , epifilos, col. P ó c s  y  R e y e s  9 0 64 /B F  (Н А С , E G R ). Sin lo ca lid ad  col. A u s t in  20818, 
K 2628, K4386, 20423 (M A NCH), col. W r ig h t  D12020, 16515 (G ); W r ig h t  s/n (NY , F), 
col. W r ig h t  15-29 (Н А С ). — JA M A IC A : C inchona p la n ta tio n  5000 f, col. U n d e r w o o d  
193 (N Y ). C una-Cuna tra i l  above M attis  r iv e r  S t. T hom as 300-350 m , col. M a x o n  and  K il l ip  
161 (F ). Green river v a lley , col. E v a n s  212 (НА С). — SANTO D O M IN G O : L a  cum bre, sin 
co lecto r 1074/18 (ST). — P U E R T O  R IC O : El Y unque, col. B l o n q u is t  12696, col. E v a n s  
127 (N Y ), col. P a g a n  845, 854, 871a (N Y ). — G U A D A L U PE : H ira n d e lla , col. D u ss  497 (NY). 
S in localidad , col. D u m o r t ie r  16511 (G ), sin  colector 16529 (G). — D O M IN IC A : L au d a t, 
col. L lo y d  324/b (N Y ). — M A R T IN IC A : M t. Peleé, col. D u ss  665, 672 (NY ). T rois D iables 
420 m , col. D uss 33, 497, 498 (NY). C alebase, v e rsan t N ord 670 m , col. D u ss  375 (NY ). — 
SA N  V IC E N T E : Sin loca lidad , sin co lector 1074/19 (S). — T R IN ID A D : Toco R oad  V alencia, 
col. B r it t o n , Co k e r , R o w l a n d  757, 1414, 1842, 1838 (NY , F H ). B lanchisseuse R oad  n ear 
102 m ile post col. B r o a d w a y  7876 (N Y ). S in localidad , col. D e n d l e r  s/n (NY ). — G U A TE­
M A LA : D am pine fo res t n ear Cobán D p t A lta  V erapaz 1260-1440 m , col. S t a n d l e y  69372 (F). 
S E  o f T actic  D p t A lta  V erapaz  1500 m , col. St a n d l e y  10005 (F ). — H O N D U R A S: L ance- 
t il la  v a lley  D p t A tla n tid a  n ear Tela 200-600  m , col. St a n d l e y  54812, 54936, 55590, 56749, 
56751, 56752, 56783, 56785, 56802, 56811 (F ). L ancetilla  col. H e r z o g  s/n (JE ) . — COSTA 
R IC A : Santo Dom ingo Golfo Dulce, col. T o n d u z  15602, 15603, 15572, 15597, 15599 (F I), 
col. P o t t ie r  15603 (F I) . T alam an ca  100 m , col. T o n d u z  15882 (F I) . Y erb a  B uena prov incia  
H e red ia , sin colector s/n  (JE ) . N aran jo s agrios p rovincia  G u am ácas te  sin co lector s/n (JE ) . 
C o b ay ra , col. F e r n a n d e z  16502, 16503 (G). Valle R io Luis C obayra , col. F e r n a n d e z  16506 
(G ). — COLOM BIA: D p to  del Valle, col. Cu a t r e c a s a s  s/n (F ). — V E N E Z U E L A : E stad o  
de L a ra  cerca de los lim ites con el E stad o  Y a ru ca y  1450 m, col. St e y e r m a r k , S m it h , E s p in o s a  
s/n  (N Y ). E stado  Y a ru ca y , col. St e y e r m a r k  s/n (F ), 111734, 119475 (V E N ). E stad o  B olivar 
J a u a ,  col. St e y e r m a r k  109519, 119474 (V E N ). — SU R IN A M E : Sin localidad , sin colector 
47445 (L). — B R A Z IL : R io Negro, col. S p r u c e  s/n (NY). S a n th a  C a th a rin a , sin colector 
366 (F I) . Rio de Ja n e iro , sin  colector 422 (F I) . Sin localidad , sin co lector 165110, 16516 (G), 
1047/21 (S). — P E R U : D p to  de L oreto , sin  colector 16514 (G). — B O L IV IA : Sin localidad , 
col. H er z o g  16529 (G ), 4706, 47444 (L). S in  localidad: 16517 (G) (Iso ty p u s).

Fig. 13. D iplasiolejeunea pe llucida  (M eissner) Schiffner. D is tr ib u te rn
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Distribución. — C uba, Ja m a ica , S an to  D om ingo, P u e rto  R ico, G u ad alu p e , D om inica, 
M a rtin ic a , San V icente, T rin id a d , M exico, G u a tem ala , H on d u ras, E l S a lv ad o r, Costa R ica, 
C olom bia , Venezuela, G u y a n a , S urinam e, B razil, P e ru , B olivia,

8. D ip lasio lejeu n ea  p ellu cid a  var. m alleiform is Evans, Bull. Torrey Bot. 39: 
215 (1912)

T ip o : P u e rto  Rico, E l Y u n q u e , col. E v a n s .
L as p lan ta s  p e r te n ec ien te s  a e s ta  v a r ie d ad  g u a rd an  u n a  e strech a  re lác ió n  con la especie 

D . pe llucida  (M eissner) S ch iffn er, de la  cu al n u e s tra  v a ried ad  so lam en te  se d iferencia en que 
fo rm á n  parches to ta lm e n te  ap lan ad o s , sus ra m a s  e s tán  ad h erid as en  to d a  su  lo n g itu d  al sus- 
t r a to ;  carecen de ocelo b a sa l en  los filid ios; el d ien te  ap ical es siem pre m aleifo rm e; el d iente  
p o s te r io r  es conspicuo, n u n c a  ocu lto ; la  p a p ila  h ia lina  en posición  c e n tra l;  el àpice de los 
seg m en to s del an fig astrio  e s tá  fo rm ado  p o r u n a  célula aguda.

M aterial revisado. — CUBA : P ro v in c ia  San tiago  de Cuba, L a G ran  P ied ra , en fru ta les 
v ie jo s F in ca  Isabelica 1130 m , epífilos, col. P o es , R e y e s , D u a n y s  9112/S (Н А С , E G R ). — 
P U E R T O  RICO: E l y u n q u e , col. E v a n s  10 (N Y ) (Iso lecto type). col. E v a n s  120 (N Y ) (Isosyn-

Fig. 14. D iplasio lejeunea pellucida  va r. malleiform is E v an s . D istrib u c iô n
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ty p e ). — G U A D A L U P E : Sin localidad, s in  colector 16530 (G). — M A R T IN IC A : M t. Peleé, 
col. D u ss  665, 672 (N Y ). — H O N D U R A S: Y alle  L ancetilla , ep ífilos 200-600 m . col. S t a n d l e y  
56783, 56802 (НАС).

D istribución. — C uba, Jam aica , P u e r to  Rico, G uadalupe, D om inica, M artin ica , San 
V icen te , México, H o n d u ra s , El Salvador, C olom bia

9. D ip lasio lejeu n ea  rudolphiana Stephani, Hedwigia 35: 79 (1896)

S y n .: Lejeunea un identata  sensu M ontagne, in  R am ón  de la S agra , H is t. Phys. Ile  C uba, B o t.,
PI. Cell.: 478 (1842); non (Lehm , e t  L in d en b .) Mont.

T ip o : B razil, P e tro p o lis  1890, col. R u d o l p h  (G).
P lan ta s  de m ed ian o  tam ano  con re lá c ió n  a o tras  especies 9-13 m m  de lo n g itu d , 2—3 m m  

de an cho  to ta l en la ra m a  principal, C olor v e rd e  b rillan te  о v e rd e  olivo cuando se co lectan , 
p a rd a s  cuando secas. Cortícolas о e p if ila s ; cuando cortícolas fo rm án  parches com pactos 
com prim idos; cuando  ep ifilas  los pa rch es son  dispersos no co m p acto s, com prim idos. R am i- 
ficaciones irregu läres, d is ta n te s ; las ra m a s  secundarias d ifieren  de  la ram a  p rin c ip a l en  su 
lo n g itu d  y  en el ta m a n o  de los filidios y  an fig a stio s . Rizidios escasos, caedizos, co rtos 45—50 
iMm de long itud , fin o s 2-5 / /m de ancho, t ra n s p a re n te s  color p a rd o . F ilidios ovados, inserción  
casi tran sv ersa l, base  de inserción m uy c o r ta  62-72 /tm ; in cu m b e n te s , im bricados h ac ia  la 
ca ra  dorsa l; ápice red o n d ead o , m argen liso , célu las del borde 12—15 X 12-17 /ш ;  célu las c e n tra ­
les 15-22 x22-25 //m ; célu las basales g ra n d e s  y  a largadas 20—25 x27 -42  /ш , con escasos 
tr ig o n o s  y  espesam ien tos in term edios. O celos no  siem pre presen tes, h a s ta  8 por filid ios, escasos, 
d ispersos, 22-25 x 3 2 -3 7  //m , sin trig o n o s n i espesam ientos in te rm ed io s  en la m em b ran a . 
L óbulo  grande con re lác ió n  al tam ano  d e l filid io , hinflado, m arg en  lib re  in v o lu to , quilla  
a rq u e a d a ; d iente ap ical agudo , delgado 8—13 células de alto , 2—3 célu las en la base , oblicua- 
in en te  esparcido hacia  la  base del filidio, fo rm ad o  en casi toda  su lo n g itu d  por 1 -2  célu las de 
an ch o , ápice fo rm ado  p o r  una  célula a p ic u la d a ; d iente posterio r conspicuo, largo y  delgado , 
a m en u d o  inflexo, 5-8 célu las de largo, 2 cé lu las  en la  base, ra ra m e n te  inconspicuo fo rm ad o  
p or u n a  sola célula; P a p ila  hialina a la rg a d a , p irifo rine, s itu ad a  2—3 células por deb ajo  de las 
célu las de la base del d ien te  apical, posic ión  cen tra l. A nfigastrios sub im bricados a im b ricad o s , 
cuando  sub im bricados d e ja n  ver pa rte  del c au lid io ; bifidos 1/2 de su  lo n g itu d  to ta l ,  segm en tos 
cunéiform es, 7-10 célu las en la base de c a d a  segm ento , ápice de los segm entos te rm in ad o s  en 
u n a  célu la  cónica; àng u lo  de abertu ra  de lo s  segm entos lig e ram en te  agudo. P la n ta s  au to icas. 
In flo rescencie  fem en ina  naciendo en u n a  p e q u en a  innováción de  la  ram a  p rincipal о u n a  
ra m a  secundaria, b rá c te a s  aladas a lo la rg o  de la quilla, b rá c teo la s  parecidas a filid ios y 
a n fig a s trio s ; pe rian to  a la rg ad o  2-2.5 m m  d e  a lto , 2 m m  de ancho , bo rd es ligeram en te  c renu la- 
dos p o r proyecciones celu lares, ápice re d o n d e a d o , arquegonio ped u n cu lad o . ïn flo rescen c ia  
m ascu lin a  fo rm ada  p o r 3-5 pares de b rá c te a s .

Habitat. — E s ta  es la especie q u e  t ie n e  m ás am plia d is tr ib u c ió n  en el arch ip ié lago  
cu b an o , epifilas о co rtíco las . Cuando e p ifila s  crecen com únm ente  en  ho jas de c itricos y  café, 
desde la  p a rte  cen tra l h a c ia  el ápice del l im b o  de la hója que le sirv e  de su s tra to ; las co rtíco las 
son frecu en tes  en la  c o rte za  de P inus  sp. C recen  en d iferentes tip o s  de vegetáción  a d ife ren tes  
a lt i tu d e s , en sabanas a ren o sas de la Isla  d e  la  Ju v e n tu d , sem b rad o s de fru ta les , bo sq u es de 
g a lé ria , pluvisilva su b m o n ta n a , en se rp e n tin a s  de Lom a de G a lin d o ; en p luv isilva  m o n ta n a  
b ioclim a tipo  h ip o te rm ex erico  de la S ierra  del E scam b ray ; en p lu v is ilv a  m o n tan a  del m ism o 
tip o  de b ioclim a en M oa; en  bosque s iem p rev erd e  con bioclim a estac io n a l hûm edo tro p ic a l; 
en veg etác ió n  de b o sq u e  nub lado  con b io c lim a  eum esaxerico de  la  S ierra  M aestra; descono- 
ciéndose el tipo  de v eg e tác ió n  de colecta de  la  Peninsula  de G u an acahab ibes .

M aterial revisado. — CUBA: Isla de  la  Ju v e n tu d , La C unagua  orange tree , col. B r it t o n  
14590 (NY ). H otel C olony, sabana a ren o sa , col. B is s e  e t L ip p o l d  12904 (JE ) . C a rre te ra  
Cayo P ied ras en c o rteza  de Ateleia sp ., col. D u a r t e  531 (НА С, E G R ). P rov inc ia  P in a r  del

Acta Botanica Academiae Scientiarum Hungaricae 28, 1982



168 D. M. REYES

F ig . 15. D iplasiolejeunea rudolph iana  S tephan i — A. Porción  de la  p la n ta , сага v en tra l. 
B . F ilid io . C. Células del b o rd e  del filidio. D. Células del centro  del filid io . E . Células de la 
b a se  del filidio. F . D ien te  ap ica l, d ien te  posterio r, p a p ila  h ialina. G. A nfigastrio . H. Apice 

segm ento del a n fig a s tr io . I. Inflorescencia fem en in a . J .  In flo rescencia  m asculina
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R io , G u anahacab ibes L a J a u la ,  L aguna  de L ugones, col. S c h u b e r t . A lturas de p iz a rra  
G u an ito , col. S c h u b e r t . Sierra  del R osario , ep ífila , col. Sa m e k  s/n  ( J E ) .  1154/c (H ), s/n  (P R C ) 
P ro v in c ia  M atanzas, C anasi A ltu ras  de G alindo  200-300 m, sobre  se rp en tin a , col. B is s e  e t 
L ip p o l d  10924 (JE ). P ro v in c ia  S ancti S p iritu s , S ierra  del C aballete  B anao , col. L e ó n  24007 
(F H ). Se Topes de C ollantes en cafeta les y  fru ta le s , al pie N Pico P o tre rillo  700-800 m , col. 
PÓCS e t B o r h id i  9007/T (Н А С , E G R ). P a re d ó n  N  cim a principal P ico  Potrerillo  en frag m en to  
de p lu v is ilv a  m o n tan a  m u y  hú m ed a  con m uchos epífilos, col. P ó c s  e t  B o r h id i 9012/CD 
(Н А С , E G R ). P rov inc ia  S an tiago  de C uba, P ico  Suecia, Sierra M a e stra  1700-1750 m , ra in í-  
colas, col. B o r h id i , M u ñ íz  y  V á z q u e z  5841 ( J E ,  НАС, EG R ). C obre, col. W r ig h t  s/n (F H ). 
L a  G ran  P ied ra  F inca Isab e lica , m on te  n u b lad o  1130 m , epífilos, col. P ó c s , R e y e s  y D u a n y s  
9112 /B P  (Н А С , E G R ). P ro v in c ia  H olguin , C uchillas de Moa, P u n ta  G o rd a  E  de Moa P in a re s  
sobre  ro cas se rpen tinas R io Y ag ru m aje  200 m , cortícolas, col. P ó c s  y  R e y e s  9166/A (Н А С , 
E G R ). M oa hacia  la M elba k m  18, col. L ip p o l d  12198, 12212b, 12213a (JE ) . Provincia G u a n ­
tá n a m o , S ierra del P u ria l 6 k m  al N P u ria les  de Caujerí, cim as sob re  R io Toa 600-650  m , 
bosque siem pre verde, epífilos, col. P ó cs , R e y e s , Ca l u f f  9185/BO. Y a te ra s  cerca L a C larita  
M onte V erde, bosque s iem preverde , epífilos col. P ó cs , Ca l u f f  9181/A D  (НА С, E G R ). M onte  
C risto , col. B is s e  e t L ip p o l d  10129 (JE ), col. S a m e k  s/n (JE ), col. S a m e k  1156 (PR C ). C upeyal 
5 k m  E , col. S c h u b e r t  s/n (PR C ). M onte V erd e, col. W r ig h t  s/n (F H ). Sin localidad , col. 
A u s t in  20817 (M ANCH), col. W r ig h t  k2600 (M A N C H ). H epaticae  cubenses w rig h tian ae  s/n 
(F H ). sin  colector 16539 (G). 1074/28 (S). — BA H A M A S: L ake C u n n ingham , col. B r it t o n  
645a (N Y ). Coppice soldiers R o ad , col. B r it t o n  820 (NY). Rifle R an g e  Coppice, col. B r it t o n  
561a (N Y ). Coppice n ea r C lifton, col. B r it t o n  6633 (NY). — JA M A IC A : Sin localidad , col. 
U n d e r w o o d  30 (NY). — H A IT I: B ay eu x , col. N a s h  165 (NY). — P U E R T O  RIC O : C ayey, 
co rtico la , col. E v a n s  102 (N Y , F I) , s/n  (Н А С , E G R ). — D O M IN IC A : H ep aticae  dom inicen- 
ses E llio ttio n ae  19383 (G). — T R IN ID A D : Sin lo ca lid ad , sin colector 16538 (G). — F L O R ID A : 
T en th o u sa n d  Islands, col. Sw a l l  7553 (NY ). E v erg lad e  Miami, col. S w a l l  5267 (NY). H ills ­
boro , col. K e a t in g  29 (N Y ), col. J o h n s o n  27 (N Y ). H igh lands, col. J o h n s o n  17 (NY). S anfo rd  
col. R a p p  682 (N Y ). — M É X IC O : M otzorongo, col. S m it h  8 (NY ). O ax aca , col. M ic k e l  s/n : 
(F H ). col. U n d e r w o o d  16544 (G). Sin lo ca lid ad , sin colector 16537 (G). — H O N D U R A S 
L an ce tilla , col. St a n d l e y  5536/a, 55354 (F ). col. H e r z o g  s/n (JE ) . D e p a rta m e n to  de C ortés 
R io L in d o , col. M o r t o n  7879 (F ). — PA N A M A : Sin localidad , sin  co lecto r 19385 (G ). — 
C O L O M B IA : P o tu m ay o , col. G u e v a r a  C1074 (F ). — V E N E Z U E L A : M eseta de Ja u a , col.

A c t a  B o t á n i c a  A c a d e m i a e  S c i e n t i a r u m  H u n g a r i c a e  2 8 ,  1 9 8 2

Fig. 16. D iplasiolejeunea rudolphiana  S tephani. D istrib u c ió n
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S t e y e r m a r k  98094, 11947 (G ). 119477, 119478 (V E N ). — S U R IN A M E : S in localidad, sin 
co lec to r 4744/6, 7, 8 (L). — B R A Z IL : Sao Paolo, sin  co lecto r 1074/27 (S).

D istribución. — C uba, B ah am as , Jam aica , H a iti ,  P u e rto  Rico, G u ad alu p e , Dom inica, 
T r in id a d , F lorida, M éxico, H o n d u ra s , P an am a , C olom bia, Venezuela, S u rin am e , G uyana, Brazil

10. D ip lasio lejeu n ea  u n id en tata  (Lehmann et Lindenberg) Schiffner, Bot. 
Jah rb . Syst. 23: 583 (1897)

S y n .: Jungerm ann ia  un identata  L eh m an n  e t L in d en b erg , in  L ehm ann, N ov. Min. Cogn. S tirp .
P ugillus b : 48 (1834)
Lejeunea unidentata  (L eh m an n  et L indenberg ) M ontagne in  R am ó n  de la Sagra, H ist.
P h y s . Ile C uba, B o t., PI. Cell.: 478 (1842), Spruce , T rans. P roc. B o t. Soc. E d inburgh
15: 302 (1884)

T ip o : S t. V incent.
P la n ta s  de m ed iano  ta m a n o  con reláción  a o tra s  especies 9-13  m m  de longitud , 2 m m  

de an ch o  to ta l  el la  ra m a  p rin c ip a l. Color verde b r illa n te  о verde olivo cu an d o  se colectan , 
b lan q u ec in as  a p a rd as cu an d o  secas. E pífilas о cortico las. Fo rm an  p a rch es  dispersos no com- 
p a c to s  cuando epifilos, у  p a rch e s  com pactos у  densos cuando corticolas. R izidios largos 75— 
100 /um  de long itud , 10-20 [im  de ancho, m uy  nurnerosos, persisten tes , tra n sp a re n te s , incoloros 
о lig e ram en te  p a rd o s; a d ife ren c ia  de los rizid ios en  D . unidentata , en  e s ta  especie los rizidios 
a las 3/4 p a rtes  de su lo n g itu d  to ta l  se ram ifican , siendo  m ás cortos, num erosos y gruesos que 
los de D . rudolphiana. C recen en tu p id o  fasciculo sobre p a ran fig as trio . Caulidio robusto  y 
sinuoso , según B is c h l e r  (1961), en la an ató m ia  in te rn a  está  fo rm ado  p o r 7 células corticales 
g ra n d es  y  a la rgadas 7 - 2 4 x 1 9  //m , y  3 células m ed u la re s  pequenas y  c o rta s  3 -1 8 x 1 6  p ,  
con  espesam ientos en las m em b ran as. Filidios o v ad o s  a suborbiculares, inserción  lo n g itud inal 
a  casi tran sv ersa l, base de in serción  corta  75-87 fim.; in cum ben tes, im b ric ad a s  hacia la ca ra  
d o rsa l, a veces, se fo rm a u n  ligero  doblez en  el m arg en  superior del f ilid io , células del bo rde  
12-15  X 10—15 ^am con tr ig o n o s  y  espesam ientos in te rm ed io s escasos, célu las centrales 20— 
25 X 17-20 / ш  con escasos tr ig o n o s  y  espesam ien tos in te rm ed io s, célu las basales 37-40 X 17-25 
^ m  con trigonos y  e sp esam ien to s in te rm ed io s a b u n d a n te s  a d iferencia  de la D. rudolphiana , 
d o n d e  son m ás escasos. O celos b a s ta n te  co n stan tes  en  el num éro, 10—12 p o r  filidio, no siem pre 
p re sen te s , dispersos, 20-22  X 25-30  //m , sin  trig o n o s ni espesam ien tos in term edios. Lóbulo  
g ra n d e  con reláción al ta m a n o  del filidio, h in flad o , con m argen lib re  in v o lu to  en p a rte , la p a r te  
lib re  del m argen a d h e rid a  al filid io , por lo que se fo rm a  un  p liegue; q u illa  a rqu ead a; d ien te  
a p ica l agudo, 6 -8  célu las de  largo , 2-3 células en  la  base, cunéiform e, y  ex tendido ; d ien te  
p o ste rio r  in d is tin tam e n te  conspícuo о inconsp ícuo , о sim plem ente u n a  crenulación  celu lar, 
a m enudo  oculto p o r el m arg en  lib re ; pap ila  h ia lin a  m ás pequena que  en  D. rudolphiana  y  
m ás  p róx im a a la  b ase  que  en  esa especie; posic ión  cen tra l con re lác ió n  a  la base del d ien te  
ap ical. A nfigastrios su b im b ricad o s a d is tan te s , b ifidos 1/2 de su lo n g itu d  to ta l, segm entes 
cunéiform es, 10—12 célu las en  la base de cada segm en to , àpice de los segm entos redondeados, 
a d iferencia  de D. rudolph iana  donde te rm in an  en  u n a  célula cônica. P la n ta s  auto icas. In flo - 
rescencia  fem enina creciendo  en u n a  pequena in n ováción  en u n a  ra m a  secundaria, о en  la 
ra m a  principal, b rá c tea s  con  u n  ala estrecha a lo largo  de la qu illa , bo rd es lisos; arquegonio  
ped ú n cu lad o . In flo rescen cia  m asculina en u n a  p eq u en a  innováción o cu pando , generalm ente , 
la  m ism a ram a  de la in flo rescencia  fem enina; fo rm ad a  por 3-6 b rá c tea s , an terid ios ped ú n cu la- 
dos. E sporofito  tip ico  de las L ejeuneaceas, fo rm ad o  p o r pedúnculo a r ticu lad o  2 m m  de lo n g i­
tu d ,  coronado po r esp o ran g io  que se abre en 4 v a l vas iguales, color p a rd o . E la terio s en fo rm a  
de huso alargados 216 //m , aguzados en un  e x tre m o , ensanchado h ac ia  la o tra  ex tre m id a d , 
re m a ta d o  por un  en g ro sam ien to  de donde p a r té n  dos bandas о esp ira les dobles.

Habitat. — E p íf ila s , ram icolas о cortico las. C uando son epífilas c recen  form ando p arch es 
no  com pactos, sencillos en  to d a  la superficie del lim bo de las h o jas ; cuando  son ram ico las о
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F ig . 17. D iplasiolejeunea unidentata  (L eh m an  e t L indenberg) Sch iffner — A. Porción  de la 
p la n ta , cara  v e n tra l. B . F ilidio. C. Células del borde  del filidio. D . Células del cen tro  del 
filid io . E . Células de la  base  del filidio. F . L óbulo . G. A nfigastrio . H . E sp o ro fito . I . E la terio
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co rtico las  los parches son m ás co m pactos у  densos, con especial p re ferencia  por la co rteza  
de P in u s  sp. crecen tip o  de veg etác ió n  de bosque siem preverde en  tip o  de bioclim a húm edo, 
tro p ic a l en pluvisilvas m o n ta n a s  tam b ién  en tip o  de bioclim a hú m ed o  tro p ica l, y  en bosque 
n u b lad o  tip o  de bioclim a eum esaxerico .

M aterial revisado. — C U B A : P rov inc ia  S ancti S p iritus, S ierra  del C aballete, col. L e ó n  
e t C l e m e n t e  6578 (NY ). SE  T opes de C ollantes 700 m, epífilos, col. P ó cs  e t B o r h id i  9007/R 
(Н А С , E G R ). P rovincia  G ran m a, C resta E  Pico P alm a M ocha, ep ífilas , col. P ó cs y  D u a n y s  
9081/A G , A F  (НАС, E G R ). P ro v in c ia  San tiago  de Cuba, Pico R eal del T urqu ino  Sierra 
M aestra  sobre Scolosanthus m aestrensis A lain , col. B o r h id i , M u n îz  e t V á z q u e z  584 (НА С, 
E G R ). col. A cu na  22126 (Н А С ). Pico Suecia, Sierra M aestra 1700-1750, epífilos, col. B o r h id i , 
M u n îz  у  V á zq u ez  5858 (Н А С , E G R ). E l Cobre, col. W r ig h t  s/n (F ). G ran  P iedra  1100 m , 
ep ifila , col. R e y e s  2713 (Н А С ), col. P ó cs  у  R e y e s  9012/C A  (Н А С , E G R ). P rov inc ia  H olguin, 
C uchillas de Moa 2 k m  al N  L a M elba cerca Cascada Dos C om adres, bosque siem preverde 
sobre  rocas de serpen tina  400 m , epífilos, col. P ó cs y R e y e s  9170/C K  (Н А С , E G R ). Provincia 
G u a n tán a m o , Sierra del P u ria l, 6 k m  al N P uria les de C aujerí, d e trá s  de B ejuquera, cim as 
R io  T o a  600-650 m, bosque  s iem preverde , epífilos col. P ócs, R e y e s , Ca l u f f  9185/BO (НАС,

jFig. 18. D iplasiolejeunea un identata  (L eh m an  e t L indenberg) Schiffner. D istribución  (localidad
en M exico no m arcado)
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E G R ). E sca rp a  E  y  c im a del Yunque de B a ra c o a  450—540 m , col. P ó cs y  R e y e s  9064/AG 
(НА С, E G R ). -  P U E R T O  R IC O : Luquillo M ts, E l Y unque , col. E v a n s  2, 120, 127, 154 (N Y ), 
col. P a g a n  2238 (NY ). — G U A D A LU PE : S in  loca lidad , col. D u ss  566, 16540 (G), sin co lector 
6535 (G). — D O M IN IC A : H epaticae  dom in icenses E llio ttin ae  16549 (G). — M A R T IN IC A : 
D eux-C houx, col. D u ss  663 (NY). Sin lo ca lid ad , 440 m , col. D u ss  663 (NY ), col. D u m o r t ie r  
16507, 16543 (G). Sin lo ca lid ad , sin colector 16532 (G). — SAN V IC E N T E : Sin loca lidad , sin 
colector 1074/29 (S). — V E N E Z U E L A : C a racas , sin  colector 19386 (G), sin loca lidad , col. 
M ü l l e r  16546 (G). — E C U A D O R : P ic h in c h a . epifila, col. Cr o s b y  s/n (НАС, E G R ). — 
P E R U : A m azonas, C hachopoyas, epifila, col. W i r d a c k  s/n (НА С). Sin localidad , col. M ü l l e r  
16536 (G). — B O L IV IA : Coroico, epifila, col. M a h u n k a  79/a (B P , НАС).

D istribution . — C uba, Jam aica , P u e r to  R ico, G uadalupe. D om inica, M artin ica, San 
V icen te. Mexico. E l S a lv ad o r, Venezuela, G u y a n a , E cuador, P e ru . B olivia

11. D ip lasio lejeu n ea  pocsii Reyes spec, nova

Plantae epiphyllae, ad substratum  valde adhaerentes; Rizidia parca, 
simplicia, hyalina, decidua; caulidia robusta. Phyllidia ovata, margine hyalina, 
e stratis cellularibus 1—9 formata. Cellulae centrales limbi foliaris 7-12 X 10—15 
fi m, cellulae basales 10-15x17-18 /rm, parietibus in angulis trigonaliter 
incrassatis et cum incrassamentis intermediariis suffulta. Ocelli 18—22 per 
phyllidia. Ocelli basales 1-2 per phyllidia, constantes. Lobulus magnus, infla- 
tus, margine liberó partialiter involuto. Dens apicalis plerumque malleiformis, 
2-3 cellulae alta, apex e cellulis hyalinis 2-4 formatus, medio dentis cum ima 
sola cellula magna et lata praedita. Dens media conspicua, versus dentem 
apicalem curvata sinuni rotundatum  formans; apex dentis semper ex una 
cellula apiculata hyalinaque formatus. Amphigastria parva, distantia, inter 
ilia caulo conspicuo, bifida usque ad 3/4 longitudine, apice segmentorum in 
unam cellulam hyalinam terminanti.

Holotypus : Pócs et R e y e s  9170/CM (НАС). Cuba, Prov. Holguin; 
Cuchillas de Moa, Cascata Dos Comadres supra pag. La Melba, 400 m.s.m. 
Isotypus: EGR.

P la n ta s  de m ed ia n as  a grandes 13—18 m m  de lo n g itu d , 1 .5 -2 .5  m m  de ancho to ta l  en 
la  ra m a  principal. Color v e rd e  brillan te  c u a n d o  se co lectan , b lanq u ecin as cuando secas. E p ifila s  
fo rm an d o  parches p eq u en o s , no com pactos, com prim idos, fu e rte m e n te  adheridos al su s tra to , 
se d iferencia  de la D . pellucida  por estas ca ra c te rís tica s  diferenciales. R am ificación re g u la r , 
d is ta n te ;  ram as secu n d arias  idénticas a  la  ra m a  principal. R izid ios poco num erosos, 
caedizos, incoloros, tra n sp a re n te s , largos 50—55 fim  de lo n g itu d , en la D. pellucida  son 
num erosos, persis ten tes , m ás largos, m ás  fin o s, coincid iendo en su  color; am bos fo rm án  
fasciculos en el p a ran fig as tr io . Caulidio ro b u s to  75-82 /tin  de ancho , sinuoso, con a n a tó m ia  
in te rn a  idén tica  a la  de D . pellucida. F ilid io s ovados, inserción  en  el caulidio tran sv ersa , base  
de in serción  m uy c o rta  30-40  fim , m ucho m ás  co rta  que en  D . pellucida; m argen h ialino  b o r- 
d eando  el m argen del filid io  desde 3/4 p a r te s  de lo n g itu d  del m arg en  superior donde p ré se n ta  
1-3  e s tra to s  celulares, ig u a l en el m argen in fe rio r; esta  b a n d a  h ia lin a  se hace m ás an ch a  en  la  
m ed id a  que se acerca  a l àp ice donde llega  a  te n e r  6 -9  e s tra to s  celu lares; células por d e b a jo  
del m arg en  hialino casi cu ad rad as 1 0 - 1 5 x 7 —12 f i n î; celulas del c en tre  del filidio 12—17 X 7—12 
^ m ; células del cen tro  de  la  base del f ilid io  1 5 -1 7 x 1 0 -1 5  fim  con trigonos y  espesam ien tos 
in te rm ed io s. Ocelos m ás о m enos num erosos 18-22 por filid io , dispersos, a veces a g ru p ad o s , 
1 5 -1 7 x 2 0 -2 5  |«m; los ocelos son m ás g ra n d e s  y  num erosos que en  D . pellucida; los ocelos
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F ig . 19. D iplasiolejeunea p o csii R eyes spec, n o v a  — A. Porción de la  p la n ta , сага v en tra l. 
B . F ilid io . C. M argen h ia lin o . D. Células c en tra le s  del filidio. E . Células basales del filidio. 

F . D ien te  ap ical, d iente  p o ste rio r, p a p ila  h ialina. G. A nfigastrio
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carecen  de trigonos y  espesam ien tos in te rm ed io s. H acia  la base  del filidio en el m arg en  su p erio r 
del lóbu lo  aparecen 1-2  ocelos basales g ra n d e s  2 2 -2 5 x 3 5 -3 7  /пт, constan tes . L óbulo  g ran d e  
con re láción  al ta in an o  del filidio, h in flado , m arg en  lib re  in v o lu to  en p a rte , borde in fe rio r del 
lóbulo  crenulado  qu illa  a rq u ead a  form ando  lin ea  c o n tin u a  con el m argen in ferio r del filid io , 
D ien te  ap ical g en era lm en te  m aleiform e, fo rm a d o  de 2 -3  célu las de a lto , el áp ice  Coronado 
p or 2 -4  células, las de los ex trem os siem pre h ia lin a s  ap icu lad as las células del c en tro  del d ien te  
co rta s  y  anchas, la b ase  del diente apical fo rm a d a  po r u n a  sola célula m uy g ran d e  y  a n ch a ; 
d ien te  poste rio r agudo , eonspicuo, curvado  h a c ia  el d ien te  ap ical con el cual fo rm a  u n  ángulo  
obier to y  redondeado  sem ejan te  al que se fo rm a  en  D . cav ifo lia ; el d iente p osterio r 2 -4  célu las 
de a lto , con el ápice siem p re  form ado por u n a  célu la  h ia lin a  ap icu lad a ; P ap ila  h ia lin a  c en tra l, 
tn f ig a s tr io s  pequenos en  reláción  con el ta m a n o  de los filid ios, d is tan tes , d e jando  v e r  p a r te  

del cau lid io , bífidos 3/4 p a r te s  de su lo n g itu d  to ta l ,  5—6 célu las en  la  base de c ad a  seg m en to , 
ingulo de a b ertu ra  de los segm entos m u y  a b ie rto  red o n d ead o , bordes lisos, áp ices de  los 
segm entes agudos te rm in a d o s  en 1-2 cé lu las  h ia lin as ap icu lad as. P la n ta  e s tu d ia d a  esté ril.

Habitat. — E p íf ila s , form ando p a rc h e s  no co m pactos, dispersos y  m u y  a p la n ad o s , 
v é c é n  p re fe ren tem en te  h ac ia  la parte  ap ica l del lim bo de las h o jas que les sirven  de  su s tra to ,  
ccrcen en bosque siem p rev erd e  sobre rocas de  se rp en tin a .

,2. Diplasiolejeunea grolleana Reyes spec, nova

Plantae epiphyllae ad substratum  non adhaerentes. Rhizidia ram ificata, 
rariter simplicia, persistentia, numerosa. Phyllidia ovata, margine limbi in­
ferne rariter revoluto; cellulae centrales 22—25x 2 0 —22 f i m  parietibus in angulis 
trigonaliter et medio globose incrassatis; cellulae basales 22-25x27—35 f i m ,  

cum parietibus incrassamentis trigonalibus atque intermedialibus abundante 
dispositis. Lobulus magnus, inflatus, dens apicalis malleiformis, rariter simplex, 
3-5 cellulae alta et 1—2 cellulae lata , 1—4 cellulis plerumque hyalinis coronata, 
frequenter cum cellulis hyalinis apicalibus superpositis. Dens media conspicua, 
2—4 cellulae alta, cum dente apicali sinum rotundatum  formans. Am phigastria 
continua, bifida ad 1/3 longitudinis, apices segmentorum rotundati. P lantae 
dioicae ( ?); racemi masculini bracteati, bracteae 8—12 pares, adpresse imbri- 
catae.

Holotypus: Pócs et R e y e s  9057/GA (НАС). Prov. Santiago de Cuba, 
Gran Piedra, in silvis nebulosis vertice cimae septentrionali in ait. 1050 m .s.m ., 
prope Cafeteriam. Isotypus: EGR.

Specimina examinait! : Pócs e t R e y e s  9057/GC, ibidem.

P la n ta s  g ran d es con reláción al ta m a n o  de o tras  especies den tro  del género 14—17 m m  
de lo n g itu d , 2-2.5 m m  de ancho to ta l en su  ra m a  p rin c ip a l. Color verde olivo cu an d o  se colec- 
ta n ,  b lanquecinas о p a rd a s  cuando secas. E p ífila s , fo rm án  parch es no com pactos, d ispersos. 
R am ificaciones irreg u lä re s , d istan tes; ra m a s  secu n d arias de lo n g itu d  m enor y  filid io s  y  anfi- 
g astrio s m ás pequenos q u e  la ram a p rin c ip a l. R izid ios 100-112 //m  de lo n g itu d , 12-15  /im  
de anch o , ram ificados 3/4 p a rte  de su lo n g itu d  to ta l ,  ra ra s  veces no ram ificados, inco loros 
tra n sp a re n te s , n u m ero so s, persistentes, c recen  en  fasciculo sobre p a ran fig as trio . C aulidio 
ro b u s to  100-125 //m  de ancho, en un  c o r te  tran sv e rsa l fo rm ado  pro 7 células co rtica les y 
3 célu las m edulares, con espesam ientos e n  la  m em b ran a . F ilid ios ovados, áp ice red o n d ead o ,
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F ig . 20. D iplasiolejeunea grolleana  R eyes spec, nova  — A. Porción  de la  p la n ta , сага v e n tra l. 
B . F ilid io . C. D ien te  ap ical, d ien te  posterio r, p ap ila  h ia lin a . D . A nfigastrio . E . In flo rescencia

m asculina. F . R izid ios
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m arg en  in ferio r a veces rev o lu to ; inserción  tran sv ersa l, base de inserción  m uy breve  20—25 
m m , im bricados h ac ia  la сага dorsal; célu las del borde 12-17 X 17-20 /im  con trig o n o s y 
espesam ien tos in te rm ed io s; células del c en tro  20-22 x22-25  / г т  con espesam ientos in te r-  
m edios y trigonos; cé lu las de la base 22-25 x2 7 -3 5  /a n  con num erosos trigonos y  e sp esa ­
m ien tos in te rm ed io s. Ocelos no presentes. L óbulo  grande con re láción  al tam an o  del filid io , 
célu las del lóbulo con trig o n o s y espesam ien tos en las m em b ran as, m argen  libre in v o lu to  en 
p a r te ;  qu illa  a rq u ea d a  fo rm ando  una linea c o n tin u a  con el m arg en  in ferio r del filid io ; d ien te  
ap ical g enera lm en te  rnaleiform e, ra ras  veces ag udo ; cuando el d ien te  apical es m aleifo rm e 
p ré sen ta  3—5 células de a lto , 2—3 células de  ancho  2—3 célu las g ran d es en la base, co ronado  
p o r 2-4 célu las casi cu ad ra d as , cuando el d ien te  apical es agudo el ápice está  fo rm ado  p o r 1 
célula c u ad ra d a  о có n ica ; d iente p osterio r conspicuo, fo rm ando  u n  ángulo redondo con el 
d ien te  ap ical, a m en u d o  curvado  hacia el d ien te  ap ical; p ap ila  h ia lin a  p iriform e 40—50 /m i 
de lo n g itu d , 15 /o n  de  an cho  en la p a rte  m ás a n ch a , s itu ad a  en el cen tro  de la  base del d ien te  
ap ical. A nfigastrios p eq u en o s con reláción al tam a n o  de los filid ios, contiguos, d e jando  ve r 
p a r te  del caulid io , b ifid o s  1/2 de su long itud  to ta l  ángulo de a b e r tu ra  de los segm entos ab ie rto  
agudo , ápice de los seg m en to s redondeado, 7—9 células en la base  de cada  segm ento, base  de 
inserción  red o n d ead a . P la n ta s  dioicas ? In flo rescen cia  m ascu lina  creciendo en pequena  in n o v á ­
ción de ram as secu n d arias , fo rm ada por 8 -12  p a res  de b rá c tea s ; b rá c tea s  y  b rácteo las m ás 
peq u en as que filid ios y  anfigastrio s , b rác tea s  a p re tad a m en te  im b ricad as.

Habitat. — E p if ila s , form ando p arch es no com pactos, d ispersos por toda  la superficie  
del lim bo de las h o jas q u e  les sirven de su s tra to ,  crecen en v eg etác ió n  de bosque n u b lad o  a 
1050 m  en hioclim a tip o  estac ional hum edo de la  G ran  P iedra.

D istribución. — C uba

13. D ip lasio le jeu n ea  borhidiana Reyes spec, now

Plantae epiphyllae, ad substratum  adhaerentes. Rhizidia simplicia, 
numerosa, persistentes. Phyllidia ovata subimbricata, margine limbi superiore 
late rotundato, inferiore paullo arcuato carenam versus. Cellulae marginale 
11—14x11—14 f i m  parietibus interm edialiter incrassatis; cellulae centrales 
11-15x12-15 /лт cum incrassamentis trigonalisus intermedialibusque; cellu­
lae basales 17—19x 2 0 —22 pm cum incrassamentis trigonalibus et intermediali- 
bus abundante dispositis. Lobulus magnus, inflatus, dens apicalis malleifor- 
mis, 4-6 cellulae a lta  et 3-4 cellulae la ta , cellulis 3—5 quasi quadratis corona- 
tus; dens media ab margine liberó involuto occulta. Amphigastria parva, 
distancia, bifida usque ad 3/4 longitudinis; apices segmentorum acuti. P lanta 
examinata sterilis.

Holotypus : Cuba; Hepaticae Cubenses W rightianae s.n. (FH).

P la n ta s  g ran d es con reláción  al ta m a n o  de o tras  especies del género, 15-20 m m  de 
lo n g itu d , 2 m m  de an ch o  to ta l  de la ra m a  p rin c ip a l. B lan q u ecin as cuando secas. E p ifila s , 
fo rm an d o  parch es ap la n ad o s , no com pactos, d ispersos. Caulidio ro b u sto  25—37 [im  de an ch o , 
sinuoso de ram ificac ió n  irreg u la r  y  d is tan te m e n te  esparcidas. R izid ios num erosos, a la rg ad o s , 
sim ples, p e rsis ten tes , inco loros, tran sp a re n te s , fo rm an d o  fasciculo sobre  p a ran fig as trio . F il i­
dios de inserción  tra n sv e rsa l,  base de inserción  m u y  co rta , in cu m b en te s , sub im bricados h a c ia  
la  ca ra  dorsa l, de fo rm a  o v ados, m argen su p e rio r am p liam en te  red o n d ead o , el m argen  in ferio r 
lig e ram en te  a rq u ead o  h a c ia  la  quilla, células del bo rd e  pequenas 11—1 4 x 1 1 —14 /im  con espesa-
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JF ig. 21. D iplasiolejeunea borhidiana  R eyes spec, n o v a  — A. Porción de la  p la n ta , cara  v e n tra l. 
B . F ilid io . C. Células del borde  de los filid ios. D . Células del cen tro  del filid io . E . Células de 

la  base  del filidio. F . D ien te  apical, d ien te  p o ste rio r, pap ila  h ia lina . G. H . A nfigastrio

A c t a  B o t á n i c a  A c a d e m i a e  S c i e n t i a r u m  H u n g a r i c a e  2 8 , 1 9 8 2
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m ien to s  interm edios en  la s  m em branas, c é lu las  centrales 1 2 -1 5 x 1 1 -1 5  [im  con trigonos y 
espesam ien tos in te rm ed io s, células de la b a se  1 7 -1 9 x 2 0 -2 2  /im  con trigonos y  espesam ientos 
in te rm ed io s . Ocelos no p re sen te s . Filidios no  adheridos al su s tra to . L óbulo  de m ediano tam an o  
con re láción  al tam an o  del filidio, a p la n ad o , m argen libre in v o lu to  en p a r te ; d iente apical 
m aleifo rm e con 4-6  cé lu las  de a lto , 3 -4  célu las de ancho, co ronado  por 3-5 células casi 
c u a d ra d a s  no h ialinas; d ien te  posterior co n sp icu o , oculto por in v o lu c ió n  del m argen  libre, 
2—3 célu las de alto.

P ap ila  bialina c e n tra l  con reláción a  la  base del d ien te  ap ical. A nfigastrios pequenos 
con reláción  al tam an o  de los filidios, d is ta n te s , dejando  ve r p a r te  del caulid io , bifidos 3/4 de 
su  lo n g itu d  to ta l, àpice de  los segm entos a g u d o  term inados en  u n a  célu la aguda, àngulo de 
a b e r tu ra  de los segm en tos ab ierto  y  a g u d o , base de inserción  red o n d ead a . P la n ta  obser- 
v a d a  estéril.
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OF THE PHOTOSYNTHETIC FIXATION 14C02 

ON BRYOPHYTE AND LICHEN SPECIES
J .  S u b a , A .  K i s z e l y - V á m o s i , G y . L é g r á d y , and S .  O r b á n

BOTANICAL DEPARTMENT OF THE HO-SI-MINH TEACHERS’ TRAINING COLLEGE, EGER, HUNGARY

(R eceived : 1 A pril 1981)

P h o to sy n th e tic  p ro d u c tiv ity  o f b ry o p h y te  and  lichen  species liv ing  in  beech- 
wood an d  rock-sw ard  com m unities w ere stud ied . T he in ta k e  of C 0 2 was estab lished  
from  th e  p h o to sy n th e tic  fix a tio n  of 14C 0 2. The C 0 2 in ta k e  of b ry o p h y tes  is sim ilar to 
th a t  of th e  flow ering  p lan ts , w hile  t h a t  of th e  lichens is 5—6 tim es less. P ro d u c tiv ity  
of Rhodobryum  spathulatum  is p ro m in e n t: 11.69 m g g -1 h -1 . H ygro- an d  m esophy te  
mosses show ed h igher p h o to sy n th e tic  in te n s ity  th a n  x e ro p h y te s . B ry o p h y tes  of th e  
beechw ood co m m u n ity  b ind  m ore C 0 2 on th e  average th e n  ro ck -in h ab itin g  m osses. 
In  lichens, Peltigera an d  Collemma species were ch arac te rized  b y  h igher va lues. P h o to ­
sy n th e tic  p ro d u c tiv ity  of lichens h a v in g  a looser co rtex  a n d  m ore cavernous s tru c tu re  
is generally  higher.

Introduction

Several p u b lica tio n s  have  d ea lt w ith  th e  p h o to sy n th es is o f b ry o p h y tes  an d  lichens. 
In  these  p u b lica tions how ever m ain ly  th e  in flu en ce  of en v iro n m en ta l fac to rs  — lig h t, C 0 2, h ea t, 
w a te r  — was s tu d ied . O ur ob jective  w as to  estab lish  th e  p h o to sy n th e tic  a c tiv ity  o f b ry o p h y te  
a n d  lichen species, c h a rac te ris tic  o f a ty p ic a l p la n t  co m m u n ity  u n d e r  iden tica l ex p erim en ­
ta l  conditions. Sum m ariz ing  of th e  v a lu es o f g rea te r n u m b er o f species d raw n  in to  th e  ex a ­
m in a tio n  affords an  o p p o rtu n ity  also to  co m pare  th e  p ro d u c tiv ity  o f th e  in d iv id u a l b ry o ­
p h y te s  and lichens. W e searched  for a co nnex ion  be tw een  th e  p h o to sy n th e tic  in te n s ity  and  
ecological, s tru c tu ra l fe a tu res  of th e  species as well as th e ir p lace  in  the  sy s tem atics . Sam pling  
a reas w ere delined in  th e  B ükk  m o u n ta in s , an d  19 b ry o p h y te  a n d  24 lichen species from  
th e  beechw ood c o m m u n ity  o f th e  “ P rim ev a l fo res t” , and 17 b ry o p h y te  species from  th e  d ia ­
base  rocks of Szarvaskő  were tes ted .

T he p h o to sy n th e tic  in te n sity  of th e  species was estab lish ed  on th e  basis o f 14C 0 2 
fix a tio n . The in itia l re su lts  o f our ex am in a tio n s  are p resen ted  in  th e  s tu d y .

M aterial and m ethod

T he follow ing b ry o p h y te  species (19) w ere collected from  A conito-F agetum  co m m u n ity  
o f th e  “ P rim eval fo res t”  in th e  B ükk  m o u n ta in s  (ab b rev ia tio n  of th e ir  nam es and  also th e ir 
nu m b erin g  are in d ica ted ).

1. A . s.
2. A . V.

3. B . r.
4. B . r.
5. B . r.

A m blysteg ium  serpens 
A nom odon viticulosus 
Brachythecium  rutabulum
Brachythecium  rutabulum  (from  a n  o th e r popu lation ) 
Brachythecium  rutabulum  (from  a n  o th e r popu lation )
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6 . B . f .

7. C. t.
8. D . U.

9. H . ph
10. H . c.
11. L. p .
12. L . n.
13. L . л.
14. L . h.
15. M . s.
16. P . I.
17. P . p .
18. P . c.
19. P . p .
20. T . d.
21. T . t.
22. T . r.

Bryum  fla c c id u m  
C irriphyllum  teniunerve  
Drepanocladus uncina tus  
Homalothecium ph ilip p ea n u m  
H ypnum  cupressiform e  
Leskea po lycarpa  
Leskeella nervosa
Leskeella nervosa (from  an o th er p o pu lation )
Lophocolea heterophylla
M n iu m  stellare
Paraleucobryum longifo lium
Plagiochila porelloides
Plagiom nium  cuspidatum
R hizom nium  p u n c ta tu m
Taxiphyllum  densifo lium
Tortella tortuosa
Tortilla ruralis

Nos 12 and 13 d e n o te  th e  sam e species b u t  deriv ing  from  a n o th e r  p o pu lation . B. r. 
d e n o te d  by  Nos 3, 4 a n d  5 w ere collected  from  m ore p laces an d  in cluded  as sep a ra te  sam ples. 
As va lues of 14C 0 2 f ix a t io n  fa ll close to  each o th er, th e  av erage  are  given in  a colum n.

F rom  the  p la n t co m m unities form ed on th e  d iab ase  rocks of Szarvaskő  (D iantho- 
Seslerietum  heuflerianae , P oetum  pannonicae  and  Spiraeetum  mediae) th e  follow ing b ry o p h y te  
species (17) were te s te d :

23. A . a. Abietinello abietina
24. В . a. B ryum  a lp in u m
25. E . st. Encalypta streptocarpa
26. E . s. E urh yn ch iu m  sw artzii
27. G. f. Grimmia trichophylla
28. H . 1. H yp n u m  lindbergii
39. M . / . M annia  fra g a n s
20. P . u. P lagiom nium  u n du la tum
31. P. s. Pleurochaete squarrosa
32. P . p/. Porella p la ty p h y lla
33. R. s. Rhodobryum spathu la tum
34. R. t. R hytid iadelphus triquetrus
35. R. r. R hytid ium  rugosum
36. S. g. Saelania glaucescens
37. Th. d. T h u id ium  delicatulum
38. T. ;. Tortella inclina ta
39. T. t. Tortella tortuosa

Species (24) e x am in ed  from  the  lichens of th e  “ P rim ev a l fo res t” :

40. A . c. A naptych ia  c iliaris
41. C .f . Cladonia fu rc a ta
42. C. a. Collema auricu la tum
43. C. c. Collema crisp u m
44. D. m. Derm otocarpon m in ia tu m
45. E . p. Evernia p ru n a s tr i
46. H . p. Hypogym nici physodes
47. P . a. Parmelia acetabulum
48. P . c. Parmelia caperata
49. P . el. Parmelia elegantula
50. P . e. Parmelia exasperatula
51. P . g. Parmelia glabra
52. P . sc. Parmelia scortea
53. P . s. Parmelia sulcata
54. Pe. c. Peltigera can ina
55. Pe. h. Peltigera horizontális
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56. Pe. p .
57. Pe. r.
58. P h. d.
59. Ph. g.
60. R . e.
61. R . f .
62. R. p.
63. X . e.

Peltigera praetextata  
Peltigera rufescens 
Physconia detersa 
Physconia grisea  
R am alina evernioides 
Ram alina  fa stig ia ta  
Ram alina  po llinaria  
Xanthoria elegáns

T he p lan ts w ere c leaned from  th e  lichens an d  p laced in  a h u m id  e n v iro n m en t for two 
d a y s  to  be fully w a te r-sa tu red .

14C 0 2 fix a tio n s w ere carried ou t in  th e  a p p a ra tu s  show n in  F igu re  1 (m ade sim i­
la rly  to th e  ap p a ra tu s  app lied  in th e  I n s t i tu te  of P la n t Physio logy  of MTA B iological Centre 
o f Szeged). Box (a) d iv id ed  in to  four c o m p a rtm e n ts  belongs to  th is a p p a ra tu s . In  th is box 
th e  te s t  p lan ts were a rra n g e d  on p lex ilam inae . A reac tio n  vessel (b), a cooling sp ira l (c) and 
a m em b ran e  pum p (d) w ere connected  to  th e  box. A fter closing th e  box, be tw een  th e  lis ted  
p a r ts  a closed system  is form ed in w hich th e  c ircu la tion  of gases is ensu red  by  m eans of the  
m em b ran e  pum p. T he cooling spiral as w ell as th e  w ater basin  (e) p laced  on th e  to p  of the  
b o x  p re v en t the  in n er tem p e ra tu re  caused  b y  irrad ia tio n  from  rising .

F resh  leafy b lad es spears of b ry o p h y te s  an d  th allu s p a r ts  o f lichens w ere p laced  on 
th e  lam ellae covered b y  w et filte r-p ap er. A fte r closing th e  box  th e  in ac tiv e  an d  rad io ac tiv e  
(14C) B a C 0 3 were w ashed  in  th e  reac tion  vessel (b) w ith  d ilu te  sod ium  h y d ro x id e . M ethy l red  
in d ic a to r  was used. C arbon  dioxide was re leased  b y  perchloric  acid. In  th e  f ix a tio n  system  
th is  re su lted  in the  c o n cen tra tio n  four tim es h igher th an  average. W ith  such  a h igh  value , 
sm alle r flu c tu a tio n s o f C 0 2 do no t in flu en ce  th e  p h o to sy n th es is  considerab ly . T h u s, C 0 2 was 
re g ard e d  as a c o n stan t, s tab le  facto r a t  e ac h  m easu rem en t.

C 0 2 release was follow ed b y  a f ix a t io n  for a  q u a rte r  of an  h o u r in  d a rk , th e n  for an 
h o u r  in light, m eanw hile  th e  gas m ix tu re  was con tinuously  c ircu la ted  by  th e  pu m p . C 0 2 
f ix a tio n  was stopped  b y  th e  add ition  of 6N  N aO H  to th e  reac tio n  vessel, w hich f ix a te d  C 0 2 in 
15 m inu tes. The te s t p la n ts  were dried w ith  a  w arm  iro n  and th e ir  ra d io a c tiv ity  w as estab lished  
b y  m eans of gas an alysis. A fter ab so rp tio n  on an  alkaline ab so rb en t, th e  a c tiv ity  of 14C 0 2 
o b ta in e d  from  b u rn in g  was d e term ined  by  a liq u id -sc in tilla tio n  sp ec tro p h o to m ete r. The 
o b ta in e d  dpm  values w ere given as red u ced  to  d ry  w eight m g g -1 ■ C 0 2 co n ten ts  o f th e  box 
w ere se t to 0 .12% -v/v . In  th is C 0 2 ra d io a c tiv ity  o f u  Ci ^ rn o l-1 was developed. T he ^m ol 
co rresponding  to u Ci ob ta in ed  w hen m easu ring  the  ra d io a c tiv ity  o f th e  sam ples is 
expressed  in mg. T h e  calcu la tions are p re sen te d  in  details , in  th e  su p p lem en t (see: S upple­
m e n t 1).

Fig. 1. A p p a ra tu s used  fo r p h o to sy n th e tic  f ix a tio n  of C 0 2
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R esults can be considered  as h a lf  q u a n tita tiv e , g iv ing  an  a p p ro p ria te  g round  for com ­
p a riso n . E rrors of q u a n ti ta t iv e  d e te rm in a tio n  m ay  derive  from  th e  iso tope  effect, a  c erta in  
u n p u n c tu a lity  of m easu rin g  an d  f ix a tin g  tech n iq u e  app lied . I t  m u st be ta k e n  in to  considera­
tio n  t h a t  during a f ix a tio n  period  of an  h o u r th ere  is an  o p p o rtu n ity  for th e  reassim ilation  of 
14C 0 2 to  a lesser degree. V alues o b ta in ed  are n e x t to  th e  n e t p h o to sy n th es is . V oznesenskii 
suggested  th a t  C arbon-14 m eth o d  shou ld  be regarded  as in d ep en d en t fro m  o th er ones e.g. 
fro m  th e  “ in fra-red”  gas ana ly sis , even  concerning its  re su lt, too.

Results and evaluation

Fixation of 14C 02 was carried out with bryophytes and lichens on July 
20, 1980. Well cleaned, virulent spears of bryophytes were placed in the case 
and fixated under natural lighting at a light intensity of 9 thousand lux on 
26 °C. Results are shown in Figs 2 and 3. Scatter values are larger in the 
fixation of 14C02 of the rock-bryophytes of Szarvaskő, but it is, however, due 
only to the extremely high value of R. s., leaving this out of consideration, 
there is no significant difference in the photosynthesis of the species of the 
two niches. Rhodobryum spathulatum has a share of 30% in the C 02 intake of

□  Xerophyte (1 species 1.59 mg g"1 h '1)

X ero-m esophyte  (7 species, X = 2.U mg g~’ h -1)

□  M esophyte (11 species X = 2.6 mg g_1 h_1)

□  H ygro -m esophy te  (1 s p ec ie s  X = 3.244 mg g -1 h '1)
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Fig. 2. In tak e  of 14C 0 2 of th e  b ry o p h y tes  of th e  “ p rim ev al fo res t”  m g g _1h _
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Fig. 3. In tak e  of 14C 0 2 o f th e  b ry o p h y te s  of S zarvaskő  m g g _1h _1

the 17 bryophyte species. A rather intensive photosynthesis is characteristic 
of the two Bryum species, B. flaccidum and B. alpinum, too. The average 
UC 02 fixation of the bryophytes of beech-wood falling to 1 species is higher by 
4% than  the productivity of the bryophytes of Szarvaskő. Disregarding the 
high value of R. s. the difference is 17% to the advantage of the bryophytes 
of beech-wood. Values relating to the C 02 intake of four arctic bryophytes, 
made known by P. C. M i l l e r  et al., are also in this range: 0.4 to 18 mg C 02 
g _1h _1. W ith our measurements optimal conditions of photosynthesis were 
achieved. According to R a s t o r f e r  (1968) it is to 30 °C (max. 41 °C, min. 
— 5 °C) in some Bryum species. Light saturation of bryophyte species examined 
by him occurred already at 65 lux.
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There was a rem arkably close connection between the photosynthetic 
in tensity  of the species and their ecological character (Figs 2, 3). The quantity 
of 14C0° fixation gradually increases from xerophytes towards hygrophytes. 
Between xerophytes and xero-mesophytes there is a difference of 1.65 and 
1.34 times, respectively, while between xero-mesophytes and mesophytes a 
difference of 1.48 and 1.21 times, respectively. Hygro-mesophytes show a 
productivity 1.24 times larger than  that of the mesophytes of the “ Primeval 
forest” . I t  can also be sta ted  th a t species with larger, wider leaves — the 
m ajority  of which is mesophyte and hygromesophyte a t the same time —- 
fixate  more 14C0.,. Such are Rhodobryum spathulatum, M nium stellare, Plagi- 
omniutn cuspidatum, Rhizomnium punctatum. Our finding has been confirmed 
also of data V i t t  and P a k a r i n e n  ( 1 9 7 7 ) .  Contents of carbon, nitrogen, ashes 
of the  bryophytes examined by us as well as quantities of fractions dissolved 
in alcohol increase from the xerophytes towards the hygrophytes. This is 
evidently associated w ith their photosynthetic productivity.

With bryophytes, too, such as Marchantia, operation of glycolyte-oxidase 
enzyme was shown by N e l s o n  and T o l b e r t  (1970). I t  was supposed tha t 
glycolyte metabolism m ay operate also with bryophytes, as in the leaves of 
vascular plants. This can be associated with the strong photorespiration of 
certain  species, resulting in their high C 02 compensation point. Slight C 02 
utilization, accordingly, decreases the photosynthetic productivity of the 
species. According to the  measurements of R a s t o r f e r  (1968) Drepanocladus 
uncinatus has a high C 02 compensation point. This is supported also by the 
resu lt of our measurement, according to which the species has a very low 
fixation value being well under the average level.

The 14C02 fixation of the lichens of the “ Primeval forest” was performed 
a t a light intensity of 14 thousand lux, under natural light conditions. Before 
fixation the thalluses had been kept in a humid exsiccator in order to become 
saturated  with water. Figure 4 illustrates the results where the columns were 
draw n in proportion to those illustrating the photosynthesis of the bryophytes 
(Figs 2, 3). Low values compared to the previous ones are remarkable even 
w ith a light intensity higher than 4 to 5 thousand lux. Average production of 
lichens is 5.2 times smaller compared to the average 14C 02 fixation of the 
bryophytes. Results of our measurements resemble the data of L a r s o n  et al., 
K e r s h a w , S m i t h  and L e c h o w i c z , respectively.

The chlorophyll contents of flowering plants, bryophytes and lichens 
were compared. Table 1 indicates tha t there is no substantial difference in 
the  pigment contents of flowering plants and bryophytes. This also refers to 
their photosynthetic intensity. Pigment contents of lichens is 6 to 7 times less 
th an  that of the bryophytes, and this is connected with their productivity, 
which is 5 to 5.5 tim es less even in spite of the favourable light conditions.

A systematic study of the values of photosynthesis reveals that the
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Table 1

Pigment Chi a, mg g”1* Chi b, mg g-1 Chi a + b, mg g--1

Taxons mean min. max. mean min. max. mean min. max.

Flow ering
plants**
(12 species)

2.08 1.25 4.27 1.71 0.75 2.88 3.79 1.82 5.97

B ryophy-
tes***
(39 species)

2.66 1.37 
No. 18 
P .c .1

4.25 
No. 36 
S.g.

1.67 0.93 
No. 21 
T .t.

2.75 
No. 35 
R .r.

4.33 2.66 
No. 14 
L.h.

6.31 
No. 36 
S.g.

Lichens*** 
(4 species)

6.8 XV  
0.39 0.34 0.49

7.95X V 
0.21 0.20 0.21

7.21 X V 
0.60 0.55 0.70

* mg g 1 (d ry  w eight)
** Ernőd, J .  (Í981)

*** Ernőd, J . ,  Suba, J .  (1981) (species id en tica l w ith  those in  th e  s tudy) 
**** Verseghy, К . (1972)

Cladonia convoluta
Cladonia furcata  I On the  basis of th e ir  value  m easured
Cladonia magyarica I in  the  7 th  m on th
Parmelia pokornyi J

1 F o r abbreviations o f species see p. 182— 183.

stronger 14CO., fixation of Peltigera species was prominent. Collema species can 
also be mentioned here though not to the same extent. Permelia species, 
however, can be found in  categories of each order. The higher values were 
characteristic of the species having blue algae (Peltigera, Collema).

L e c h o w i c z  and A d a m s  ( 1 9 7 9 )  pointed out tha t the various thallus- 
structures also influence net photosynthesis considerably by modifying C 02 
gas change. In connection with that we have established tha t species having 
a looser cortex and a more cavernous structure have higher productivity than 
the average value. This structure affords an opportunity for faster intake of 
COo, and the C0o to be concentrated in the inner spaces and for its reassi­
milation.

Summary

O n th e  basis o f 14C 0 2 f ix a tio n  p h o to sy n th e tic  va lues were estab lish ed  of th e  bryo- 
p h y te s  o f th e  beechw ood a n d  rock  p lan t com m unities. L arger differences w ere fo u n d  in  the  
in te n s i ty  o f p h o to sy n th es is  o f species living u n d e r  m ore ex trem e  m icroclim atic  conditions. 
T he average  value was h ig h er w ith  beechw ood species o f m ore b a lanced  m icroclim ate . P h o to ­
sy n th e tic  a c tiv ity  is low est w ith  xerophy tes a n d  i t  g rad u ally  increases to w ard s th e  hygro- 
p h y te s . Species hav in g  la rg e r, w ider leaves f ix a te  m ore 14C 0 2.

A m ong lichens a s tro n g e r p h o to sy n th e tic  a c t iv ity  of th e  Peltigera species m anifests 
i ts e lf  as a sy s tem atic  fe a tu re . T he blue alga co m p o n en t as well as th e  looser co rtex  and  m ore
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cav ern o u s in n er s tru c tu re  also resu lted  in  a h ig h er p ro d u c tiv ity . G enera lly  i t  can  be s ta te d  
t h a t  b ry o p h y tes  hav e  a p h o to sy n th e tic  in te n s i ty  sim ilar to  th a t  o f flow ering  p lan ts , while th e  
lichens p ro d u c tiv ity  is 5 tim es lower th a n  th ese .

Supplement No. 1

Order of the calculations applied

1. A d ju stm en t o f th e  value of r a d io a c tiv ity  and  the  C 0 2 co n ce n tra tio n  in th e  a ir ­
space of th e  p h o to sy n th e tiz in g  box.

2. E stab lish m en t o f th e  C 0 2 q u a n ti ty  tak e n -u p  from  th e  ra d io a c tiv ity  o f th e  sam ­
ples (cpm ).

l .a . Adjustment of C02 concentration

I t  was our o b jec t to  produce th e  q u a d ru p le , 0 .12%  v /v , of th e  av erage  C 0 2 c o n ce n tra ­
tio n  of th e  a tm o sp h ere  b y  C 0 2 released fro m  B a C 0 2.

To perform  th is , ap p ro x . 0.03 pe r c e n t  co n ce n tra tio n  of C 0 2 a lread y  p rev ailin g  in  th e  
a ir w as also tak e n  in to  consideration , th e re fo re  C 0 2 corresponding to  0.09 p e r cen t h ad  to  be 
developed.

T he volum e of th e  p h o to sy n th e tiz in g  sy s tem  box  -j- reac tion  vessels -f- tu b es  is 2100 
m l, in  w hich C 0 2 n eeded  fo r developing a  0.09 p e r cen t co ncen tra tion , expressed  in m l, is: 
0 .0 9 %  cone, in  Í00 m l corresponds to  0.09 m l o f C 0 2

in 2100 m l X

X =  1.89 m l o f C 0 2

T he q u a n ti ty  of B a C 0 3 needed  for p ro d u c in g  1.89 m l o f C 0 2

24.000 m l o f C 0 2 develops fro m  197 g of B a C 0 3 
1.89 m l o f C 0 2 develops fro m  x

X =  15.5 m g of B a C 0 3

In  th e  a ir C 0 2 corresponds to 5.3 m g o f B a C 0 3. C onsequently , th e re  is an  a m o u n t o f 
C 0 2 co rresponding  to  20.8 m g of B a C 0 3 in  th e  to ta l.

l .b .  A d justm en t of rad io activ ity  value

O ur aim  was to  c rea te  an a tm osphere  o f  1 /i Ci //m o l-1 C 0 2. In  th e  p h o to sy n th e tiz in g  
sy s te m  th e re  is a q u a n ti ty  o f C 0 2 to  be d ev elo p ed  fro m  20.8 mg of BaCo3, expressed  in  m l:

197 m g of B a C 0 3 24 ml o f C 0 2
20.8 m g of B a C 0 3 x

x  — 2.53 m l o f C 0 2

E x p ressed  in mol:

24 m l o f CO., 1 m  m ol
2.53 ml o f  C 0 2 *

x  =  0.105 m  m ol — 105 //m ol

A d ju stm en t of th e  ra d io a c tiv ity  of 1 /j, Ci / /m o l- 1 : H ow  m uch l4C 0 2 is to  be released  
fro m  B a14C 0 3 of special a c t iv ity  of 290 ^uCi m g -1  to  o b ta in  C 0 2 of 105 //mol.

290 [л£л is in  1 m g of B a 14C 0 3
105 fi Ci is in  x  B a 14C 0 3

x  =  0.362 m g of B a14C 0 3
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C onsequently , if  C 0 2 is re leased  from  0.362 m g of B a 14C 0 3 and  15.5 m g of B a C 0 3, 
th e n , som e 0.12 per cen t co n ce n tra tio n  of C 0 2 w ith  a ra d io a c tiv ity  o f 1 ,«Ci (37 kB q ) /m io l-1 
is o b ta in ed  in  th e  p h o to sy n th e tiz in g  system .

2. Establishm ent of the taken-up quantity of C02 front the radioactivity of the samples 
(cpm  value)

a. R ed u c tio n  of cpm  to  d p m :

cpm  — b a ck g ro u n d  s 
d p m =  ---------- effic iency

b . R ed u ctio n  of dpm  to  /tCi a n d  kB q, respec tive ly

r  =  dPm
^  2.22 X 106

k B q  =  //Ci X 37

c. R ed u ctio n  of //Ci v a lu e  to  //m ol and mg 
In  case of a ra d io a c tiv ity  o f 1 //Ci //m o l-1 
1 //Ci value  corresponds to  C 0 2 of 1 //mol.
1 /л nol =  4 4 x l 0 -3  m g o f C 0 2

Q u an tity  of COo ta k e n  u p  during th e  p h o to sy n th es is , exp ressed  in  mg =  th e  o b ta in ed  
v a lue  o f //Ci X 44 • 103.“

V alues were re la te d  f i r s t  to  the  w eight o f d ry  m ate ria l o f th e  m easured  sam ple, th e n  
to  a u n it w eight (g).

Concrete m ea su re m e n t from  B a14C 0 3: e.g. 0.583 m g, th is  corresponds in th e  given

system  to  a ra d io a c tiv ity  o f ~  1*61 //Ci //m o l-1 .

R a d io ac tiv ity  of th e  sam ple was e.g. 98 //Ci g -1  (d ry  m ate ria l), w hich, expressed  
in  m g, is:

A ra d io a c tiv ity  o f 1.61 //Ci belongs to  C 0 2 of 1 //m ol 
98 //Ci X

X =  C 0 2 of 60.869 //m ol

C 0 2 of 1 //m ol 0.044 m g
C 0 2 of 60.869 //m ol x

X =  2.6782 m g o f C 0 2
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MEIOSIS IN ANTHER-DERIVED POLYHAPLOID 
OF NICOTIANA INTERSPECIFIC HYRRID

L .  S z i l á g y i

RESEARCH INSTITUTE FOR BOTANY, HUNGARIAN ACADEMY OF SCIENCES, VÄCRAT0T, HUNGARY

(R eceived: 1 S ep tem b er 1981)

In  th e  course o f our p rev ious s tud ies using  N icoliana  species we m an ag ed  to  
p roduce  th e  a llop lo id  hyb rid  N . tabacum  (K e n tu ck y ) X N . glauca  w ith  2n =  48 ch ro ­
m osom e n u m b er. W e p roved  th a t  th e  h y b rid  p la n ts  co n ta in  th e  whole N icotiana glauca  
genom , w hile th e re  was a p a rtia l chrom osom e e lim ination  in  N . sylvestris and  N . tomen- 
tosiform is genom s. A fter seg regations d u rin g  th e  su b seq u en t generations i t  c an  be 
considered  in  i ts  re ce n t form  as a  h igh ly  s ta b le  alloploid species h y b rid . The re g u la r ity  
o f its  m eio tic  process has also been  p ro v ed  b y  p roducing  2n =  2x =  24 ty p e  po ly- 
hap lo id  p la n ts . T h e  resu lting  p o ly hap lo id  p la n ts  show ed a s ta b le  p h eno type , i.e. sim i­
la rly  to  th e  o rig ina l h y b rid  p lan ts  th e y  h a d  w h ite  flow ers. T he N . tabacum  (K y ) X N . 
glauca 2n =  2x =  24 itse lf show ed an  irreg u la r  m eiosis w hich  has led us to  conclude 
th a t  there  is o n ly  a m inim al hom ology in  th e  th ree  genom s of th e  p lan ts (S 'T 'G ') .

In trodu ction

N ow adays h ap lo id  callus, em bryo  and  even  w hole p lan ts  can  be ob tained  b y  in d u cin g  
in  v itro  androgenesis in  a n th e r  cu ltu res ( R e i n e r t  a n d  B a j a j  1977). H ow ever, po llen-breed ing  
can  n o t be considered  as a ro u tin e  p ro ced u re  in  m a n y  species. In  a n th e r  cu ltu res p la n ts  w ith  
p lo id ity  levels o th e r  th a n  hap lo id  cou ld  also be fo u n d  qu ite  o ften . Am ong th e  N icotiana  
species in  a n th e r  cu ltu re s  o f N . otophora, N . sylvestris  and  N . tabacum  haplo id , d ip lo id  a n d  
even te trap lo id  p la n ts  could  be selected  (C o l l in s  a n d  Sa d a s iv a ia h  1972). The freq u en cy  of 
th e  occurrence of a  p o lyp lo id  is m ost v a riab le  a n d  i t  depends on  th e  tim e of an th e r iso la tio n  
( E n g v il d  e t al. 1972).

H aplo ids o b ta in e d  from  in terspecific  h y b rid s h av e  scarcely  been  rep o rted  in th e  l ite ra tu re . 
G uo (1972) using  a n th e r  cu ltu res o f in te rsp ec ific  h y b rid s  ra ised  hap lo id  callus of N . suaveo- 
l e n s x N .  langsdorffii a n d  Sm it h  (1974) p ro d u ced  t h a t  o f N . glauca X  N . langsdorffii, b u t  th e y  
w ere n o t alw ays successful in  reg en era tin g  whole p la n ts  from  th e  calluses.

In  o rder to  an a ly se  th e  genetical sy s tem  re g u la tin g  th e  in co m p a tib ility , D . d e  N e t t a - 
c o u r t  an d  D e v r e u x  (1977) have  p ro p o sed  p ro d u c in g  hap lo id  p la n ts  from  hybrids o f a u to ­
com patib le  an d  au to in co m p a tib le  to m a to  species. T he h y b rid  p la n ts  have  various co m b in a ­
tions o f m o th e r a n d  fa th e r  derived chrom osom es, a n d  th u s  th e  fo rm atio n  of d iffe ren t su b ­
s ti tu t io n  lines is a  possib ility .

O ur earlie r re su lts  show ed th a t  th e  ca ry o ty p e  (n  =  24) a n d  th e  isoenzym e p a t te rn  o f 
th e  p o ly hap lo id  (a llopolihap lo id) p la n ts  o b ta in ed  fro m  th e  a n th e r  cu ltu re  of N . tabacum  
(K y ) x N .  glauca  (2n  =  48) were id en tica l w ith  th e  p rop erties  o f th e  hyb rid  w ith  o rig inal 
chrom osom e n u m b er 2n  =  48 (S z il á g y i  and  N a g y  1978). T he fo rm atio n  of “ h ap lo id ”  p la n ts  
w ith  2n =  2x =  24 chrom osom e n u m b er has p ro v ed  th e  re g u la rity  o f th e  m eiotic p rocess o f 
th e  orig inal a lloplo id  h y b rid .

T he re su lts  sum m arized  in  th is  p a p e r deal w ith  th e  m eiosis o f N . tabacum X  N . glauca  
po lyhap lo id  a n d  p ro v id e  fu rth e r d a ta  concern ing  th e  genom  hom ology of th e  N icotiana  species.
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M aterial and m ethods

Polyhaplo id  a n d  allopolyhaplo id  p la n ts  w ere p roduced  b y  using  N . tabacum  (K e n ­
tu c k y )  X N . glauca a lloplo id  h y b rid s  w ith  decreased  chrom osom e n u m b er (2n  =  48) accord ing  
to  th e  m ethod  of N it s c h  an d  N it s c h  (1969). T he p lan tle ts  ob ta in ed  fro m  an th e rs  w ere k e p t 
d u rin g  our experim en ts  on  a cu ltu re  m ed ium  co n ta in in g  m ineral n u tr ie n ts  in  a co n tro lled  
c h a m b e r  a t  -j-25 °C (S z il á g y i  an d  N a g y  1978). T h e  ro o ted  p lan tle ts  w ere k e p t u n d e r g reen ­
h o u se  conditions u n til  flow ering .

M eiotic in v es tig a tio n s  w ere carried  o u t b y  using  the  ace tocarm ine  m ethod . Po llen  
fe r t i l i ty  was ju d g ed  by  th e  p ro p o rtio n  of s ta in ab le  (acetocarm ine) and  n o n -sta in ab le  (“ e m p ty ” ) 
po llen s (S z il á g y i  1975).

M icrophotographs w ere ta k e n  w ith  M F Zeiss ap p a ra tu s  se t up  on an  N F p K  2 resea rch  
m icroscope (m agn ifica tio n : 10 X 100).

R esu lts

T he flow d iag ram  of th e  p rocedure  fo llow ed in  our experim en ts is show n in  F ig . 1 
T h is  p ap er sum m arizes th e  re su lts  o f th e  la s t  sec tio n  of th is ex p erim en ta l scheme.

12 po lyhaploid  o f N . tabacum  (K y ) X Л'. glauca  ra ised  to flow ering w ere m orphologically  
u n ifo rm  w ith  ex cep tio n a lly  n a rrow  leaves an d  w h ite  flow ers (F ig. 2). A ccording to  o u r p re ­
v io u s  observations th e  som atic  cells o f th ese  p la n ts  h ad  24 chrom osom e (S z il á g y i  an d  
N a g y  1978).

T he m icro p h o to g rap h s of m eiotic  ch rom osom es are show in  F ig . 3. D ue to  th e  p resence 
o f  a  h igher genom  n u m b er, th e  m eiosis o f po ly h ap lo id s should be th eo re tic a lly  m ore reg u la r  
th a n  t h a t  of th e  m onoplo ids. O ur e x p erim en ta l p la n ts  have th ree  genom s: th e  genom  of
N . sylvestris — N . tom entosiform is and  — N . glauca  (STG). T he hom ology  in  these  th ree  
g en o m s is m inim al, th e re fo re  u n iv a le n ts  w ere m o st freq u en tly  fo rm ed  as i t  can  be seen 
in  F ig . 3.

F igs 3a an d  3b show  cells w ith  a few u n iv a le n ts  in  the  f irs t  m e tap h ase  of th e  m eiosis. 
H o w ev er, th is ty p e  of cell could be found  a t  a low  frequency . A la te  m e tap h ase  can  be seen

N . tabacum  (K y ) N . glauca

SSSSTTTT X GGGG
2n =  96 2n =  48

1 1 
SSTT GG
n = 48 ------------- >■ X --------------n =  24

SSTTGG 
2n =  72

STG 
n =  36

chrom osom e e lim in a tio n  
STG

n =  24

po lyhap lo id  o b ta in ed  fro m  an th e r-cu ltu re
S 'T 'G '

2n =  2x =  24

S =  N . sylvestris, T  =  N . tomentosiform is, G =  N . glauca.

F ig. 1. D iag ram  of th e  ex p erim en t
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Fig. 2. P la n t of po lyhap lo id  N . tabacum  X N . glauca

in  F ig . 3c where chrom osom es are a rran g ed  in to  th re e  g roups suggesting  a  possible segrega­
tio n  o f th e  th ree  genom s (STG).

I n  Figs 3d an d  3c a p a r tia l  chrom osom e p a irin g  w ith  tw o b iv a le n ts  can  also be o b served , 
w hile 3 f an d  3g show u n e q u a l chrom osom e div ision  in  an ap h ase  I. All pollens o f the  exam in ed  
p la n ts  w ere sterile  (F ig . 3h) a n d  these p lan ts  d id  n o t p ro d u ce  seeds.

D iscu ssion

Development in the technique of tissue cultures enabled producing 
haploid plants from anthers. By using this method we could reduce the 
chromosome number in the N. tabacum (K y)xlV . glauca alloploid hybrid 
produced by us. According to the meiotic analysis (S z i l á g y i  1975) the original 
alloploid plant had 2n =  48 chromosomes, while the polyhaploid contained 
n =  24 ones. Thus, by producing polyhaploid plants we could prove tha t the  
original alloploid plants have regular meiosis.

By investigating the polyhaploid meiosis of Nicotiana we obtained more 
information about the homologies of the genoms of N. sylvestris, N. tomentosi- 
formis and N. glauca.

Haploid plants usually have irregular meiosis. However, the orientation 
of all chromosomes can happen accidentally around one pole in the first
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F ig . 3. Meiosis of po lyhap lo id  N . tabacum  X N . glauca  (2n =  2x =  24). a b. M eiosis in  th e  
p o ly h ap lo id  p la n t show ing decreased n u m b ers  o f chrom osom es (u n iv a len ts), c. T he f irs t  
m eio tic  m etap h ase  show ing a  ten d en cy  of genom  segregation, d—e. T he f irs t  m eio tic  m e ta ­
p h ase  w ith  u n iv a len ts  an d  on ly  tw o b iv a len ts , f —g. The f irs t m eiotic  an ap h ase  w ith  va rio u s 

chrom osom e d istrib u tio n s, h. S te rile  pollen  grains o f po ly h ap lo id  p lan t

anaphase and thus a viable gamete can he produced. The fusion of such male 
and female gametes will result in diploid plants. This, so-called spontaneous 
rediploidization occurs very rarely, depending on the species, a t only a few 
thousandth frequency.
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In our previous investigations we observed the spontaneous rediploidiza- 
tion of the haploid N. sylvestris (S z i l á g y i  1975). The allopolyhaploid obtained 
from species hybrids N. tabacum (Ky) x N .  glauca contains three genoms 
(S'T 'G '), therefore the formation of several bivalents can be theoretically 
expected in the meiosis. This seemed to be most probable because according 
to  data of different literature in N. tabacum X N. glauca species hybrid 0—4ць 
3—10ц, and in N. tabacumX N. sylvestris species hybrid Зщ  -f- 9ц -f- 9i t r i ­
valent, bivalent and univalent have occurred ( T a n a k a  1953, K o s t o f f  1943). 
These homologous or homoeologous chromosomes can be paired.

In the polyhaploid produced by us the low frequency of bivalent occur­
rence can be explained by the fact th a t the experimental p lant contains the 
whole glauca genom but a partial chromosome elimination happened in the 
tomentosiformis and sylvestris genoms in the course of the segregations accom­
plished during subsequent generations (S z i l á g y i  1975).

In  the glauca genom and in the remaining genoms of the two progenitors 
the chromosomes are not homologous. As a result of this, in the first anaphase 
of the polyhaploid meiosis the univalents are accidentally distributed between 
the two poles. I t  can happen rarely tha t all chromosomes are concentrated 
around one pole, i.e. the reduction in chromosome number did not take place 
(Fig. 2g) and thus the formation of unreduced gametes could be expected. 
There is however, only a little chance tha t the unreduced male and female 
gametes would fuse. This was indicated by the to ta l sterility of the plants. 
Similarly to this, in our previous experiments N. tabacum var. petit Havana 
polyhaploid line turned out to be sterile (M a l i g a  and S z i l á g y i  1973).

In  opposition to this, polyhaploids reported in the literature showed a 
regular meiosis. Almost full chromosome pairing was observed for example in 
polyhaploids of Capsicum, Dactylis, Medicago, Solanum, Bromus and Sorghum 
species or in trihaploids of Triticum aestivum where there is three times more 
chromosome pairing than  in the monohaploid of Aegilops longissima ( S u t k a  

1980).
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DEVELOPMENTAL MORPHOLOGY 
OF ARMENIACA VULGARIS  LAM. (ROSACEAE)
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(R eceived : N o v em b ei 30, 1980)

T he o u te r-  and inner m o rp h o lo g y  of th e  convarieties “ C-235 M agyar k a jsz i”  
an d  “ C-778 R ó zsab arack ” of th e  A rm en iaca  vulgaris L a m . are  described  fro m  th e  
seedling to  th e  m atu re  fru it. L e n g th  of p e tio le , base of leaves, w id th  and  w id th  per 
len g th  of lea f  lam ina  changes fro m  th e  f i r s t  to  th e  last, i.e. to  th e  apex. F low ering  
buds are g ro u p ed  m ainly on  th e  d w a rf  tw igs of th e  tw o-year-o ld  b ran ch es and  a t  th e  
base  o f th e  one-year-o ld  one. T h e  flow er has a double ca ly x  tu b e . T he in n er one is 
fo rm ed from  th e  receptacle  a n d  th e  low er p a r t  o f the  f ila m en ts , an d  these  com pose 
th e  nectarife ro u s area . W ith in  th e  seed a t  f irs t  a n u tritiv e  tis su e  (endosperm ) developes 
w hich  su b seq u en tly  d isappears p a ra lle l w ith  th e  developm ent o f  th e  em bryo. Shape 
in d ex  of th e  f ru i t  o f C-235 is 0 .94—1.12, an d  1.35 of C-778.

In trod u ction

Two conv arie ties  o f ap rico t a re  c u ltiv a te d  in  H u ngary  in  a la rg e  a rab le  field . T h ey  
are sold on  th e  dom estic  m arket as fresh  f ru i t ,  canned  food, jam  and b ra n d y  b u t  a considerab le  
q u a n ti ty  is ex p o rted  as well ( ^ 2 0 0 0  t/y e a r) . T h is f ru it is very  p o p u la r  in  South  and  South- 
E a s t E u ras ia , and  is cu ltiv a ted  in large  fie ld s; i ts  n a tiv e  h a b ita t  m ig h t p re su m ab ly  be in  th is  
area  (cf. N y ú j t ó  an d  T o m c s á n y i 1959). A p rico t is grow n in a ra th e r  w ide-rang ing  area  o f th e  
w estern  p a r t  o f  E u ro p e  as well.

T he ap rico t A rm eniaca vulgaris L a m . (p rev iously  nam ed P ru n u s arm eniaca  L .) belongs 
to th e  Prunoideae  su b fam ily  o f Rosaceae fam ily  o f  th e  Rosales o rder as a  species o f th e  A rm e ­
niaca genus.

The best specified  descrip tion  o f  A rm eniaca  vulgaris L a m . w as g iv en  by  K o s t in a  
(1936) b u t  excellen t review s have b een  w r i t te n  b y  H u n g arian  a g ric u ltu r is ts  as well (N y ú j t ó  
and  T o m c s á n y i 1959, B r ó z ik  1960, e tc .) . H ow ever, descrip tions o f  th e  sam e organs, e.g. 
lea f  shape, te e th , e tc . a re  often qu ite  d issim ila r (cf. M á n d y  1948). T he d ev elopm en t an d  th e  
chronological changes are e ither n o t desc rib ed  o r th e  descrip tions re fer o n ly  to  a single o rgan . 
The a u th o rs  ( K o s t in a  1936, L ö s c h n in g  a n d  P a s s a c k e r  1954, N y ú j t ó  a n d  T o m c s á n y i 1959, 
B r ó z ik  1960) h av e  exam ined th e  m o rp h o lo g y , size an d  colour o f th e  m a tu re  f ru it  in  m ore 
d e ta il th a n  th e  o th e r  organs.

B u t no s tu d y  has dealt w ith  fo r exam ple  th e  developm ent o f  th e  fleshy  fru it,  s tone  
fru it,  an d  seed to g e th e r. D escrip tion  o f  tw o  convarie ties , No. C-235 =  M agyar ka jsz i, an d  
N o. C-778 =  R ó zsab arack  of A rm eniaca vulgaris  L a m . is given in  th is  p a p e r.

M aterial and m ethod

T he in v es tig a tio n s were s ta r te d  on  A u g u st 5, 1977, w ith  co n v arie ties  o f C-235, C-244, 
C-612, C-703 an d  C-778 gathered  on th e  fa rm  of th e  H o rticu ltu ra l and  F r u i t  P ro d u c in g  R esearch  
In s t i tu te  in  Cegléd. T he n ex t y ear th e  n u m b er o f convarieties w ere red u ced  to  C-235 an d  
C-778 since m ost d a ta  in  the  lite ra tu re  re fe rre d  to  th em .
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Selection of sam ples s ta r te d  on April 11, 1978, by  co llecting  flow ering shoots. T he 
co llection  of b ranches o f th e  sam e “ sam ple”  tree s  w as rep ea ted  a p p ro x im a te ly  every  fo u rteen  
d a y s  u n til  the  ripen ing  o f th e  f ru i t  (cf. Table 4). Shoots o f th e  sam e b ran ch es were so rted  as 
a p ica l- , la tera l- and  d w arf-tw ig s . M easurem ents o f th e  len g th  o f th e  shoo t and its  d iam e te r  
a t  th e  base and apex  w ere ta k e n . S ta rtin g  a t  th e  base o f th e  shoo t, len g th  of the  petio le an d  
th e  leaf-b lade or lam in a  as w ell as th e  w id th  o f th e  leaf-b lade w ere m easu red . In  th e  course 
o f  th e ir  developm ent, th e  sh ap e  of th e  base an d  ap ex  of th e  lea f w as recorded. The len g th / 
w id th  (cf. H ic k e y  1973) as well as w id th /len g th  ra tio s  were c a lcu la ted . The va lue  of th e  
w id th /le n g th  ra tio  was ta k e n  be tw een  0 and  1 so i t  m akes ca lcu la tio n  easier (cf. T ab le  1).

W hen exam in ing  th e  inflorescence, f irs t  th e  size o f the  flow er n e x t to  the  base o f th e  
sh o o t w as tak en  — ju s t  like  fo r th e  leaves. L en g th  of th e  calyx  a n d  sep a l-tee th , len g th  and  
b r e a d th  of pe ta l and  le n g th  o f  th e  p istil and  o v a ry  are  given in  m illim e tres  in  th e  blossom ing 
d ev elo p m en ta l phase. T h e  n u m b e r of stam ens w as also coun ted  (T ab le  2).

W id th  and le n g th  o f th e  f ru it  were m easu red  along th e  ra p h e  a n d  perpend icu larly  to  
th is  level, length  and  w id th  o f th e  stone f ru it a n d  its  hole were ta k e n  separa te ly  along th e  
p la n e  of th e  raphe, an d  le n g th  a n d  w id th  of th e  seed an d  th e  em b ry o  of 3 fru its  o f each (sort) 
sam p le  were m easured  a t  th e  sam e tim e.

L 2
B ased on th e  av erag e  v a lu e , form  or shape  in d ex  A x =  ^  ^  o f  th e  im m atu re  f ru i t

w as calcu la ted  accord ing  to  L ö s c h n in g  and  P a s s a c k e r  (1954) th e  re la tiv e  g row th ra te  =  

R G B  was calculated  acco rd in g  to  B l a c k m a n  (1919). W here L  =  a =  rad iu s of f ru it paralle l

b c
w ith  th e  raphe; D  =  ^ =  ra d iu s  o f th e  f ru it p e rp en d icu la r to th e  ra p h e ; W  =  =  rad iu s

o f  th e  w id th  of fru it. To o b ta in  th e  value  of R G R , f irs t  th e  cubic o f  th e  fru it was calcu la ted  
o n  th e  basis of m odel

w h ich  approx im ates a n  e llip so id  fru it-sh ap e ; “ a ”  a n d  “ 6”  m eans th e  len g th  (cut along th e  
ra p h e  and  p e rp en d icu la rly  to  t h a t  plane), while “ c”  m eans th e  w id th . V ariab ility  of th e  cubic 
in  m 3 o f the  fru it was co n sid ered  as a ch ara c te ris tic  fea tu re  of th e  d ev elopm en t of th e  f ru it 
so m odel of R G R  value  w as

R G R fog2 — b g 2 Vx

w h ere  V  =  m m 3, t2 a n d  m ea n s  th e  space of tim e  be tw een  tw o m easu rem en ts  expressed  in 
d a y s  (KvËT e t al. 1971).

Only tw o d im ensions (len g th  and w id th ) o f the  size-changing of th e  ovary  hole, th e  
o v a ry  and  th e  em bryo w ere d e a lt  w ith , th e y  are expressed  in  m m 2.

The shape in d ex  o f th e  m atu re  f ru it w as also co m p u ted , b u t  fo r th e  sake of com ­
p a ra b ili ty ,  th e  th ick n ess =  v, w id th  =  sz , len g th  =  h (along th e  ra p h e )  o f 17 pieces o f C-235 
a n d  23 pieces o f C-778 c o n v arie tie s  are considered here. These d a ta ,  c a lcu la ted  w ith  th e  ellipse 
e q u a tio n , approach  re a l ity  (cf. L ö s c h n in g  an d  P a s s a c k e r  1954) b u t  o n ly  by  using a m o d ify ­
in g  co n stan t =  k. To o b ta in  th e  value  of “ Zc” , 27 specim ens of C-235 an d  30 specim ens of 
C-778 were tak en  se p a ra te ly  in  a m easu ring -tube  of 1000 m l each , th e n  th e  m easuring -tubes 
w ere  filled  w ith  w a ter to  th e  m eniscus. P o u rin g  in to  a n o th e r m easu rin g  tu b e , w ater q u a n ti ty  
a b o v e  th e  aprico t vo lu m e w as m easured . The cub ic  c o n te n t of 27 as well as the  30 ap rico ts 
h a d  been  ob ta ined  fro m  th e  d ifference of th e  tw o  m easu rem en ts. T h e  cubic co n ten t o f one

a p r ic o t  was o b ta ined  b y  ta k in g  th e  average of th e  tw o va lues, so x  =  ■ ; w here
1000 — m

n  =  nu m b er of f ru it;  m  =  a m o u n t of w ater in  th e  m easuring  tu b e  above and am ong th e  
f ru i ts .  The q u o tien t o f th e  m easu red  and  ca lcu la ted  cubic vo lum es becam e th e  “ Zc”  va lue  
ch arac te riz in g  th e  co n v arie tie s : к =  1.24 for C-235, к =  1.10 fo r C-778.

To calculate th e  sh a p e  in d ex  of th e  m atu re  f ru it,  d a ta  o f s to n e  fru its  each were used.
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R esu lts and d iscussion
Seedling
Radicula

In  th e  germ in atio n  process th e  ra d ic u la  arose a t  th e  a p ex  o f  th e  s tone  f ru i t  (F ig . I). 
A  to p  ro o t a n d  num erous la te ra l ro o ts  developed  from  th e  rad ic le . The d irec tion  o f th e  to p  
ro o t d ep en d s on  th e  soil s tru c tu re  in  w hich  th e  g e rm in atio n  tak es p lace. L a te ra l ro o ts  a re  
a p p ro x im a te ly  a t  r ig h t angles to  th e  to p  ro o ts. The to p  ro o t is colourless-w hite a n d  su b ­
se q u e n tly  becom es n u t-b row n , and  th e  la te ra l  ones are of a fa in t  w hite  colour.

Plumule

B etw een  th e  ro o t an d  th e  co ty led o n s a sh o rte r o r longer h y p o co ty l develops a n d  above 
th e  co ty led o n s th e  ep ico ty l and  th e  p lu m u le . T he len g th  o f th e  ep ico ty l depends on  th e  th ic k ­
ness o f th e  soil on  th e  seed. The colour o f th e  co ty ledons is o ften  red , th e y  are o v a te  a n d  w ider 
a t  2/3 len g th , th e  base subseq u en tly  na rro w s. The stone f ru it  an d  seed co at ad h ere  to  th e  
co ty led o n s (F ig . 2) for a long tim e.

T he angle  o f  coty ledons and  ep ico ty l is larg e r in  C-235 th a n  in  C-778 (Figs 3, 4).

Fig. 1. R ad ic u la  o f th e  ap rico t in th e  ap ex  of th e  seed. A ro u n d  th e  seed th ere  is th e  stone
fru it (P h o to : I. RÁcz)
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Fig. 2. P lum ula  b e tw een  th e  coty ledons, enveloped  b y  seed-coat (P h o to : I. RÁcz)

Seed plant

A fte r th e  p lum ule  em erges in  a m o n th  or so, m ore stipu le  and  foliage leaves develop 
on th e  s te m  of th e  seed p la n t  while th e  co ty ledons a re  in  good swollen co n d ition  (F igs 3, 4). 
The in it ia l  leaves are scu te lla te -lik e  b rac ts  in  sp ira l or a lte rn a te  a rran g em en t (F igs 3, 4). The 
len g th  o f th e  f irs t  lea f  p e tio le  is 3 -4  m m , th e  lam in a  is ty p ica lly  ap rico t lea f  like. T he base 
o f  th e  le a f  is d ecu rren t. T he lam in a  is 5 m m  long  an d  1.5 m m  wide. The len g th  of th e  petio le 
o f th e  fo u r th  leaves is 5 m m , th e  lam ina len g th  is 7 m m  and th e  w id th  is also 5 m m . The 
p e tio le  o f  th e  s ix th  le a f  is 5 m m  long, th e  len g th  a n d  w id th  of th e  lam ina  are  7 m m  each. 
T he base  is d ecu rren t, th e  m arg in  is serra te . A ccord ing  to  H ic k e y  (1973) th ese  se rra te  te e th  
belong  to  ty p e  1A. T he te e th  a re  convex on b o th  sides. Petio les o f lea f No. 14 are 5 m m  long. 
T he le n g th  o f th e  lam in a  is 36 m m  and th e  w id th  is 26 m m . The base o f th e  lea f is co rdate , 
th e  a p ex  a sy m m etric . In  M á n d y ’ s (1949) opin ion th is  ty p e  of lea f ap ex  is b ro ad ly  acum in ated . 
T he v e n a tio n  are p in n a tifo rm is  c raspedodrom ous. T he seed p lan t is w eak in  C-778 as in  C-235 
(F igs 3, 4).
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F ig . 3. A lm ost th ree -m o n th s-o ld  seed ling  of th e  C-235 (P h o to : I .  RÁcz)

Trees
Root system

The seedlings and  th e  seed p la n ts  grow  (F igs 1, 3, 4) and  develop w ith  to p  ro o t. B u t 
th e  c u ltiv a ted  tree s  have  a la te ra l  ro o t sy s te m  ly in g  shallow  in  th e  soil ( B r ó z ik  1960) (F ig . 5). 
T he surface o f  th e  la te ra l  roo ts  is v io le t co lou red  (cf. P a s s a c k e r  in : L ö s c h n in g  a n d  P a s ­
s a c k e r  1954).

Branch system

The d iam e te r o f  th e  can o p y  increases fro m  6 to  12 m  (cf. B r ó z ik  1960, L ö s c h n in g  
a n d  P a s s a c k e r  1954 an d  F ig . 6). T rees a re  3 to  17 m  high  according to  K o s t in a , th e  av erag e  
v a lu e  being  5 m  according to  So k o l o v  (1954). T he d iam e te r o f t re e - tru n k  is u su a lly  20 or
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Fig. 4. A lm ost th ree -m o n th s-o ld  seedling  of C-778 (P h o to : I. RÁcz)

Fig. 5. T he well-developed la te ra l  ro o t w ithou t to p  ro o t o f th e  ap rico t tree  (P h o to : D. K o v á t s )
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Fig. 6. T h e  sam ple tree  of C-235 in  blossom  (P h o to : D . K o v á ts)

30 cm  b u t  th e  o ldest ones reach  even 60 cm . T he t ru n k  is sp ira lly  tw isted  (F ig. 7). T h e  cork 
is th in  an d  becom es sh a k y  in  a young tree  a n d  deform ed on  th e  o ld es t one (Fig. 8). T he surface  
of th e  co rk  is v e rrucose  (F ig . 14). The old cu ticu la  lay e r rem a in s on  th e  cork sp o rad ica lly , 
these  p a tc h es  are  g rey ish  w h ite , th e  o th er p a tc h es  o f th e  cork  are  d a rk  red  or red d ish -b ro w n . 
The can o p y  is m ade  u p  o f  w idespread b ran ch es, h em ispherica l, ha lf-dense  in  “ M agyar k a jsz i”  
(Fig. 6) w hereas th e  “ R ó zsab arack ”  d iffers a l i t t le  b i t  fro m  th is  form .

T he u n d e rs to ck  is v e ry  often  th e  “ T engeri”  or “ M ajo m b arack ”  in  H u n g a ry . I t s  th in  
and sh o rt b ran ch es  rise  u p w ards fro m  th e  th ic k  a n d  re la tiv e  h o rizo n ta l b ranches (F ig . 9). 
One o f th e  b e s t a p ric o t o f  th e  fu tu re  is th e  “ V elasquez”  (F ig . 10). T he b ranches a re  long, 
grow ing ra p id ly , b u t  frag ile . The A rm eniaca vulgaris has m o n opod ia l b ranches, b u t  th e  form

Fig. 7. The a p ric o t tree  tru n k  grow ing in  sp ira l fo rm  (P h o to : D. K o v á ts)
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Fig. 8. C ork-surface  of ap rico t t re e  (P h o to : D. K o v ä ts)

o f  th e  cu ltiv a ted  trees  is m od ified  b y  p ru n in g . T h e  tw ig s an d  branches o f  th e  convarie ties o f 
A rm en ia ca  vulgaris, C-235 M agyar k a jsz i an d  C-778 R ó zsab arack , are aw nless an d  b rig h t 
g re y  b y  th e  cuticle (F ig . 11). U n d e r th e  lay e r o f  th e  cu tic le  th e  cork is red .

The veg eta tiv e  b u d s  a re  ax illa ry , an d  th e y  grow  in  la te ra l an d  te rm in a l positio n s 
(F ig . 11). T hey  are  a lw ays sm alle r th a n  th e  flow er b u d s . T he angle o f d ivergence o f th e  m ain  
a x is  a n d  la te ra l b u d s o f C-235 is 40-60° an d  3 0 -4 0 ° o f C-778. A ccording to  B k o z ik  (1960) 
th e  b u d s  o f C-235 are  f i t te d  to  th e  m ain  axis, m id d le -b ro ad , spindle-like a n d  th e  b u d s of 
C-778 curved  to  th e  m ain  ax is  a n d  narrow -sp ind le  like  (F ig . 11). The leaf- a n d  flow er-bud  
sca les are arranged  in  double  sp ira ls helically , covered  by th e  shoot a n d  flow er p rim o rd ia .

Fig. 9. “ T engeri”  o r “ M ajom ”  a p ric o t (P h o to : D. K o v á ts)

Acta Botanica Academiae Scieniarum Hungaricae 28, 1982
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F ig. 10. “ V elasquez” so rt (P h o to : D. K o v a t s )

T he outer-low er pe ru les  a re  th e  b iggest and  becom e g rad u ally  sm alle r to w ard  th e  a p ex  of 
th e  b u d  (Fig. 11). T h e  buds-scale is sym m etric , sectors form  a t th e  b ase , an d  ob tuse  a t  th e  
a p ex , dark-brow n o r b lack  in  colour. The inners has th ree  yellow ish-green leafle ts and  fa ll o ff 
a f te r  developing th e  cauline  leaves. The m arg in  is w eakly  to m en to se . The leaves a re  in  a 
tw is ted  form  in th e  b u d s  (cf. K o s t in a  1936).

The long b ran ch es  grow  as a re la tiv e  m ain  axis on  th e  stem  a f te r  som e years. On th ese  
large  branches th e  la te ra l  and  te rm in a l b ranches develop. U sually  tw o  te rm in al b ran ch es 
grow  w hich are o f  u n e q u a l len g th . The d w arf tw igs (F ig . 12) o ften  occur on th e  long b ran ch es 
(F igs 13, 13a) a n d  ra re ly  on th e  large and  b u lk y  b ra n ch  T o m c s á n y i (in : N y ú jt ó  an d  T o m ­
c s á n y i 1959). In  re la tio n  to  th e  f ru it p ro d u c tio n , tw o ty p es  o f b ran ch es m ay  be d iffe ren tia ted . 
One is th a t  o f th e  long  b ran ch es an d  th e  o th e r is th e  d w arf  b ran ch es. A ccording to  N y ú j t ó  
an d  T o m c sá n y i (1959) th e  d w arf b ranches are n o t longer th a n  10 cm , a n d  b ear vigorous flow er 
b u d s. T hey can be  fu r th e r  classified accord ing  to  these  sho rt b ran ch es: a) th e  leafless f ru c t i ­
ferous b ranch  (F ig . 12), an d  b) one or tw o leaves on  th e  fru c tife ro u s b ra n ch  (Fig. 12). T h is 
la t te r  m ay be one or tw o  y ears old or m ore. T hey  differ in  age and  len g th , b u t  are o ften  g rouped  
in  th e  tw o-year-o ld  p a r t  o f th e  long b ran ch es (F ig. 13). These d is tr ib u tio n s  o f th e  d w a rf  
b ran ch es influence th e  d is tr ib u tio n  of fru its  in  th e  canopy . Ch il d e r s  (1973) div ided i t  in to  
several layers acco rd in g  to  th e  frequency  d is tr ib u tio n  o f apple in  th e  canopy . The app le  tree  
canopy  produces in  th e  f irs t  or o u ter lay e r. In  th e  ap rico t canopy  th e  second one is th e  m ore 
p rod u c in g  layer. B ecause th e  fructiferous b ran ch es =  d w arf b ran ch es , occurs in  a re la tiv e
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Fig. 11. Spindle-like b u d s of C-778 (P ho to : I . RÁC/)

sh o rt p a r t  of th e  tw o -year-o ld  or o lder b ra n ch  a n d  some more flow er b u d s  a re  s itu a te d  near 
th e  base  o f the  one-year-o ld  b ran ch . These la t t e r  flow er buds o ccurred  on  b o th  sides o f th e  
v eg e ta tiv e  bud  a t  th e  base  o f th e  one-year-o ld  b ra n ch  and  only on th e  one side o f th e  vege­
ta tiv e  b u d  tow ard  th e  a p ex  o f th is  b ran ch  (F ig . 13a).*

T he a rch itec tu re  o f  th e  lea f canopy  is in flu en ced  by th e  d iffe re n t ty p es  o f b ranches 
a n d  tw igs and also b y  th e  ang les th e  b ran ch es fo rm  w ith  each o th e r  (F ig s 9, 10).

B etw een the re la tiv e  m ain  b ranches a n d  lo n g  la te ra l b ra n ch  th is  angle o f  d ivergence 
is 30° in  C-235 and 40° in  C-778. The o ldest b ra n ch e s  are usually  a t  30° to  each o th er.

* T his phenom enon  is ch arac te ris tic  also o f P runus domestica, P . persica , P. spinosa.
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F ig. 12. D ifferences am ong the  d w a rf  tw igs on th e  b ra n ch  (P h o to : I. RÁcz)

S o k o l o v  (1954) m ade a new classifica tion  also according to  th e  frequency  o f th e  d w arf 
b ran ch es  (i.e. fertile  b ranches). The freq u en cy  d is trib u tio n  o f th e  d iffe ren t b ran ch es and  
tw igs o f  G-235 and C-778 are  show n in  T able  1.

A ccord ing ly , a five-year-o ld  b ran ch  o f th e  C-235 has th ree  long shoots o r long  la te ra l 
b ra n ch e s , tw o apical b ranches and one d w a rf b ran ch . On these fiv e-year-o ld  b ran ch es new  
b ran ch es  occur a t  a 50 m m  average d istance  w ith  th e  excep tion  of th e  ap ical b ran ch es. The 
long la te ra l  b ranches b ear m ore d w arf shoots. So, e.g. the second longest b ran ch  has th ree  
d w a rf  b ran ch es  and  th e  average  d istance is 83 m m  betw een th e  tw o  tw igs.

A  th ree -y ears-o ld  b ran ch  of C-778 is 220 m m  long, w ith  th ree  long la te ra l an d  d w arf 
b ran ch es.

T h e  b ranches and tw igs are a rranged  on  th e  re la tive  m ain  b ran ch es in  double  sp ira ls.

The growth rhythm of the branches in a vegetation period

T h e  f irs t  and  considerab le  growing ph ase  is in M ay and  th e  second one is in  Ju n e  by  
th e  “ já n o s n a p i”  (“ day  of J o h n ” ) shoots. B o th  k in d s of aprico ts fin ish  th e  long grow ing phase  
of th e  b ran ch es  in  Ju n e , o r Ju ly . L ö s c h n in g  a n d  P a s s a c k e r  (1954) in v es tig a ted  th e  g ro w th  
in  th e  “ N a n c y ”  v a rie ty  from  4 o f Ju ly  u n til 20 in  1941. The resu lts  o f  his m easu rem en ts  hav e  
show n t h a t  th e  d w arf b ran ch es grow lin ea rly  an d  th e  abso lu te  va lue  o f th e  long g ro w th  of 
th e  la te ra l  a n d  long b ran ch es are rep resen ted  b y  a curve. The v e g e ta tiv e  ax illa ry  b u d s  arose 
in C-778 a t  th e  beginning of Ju ly  and in C-235 a t  th e  end of Ju ly .

14 Acta Botanica Academiae Scientiarum Hungaricae 28, 1982
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C-235

Table 1

Branches, leaves

Branch Leaves

Type of shoot 0  of branch Length Length Width
w
I,

Serial
No. Length at the 

base
at the 
apex

, of leaves
Serial No. of petiole of lamina w

Shape of 
shoulder Shape of apex

in mm

5 years-o ld  b ran ch l. 200 10 5

la te ra l b ranch l. 90 4 2 6 w ithou t measureunent

la te ra l b ranch 2. 211 8 2 9 l. i l 17 9 1.88 0.53 ovate sym m etric
2. 15 25 17 1.47 0.68 rounded asym m etric
3. 15 43 40 1.07 0.93 cordate asym m etric
4. 30 55 45 1.22 0.82 cordate asym m etric
5. 35 67 53 1.26 0.97 cuneate asym m etric
6. 35 70 57 1.23 0.81 cuneate asym m etric
7. 37 77 59 1.30 0.77 cuneate asym m etric
8. 42 78 64 1.21 0.82 decurren t asym m etric
9. 45 85 67 1.26 0.79 decurren t asym m etric

dw arf tw ig 1. 10 3 2 4 1. 8 16 12 1.33 0.75 ovate asym m etric
2. 17 35 30 1.10 0.86 cordate asym m etric
3. 34 60 58 1.03 0.79 cuneate asym m etric
4. 40 73 58 1.25 0.79 cuneate asym m etric

dw arf twig 2. 21 4 2 6 1. w ithout m easurem ent
2. 14 37 28 1.32 0.75 cordate sym m etric
3. 30 57 43 1.32 0.75 cuneate sym m etric
4. 28 70 48 1.45 0.68 cuneate asym m etric
5. 40 70 50 1.40 0.70 cuneate asym m etric
6. 30 60 54 1.29 0.90 cuneate asym m etric

d w arf twig 3. — — — 2
late ra l branch 3. 260 7 3 9 i. 9 15 14 1.07 0.93 ovate asym m etric
apical b ranch 1. 280 7 2 13 2. 12 23 16 1.43 0.69 ovate asym m etric

3. 18 35 30 1.10 0.85 cordate asym m etric
4. 22 45 37 1.21 0.82 cordate asym m etric
5. 30 58 50 1.10 0.86 cordate asym m etric

2
1

0
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6.
7.

d w arf twig

dw arf twig 

dw arf twig

dw arf twig 

dw arf twig

d w arf tw ig

dw arf tw ig

1. 6 3 2 5

2. 4 2 2 2

3. 20 4 3 7

4. 3 2 1 3

5. 6 2 2 5

6. 6 2 2 5

7. 3 1 1 3

8 .

9.
10.

11.
12.
13.

1.
2.

3.
4.
5.

1.
2.

1.
2 .
3.
4.
5.
6 .

7.

1.
2 .

3.
1.
2.
3.
4.
5.

1.
2 .

3.
4.
5.

1.
2 .

3.

32 55 52
22 61 47
40 73 56
35 78 58
42 82 70
45 78 65
47 90 70
48 90 68

w ith o u t m easurem ent
12 28 22
20 42 31
27 52 44
30 60 47

12 29 20
27 46 36

7 18 12
10 22 16
26 48 39
30 58 47
35 63 48
38 72 51
40 76 50

14 26 21
33 50 42
40 60 50

4 14 7
w ithou t m easurem ent

22 44 32
27 53 41
40 71 52

8 15 12
17 32 25
25 48 41
35 60 47
42 69 51

10 25 12
23 45 34
37 70 46

1.05 0.94 rounded
1.29 0.77 cuneate
1.30 0.78 cuneate
1.34 0.74 cuneate
1.17 0.85 decurren t
1.20 0.82 decurren t
1.28 0.77 decurren t
1.30 0.75 decurren t

1.27 0.79 o vate
1.35 0.74 cordate
1.18 0.85 cuneate
1.28 0.78 cuneate

1.45 0.69 ovate
1.28 0.78 o vate

1.50 0.67 ovate
1.38 0.73 ovate
1.23 0.81 cordate
1.23 0.81 cordate
1.31 0.76 cuneate
1.41 0.71 cuneate
1.52 0.66 cuneate

1.24 0.81 ovate
1.19 0.84 cordate
1.20 0.83 cuneate

2.00 0.50 ovate

1.38 0.73 cordate
1.29 0.77 cuneate
1.37 0.73 cuneate

1.25 0.80 ovate
1.28 0.78 cordate
1.25 0.80 rounded
1.28 0.78 cuneate
1.35 0.74 cuneate

1.08 0.48 ovate
1.32 0.76 cordate
1.52 0.66 cuneate

sym m etric
asym m etric
asym m etric
asym m etric
asym m etric
asym m etric
asym m etric
asym m etric

asym m etric
sym m etric
sym m etric
asym m etric

asym m etric
asym m etric

asym m etric
asym m etric
asym m etric
asym m etric
sym m etric
asym m etric
sym m etric

asym m etric
asym m etric
sym m etric

sym m etric

sym m etric
asym m etric
asym m etric

sym m etric
sym m etric
sym m etric
asym m etric
asym m etric

sym m etric
asym m etric
sym m etric to
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Branch

Type of shoot Serial
No.

0  of branch Number
Length at the 

base
at the 
apex

of
leaves

Serial No.

dw arf twig 8. 2 l 1 2 1.
2.

dw arf tw ig 9. 7 2 l 5 1.
2.
3.
4.
5.

apical branch 2. 220 8 2 11

C-778

th ree  years-old 
b ranch  w ith  3 
la te ra l 2 apical 
b ran ch  -f- la te ra l 
branch 1. 115 8 6

” 2. 120 4 3 17 1.
2.
3.
4.
CD.
6.
7.
8. 
9.

10.
11.
12.
13.
14.

Length Length Width 
of petiole of lamina

23
35

37
55

27
40

Leaves

L
W

1.37
1.38

w ith o u t m easurem ent 
w ithou t m easurem ent

w ith o u t m easurem ent

w
L

0.73
0.73

22 I 46 39 1.18 0.85 cordate
32 62 48 1.29 0.77 cuneate
40 76 56 1.36 0.74 cuneate

Shape of 
shoulder

cuneate
cuneate

Shape of apex

asym m etric
asym m etric

asym m etric
asym m etric
asym m etric

w ithou t m easurem ent

7 17 11 1.55
12 16 13 1.23
without m easurem ent
20 34 26 1.31
25 36 — —
18 33 28 1.18
32 45 36 1.25
30 47 40 1.18
31 45 36 1.25
34 57 44 1.25
45 70 56 1.30

w ithou t m easurem ent 
w ith o u t m easurem ent 
w ithout m easurem ent

0.65
0.81

cuneate
cuneate

asym m etric
asym m etric

0.76 cuneate asym m etric

0.85
0.80
0.85
0.80
0.80
0.77

cuneate
decurren t
decurren t
decurren t
decurrent
decurren t

asym m etric
asym m etric
asym m etric
asym m etric
asym m etric
asym m etric

2
1

2
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apical b ranch  
from  th is th e

1. 115 5 2 13

“ ján o sn ap i”  p a r t  is 
96 m m  long

apical b ranch 2. 45 4 3 12

15.
16
17.

1.
2
3.
4.
5.
6 .

7.
8.
9.

10.
11
12.

13.
1.
2,

3.
4.
5.
6 .

7.
8 .

9.
JO.
I I .
12.

35 68 64 1.06 0.94 decurren t
42 72 70 1.03 0.97 decurren t
38 72 66 1.09 0.92 decurren t

w ith o u t m easurem ent
15 30 15 2.00 0.50 cordate
23 38 28 1.36 0.74 rounded
22 42 31 1.35 0.74 cuneate
25 46 43 1.35 0.74 cordate
25 47 40 1.18 0.85 cuneate
30 45 39 1.15 0.87 cuneate
32 53 44 1.20 0.85 decurren t
29 45 34 1.32 0.76 cordate
37 51 41 1.24 0.80 cuneate
32 56 48 1.17 0.86 cuneate
32 49 46 1.07 0.94 cordate
34 57 50 1.14 0.88 cuneate

10 20 12 1.67 0.60 ovate
15 26 16 1.63 0.62 ovate
22 36 27 1.11 0.90 cordate
18 30 22 1.36 0.73 cordate
24 35 27 1.22 0.77 rounded
32 46 43 1.07 0.93 rounded
35 49 44 1.11 0.90 cuneate
31 47 43 1.09 0.91 cuneate
38 56 52 1.08 0.93 cuneate
30 53 40 1.33 0.75 decurren t
38 63 52 1.21 0.83 decurren t
30 53 44 1.20 0.83 decurren t

asym m etric
asym m etric
asym m etric

sym m etric
sym m etric
sym m etric
sym m etric
asym m etric
asym m etric
asym m etric
asym m etric
asym m etric
asym m etric
asym m etric
asym m etric

asym m etric
asym m etric
sym m etric
sym m etric
asym m etric

asym m etric
asym m etric
asym m etric
asym m etric
asym m etric
asym m etric
asym m etric
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Fig. 13. Tw o-years-o ld  b ran ch  w ith  d w arf tw igs bearing  th e  re 
p ro d u c tiv e  buds (P h o to : I . RÁcz)

Fig. 13a. T he second or rep ro d u c tiv e  lay e r o f th e  b ran ch . P a r t  
from  th e  Fig. 13
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ifi

F ig . 14. Leaves w ith  d iffe ren t len g th  of pe tio le  in  a  “ one-year-o ld”  b ra n c h  of C-235 cv. (P h o to :
D . K o v á t s )

Leaves

T h e  spirally or a l te rn a te ly  arranged  leav es  develop from  th e  v e g e ta tiv e  b u d  in  early  
sp rin g  w ith  th e  new p a r t  o f  th e  b ranches a n d  tw igs. The new  leav es develop in  th e  ap ex  of 
th e  sh o o ts  in  early spring  a n d  in  th e  m iddle o f  sum m er.

Petiole

T h e  leaves are p e tio la te  (F igs 14, 16). T h e  petio le  grows w id e r a t  th e  base . T he petio le  
is scap h o id  (Fig. 15) an d  d a rk  red . This co lou r is con tinued  in  th e  m id rib  o f th e  lam in a. The 
p e tio le  is sparsely pubescence, th e re  are ru d im e n ta ry  b rac ts  a n d  n e c ta r  g lands on  th e  surface 
(F ig . 15). The num ber o f b ra c ts  an d  n ec tar g lan d s  is h igher on th e  leav es  t h a t  develop in  th e  
m idd le  o f  th e  sum m er. A ccord ing  to  D o bos  (1975), th e  num ber o f n e c ta r  g lands on th e  petio le  
is h ig h e r  in  August. T he le n g th  o f th e  p e tio le  depends on  th e  seria l n u m b er o f th e  lea f and  
th e  p o s itio n  of the  leaf on  th e  s tem  (Figs 14, 17, 18a—b, 19a—c, a n d  T ab le  1). T he n e c ta r  g lands 
o f th e  p e tio le  belongs to  th e  e x tra n u p tia l  ones (C a s pARY 1848, B o n n ie r  1879, F il a r s z k y  
1911, E w e r t  1932, L e n g y e l  1943, N y á r á d y  1958, Gu l y á s  1975). T hese  g lands were c las­
sified  b y  th e ir  form , too  (D e l p h in o  1886, Z im m e r m a n n  1932, G u l y á s  1964).

T h e  n ectar g lands o f  th e  d ifferen t species an d  varie ties o f  th e  H u n g a rian  cu ltiv a ted  
f ru i t  tre e s  were stu d ied  in te n siv e ly  by  M o h á c s y  (1954), M o h á c s y  a n d  Ma l ig a  (1956), 
B r ó z ik  (1960).
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Fig. 15. N ec ta r  g lan d s o f th e  schapho id  petio le o f C-235 (P h o to : I. RÁcz)

G u l y á s  (1964) c o u n ted  th o se  p la n t  fam ilies w hich are th e  source  o f  n ectar w ith o u t 
flo w ers (ex tra n u p tia l ones). A ccord ing ly , n um erous species o f 55 fam ilies are  know n w hich 
h a v e  e x tra n u p tia l  g lands in  H u n g a ry . T he im p o rtan ce  of th e  op in io n  fo r these  species w ere 
d iscu ssed  by  L a b a n c z  (1912), H a l m á g y i a n d  Su h a jd a  (1963), G u l y á s  (1975), and P é t e r  
(1975) d e ta il. T ak ing  in to  co n sid e ra tio n  th e  d ev elopm en tal tim e  of th e  e x tra n u p tia l  g lands, 
th e y  are  n o t connected  w ith  th e  fe rtiliz a tio n  of flow ers because th ese  la t te r  develop m uch  
e a rlie r . The biological role o f th e  e x tra n u p tia l  n e c ta r  g lands are u n k n o w n .

D obos (1975) cla im s th a t ,  a f te r  fin ish in g  th e ir  secretion , th ese  g lands are m odified  
lik e  b ra c ts . The tra n s fo rm a tio n  of th ese  g lands and  th e ir v e n a tio n  sy s te m  show th e  lea f 
o rig in  o f th e  glands (G u l y á s  1964).

The n ec tar g lands o f  th e  pe tio le  o f th e  ap rico t, P ru n u s mahaleb  (Cerasus mahaleb), 
A m y g d a lu s  persica (P ru n u s persica), a ll o f th em  species of Rosaceae, w ere  s tu d ied  anatom ically  
b y  B o n n ie r  (1879).

The lamina
T he dorsiv en tra l la m in a  o f th e  lea f  are th ic k  an d  coriaceous. T h e  dorsal surface of 

th e  lam in a  is sm ooth  a n d  sh in y . C-235 is d a rk er green  th a n  C-778.
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Fig. 16. L eaf lam in a  w ith  (p in n a tifo rm ) craspedodronous v e n a tio n . The te e th  o f th e  lea f 
differ fro m  each -o th e r from  th e  base of lea f to  th e  ap ex  (P h o to : I. RÁcz)

F ig. 16a. One, tw o or th ree  vein  end ings in  a m esophyll ch am b er =  in te rco s ta l a rea  (P h o to :
I. RÁcz)

The base of th e  leaves (Table 1) d iffer from  th e  f irs t to  th e  la s t. U sually  o v a te , co rd a te , 
ro u n d ed  or tru n c a te , cu n ea te  and d e c u rre n t base form  follow  one a n o th e r in  a  ro w  (Figs 
14, 17). The form  of th e  lea f  base is in  accordance w ith  K r e n k e ’s law  (1940). A ccord ing  to  
th is  law , th e  form  or size o f th e  leaves, o r b o th , change in  o rd er o f th e  on tom orp h o g en etica l 
age. Such changes a re  due to  the  physio log ical age o f th e  p la n t. K r e n k e  reg ard s ageing  as 
a progression  to w ard s m a tu r i ty , p a r tic u la r ly  rep ro d u c tiv e  m a tu r i ty ,  w hich is som etim es fo l­
lowed by  fu r th e r  cyclic changes. A t p o in ts  along th is p rogression  rejuvenescence m ay  occur, 
as on  shoots grow n fro m  la te ra l b uds. Successive nodes are u n its  in  a develo p m en ta l scale, 
a n d  th e  form  of th e  le a f  is a q u a lita tiv e  c rite rio n  of physiological age.

I t  should be n o ted  t h a t  m ost a u th o rs  ( K o s t in a  1936, S o k o l o v  1954, M á n d y  1949, 
P é t e r  1975) u su a lly  m en tio n  on ly  th e  c o rd a te  and  decu rren t fo rm  o f th e  lea f base  o f  ap rico t.
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F ig . 17. T he base and th e  a re a  o f th e  leaves differ fro m  each -o th e r from  th e  f ir s t  to  the  las t 
e.g. th e  to p  lea f , according to  K ren k e’s law  (P h o to : I . RÁcz)

The apex of the leaf is asymmetric

T he m argin of th e  le a f  is se rra te . The te e th  o f th e  lea f are n a rrow  a t  th e  base  o f th e  
la m in a  (F ig . 16) and co n v ex  in  th e  m iddle (Fig. 16). A ccord ing  to  H ic k e y  (1973), these  types 
o f  te e th  belong to the  4A  a n d  th e  1A categories, resp ec tiv e ly , on  th e  sam e leaf. (In  th e  opinion 
o f som e au tho rs Má n d y  1949, N y ú jt ó  and T o m c s á n y i 1959) th e  m arg in  o f th e  ap rico t leaf 
is c re n a te . The apex of th e  te e th  o ften  ends in  th e  n e c ta r  g land  (Fig. 16). T h is phenom enon 
is ch ara c te ris tic  of m ost o f th e  ta x o n s  of the  Rosaceae fam ily  (cf. M e t c a l f e  an d  Ch a l k  1950).

Venation

T he venation  is p in n a tifo rm is  craspedodrom ous, o ften  ram ify ing  a t  th e  m arg in . These 
v e in  endings finish in  th e  a p e x  o f  th e  se rra te  te e th  (F igs 16, 17).

F rom  the base to  th e  le a f  a p ex  th e  angle o f d ivergence betw een th e  m id rib  an d  th e  la te ra l 
v e ins changes by 5°, 5°, 8°, 8°, 7°, 5° in  cuneate  a n d  5°, 7°, 7°, 8° in  d e cu rre n t base leaves. 
T h e  subsequen t vein  ra m if ic a tio n s  are sim ple. In  one in te rco s ta l area  =  m esophy ll cham ber 
( F e k e t e  and Sz u jk ó -L a c za  1973) th ere  are one, tw o o r th re e  vein  endings (F ig . 16a).

B r o zik  (1960) c o n sid e rs  i t  a  ch aracte ris tic  fe a tu re  o f th e  lea f lam in a  w h e th er i t  is 
scap h o id  or no t in  th e  o n e -y ea r-o ld  sam pling. T his ph en o m en o n  m ay  be in  connection  w ith  
th e  d en sity  of the  sam p lin g s in  cu ltiv a tio n  and  in  case o f th e  developed trees  overshaded  by  
th e  b ranches.

D a ta  of d ifferen t b ra n c h e s , an d  leaves o f C-235 an d  C-778 w ith  differences according 
to  th e  age of the  b ran ch es a n d  leaves as well as to  th e ir  a rch itec tu re  a re  g iven  in  Table 1. 
T h e  o ld er branches are th ic k  b u t  sh o rte r th a n  th e  ap ica l b ranches. T he d w arf b ranches are 
v e ry  d ifferen t in  co n n ec tio n  w ith  th e ir  age, th e  n u m b er o f leaves belong to  one old b ranch .
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F ig . 18. The len g th  o f p e tio le , th e  e x trem e  w id th  of leaf b lade, th e  w id th /len g th  ra tio  o f leaf 
b lad e  on  d ifferent b ran ch es  and  twigs o f th e  C-235 M agyar k a jsz i (A rm eniaca  vulgaris). L eng th
o f p e tio le  •  • ;  ex tre m e  w id th  of le a f  b lad e  X —  X ; w id th /le n g th  of lea f b lade О ----- -О
(The len g th  of petiole a n d  th e  w id th  o f le a f  a re  m easured on th e  x  ax is in  decim al scale; on  
th e  у  axis there  a th e  seria l num ber o f le a f  a n d  on th e  z axis a re  m easu red  th e  w id th /len g th  
of le a f  from  0.00-1 .00 .) a )  The 2nd la te ra l  b ran ch  of a 5 -years-o ld  one. b) The 1st tw ig . 

c) The 2nd tw ig , d )  T he 1st term inal b ra n ch

F ig . 19. The len g th  o f th e  petiole, th e  e x tre m e  w id th  of th e  lea f  b lade , th e  w id th /len g h t o f 
th e  lea f  b lade on d iffe re n t b ranches a n d  tw igs of C-778 R ó zsab arack , a) The 2nd la te ra l 
b ra n ch  of a th ree -y ears-o ld  one. b) T h e  1st te rm in a l b ranch  o f th e  th ree -y ears-o ld  one. c) The 

2nd te rm in al b ra n c h  of th e  th ree-years-o ld  one
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The length of th e  p e tio le  o f leaves changes an d  increases u n e q u a lly  fro m  th e  f irs t  to  
th e  la s t  apical leaf. B u t  d ifferences can be seen betw een  th e  leaves o f th e  b ranches and 
d w a r f  tw igs.

In  Table 1 there  a re  d a ta  o f  16 b ran ch es and  tw igs from  w hich tw o  w ere la te ra l b ranches, 
th re e  ap ical and eleven d w a r f  b ran ch es o f  th e  C-235 an d  C-778 co n v arie tie s  o f ap rico t. T he 
le n g th  o f the  petiole o f le a v es  is show ing a n  asy m m etric  sinuso idal cu rve  o f  th e  long la te ra l 
a n d  ap ica l branches w ith  th e  excep tio n  of th e  d w arf b ranches o r tw igs leaves (Figs 3, 13, 14, 
17, 18a, 18d, 19a, b, c). T h e  p e tio le  increases a lm o st regu larly  from  th e  f i r s t  to the  las t lea f 
in  d w a rf  branches (F igs 18b, c).

The length  of p e tio le  cu rves f i t te d  well to  th e  curves o f  w id th  o f  th e  lea f  lam ina, and  
th e  w id th /len g th  ra tio  o f  la m in a  in  th e  long la te ra l and  apical b ranches (F igs 18a, d, 19a, b , c). 
T h e  changes of the  th re e  c u rv es  (i.e. len g th  of petio le, w id th  o f lea f  lam in a  and  the  ra tio  o f 
th e  w id th /len g th  ra tio  o f  th e  lam in a) are re flec ted  by  th e  change of th e  la m in a ’s base of th e  
le a v es  developed a c ro p e ta lly  on  th e  shoot. T he len g th  o f pe tio le  and  th e  w id th  of th e  sam e 
le a f  lam in a  in the  f irs t tw o  leav es usually  hav e  sim ilar va lues, excep t on  th e  f irs t dw arf tw igs 
o f  th e  f i r s t  apical b ran ch es.

Researchers p re fe r to  m easu re  th e  len g th /w id th  of th e  leaf, also in  th e  “ A m brosia”  
c o n v a rie ty  of apricot. T hese  v a lu es are sim ilar to  th e  H u n g a rian  C-235 a n d  C-778 aprico ts. 
T h ere fo re , th is value m ay  be a species c h arac te r  and  p ro b ab ly  less ch a ra c te ris tic  of the  d if­
fe re n t  varie ties of th e  a p r ic o t.

The changes o f th e  le a f  lam in a ’s base  on a b ran ch  are som etim es irreg u la r , especially 
in  th e  “ jánosnap i”  p a r t  o f  th e  shoots (e.g. C-778, see Table 1).

T he asym m etry  o f th e  le a f  apex  is n o t un iform  and  regu lar, p ro b a b ly  i t  is due to th e  
d is tr ib u tio n  of the  lea f  o n  th e  stem  and th e  a c tiv ity  o f au x in  in th e  leaf.

In fl orescence
The flower buds a re  also  ax illa ry  b u t  th e y  are larger th a n  th e  v e g e ta tiv e  buds (Fig. 13) 

a n d  th e  flow er buds are a lw ay s  s lig h tly  on th e  side o f th e  b ran ch  or tw ig  com pared  w ith  the  
v e g e ta tiv e  buds (Figs 26, 27). T he peru les o f th e  flow er b u d s alw ays open  earlie r th a n  those  
o f th e  v eg eta tive  buds (F ig . 22). The so lita ry  flow er b u d s are s itu a te d  on th e  side of th e  oldest 
b ra n c h e s  and also on th e  lo w er (basal) p a r t  o f th e  one-year-o ld  ap ical b ran ch es. The la t te r  
is u su a lly  w ithered. F low er b u d s  develop in  singles (F ig. 20), in  pa irs , o r in  groups of th ree  
o r fo u r , or the  flower a n d  v e g e ta tiv e  buds develop m ixed (Fig. 22).

B o th  types o f b u d s  d evelop  in  th e  p reced ing  y ear, accord ing  to  S o l o h o v  (1972) th is  
p ro cess  begins in  April a n d  f in ish es  in  Ju n e . D evelopm en t o f buds is follow ed b y  a rest period .

T h is resting  period  o f  th e  ap rico t b u d s w as stu d ied  in  d e ta il b y  B b o w n  and К о т о в  
(1957) a n d  S olohov  (1970, 1972). A ccording to  S o lo h o v  th is  re s tin g  p e rio d  is re la tive  since 
th e  developm en t of th e  m ic ro -arch eo sp o riu m  tak e s  place du ring  th is  tim e.

N y ú jt ó  and B a b a in é  (1957) stu d ied  th e  d ev elopm en t o f th e  pollen  g ra in  o f aprico t in  
H u n g a ry . Accordingly, th e  te m p e ra tu re  o f th e  w in ter m o n th s is h igher th a n  3—5 °C, the  pollen 
m o th e r  cells evolve a t th e  b e g in n in g  o f J a n u a ry ,  th e  te tra d s  in  th e  f ir s t  w eek o f  F e b ru a ry  and 
th e  p o lle n  grains full o f s ta rc h  in  th e  la s t decade o f M arch. In v e s tig a tin g  th e  flow er buds of 
p e ac h  a n d  apricot J e l m a n o v  (cf. S o lo h o v  1970) h ad  sim ilar re su lts . J e l m a n o v  distinguished 
6 p h en o p h ases in the  d e v e lo p m en t of peach  and  ap rico t buds:

I. D evelopm ent o f  flo w er p rim o rd ia . The calyx , corolla s tam en s a n d  p istil prim - 
ordias evolved in  a c ro p e ta l order.

I I .  D evelopm ent o f  a rch eo sp o riu m  in th e  an thers.
I I I .  Meiotic d ivision in  th e  an th e rs .
IV . One-celled p o llen  g ra ins.
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V. Two-celled p o llen  grains.
V I. Blossoming tim e .

According to  B r o z ik  e t al. (1968) b lossom ing  of C-235 an d  C-778 s ta r te d  on  10 April 
in  1976, and lasted  7 a n d  9 d ays, re spec tive ly . In  1977 th is process s ta r te d  on 25 M arch and 
la s te d  5 and 6 days, re sp ec tiv e ly . B r ó z ik  (1960) in v es tig a ted  32 co n v arie ties  o f  H u ngarian  
a p ric o t; he noticed th a t  th e  blossom ing tim e  u su a lly  begins a t  th e  end  of M arch  an d  m ay  las t 
to  th e  end of April. U n d e r  w arm er c lim ates th e  blossom ing period  of ap ric o t m ay  begin in 
D ecem ber or Ja n u a ry .

This large f lu c tu a tio n  of the  b lossom ing tim e (beginning and  d u ra tio n ) and  th e  b eh av ­
io u r o f th e  rep ro d u c tiv e  o rg an s are in  close connection  w ith  th e  p re c ip ita tio n  and  th e  te m ­
p e ra tu re  (B e r e z e n k o  1966, B e s p e c e l ’n a j a  1967, N y ú jt ó  and  T o m c s á n y i 1959, M o ln á r  
a n d  S t o l l á r  1971, B r ó z ik  an d  N y é k i  1975, N y é k i , B r ó z ik  an d  I f j ú  1974a, b . N y ú jt ó  and 
B a n a in é  1974). S tu d ies  o f  th e  frost re s is tan ce  o f ap rico ts are  also  im p o rta n t fo r th e  ag ri­
c u ltu r is t .  According to  S o k o l o v  (1954) th e  in te n s ity  o f d ev elo p m en t is d irec tly  connected 
w ith  th e  hardiness. T he d ev elo p m en t is th e  le a s t  in ten siv e  in  th e  m icro-archeosporia l phase 
(cf. J e l m a n o v ). T his p h a se  is th e  m ost f ro s t  re s is tan t. B ased on  th e  e x am in a tio n  of 150 
co n v arie tie s  o f ap rico t he  fo u n d  th a t  the  f lo w er b u d s are no t d am ag ed  in  — 14 °C if  th e y  are 
in  th e  m icro-archeosporial phase . F ro s t re s is tan c e  of buds decreases a t  an  ad v an ced  develop­
m e n ta l phase.

Fig. 20. R ep ro d u c tiv e  and v e g e ta tiv e  buds of C-235 (P h o to : I. RÁcz)
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F ig . 21. Shoot in b lossom ing phase . T he perules covering th e  v e g e ta tiv e  b u d s  are very  close
(P h o to : I. RÁcz)

Flower

T he bisexual flow er is p e n tacy c lic , pen tam ero u s, ac tin o m o rp h ic , w ith  a sh o rte r pedicel 
in  th e  C-235 and a longer one in  C-778. F low er organs o rig ina te  in  th e  (h y p h a n th iu m ) recep tacle .

T he basic a rch ite c tu re  o f th e  flow er o f o th er ap rico ts  conv arie ties  is th e  sam e, b u t  th ey  
d iffe r in  size (Fig. 23).

T w o-th irds o f th e  ca ly x  are g row n to g e th e r fo rm ing  a tu b e . T he tu b e  is greenish  a t  
th e  base  and  v io lescent to w a rd  th e  calyx  tee th . The calyx  tu b e  co n tin u es in  5 coloured  sparsely  
h a ire d  calyx  tee th  (F igs 20, 21). T h ey  overlap  th e  corolla inside  th e  b u d s (F ig . 22), th e n  g rad ­
u a lly  open  (Fig. 20), a n d  a t  la s t  are fu lly  recu rved  (F ig. 21). T he ca ly x  tu b e  encloses an o th er 
h a rd  or in n er tube  o rig in a tin g  fro m  th e  recep tacle  and b asa l p a r t  o f  th e  s tam en s (Figs 24, 25). 
T h e  abscission of ca ly x  “ a ro u n d  th e  cup a t  th e  ap p ro x im ate  level o f  th e  o v a ry  base”  were 
s tu d ie d  by  S im o n s  (1973) in  d e ta il.

Corolla

The peta ls are  tw is ted  in  th e  b u d ; th e y  are lig h t p in k  a n d  g ra d u a lly  becom e w hite  
a f te r  th e  flow er opens. T h e  base  o f th e  p e ta l is sh o rtly  d e cu rre n t, u n b ro k e n , and  u n d u la tin g . 
T h e  v e n a tio n  of th e  p e ta l  is re tic u la te . T he nu m b er o f p e ta ls  m ay  be over fiv e  in  th e  d ifferent 
cv. (F ig . 29).
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Stamens

T he stam ens o rig ina ting  from  th e  recep tac le  are arranged  sp iro-cyclically . T he lower 
p a r t  o f  th e  a d h eren t filam en ts  and u p p e r one  o f  th e  receptacle fo rm  a h a rd , in n er “ ca ly x  tu b e ”  
(F igs 24, 25). T he tw o  in n er rows o f s ta m e n s a re  covered by the  o ran g e-red  ha irs  to  h a lf  len g th  
o f  th e  in n er calyx  tu b e  (F ig. 32). T his is th e  nectarife rous a rea  (C h il d e b s  1973). A ccording 
to  N y á r á d y  (1958) an d  L ö s c h n in g  a n d  P a s s a c k e r  (1954) n e c ta r  sec re tio n  tak e s  p lace in  
th e  recep tac le  w hile in  th e  opinion of B u c h a n a n  (cf. M cGr e g o r  1976) n e c ta r  is secre ted  in  
th e  fleshy  score o f th e  receptacle . M y in v e s tig a tio n s  suggest t h a t  th e  recep tac le  a n d  also 
th e  lower p a r t  o f  th e  s tam ens p a r tic ip a te  in  th is  process (F ig. 25). T he cy to logy , system , 
physio logy  an d  h is to ry  of th e  flow er n e c ta r ie s  were discussed in  d e ta il  b y  G u l y á s  (1975).

T he tru e  o r o u te r  and in n er c a ly x  tu b e s  stick  closely to g e th e r, b u t  a f te r  th e  sepals 
h av e  dried , th is  connection  rem ains o n ly  a t  th e  base of th e  tw o  calyces a n d  as a r in g  ju s t  
u n d e r th e  te e th  o f o u te r  calyx.

The sp ira lly  a rran g ed  stam ens lie u p o n  one ano th er (F igs 24, 25) b u t  th e y  are  well 
se p a ra ted  in  th e  m arg in  of th e  in n er c a ly x  tu b e . C onsequently, th e  h e lical a rra n g e m e n t o f th e  
s tam en s and  th e ir  len g th  differ in  ev ery  “ r in g ” . The stam ens d e v ia te  in  d ifferen t d irec tions; 
co n sequen tly , th e y  show  an irregu lar a r ra n g e m e n t w hen viewed fro m  ab o v e. A bove th e  n e c ta r i­
fe rous a rea  th e  s tam en s are w hite, th e  p o lle n  g ra ins in  th e  opened  a n th e rs  a re  grey .

T he average n u m b er o f stam ens o f  C-235 is 27.3 (range 40 to  25) a n d  23 in  C-778 (range 
30 to  20) (Table 2). T he stam ens of e ach  o f  th e  flowers occurring  acro p e ta lly  on  th e  b ra n ch  
or d w arf b ran ch  w ere counted .

F ig. 22. The flow ering  buds o rig ina ting  fro m  b o th  sides of th e  v e g e ta tiv e  one (P h o to : I. RÁcz)
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F ig. 23. Flowers o f fo u r c u ltiv a te d  v a rie tie s  o f A rm eniaca vulgaris (P h o to : D . K o v á ts)

Fig. 24. The o u te r  a n d  in n er h a rd  calyx  tu b e  ro u n d  th e  p is til (P h o to : I .  RÁCz)

Acta Botanica Arademiae Scientiarum Hungaricac 28, 1Q82



MORPHOLOGY OF ARMENIACA VULGARIS 225

F ig . 25. N ecta rp ro d u cin g  area in  th e  h a rd  ca ly x  tu b e , w hich com prises h a ir  and  is
in colour (C-235) (P h o to : I. RÁcz)

ange-red

F ig . 26. L o n g itud inal section  from  C-778 cv . along th e  raphe  a t  15, M arch 1978 (P h o to :
I. RÁcz)
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Fig. 27. Three d ifferen t p ro files o f C-235 cv. in  th e  low er row  a n d  lo n g itud inal sections o f 
f ru i ts  in  th e  up p er one (P h o to : I. RÁCz)

111Ш!ШИи.‘ШШ1ШШ1!М!Г

F ig . 28. L o n g itud inal sec tions o f th e  C-778 fru it. T he s to n e -fru it is s till  soft and w h ite , seed 
co n ta in s o n ly  n u tr itiv e  tissue in  th e  f ru i t  (P h o to : I. RÁCz)
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F ig . 29. P e rp end icu lar section  to  th e  ra p h e  fro m  th e  fru it. The seed -co a t th ic k  a n d  w h ite
(P h o to : I .  RÁcz)

Fig. 30. Cross-section of a green fru it from  C-235 cv. The grooves are  well developed in  th e  
soft sto n e-fru it (P h o to :  I . R Á C z)
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Fig. 31. The rap h e  is d eep er a t  th e  base of th e  f ru it  an d  shallow  a t  th e  sty le-po in t (P h o to :
I. RÁcz)

P is t i l

The b o ttle -sh ap ed  p is til  is perigynous (F igs 24, 25), th e  surface  is densely  hairy . D e p en d ­
ing  on  th e  develo p m en ta l p h ase , th e  leng th  of th e  o v a ry  is 3-7 m m  in  C-235 and 4-7 in  C-778, 
a n d  1.5 m m  wide a t  b lossom ing  tim e. The sty les a re  12-14 m m  long (T able  2).

The ovary  o f A rm en ia ca  vulgaris is one lo cu la ted  (F ig. 25). T h e  two ovules are  pe- 
dunculous, an a tro p o u s  in  th e  ovary . A ccording to  M c Gr e g o r  (1976) one o f th e  tw o ovu les 
is usually , h u t n o t a lw ay s , d estro y ed  (Figs 29, 30) a f te r  fe rtiliz a tio n .

M any of th e  a u th o rs  (cf. M c G r eg o r  1976) estab lished  d ifferences betw een th e  le n g th  
o f stam ens and sty les , in  d iffe re n t species of P runus.*

Since th e  s tam en s ad h ere  helically in  severa l “ rin g s” , th e  le n g th  of th e  stam en s is 
also d ifferen t in th e  sam e flow er. The style and s tig m a  develop for a lo n g  tim e  while th e  le n g th  
o f th is  organ increases (F ig s 21, 25). The sty le  abscission  in  cv. W ilson Delicious h ap p en ed  
on ly  in  stage X . (cf. S im o n s  1973).

* K o st in a  (1936), M c G r e g o r  (1976) an d  o th e rs  o ften  used  th e  P runus  genera n am e 
in s tead  of Arm eniaca.
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Table 2

Inflorescence , flow ers

Serial
No. Shoot

Length of 
calyx Petal Number

of
stamens

Length of
Notes

tube teeth length width pistil ovary

C-235

l . three-years-old 8 7 13 и 25 18 + 4 Stigm a an d
branch 7 13 и stam ens are

8 14 3 equally  long
7 13 i l
7 13 11

2. on th e  to p  of 7 6 13 и 40 21 5 Two p istils  are
dw arf twig 5 12 12 20 4 in one flow er,

5 11 8 stigm a longer
7 13 13 th a n  th e  o u te r
6 12 8 stam ens
7 13 12
6 11 11

3. on th e  to p  of 7 6 13 9 28 17 + 3 Stigm a an d
d w arf tw ig 7 12 10 stam ens are

7 10 9 equally  long
7 11 9
6 12 10
6 12 11

4. on th e  to p  of 7 7 12 12 26 20 5
dw arf tw ig 6 14 12

6 10 8
6 14 14
6 14 12

5. on th e  to p  of 6 7 14 12 30 19 4
d w arf tw ig 6 10 10

6 9 8
7 11 10
6 11 10
6 12 11

6. apical b ran ch 8 7 11 11 30 21 5
6 11 11
5 12 12
5 11 11
5 11 11

7. apical b ranch 7 5 13 12 30 26 6
5 13 12
7 14 13
5 13 12
5 13 12

8. apical b ran ch 7 6 13 12 30 23 5
6 11 12
6 13 12
6 13 12
6 12 12

9. apical b ran ch 7 6 14 13 30 23 7
6 14 13
6 14 13
6 14 13
6 14 13
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Serial
No. Shoot

Length of 
calyx Petal Number

of
stamens

Length of
Notes

tube teeth length width pistil ovary

10. topm ost flow er on 8 7 13 12 30 20 4 Three pistils a re
th e  apical b ran ch 6 14 13 21 5 in one flower

6 13 12 16 3
6 13 12
6 12 10
6 12 10
6 12 12

C-778

l . two- or three- 7 5 12 11 25 20 5
years-old b ranch 7 12 13

6 12 14
5 12 13
5 12 11

2. two- or three- 9 5 11 12 30 20 5
years-old b ranch 6 12 12

7 12 13
6 12 12
6 11 12

3. two- or th ree- 7 6 11 12 20 20 6
years-old twigs 6 11 12

7 12 13
6 11 12
6 11 12

4. two- or three- 7 6 10 12 20 21 7
years-old twigs 6 10 12

7 11 12
6 10 12
6 10 12

topm ost flower on 7 5 10 12 20 19 4
apical branch 5 10 12

6 10 11
5 10 12
5 10 12

+  The flowers were m easu red  from  th e  base to  th e  to p  of th e  b ran ch

In  th e  C-235 an d  C-778 convarieties of a p r ic o t, th e  sty le  grows o u t o f all of the  stam en s 
a n d  rem ain s on th e  fru its  fo r a  long tim e. I t  is p ro b a b le  t h a t  som e a u th o rs  in v es tig a ted  th e  
le n g th  re la tions be tw een  th ese  tw o organs in  d iffe ren t d ev elopm en tal phases. T herefore th e ir  
o p in io n  m ay  be based  on  in su ffic ien t in v estiga tions.

O th er au th o rs  fo u n d  a re la tio n sh ip  be tw een  th e  len g th  of th e  sty le  and  th e  p ro d u c tio n  
o f  n e c ta r . B r o w n  (1951) e.g . considered  th e  sty le  o f  th e  P ru n u s domestica  cv. J e f f e r s o n  
to  be long and th e  p ro d u c tio n  o f th e  n ec tar to  be low  and  th e  o p p osite  ra tio  is tru e  in  th e  
o th e r  convarieties.

F ro m  1968 on Su r á n y i  (1970, 1971, 1973, 1977) has carried  o u t  in v estiga tions in to  
th e  len g th  of p istil an d  th e  n u m b er o f th e  s tam en s in  d ifferen t cv. o f  H u n g arian  ap rico t.
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Fig. 32. T h e  in n er surface of th e  s to n e -fru it  is sm ooth (P h o to : I. RÁcz)

Table 3

Average values o f  ca lyx , petals and stamens

Sort
Length of calyx Petal Number of

tube teeth width/length

C-235 6.12 5.42 0.89 27.3

C-778 7.40 5.84 1.10 23.0

In  C-235 10 flow ers were investiga ted  and  in C-778 only 5.
T he fully developed organs m ay  be ch arac te rized  by these average values (Table 3). 
All of th e  va lues are higher in C-778 th a n  in C-235, except th e  nu m b er of stam ens.
B u t th e  tw o convarieties differ sign ifican tly  only in the  num ber o f stam ens. T he va lue  

of SD is 2.7223 (cf. Sváb 1973) in P5o/o level, an d  t =  3.2547.
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Table 4

F ruit, stone-fruit,

Sort
Phenophase(s)

Fruit
shape
index

RGR
Area of 

stone fruit
Area of the 

cavity of 
stone fruit

Area of 
embryo

Area of 
seed

Day Month parallel with the raphe in mm2

C-235

12 y . 23.
32.1.2 1.80 _ 96.0 56.6

29 V. 23, 24
33.1.1.2
33.1.2 1.44 0.160 600.0 289.0 10.6

9 V I. 24.
33.1.2.2 1.20 0.020 600.0 307.1 21.9 —

23 Y I. 24.
33.1.2.3 1.24* -0.060 598.0 240.3 62.8 —

6 V II. 24.
33.2.1 0.69 0.160 800.0 339.3 293.7

25 V II. 24.
33.2.1 0.94 0.020 800.0 340.0 525.2 —

C-778

12 V. 23.
32.1.2 3.00 170.0 94.6 75.4

29 V. 23. 24.
33.1.1.2
33.1.2 1.93 0.140 832.0 282.7 10.6 197.9

9 V I. 24.
33.1.2.2 2.25 0.002 580.0 235.6 28.3 186.9

23 VI. 24.
33.1.2.3 2.22 0.000 713.0 270.9 186.9 186.9

6 V II. 24.
33.2.1 1.75 — 0.001 713.0 270.9 197.9 197.9

25 V II. 24.
33.2.1 1.39 0.100 768.0 208.9 208.9 208.9

* T he sam ple b ran ch  w as tak en  from  th e  n o r th  side of th e  tree

He fo u n d  a co rre la tion  b e tw een  th e  fe rtiliza tio n  a b ili ty  a n d  th e  n u m b er o f s tam en s/len g th  o f 
p is til. A ccord ing  to  th is  ex am in a tio n , th e  se lf-fertile  cv. o f ap rico ts  have large p is tils , in 
c o n tra s t  to  th is  sh o rt p is til.

Fleshy and stone fruit and seed

T he pedicel is n o t so sh o r t  in  C-778 as in  C-235. T he shape  o f th e  C-778 is s tro n g ly  
a sy m m etric  an d  less o f th e  C-235. The fru its  are  g reen , h irsu te , th e  flesh y  fru it (fleshy p e ricarp
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embryo, seed

Wall thickness of the flesh in mm Wall thickness of the 
stone-fruit in mm Degree of hardness State of

perpendic­
ular to raphe

along the 
raphe

in cross- 
section

perpendic­
ular to raphe

along the 
raphe

in cross- 
section

of stone-fruit nutritive tissue

2 3 4 2 1 l
easily m ay  be cu t 

by  razo r b lade
sem i-transpar­

ent

4 7 7 4 2 2

m ay be cu t by  
razor b lade

sem i-transpar­
en t

5 9 7 4 2 2
m ay be  cu t by  

knife
sem i-transpar­

en t seed-coat 1 
m m  th ick

5 7 8 5 2 2
h ard ly  m ay  be 

cu t by  knife
gelatinous, seed- 

coat 2 m m  
th ick , w hite

15 15 17 7 2 2 stone-hard absen t

15 15 17 stone-hard absent

3 3 3 1 1 1
easily m ay  be cu t 

by  razo r b lade
sem i-tran sp ar­

ent

2 5 6 4 2 2
m ay cu t be  by  

razor b lade
sem i-tran sp ar­

en t, w ater 
colour

4 5.5 6.5 4 2 2
m ay cu t be  by 

razor b lade , 
groove can  be 
seen

sem i-tran sp ar­
en t seed-coat 
can be seen

4 5.5 6.5 5 2 2
hard ly  m ay  be 

cu t by  knife
absent

4 5 7 4 2 2
hard ly  m ay  be 

cut by  knife
absent

7 и 12 4 2 2 stone-hard absen t

T he fru its  becom e yellow  in b o th  convarieties on 25, Ju n e

o r m esocarp) is h a rd , th e  s to n e  f ru i t  ( =  in n er lay e r o f p e rica rp  =  en d o carp ) is so ft an d  in 
th e  c av ity  o f th e  “ s to n e”  f ru i t  th e re  is n u tr it iv e  tissue (Figs 29, 30). In  th is  develo p m en ta l 
phase  th e  em bryo  is n o t v isib le  (F igs 26, 27 and  Table 4).

T he flesh y  pe ricarp  is r ich  in  ve ins (F igs 29, 30). The em b ry o  is v isib le a t  th e  end  of 
M ay (T able 4). T he em b ry o  a n d  th e  seed -coat a round  th e  n u tr i t iv e  tissu e  (th e  rem a in in g  
nucellus an d  endosperm ) are  m ore c h a ra c te ris tic  a t  th e  b eg in n in g  o f  Ju n e  (F igs 28, 29, 30). 
The endocarp  can  be cu t eas ily  w ith  a k n ife , th e  grooves p ro tru d e  o n  th e  dorsal side o f th e
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F ig . 33. Developing co ty led o n s a n d  th e  rem ain in g  n u tr it iv e  tissue to g e th e r in  th e  seed (Photo :
Í. RÁcz)

s u tu re  (F ig. 30). The “ s to n e ”  f ru it  rem ains w h ite  and soft u n til th e  em b ry o  develops fully. 
T h e  colour becomes h a rd  a f te r  th e  em b ry o  has evolved and  th e  n u tr i t iv e  tissue has d is­
a p p e a re d . K a n ie w sk i (1963) s tu d ied  th e  fo rm atio n  of sclereids an d  th e  lig n ifica tio n  of cell 
w alls in  the  p it (endocarp ) o f A rm eniaca  vulgaris. A ccording to  h im  “ I n  cross-sections, on 
each  level of the develop ing  p i t  th e  fo rm atio n  of sclereids and  lig n ifica tio n  s ta r t  f irs t a t  the 
v e n tr a l  su ture , i.e. n e a r th e  p lace  of m arg in g  of th e  carpel edges . . . f i r s t  app ear a t the 
seed  c a v ity ” .

W ine-red p a tch es a p p e a r  in th e  fleshy  p e ricarp ; th e  base  o f f ru i t  o f C-235 grow on 
th e  pedicel (Fig. 31), th e  s to n e  f ru i t  can be cu t w ith  d ifficu lty  a t  th e  beg in n in g  o f Ju n e . A t the  
sam e  tim e the n u tr it iv e  tis su e  in  th e  seed is la rger th a n  th e  em bryo  (F igs 32, 33; Table 4). 
T h e  fleshy  and stone f ru i t  becom e ripe in  J u ly  to  A ugust b u t th e  m a tu ra t io n  tim e  is different 
a n d  ch aracteris tic  fo r th e  co n v arie ties . T he ripe  f ru it  is coloured, th e  s tone  f ru i t  is h ard  and 
in  th e  seed there  a re  o n ly  th e  em bryos full o f n u trie n ts . T he a sy m m e try  o f th e  stone fru it 
(F ig s 33, 34) and seed is d e te rm in e d  by  th e  f ru it  and  conversely.

Mature fruit 
“ C-235, Magyar kajszi”

The colour o f th e  m a tu re  f ru i t  is o range-yellow  on one side a n d  w ine-red  on the  o ther. 
T he surface is v e lve t, h irsu te , th e  sk in  is th in  and  a ro m a tic  and  its  ta s te  is p lea sa n t like th a t  
o f th e  fleshy fru it. T he sh a p e  o f th e  f ru it  is w ide o v a te , th e  w id th , an d  le n g th  values are near
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to  each  o th e r in  th e  m a tu re  f ru it. T he hollow  in  th e  f ru i t  base is 4 m m . The groove o f th e  
f ru i t  a n d  th e  s ty le -p o in t go fa rth e r  o v er th e  m ed ian  axle . T he s ty le-po in t arises f ro m  th e  
surface  (F ig . 31). T he d e p th  of th e  ra p h e  is 2 -3  m m  a t th e  base  o f th e  f ru it an d  0.5—1 m m  
beside th e  s ty le-p o in t (Fig. 31). T he ped icel is deep in  th e  m a tu re  fru it, co n seq u en tly  th e  
f ru it is a lm ost sessile.

Stone fruit

T he stone f ru it  is lig h t b row n, i ts  surface  is p i tte d , wide ovate  and  a sy m m e tric  in  
shap e , a n d  h u m p y  in  th e  m iddle. T he ped u n cle  is hollow , 1-1 .5  m m  a t th e  base , w h ich  is 
a sy m m etric . The s ty le -p o in t is on  th e  le f t  side o f  th e  m ed ian  axle; th e  apex  is a cu m in a te  
(F ig . 34). The shape in d ex  of th e  m a tu re  s to n e  f ru i t  is 5. T he v e n tra l  su tu re  is sh a rp , th e  dorsal 
su tu re  is ob tu se  an d  b earin g  several deep  an d  shallow  holes fo r th e  a r ticu la tio n  o f th e  ve ins 
(F ig. 34). On th e  p itc h e d  v e n tra l su tu re  th e re  is a  p ro tu b e ra n t  sh a rp  groove on  each  side.

A c t a  B o t á n i c a  A c a d e m i a e  S c i e n t i a r u m  H u n g a r i c a e  2 8 ,  1 9 8 2

F ig. 34. S to n e -fru it o f cv. C-235 a n d  C-778 of A rm eniaca vulgaris (P ho to : I. RÁcz)
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S om etim es th ere  is an  accesso ry  groove be tw een  th e  v e n tra l  su tu re  and  th e  m ain  groove 
(F ig . 34). A large vein  ru n s  b e tw een  the  v e n tra l  su tu re  an d  groove(s) from  th e  pedicel to 
th e  a p ex  of th e  stone fru it.

T he m atu re  stone f r u i t  c an  be separa ted  easily  fro m  th e  fleshy f ru it. T he in n er surface 
of th e  s to n e  f ru it is sm o o th , th e  seed filling up  th e  hole.

Seed

W ide ovate  in  sh ap e , f l a t ,  th e  seed-coat is b ro w n  an d  long-wise w rink led , th e  apex  is 
a cu m in a te , and  th e  ta s te  is sw eet.

“ C-778 Rózsabarack”

T he a rom atic  m a tu re  f ru i t  is pale-yellow  on one  side, and  redd ish  on  th e  o th e r. The 
surface  is sligh tly  h irsu te , th e  sk in  is th in , th e  ta s te  is sourish . The pu lpy , fleshy  f ru it  has a 
p le a sa n t ta s te . The f ru i t  is asy m m etrica l, o v a te -lan ceo la te , elongated  and  f la t .  The w id th  
a n d  le n g th  values are h ig h er th a n  the  th ickness. T he hole in  th e  fru it base is over 4 m m , b u t 
th e  base  is also sh o rte r th a n  in  C-235. The groove of th e  f ru i t  and s ty le-p o in t go fa r  over th e  
m ed ian  axle like in C-235. T h e  d e p th  of th e  rap h e  is 1.5 m m  a t  the  base an d  0.2 m m  a t th e  
ap ex  o f f ru it.

Stone fruit

T h ey  are pale b ro w n , o v a te , and  a sy m m etrica l. T he tw o sides are convex  (Fig. 34), 
c o n tra ry  to  C-235. The su rface  is m ore p itte d  th a n  in  “ M agyar k a jsz i” . I t  is stro n g ly  asy m ­
m etric  a t  th e  base, th e  hole o f  th e  pedicel m ay  re a c h  2 m m  a t  th e  base. T he s ty le-p o in t is 
sh ifted  to  th e  dorsal side, th e  ap ex  is obtuse (F ig . 34). T he in d ex  of shape is 5.3.

T he v e n tra l su tu re  is o b tu se , and double-edged; th e re  are sm all hollow s on  b o th  sides 
o f th e  dorsal su tu re  re fe rrin g  to  th e  veins (F ig . 34). T h e  grooves on th e  v e n tra l  su tu re  are 
h a rd ly  p ro tu b e ra n t. T he m a in  vein  runs in a v a lley  a t  a  sm all d istance from  th e  groove. The 
in n er surface  of th e  s tone  f r u i t  is sm ooth , th e  hole is filled  o u t by  th e  seed. T he m atu re  stone 
f ru i t  can  be sep ara ted  eas ily  fro m  th e  fleshy f ru it.

Seed

O v ate  in  shape, th e  b ase  is as strong ly  a sy m m e tric a l as in  th e  s tone  f ru i t ,  f la t ,  and 
th ic k e r  in  th e  v e n tra l su tu re  th a n  in  th e  dorsal one (F ig . 32). The s ty le-p o in t rises m ark ed ly  
on th e  v e n tra l side. T he seed -co a t is pale b row n a n d  longw ise w rinkled (F ig . 32). The seed 
is b i t te r .

T he M agyar k a jsz i a n d  R ózsabarack  d iffer co n sid erab ly  in  f ru it,  stone f ru it  and  seed. 
T he sh ap e  index  of th e  m a tu re  f ru it  o f C-235 is low er th a n  th a t  o f C-778.

In  th e  course o f  g ro w th  and  developm ent o f th e  f ru i t  m an y  of th e  c h arac te ris tic  featu res 
change (T able 4).

As i t  can be seen in  T ab le  4, th e  shape in d e x  of th e  in itia l, one-m on th -o ld , fru its  of 
b o th  convarieties is h igh ; th e  low est values can  be  fo u n d  during  ripen ing , an d  in  th e  too 
m a tu re  fru it.

Closer to  th e  sp h e rica l fo rm , the  shape in d e x  o f th e  m atu re  fru it o f C-235 was 0.94 in 
1978, th e  average v a lu e  w as 1.12 in 1979, while th e  f la tte n e d  C-778 was 1.35 in  b o th  years.

T he re la tiv e  g ro w th  r a te  (R G R ) of C-235 in creased  stead ily , excep t on  23, Ju n e . The 
R G R  value  of C-778 w as h ig h er in the  o n e-an d -a -h a lf m o n th -o ld  fru it, and th e  fu r th e r  values 
w ere n ea re r to  0 (s tead y  in creases in absolu te va lu es). T he R G R  values increased  considerab ly
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in  th e  la s t tw o w eeks before  m a tu r i ty  was reached. T he tw o  co n v arie ties  differ fro m  each  
o th e r in  th is c h a ra c te r  as w ell. T he a rea  o f  th e  stone fru it,  c u t ta n g e n tia lly  along th e  ra p h e , 
increased  for se x ta in  d u rin g  th e  la s t  tw o weeks o f M ay. B y th is  tim e  th e  w all o f th e  s tone  
f ru i t  had  reached  i ts  f in a l th ick n ess. A fte r th is tim e th e  R G B  values did no t change. T h en  
a considerable increase  o f C-235 occurred  from  th e  end o f  Ju n e  u n til  th e  m iddle o f Ju ly , 
while th e  C-778 ch an g ed  o n ly  sligh tly  du ring  th e  sam e tim e.

T he hole o f th e  s to n e  f ru it  o f C-235 increased  th reefo ld  in  th e  f irs t  tw o weeks; la te r  i t  
changed  stead ily . C-778 reach ed  th e  full developm en tal size be tw een  th e  m iddle and end of M ay.

The em b ry o  o f  C-235 developed  stead ily  and reached  th e  m ax im u m  size a t  th e  end  of 
Ju n e , c o n tra ry  to  th e  C-235.

The th ick n ess o f  th e  fleshy  f ru it  wall o f C-235 show ed m ax im u m  v alue  a t  th e  beg inn ing  
of Ju n e , th e  sam e v a lu e  o f C-778 was fo u n d  only a t  th e  end o f Ju n e .

The cubic c o n te n t o f th e  m a tu re  f ru it  o f C-235 is 38 cm 3 b y  co u n tin g  and 47 cm 3 b y  
m easuring . C onsequen tly , к  -  1.24. T he cubage of C-778 is 21 cm 3 b y  co u n t and  23 cm 3 b y  
m easu rem en t; к — 1.10. T hese  к  v a lues are p ro b ab ly  ch ara c te ris tic  for b o th  convarieties.

Sum m ary

The two convarieties differ from each other in six qualitative characters 
(distance between the cotyledons and epicotyl, seed plants, bud-shoot con­
nection, length of the pedicel, grooves on the stone fruit, taste of seed) and 
five quantative ones (angle of divergence between the bud and branch, num ­
ber of stamens, shape index of fruit and stone fruit, cubic content of fruit). 
But, the radicula, cotyledons, shape and form of the canopy, architecture of 
root and branch systems, the petioles, characters of leaves, grouping of flower 
buds, the double calyx tubes and nectariferous area, petals and pistils are 
similar in both convarieties.
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A cta  B otánica Academ iae Scientiarum  H ungaricae , Vol. 28 (1 -2 ) ,  pp . 241-253 (19 8 2 )

ANATOMIA DE LA MADERA DE MYRICACEAE 
EN CUBA: CONSIDERACIONES ECOLOGICAS

M. A. V a l e s , 1 A. B o r h i d i 2 y  E. D e l - Risco1
i INSTITUTO DE BOTÁNICA DE LA ACADEMIA DE CIENCIAS DE CUBA, LA HABANA 

' INSTITUTO DE BOTÁNICA DE LA ACADEMIA DE CIENCIAS DE HUNGRÍA, VÁCRÁTÓT, HUNGRIA

(L legado: 1 de O ctu b re  1981)

T he m orphology , an a to m y  of th e  seco n d ary  x y lem , h a b ita t,  and som e ecological 
fe a tu res  o f th e  M yricaceae  in  Cuba: M yrica  cacum inis  B r i t t .  & W ils.; M yrica  puncta ta  
G riseb ., M yrica  shaferi U rb. & B r itt . ,  an d  M yrica  cerífera L. are described. A ccord ing  
to  th e  v a lues o f th e  num erical index  called  “ v u ln e ra b ility ”  an d  “ m esom orphy” , i t  w as 
show n th e  ran g e  of th e  ecological fe a tu res  o f th e  w oods of th is species. F ro m  th ese  
in d ex , w e conclude th e  b est a d ap ta tio n  o f M . shaferi a n d  M . cerífera to th e  w a te r  s tress.

In troducción

L a  fam ilia  M yricaceae consta  de dos géneros, de los cuales sólo M yrica  L . e s tá  re p re ­
sen tado  en  C uba. E ste  género  posee m as de 35 especies, y  según  R a dfo rd  e t al. (1974) p re se n ta  
u n a  d is trib u c ió n  subcosm opo lita  por esta r a u sen te  en el Asia a u s tra l. De este núm ero de  especies 
so lam ente  4 v iv en  en C uba: M yrica  cacum inis B r i t t ,  e t W ils., M yrica  punctata  G riseb., M yrica  
shaferi U rb . e t  B r i t t . ,  endém icas y  M yrica  cerífera L. con u n a  am p lia  d istribución en  el a rc h i­
piélago cu b an o , las A n tilla s  y  sureste  de los E s ta d o s  U nidos de A m érica.

L a  m ad e ra  de M yricaceae parece ser m u y  in te re san te , ten ien d o  como referencia  el a lto  
grado de p rim itiv ism o  que p resen ta , y  en consecuencia  no co n stitu y e  u n a  excep tio n  de  la  
reg la : que los g ru p o s con x ilem a prim itivo  tie n d e n  a ex is tir  en  situaciones c lim áticas d o n d e  
ten g an  g a ran tiz a d o  el ab as tecim ien to  de agua.

M ateriales y  m étodos

P a ra  el p resen te  estud io  se colectaron tro n co s de m ad e ra  a d u lta  de las cu a tro  especies 
de M yrica  (T ab la  1).

Tabla 1

Lista  y  datos de los ejemplares estudiados

Especies Número de 
colección

Localización de 
los ejemplares 
de Herbario

Localidad de colecta

M yrica cacuminis Va les  228 НАС E stribaciones del Pico M artí. 
A ltu ra: 1400 m

S. M aestra.

M yrica punctata Va les  215 НАС E stribaciones del Pico M artí. 
A ltu ra: 800-1000 m

S. M aestra .

M yrica shaferi Va les  310 НАС Lom a Saca la Lengua. Sierra del C ristal

M yrica cerífera V a les  333 НАС C uabal en tre  Las T errazas y  Soroa. P in a r
del Río
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Se e laboraron  p eq u eñ as p ro b e tas  de 1 x 1 x 2  cm , las cuales fueron a b la n d ad a s  en agua  
p a ra  su  seccionam iento . C ortes transv ersa les , long itud inales-tangencia les y  lo n g itu d in ales- 
ra d ia le s  de 20-30 /um de g ro so r fueron ob ten idos con la a y u d a  de un  m icró tom o de desliza­
m ie n to . Los cortes fu e ro n  d esh id ra tad o s , a c larad o s, y  m o n tad o s en p o rtao b je to s  con bálsa- 
m o d d el C anadá, según las técn ica s usuales, p a ra  el e stu d io  m icroscópico.

E l estudio  del largo  de  los elem entos fib rosos se realizó en m ate ria l m acerado  con 
ácido  acético  y  peróx ido  de h idrógeno  en relación  1 : 1. P a ra  el largo de las f ib ra s  se realizaron  
100 m ediciones, m ien tras  que  p a ra  el resto  de los c a rac te re s  se realizaron sólo 50, ta n to  en 
m a te r ia l  m acerado com o en  las secciones finas.

L a  term inolog ía  u til iz a d a  en las descripciones an a tó m icas de las especies, es la  acep ­
ta d a  p o r la A sociación In te rn a c io n a l de A n a to m ista s  de la M adera, en versión  tra d u c id a  al 
e sp añ o l (C o r o t h ie  1963).

Caracteres g en era les

Myrica cacuminis B r i t t ,  y  W i l s .

A rb u sto  de 2 -3  m de a lto , ra m ita s  d en sam en te  pelosas, recurvas, h o jas pubescen tes , 
e lip tic a s  a  orb icu lares, coriáceas, en te ras  o con pocos d ien tes; de 7-18 m m  de largo  y  6-10  
m m  de ancho con g lán d u la s  resinosas, peciolo co rto . F lores en am entos. F r u to  en d ru p a  
p e q u e ñ a .

E s ta  especie es end ém ica  de la p a r te  c e n tra l  de la  Sierra M aestra, en  los grupos de 
c u m b re s  del Pico T u rq u in o  y  del Pico B ayam esa, e n tre  1400-2000 m sm . V ive p rin c ip a lm en te  
en  los m ato rra les m icrófilos del piso subalp ino , sobre  ro cas de g ran ito  y  g ra n o d io rita , como 
especie  d om inan te  de la  asociación  Ilic i-tu rqu inensi-M yrice tum  cacum inis d onde  crece ju n to  
a  I le x  turquinensis , I lex  n u n e zii , Ilex  nannophylla , L yo n ia  calycosa, Lobelia cacum in is , M icro- 
m eria  bucheri, Salvia speirem atoides e tc . Mas ra ra m e n te  se en cuen tra  en las ro cas a is ladas de 
los p isos del m onte  n u b lad o  y  de las p luv isilvas m o n ta n a s , y  form an cayos de m ato rra le s  en 
la s  c res ta s  de las lom as de  aren iscas p ob ladas p o r P in u s  m aestrensis.

E l e jem plar in v es tig a d o  se colectó sobre a ren iscas , asociado con R u b u s tu rqu inensis , 
V a cc in iu m  leonis, V ernonia praestans , E upa to riu m  paucibracteatum , V iburnum  villosum , Ocotea 
e k m a n ii , Ternstroem ia montícola  e tc . endém icas de  la  S ierra  M aestra.

Myrica punctata Griseb.

A rbolito  de 3 -5  m  de a lto , ho jas e n te ras , ob longo-oblanceoladas, de 3 -5  cm  de largo 
y  6—12 m m  de ancho , con  g lán d u las  resinosas, peciolo de 1.5-3 m m . N erv ios la te ra les  p ro m i­
n e n te s . Flores en am en to s . F ru to  en  d ru p a .

E s u n a  especie end ém ica  de las m o n ta ñ a s  o rien ta le s  y  cen trales de C uba, y  a p a re n te ­
m en te  se divide en dos ecó tipos. U no de ellos v iv e  en los m acizos de se rp en tin ita s , y  el o tro  
en  la  S ierra  M aestra  y  la  S ierra  del E scam b ray . E l e jem p la r estudiado pe rten ece  a este  ú ltim o , 
y  fu e  colectado en los p in a re s  m o n tanos asociado a P in u s  maestrensis, Cyathea arbórea, Clethra 
cubensis , M yrsine coriácea, I lex  m acfadyeniiv Gesneria v ir id iflora , Callicarpa ferrug inea , V ibur­
n u m  villosum , e tc . (A sociación  C lethro-Pinetum  m aestrensis.)

Myrica shaferi Urb. et Britt.

A rbusto  de 2 -3  m  de a lto , ho jas ob longas, ag ru p ad a s  en los ex trem o s de las ra m a s , de
1.5--2.5 cm  de largo y  3 -5  m m  de ancho, d ien tes  pocos, a lgunas g lándu las resinosas, m arg en  
re v o lu to . Flores en  a m e n to . F ru to  en d ru p a  p eq u eñ a .
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E s ta  especia es en dém ica  de la  reg ión  n o ro rien ta l de Cuba, y  form a p a r te  del e s tra to  
a rb u s tiv o  de los m a to rra le s  siem preverdes su b h ú m ed o s de las m o n tañ as de se rp en tin ita s , m as 
c o m u n m en te  en las S ierras del C ristal y  de M oa, sobre  suelos jóvenes, pedregosos de riv ad o s 
de e s ta  ro c a  Ígnea. E l e je m p la r e stud iado  se colectó  en  este  tipo  de vegetac ión  ju n to  a Pera 
p o lylep is , M a n ilkara  m ayarensis, Tabebuia sim p lic ifo lia , Ilex  hypaneura, M aytenus loeseneri, 
A lvaradoa arborescens, Jacaranda arbórea, A denoa cubensis, Guapira ophiticola, Rheedia rusci- 
fo lia , A ria d n e  shaferi y  Schm idtottia  cubensis.

Myrica cerífera L.

A rbo lito  de 4 -6  m  de a lto , h o jas ob longas a ob lanceo ladas de 2 -8  cm  de largo , a lg u n as 
d e n ta d a s , g láncu las n u m ero sas y  p ro m in en tes , peciolo de 3-10  m m . Flores en am en tos. F ru to s  
en d ru p a s  peq u eñ as b lan co  cerosas.

E s ta  especie tien e  u n a  g ran  am p litu d  ecológica pud iendo  encon trarse  en : seu d o sab an as 
de o rigen  an tró p ico  fo rm ad a s  po r p a lm as, á rbo les, a rb u sto s  y  p lan ta s  herb áceas; lugares 
p a n ta n o so s  o cenagosos sobre tu rb a  o a ren as b lan cas h ú m ed as o in u n d ad as. E n  éstas se asocia 
a  Acoelorraphe wrightii, Sabal p a rv if  lora, Chrysobalanus icaco y  Cladium  jam aicense  e n tre  o tros.

T am b ién  v ive  asoc iada  a los p in are s  del occiden te  de Cuba, sobre suelos ácidos, secos 
y  p o b res en  n u trie n te s : a renosos cuarzosos y  de fo rm ac ió n  San C ayetano; com o en suelos 
ácidos, h úm edos y  con n iveles m as a lto s de n u tr ie n te s . E n  esta  form ación se asocia con P in u s  
caribaea, B yrsonim a crassifolia, Andropogon gracilis, A .  virginicus, A ristida  refracta, y  a  veces 
con P in u s  tropicalis. E l e jem p la r in v estig ad o  se colectó  en u n  m ato rra l espinoso seco de se r­
p e n tin a  (cuabal), que se c a rac te riza  po r u n  e s tra to  a rb u stiv o  m uy  denso fo rm ad o  por a rb u sto s  
m icró filo s con ab u n d an c ia  de especies esp inosas y  p o r  a rbo lito s aislados em ergentes. E n  e s ta  
v eg etac ió n  se asocia a  P hyllom elia corónala, Tabebuia lepidota, Brya ebenus, A n n o n a  bullata, 
P seudocarpidium  ilic ifo lium , P sid iu m  ro tundatum , E rythroxy lum  m inu tifo lium , M alp igh ia  hór­
rida , P hyllan thus orbicularis, Neobracea valenzuelana, y  Oplonia nannophylla  e n tre  o tras .

D escripciones an atóm icas
Myrica cacuminis

A nillos de crec im ien to  ausen tes. P o ro s so lita rio s redondos a ovales (F ig . 1). E lem en to s 
de los vasos m u y  peq u eñ o s a m o d erad am en te  pequeños, d iám etro  tan gencia l 26—57—86 p in , 
d iám e tro  ra d ia l 39 -8 1 -1 1 2  p m .  P lacas de p e rfo rac ió n  sim ples y  escalariform es, con ten d e n c ia  
a  la  fo rm ac ió n  de p lacas de perfo rac ió n  sim ples. E n  las escalariform es h a s ta  15 b a rra s  p o r 
p lac a  te rm in a l. P u n te a d u ra s  a reo ladas o p u e sta s  y  escalariform es con poro en  fo rm a  de f isu ra . 
G rosor de la  pa red  de los e lem entos de los vaso s 1 .6 -4 .0  p m . T alla  m ed ian a, largo  to ta l  4 9 6 -  
653 -8 0 0  ,um.

P a ré n q u im a  ax ia l de tip o  a p o tra q u ea l d ifuso , con contenidos carm elita -oscu ro . D iá ­
m e tro  m edio  de las célu las en  sección tra n sv e rsa l 17.5 p m .  Las series fo rm ad as p o r 2 -8  célu las 
de a lto  ó 176-530-832 p m .  G rosor de la  p a re d  1.6 p m .  C ristales de ox a la to  de calcio p resen tes 
en  célu las c ris ta lífe ras sep tad as.

F ib ro traq u e id as  poligonales, co rtas  a  m u y  c o rta s , y  d istribu idas rad ia lm en te . D iám etro  
m edio  en  sección tran sv e rsa l 16.5 p m . G rosor de la  p a re d  4—8 p m  y  656-974—1312 p m  de largo . 
P o ro s de las p u n tea d u ra s  en  fo rm a de f isu ra .

P a rén q u im a  ra d ia l he terogéneo; c o n stitu id o  p o r rad ios uniseriados y  rad io s 3—4 seriados 
(F ig . 2). Los un iseriados con 1—14 células de a lto  ó 144—251—560 p m ,  y  12—17—24 p m  de ancho , 
fo rm ad o s por células e rec tas  y  cu ad rad as con a ltu ra  de 36 -56-80  p m  y  largo  ra d ia l de 1 6 -26—
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F ig. 1. Sección tran sv ersa l de M . cacum inis  63 X

Fig. 2. Sección tangencia l de M . cacum inis  63 X

F ig . 3. Sección rad ia l de M . cacum inis  63 X
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40 /« n . Los tr i  y  te trase riad o s  con ancho tangencia l de 2 0 -3 5 -4 8  f i in  y  a ltu ra  de 12-43 células 
ó 120-257-512 //m , com puestos po r células p rocum ben tes con d im ensiones de a ltu ra  de 1 2 -2 2 -  
40 /ím , ancho  de 8 -1 5 -2 0  f im  y lla rgo  rad ia l de 3 6 -52-100  f im  (F ig . 3); y  de filas term inales 
de célu las erectas y  cu ad rad as  de iguales dim ensiones a las de los un iseriados.

Myrica punctata

A nillos de crecim ien to  au sen te s , poros solitarios, red o n d o s a ovales (F ig . 4). E lem en tos 
de los vasos m uy pequeños a m o d erad am en te  pequeños. D iám e tro  de los vasos (tangencia l) 
36-52—72 /m i, d iám etro  ra d ia l 55 -7 6 -1 0 3  f in i. P lacas de perfo rac ió n  sim ples y  escalariform es, 
h a s ta  15 b a rra s  por p laca  te rm in a l. P u n tead u ra s  a reo lad as o p u estas  y  escalariform es con 
poro en form a de fisu ra . G rosor de la  p a red  de los e lem entos de los vasos 2 .3 -5  f im .  M oderada­
m en te  cortos a m o d erad am en te  largos 336-690-1024 f in i.

P a rén q u im a  ax ia l de tip o  a p o tra q u ea l difuso, con co n ten id o s de color carm elita  oscuro. 
D iám etro  m edio de las célu las en sección tran sv ersa l 15.5 f im .  L as series del p a rén q u im a  ax ia l 
co m p u estas por 2-8  células de a lto  ó 240-558-864 f im. G rosor de la  p a red  1 .0-1 .6  f im .  C ristales 
poliédricos de oxala to  de calcio en células cristalíferas se p tad a s , observándose  1-2 crista les en 
cada cám ara .

F ib ro traq u e id as  poligonales, m u y  co rtas a co rtas, y  d is tr ib u id a s  rad ia lm en te . D iám etro  
m edio en sección tran sv ersa l 18 f in i, y  816-1148-1472 f im  de largo . P u n te a d u ra s  areo ladas 
red o n d as con poros en  fo rm a de fisu ra .

P a rén q u im a  rad ia l h e te rogéneo , form ado por rad io s un ise riad o s y  rad ios 3 -4seriados 
(Fig. 5). Los un iseriados con 1 -14  células de alto  ó 9 6 -301-768  f im  y 10-16-21  f im  de ancho , 
com puestos por células e rec ta s  y  c u ad ra d as  con a ltu ra  de 2 2 -5 2 -7 3  f in i y  largo rad ia l de 
21 -27-41  f im .  Los tr i  y  te tra se r ia d o s  con ancho tan gencia l de 2 1 -3 9 -6 3  f im  y  a ltu ra  de 10-29 
célu las ó 208-418-760  f im ,  fo rm ad o s por células p ro cu m b en tes  con d im ensiones de a ltu ra  de 
12 -22-33  f in i, ancho de 1 0 -1 7 -2 7  f im  y  largo rad ia l de 4 1 -6 3 -1 0 5  f im  (F ig . 6); y  po r filas 
term in ales  de células e rec tas  y  c u ad ra d as  con iguales d im ensiones a las de los un iseriados.

Myrica shaferi

Zonas de crecim ien to  p resen tes , lim itad as por u n a  lín ea  de 3 -4  f ib ra s  de paredes engro ­
sadas y  ap lan ad as ra d ia lm e n te . P o ros solitarios, redondos a lig e ram en te  ovales (Fig. 7). E le ­
m en tos de los vasos m uy  a m o d erad am en te  pequeños. D iám e tro  tan g en cia l 28 -41-64  f im ,  
d iám etro  rad ia l 28 -5 0 -8 0  f im .  P la ca s  de perforación  sim ples y  escalarifo rm es, h a s ta  15 b a rra s  
por p laca  term inal. Se o b se rv a  u n  deb ilitam ien to  en la  fo rm ac ió n  de p lacas de perforación  
sim ples. P u n te ad u ra s  a reo lad as o p u estas  y  escalariform es, con poro en form a de fisu ra . Grosor 
de la  p a red  de los e lem entos de los vasos 1.6-3.3 f im .  E lem en to s de los vasos m edianos a 
m o d erad am en te  largos, largo  to ta l  528-874-1216 f im.

P arén q u im a  ax ia l m u y  escaso , de tipo  a p o traq u ea l difuso. D iám etro  m edio de las 
células en sección tran sv e rsa l 14 f im ,  las células con co n ten id o s de color carm elita  oscuro. 
Series del p a rén q u im a  ax ia l co m p u estas  por 2 -7  células de a ltu ra ,  largo  de las series 383— 
697-944 f im .  Grosor de la  p a red  1.6 f im .  M uy frecu en tem en te  se observa  la presencia de c ris ta ­
les de o x a la to  de calcio en las célu las crista líferas sep tad as del p a rén q u im a .

F ib ro traq u e id as  po ligonales, co rtas y  con d is trib u c ió n  rad ia l. D iám etro  m edio en 
sección tran sv ersa l 15 f im .  G rosor de la pared  3.0-6 .0  f in i  y  864-1255-1600  f im  de largo. 
P u n te a d u ra s  a reo ladas con poro  en  fo rm a de fisura.

P a rén q u im a  rad ia l h e te rogéneo , com puesto rad ios u n i y  b iseriados (F ig . 8). Los u n i­
seriados con 1-14 células de a lto  ó 176-392-936 f im  y  8—14—20 f im  de ancho , form ados po r 
células e rec tas y  cu ad rad as  con a ltu ra  de 18-30-45 f im  y larg o  ra d ia l de 11—17—26 f in i. Los
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Fig. 4. Sección tran sv ersa l de M . punctata  63 X

F ig . 6. Sección ra d ia l  de M . punctata  63 X

F ig . 5. Sección tan g en cia l de M . puncta ta  con células c ris ta life ras se p tad a s  63 X
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Fig. 7. Sección tran sv ersa l de M . shaferi 63 X

Fig. 8. Sección tan g en cia l de M . shaferi con célu las cris ta life ras sep tad as 63 X

F ig. 9. Sección rad ia l de M . shaferi 63 X
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rad io s  b iseriados con an ch o  de 2 0 -2 6 -3 2  /im  y  a ltu ra  de 11-24 células ó 3 0 4 -496-800  ^m , 
fo rm ad o s por células p ro c u m b e n te s  con a ltu ra  de 19-24—35 ^m , ancho de 8 -1 3 —19 ^ m , y  largo 
ra d ia l  de 34-46-61  /¿m (F ig . 9); y  en  los ex trem o s por filas de células e rec tas y  c u ad ra d as  de 
ig u a le s  dim ensiones a las de  los rad io s un iseriados.

Myrica cerífera

Z onas de crecim ien to  p re sen te s , lim itad as  p o r u n a  línea de h a s ta  5 f ib ra s  ap lan ad as  
ra d ia lm e n te  y  con paredes en g ro sad as. Poros m ay o rm en te  so litarios aunque  con frecuencia  se 
o b se rv an  m últip les rad ia les  de 2 -3  e lem entos (F ig . 10). E lem en tos de los vasos m u y  pequeños. 
D iá m e tro  tangencia l 2 4 -3 9 -4 8  ¿am, d iám etro  rad ia l 32 -5 5 -6 4  /im . P lacas de perforación  
sim ples y  escalariform es de h a s ta  14 b a rra s  p o r p laca . Se observa  u n a  m arcad a  ten d e n c ia  a 
la  fo rm ac ió n  de placas de p e rfo rac ió n  sim ples. P u n te ad u ra s  a reo ladas o p u estas  y  e scalari­
fo rm es con poros en fo rm a de fisu ra . G rosor de la  p a red  de los e lem entos de los vasos 1.6— 
3.2 /im . M edianos a m o d era d am e n te  largos, largo  to ta l  512-705-1008 /nn.

P a rén q u im a  axia l de tip o  ap o tra q u ea l difuso , ocasionalm ente  en  co n tac to  con los 
p o ro s y  o tra s  form ando lín eas tangencia les de h a s ta  6 células. Se o bservan  co n ten id o s de 
color ca rm elita  oscuro en las célu las. D iám etro  m edio en sección tran sv ersa l 16 ^ m . L as series 
del p a rén q u im a  com puestas p o r  3 -8  células de a lto  ó 432-627-832 /im . G rosor de la  pared  
1.6 /xm. M uy frecuen tem en te  se obse rv an  c ris ta les poiédricos de oxala to  de calcio en  células 
c ris ta lífe ras  sep tadas.

F ib ro traq u e id as  po ligonales m uy  co rtas a  co rtas , y  con d istribuc ión  ra d ia l. D iám etro  
m edio  en  sección tran sv ersa l 15 ^m . G rosor de la  p a red  3 -6  ^ m  y  816-1218-1536 /xm  de largo. 
P u n te a d u ra s  areoladas re d o n d as  con poros en fo rm a de fisu ra . P a rén q u im a  ra d ia l he terogéneo , 
co m p u esto  por radios u n i y  b iseriados (F ig . 11). Los un iseriados con 1-16 célu las de a lto  ó 
7 2 -3 0 5 -4 5 6  /xm  y 8 -12-16  /xm  de ancho ; fo rm ados p o r células e rec tas y  cu ad rad as  con a ltu ra  
de 4 0 -7 3 -1 4 4  /im  y largo ra d ia l  de 12 -2 9 -4 0  /im . Los rad ios b iseriados con ancho de 20 -2 4 —28 
//m  y  a ltu ra  de 10-31 célu las ó 288-472-768  /xm  y  fo rm ados por: células p ro cu m b en te s  con 
d im ensiones de a ltu ra  de 1 6 -2 3 —32 ^m , ancho de 8 -1 4 -2 0  /im  y largo ra d ia l de 4 0 -6 1 -8 0  /im  
(F ig . 12), las cuales o cupan  la  m ay o r p a r te  del rad io ; y  ex trem os de filas de célu las e rec tas  y 
c u a d ra d a s  con las m ism as d im ensiones que las de los uniseriados. Células envo lven tes frecuen tes.

Fig. 10. Sección tran sv e rsa l de M . cerífera 63 X
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Fig. 11. Sección tan g en cia l de M . cerífera 63 X

Fig. 12. Sección ra d ia l de M . cerífera 63 X

A n álisis  tisu lar

L as especies del género M yrica  aq u í e s tu d iad as  p resen tan  p o rosidad  d ifusa , con  po ros 
m ay o rm en te  so litarios y  m u y  num erosos, y  de  fo rm as redondos a ovales. Los e lem entos de 
los v aso s son m u y  a m o d erad am en te  pequeños y  m edianos a m o d erad am en te  largos, con 
p lacas de perfo rac ió n  de tip o  escalarifo rm e, p re sen tan d o  h a s ta  15 b a rra s  p o r p e rfo rac ió n . 
E n  las c u a tro  especies se observa la  ten d e n c ia  a  la  fo rm ación  de p lacas de perfo rac ión  sim ples, 
ten d e n c ia  é s ta  que se m o stró  m as m arcad a  en  M yrica  cerífera y  M . cacum inis. L as b a rra s  de 
las p lacas de p e rfo rac ión  m u es tran  o cas ionalm en te  a lgunas m odificaciones: en  p rim er lu g a r  las 
b a rra s  fu rcad as , y  com o segunda ano m alía  m as com ún la  m u ltip erfo rad a , en  la  cual 2 ó m as 
son a tra v esad a s , fo rm ándose  perforaciones ovales (F ig . 13).
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Fig. 13. Sección tan g e n c ia l con placas de p e rfo rac ión  escalariform es 157 X

P arénqu im a ax ia l p re d o m in an tem en te  a p o tra q u e a l difuso, aun q u e  en ocasiones se 
e n cu e n tra n  células de éste  e n  co n tac to  con los p o ros, y  en o tras  p u ed en  encon trarse  grupos 
de h a s ta  6 células d isp u e stas  tan g en cia lm en te . L as series del p a rén q u im a  com puestas po r 2 -8  
célu las rectangu lares . E n  las 4 especies e stu d iad as se o b se rv an  c ris ta les poliédricos de ox a la to  
de calcio en células c ris ta lífe ra s  sep tadas.

E x is te  u n a  e s trech a  re lac ió n  en tre  la a ltu ra  de los rad ios l-2 se r ia d o s  y  m ultiseriados, 
y  el largo  de los e lem entos de  los vasos (T abla 2). E n  M . cacum inis  y  M . puncta ta , donde ex is­
te n  rad ios m edulares t r i  y  te trase ria d o s , éstos re su lta n  lig e ram en te  m as pequeños que los 
b iseriados de M . shaferi y  M . cerífera. Por o tra  p a r te  se observó que las paredes tangencia les 
de las células de los ra d io s  m ed u la res  e stán  en g ro sad as y  p re sen tan  p u n tea d u ra s  p ro m in en ­
te s  (F ig . 14).

L a presencia de e le m en to s  de los vasos m u y  a m o d erad am en te  pequeños, y  m edianos 
a  m o deradam en te  largos; p o ro s  so litarios y m uy  num erosos con p lacas de perforación  esca lari­
fo rm es y  p u n tea d u ras  de  la s  p a red e s  de los vasos o p u estas  y  escalariform es, rad ios m ed u la res 
he terogéneos, así com o el ín d ic e  re la tiv am en te  b a jo  del cociente largo de las fib ras  en tre  el 
largo  de los elem entos de lo s vasos, el cual v a r ía  en las especies e stu d iad as de 1 .4-1 .7 , ev i­
den cian  el grado de p rim itiv ism o  del xilem a de este  grupo .

Tabla 2

Valores de los principales caracteres observados 
(expresados en  p m )

Elementos de los vasos Fiibras Parénq. axial Radios Medulares

Especies Diám.
tang.

Diám.
rad.

Largo
total

No. de 
Barras 

por 
placa 

de per­
foración

Diám.
medio Largo Diám.

medio
No. de 
células 
de las 
series

Ancho 
en No. 

de
células

Altura 
de los 
uni- 

seriados

Altura 
de los 
multi­

seriados

M yrica
cacuminis 57 81 653 0-14 15 974 17 2-8 1-4 251 258

M yrica
punctata 53 76 691 0-15 15 1148 16 2-8 1-4 301 418

M yrica
shaferi 41 50 874 0-15 19 1255 14 2-7 1-2 392 496

M yrica
cerífera 40 55 705 0-15 17 1218 16 3-8 1-2 305 472
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F ig. 14. Sección ra d ia l  M . cerífera donde se observan  los en g rasam ien to s tangencia les de las
células de los rad ios m edulares 157 X

Por su p a r te  M . cerífera m o stró  la  m ay o r ten d en c ia  a  la  fo rm ac ió n  de placas de p e r­
foración  sim ples, lo  que  ju n to  a su  am p lia  d is tribuc ión , parece  ser in d ic a tiv a  de u n a  m ay o r 
especialización e in te rp re ta d a  desde el p u n to  de v is ta  an a tó m ico  com o la  especie m as jo v en  
de las cuatro  e s tu d ia d a s . A trav é s  de la  e s tru c tu ra  del x ilem a d is tin g u im o s 2 grupos, b a sad o s 
en  el ancho de los ra d io s  m edulares en  nú m ero  de célu las: u n  p rim e r g rupo  en el que solo es 
nosible observar ra d io s  un i y  b iseriados, d onde  se e n cu e n tra n  M . cerífera y  M . shaferi; y  u n  
segundo grupo d o n d e  se o bservan  rad io s  1 -4  seriados en  el que se e n cu e n tra n  M . cacum inis  
y  M . punctata.

C onsideraciones eco lóg icas

Las zonas de crecimiento son consideradas aquí en relación directa con 
la ecología y mas probablemente con las características de las maderas en la 
conducción del agua. Las zonas de crecimiento en las especies cubanas del 
género Myrica parecen ser indicadoras de las fluctuaciones en la disponibili­
dad de agua. Las muestras de M. shaferi y M. cerífera presentan zonas de 
crecimiento perfectamente distinguibles a diferencia de las otras 2 especies 
donde no fueron observadas. Esta situación, in terpretada de acuerdo a las 
características ecológicas donde fueron colectadas las muestras, evidencia que 
M. shaferi y M. cerífera colectadas sobre serpentina, presentan fluctuaciones 
en la adquisición de agua del suelo debido a la poca retención de ésta en este 
tipo de suelo, así como los períodos de lluvia y  sequía, no obstante tener 
índices altos de pluviosidad; mientras que M. cacuminis y M. punctata colecta­
das en la zona de las pluvisilvas montanas presentan uniformidad en el con­
tenido de agua del suelo.
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Ca r l q u i s t  (1975a) planteó que la producción de elementos traqueales 
estrechos parece brindar gran resistencia a las tensiones en las columnas de 
agua del xilema. Bajo este criterio un mayor número de poros por milímetro 
cuadrado evidencia gran resistencia al déficit de agua, en el sentido en que 
esta seguridad numérica garantiza que no se afecte el sistema grandemente 
aunque existan vasos no aptos para la conducción del agua debió al embolismo 
de aire. Aunque sería posible esperar que el número de poros por milímetro 
cuadrado resulte de una forma inversamente proporcional al diámetro de los 
vasos, esto varía dentro de límites extremos como fue demostrado por Ca r l ­

q u i s t  y D e B u h r  (1977).
El término vulnerabilidad due definido por Ca r l q u i s t  (1977), como la 

relación existente entre el diámetro de los vasos y el número de poros/mm2, 
señalando que bajos valores de este índice sugieren características xeromórfi- 
cas. De los valores de este índice obtenidos para las especies estudiadas 
(Tabla 3) se evidencia que M. shaferi y  M. cerífera, colectadas sobre serpen­
tina, suelo altamente permeable, presentan una mayor adaptación al déficit 
de agua que las otras 2 especies que viven en montañas, donde la humedad del 
suelo y la atmosfera son altas.

Por otra parte, Ca r l q u i s t  (1975b) señaló que el largo de los elementos 
de los vasos parece ser un índice sensible de xeromorfismo ó mesomorfismo; 
no obstante estar controlado de forma independiente por el largo de las células 
iniciales fusiformes del cambium. De esta forma podría plantearse que los 
elementos de los vasos largos representan un sistema conductor para las 
especies mesófitas, m ientras que los cortos lo serían de maderas xerófitas. Por 
esta razón, multiplicando el índice de “ vulnerabilidad” por el promedio del 
largo de los elementos de los vasos, se obtiene otro índice que Carlquist deno­
minó “ mesomorfía” . Según se muestra en la Tabla 3, los valores de “ meso- 
m orfía” para las especies estudiadas de esta familia varían de 134—725. De esto 
se corrobora que M. shaferi y M. cerífera, no obstante tener índices de “ vul­
nerabilidad” y “ mesomorfía” relativamente bajos, poseen características de 
especies mesófitas en el xilema secundario. Esta aparente contradicción se 
explica teniendo en consideración que este grupo representa una familia 
bastante primitiva. Sus especies viven mayormente en ecótopos bien provistos

Tabla 3

Especies Poros/
mm2

Vulnera­
bilidad

Meso­
morfía Lf/Lv

Prora, de 
Pluviosidad 
anual (mm)

M yrica cacuminis 66 0.87 568 1.5 1400-2200
M yrica punctata 50 1.05 725 1.7 1400-2000
M yrica shaferi 108 0.38 332 1.4 1400-2000
M yrica cerífera 208 0.19 134 1.7 1600-2000

Acta Botánica Academiae Scientiarum Hungaricae 28, 1982



ANATOMIA DE MADERA DE MIRICÁCEAS CUBANAS 253

de agua, donde transpiran abundantemente a pesar de su morfología externa 
micrófila de una apariencia xeromorfica.

Se observa que esta tendencia filogenética para adaptarse al ambiente 
mas seco, solo se encuentra en el grupo de las especies de este género con 
radios medulares uni y biseriados. De esta forma las características fenotípicas 
xerífitas de estas especies deben considerarse un fenómeno de “ Seudoxero- 
morfisino” .
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A check  lis t of H u n g a rian  U stilag ina les including generic d esc rip tions an d  
th e  h o s t p lan ts  is p resen ted . F o r th e  m ate ria l co llected  a fte r  1950 th e  com plete  d a ta  
fo r ev ery  co llection  is given. These also include  new  H u ngarian  records of 37 sm u t 
species and  21 h o s t p lan ts. The U stilag ina les n o t  y e t found  b u t p ro b a b ly  p re sen t in 
H u n g a ry  are  lis ted  too.

Introduction

G u s z t á v  M o e s z , (1873-1946) in his m on o g rap h  (1950) dealt w ith  th e  U stilag ina les 
fo u n d  in  C a rp a th ian  b asin , including am ong  o th ers  B a n a t, T ransy lvan ia , U p p er N o rth e rn  
H u n g a ry  an d  also S u b -C arp a th ia . In  his b eau tifu lly  i llu s tra te d  work M o e s z  en u m e ra te d  127 
species o f w hich  85 being rep o rted  from  th e  p re sen t te r r i to ry  of H u n gary . H ow ever, acco rd ­
ing  to  o u r c u rre n t species concept th e y  should  be tre a te d  as 70 species on ly . U b r iz s y  

(1967) e n u m e ra te d  th e  U stilaginales fro m  th e  C a rp a th ian  basin , w ith  l i te ra tu re  references. 
H e u n c ritic a lly  used  M o e s z ’s d a ta  and  on ly  ad d ed  som e of th e  collections m ad e  a f te r  1950.

D u rin g  th e  la s t  30-40  years m an y  new  d a ta  from  H u n g a ry  have  also been  accu m u ­
la te d  an d  th e  species concep t w ith in  U stilag ina les has changed  considerably . N ow adays th e  
h o s t sp ec if ic ity  is u su a lly  n o t accep ted  as species c r ité r iu m  m orphological ch a ra c te rs  are 
m ain ly  used  for species d e lim ita tion . F o r exam ple , m an y  strip e  sm uts o f grasses w ith  th e  
sam e spore m orpho logy  are now in cluded  in  Ustilago striifo rm is  (W estend .) N iessl h u t  w ere 
fo rm erly  reg ard ed  as belonging to  several d iffe ren t species ( U . alopecurivora U le, U. brom ina  
H . S y d ., U. salveii B erk , e t  B r., e tc .). T h is also holds tru e  fo r m any  E ntylom a  species w hich  
form  lead  co loured  sori on G ram ineae [E . d ac ty lid is  (P ass .)  Cif.], and fo r species o f d iffe ren t 
R a n u n cu lu s  [e.g. E . ranunculi (B on.) S ch ro t., E . ranunculi-scelerati K ochm ., E . ranunculorum  
L iro. e tc .]  w ith  a th in , sm ooth  spore w all (now  E . fic a r ia e  F isch, v. W aldh.). M any U stilago , 
w hich  develop  in  th e  spikelets o f G ram ineae , fo r exam ple  Ustilago brom im ollis L iro , 
U. bromivora  (T ul.) F isch , v. W aldh ., e tc . a re  now  included  in  U. bullata  B erk . The 
sm u ts  w hich  form  spores in  th e  a n th e rs  of C aryophyllaceae  and are m orpho log ically  id e n ­
tic a l [U stilago antherarum  (D. C.) F r., U. lychnidis-dioicae  L iro, U. silenes-in fla tae  L iro , 
e tc .] a re  now  tre a te d  u n d e r th e  nam e U. violácea (P e rs. ex Pers.) R oussel. S im ilarly , th e  
species o f Sorosporium  [S. melandryi H . Syd ., S. p u rp u reu m  (H azsl.) L iro , S . silenes-in fla tae  
(Z igno) Cif., e tc .] w hich  develop in th e  flow ers of C aryophyllaceae, are now called  S. sapona- 
riae  R u d o lp h i. On th e  o th er han d , th e  h e terogen ic  Anthracoidea caricis (P e rs.) B ref. s. la to  
h as b een  d iv id ed  in  m an y  species accord ing  to  m orphological c riteria . T hese Anthracoidea  
species p a ras itize  one or several Carex species w hich belong to  th e  sam e or closely re la te d  
sections.
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A s a re su lt o f n o m en c la to ria l in v estig a tio n s, som e U stilag ina les species n am es has been  
ch an g ed . F o r exam ple, th e  leg itim a te  nam e Ustilago neglecta N iessl replaced th e  fo rm erly  
used  U, panici-g lauci (W allr.)  W in t., Urocystis floccosa  (W allr.) H enders. rep laced  U. hellebori- 
v ir id is  (D . C.) Moesz, an d  Urocystis syncocca (L . A. K irch n .) B . L indeb . rep laced  U. hepaticae- 
trilobae (D . C.) Moesz. Som e nam es tu rn e d  o u t to  be  su p erflu o u s synonym s. F o r exam ple  
Sphacelotheca strangulans (Is sa ts .)  Moesz is S . m ontaniensis  (E ll. e t Holw.) C lin t., Urocystis 
polygonati Moesz e t U lb rich  is  U. polygonati (L av r.)  Z undel, o r Sorosporium  cenchri P . H enn . 
v a r. levis Y örös e t U b rizsy  is S . cenchri P . H enn .

Som e species were in co rre c tly  tre a te d  as U stilag in a les . A m ong these  are E ntylom a  
sch in zia n u m  (P . M agn.) H ö h n e l w hich is a c tu a lly  E xobasid ium  schinzianum  P . M agn.; Tilletia  
sphagni is  th e  conidial fo rm  of th e  D iscom ycete  H elo tium  schim peri N aw asch in ; Ustilago 
fu s s i i  N iessl is no th in g  less th a n  th e  M yxom ycete  Lepidoderm a carestianum  (R ab en h .)  R o str. 
T h is app lies to  th e  en tire  gen u s Graphiola w hich is now  p laced  in  Fung i Im perfecti.

I n  a  few in stan ces th e  generic concep t h as also changed , th u s  the  genus G inanniella  
is now  in cluded  in  U rocystis, w hereas Anthracoidea  an d  S p o riso r iu m , described a long  tim e 
ago h u t  th e n  “ fo rg o tten ” , h a v e  recen tly  been  rev iv ed . D u rin g  th e  las t th ree  or fo u r decades 
m an y  new  genera h av e  b een  described ; am ong th ese  M oesziomyces and  Orphanomyces were 
fo u n d  in  H u n g a ry  and  Ustacystis and  Ustilentylom a  are p ro b a b ly  also p resen t. As a re su lt 
o f sy s te m atic  collecting in  a n d  scru tin ies in  ph an ero g am ic  h e rb a r ia , 2 genera an d  m ore th a n

Table 1

S ynop tic  table o f H ungarian Ustilaginales

Genera
Number of species Number of fungus/ 

host comb, 
(present)present probable

Anthracoidea 8 9 10
Burrillia 0 1 0
Doassansia 3 8 3
Doassansiopsis 1 3 3
Entorrhiza 0 5 0
Entylom a 15 55 20
Farysia i i 1
Glomosporium i i 1
M  elanopsichium i 1
M  elanotaenium 3 5 4
Moesziomyces L 1
N  annfeldtiomyces 1 i 1
Neovossia 0 2 0
Orphanomyces 1 1 1
Schizonella 2 8
Schroeteria 1 1 1
Sorosporium 3 10
Sphacelotheca 4 6 6
Sporosorium 1 4
Thecaphora 3 10 4
Tilletia 6 21 9
Tolyposporium 0 3 0
Tracya 2 2
Urocystis 21 44 25
Ustacy stis 0 1 0
Ustilago 40 38 87
Ustilentyloma 0 l 0

T ota l 119 217 202
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30 fo rm erly  u n k n o w n  species in  H u n g a ry  h a v e  been  reported . A m ong these  th ere  a re  new  
to  science e.g. Orphanomyces hungaricus, U rocystis tothii and  Ustilago heleochloae.

O bviously  m an y  changes concern ing  H u n g a r ia n  U stilaginales h a v e  ta k e n  place d u rin g  
th e  la s t 30 years an d  th is  necessita ted  a  rev is io n . T he follow ing lis t in c lu d e  th e  U stilag ina les 
fo u n d  in  th e  p re sen t te r r i to ry  of H u n g a ry . F o r  collections m ade a f te r  1950 th e  a p p ro p ria te  
collection  d a ta  w ere g iven. We have  also in c lu d e d  species n o t y e t fo u n d  b u t  p ro b ab ly  p re s ­
e n t  in  H u n g a ry . T he h o st p lan ts  an d  e ssen tia l sy m p to m s are given as a  guide to  those  w ho 
w ould  like to  c o n tr ib u te  to  th is in te re s tin g  g ro u p  of H ungarian  flo ra .

T he n o m en c la tu re  of th e  hosts follow s E h r e n d o r f e r  (1973).

C heck -list o f  the H u ngarian  U stilag in a les w ith their h osts

+  =  Species an d  hosts found a f te r  1950.
! =  Species n o t y e t found, b u t  p ro b a b ly  p re se n t in  H ungary .

A nthracoidea  Brefeld

Sori in the ovaries of Carex species (and other Cyperaceae), forming more or 
less globose, black, hard bodies. Spores single, dark coloured. Germination by 
a 2-celled promycelium that forms one or more sporidia (basidiospores) on 
each cell.

A. arenaria (H . Syd .) N annf. [A. leioderma (L ag h .) K ochm . e t M aj.J — Carex brizoides L .; 
+ C . praecox  Schreb . Com it. N ógrád , N ag y k ö h eg y  pr. B árna, 27. У . 1977, J .  G ö n c z ö l , 
S. T ó t h , L. Ze l l e r , К . V á n k y .

A A. cariéis (Pers.) Bref. s. str . — Carex m ontana  L ., Kôszeg, 20. V I. 1906, A. W a is b e c k e r . 
+  A . caryophylleae K u k k o n en  — Carex caryophyllea  L a to u rr ., Com it. N ó g rád , B áránykS  p r. 

M átrak eresz tes , 21. V. 1957, A. H o r á n s z k y .
+  A . m ichelii V án k y  — Carex michelii H o s t, m a n y  collections from  th e  en v iro n s o f B u d a p es t; 

Com it. B orsod, M t. B ükk , K ú th eg y  p r . C serépfalu , 4. VI. 1975, M e y e r ; Com it. H eves, 
M t. B ü k k , m t. N agy-E ged  pr. E ger, 14. V I. 1981, S. T ó t h .

+  A . pilosae V án k y  — Carex pilosa  Scop., C om it. N óg rád , Mt. B orzsüny, p r. D iósjeno, 1. V I. 
1955, L. B a k s a y , T ypus.

A . pratensis (H . Syd .) Boidol e t P oelt — Carex f lacea Schreb ., Com it. K o m áro m , p r. Pilis-
csé v , 8. V I. 1959, A. H o r á n s z k y .

A. subinclusa (K ö rn er) B ref. — Carex hirta  L ., C om it. Veszprém , T ih a n y , K ülsö  tó , 30. V. 
1977, J .  G ö n c z ö l , S. T ó t h , L. Ze l l e r , K . V á n k y ; C. riparia  C u rt., Com it. Z ala, Or- 
m án d -p u sz ta  p r. K om árváros, 15. V I. 1952, Á. K á r o l y i; Com it. V eszprém , T ih a n y , 
K ülsö  tó , 30. V. 1977, J .  Gö n c z ö l , S. T ó t h , L. Ze l l e r , K . V á n k y ; Com it. P es t. M t. 
B orzsüny , p r. K irá ly ré t, B üdostó , 10. X . 1978, J .  G ö n czö l ; — 19. V II .  1979, J .  G ö n ­
c zö l , S. T ó t h .

+ A .  tom entosae V án k y  — Carex tomentosa L ., C om it. Borsod, Mt. B ü k k , 26. V II. 1909, 
J .  BUDAI.

! A . angulata (H . Syd.) Boidol et P oelt — Carex h irta  L. Obs. A . angulata  (H . Syd.) B oidol 
e t P o e lt (Cintractia angulata  Zillig) in  Z lL L iG , U stil. eur. 1/b, H u n g a ria , Com it. P e s t, 
S ükösd , V I. 1918, F . G r e in ic h  =  A . subinclusa  (K örner) Bref.

! A . aspera (L iro) K u k k . — Carex appropinquata  S ch u m ., — C. diandra  Sch rk .
! A . buxliaum ii K u k k . — Carex hartm anii C a jan d er 
! A. echinospora (L eh t.)  K u k k . — Carex gracilis C urt.
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! A. fischeri (K a rs t.)  K u k k . — Car ex canescens L., C. diandra  S ch rk ., C. disticha H uds. 
! A. inclusa Bref. — Carex rostrata Stokes.
! A. irregularis (L iro) B oidol e t Poelt — Carex d igitata  L ., C. ornithopoda W illd.
! A. karii (L iro) N annf. — Carex echinata M urr. (C. stellulata Good.).
! A. paniceae Kukk. — Carex panicea  L.

Burrillia Setchell

Sori in the leaves, petioles and stems of aquatic or paludal plants forming 
spots punctated by the spore balls embedded in the host tissue. Spore balls 
many-spored, rather permanent, composed of a pseudoparenchymatous tissue 
of sterile cells in which the spores are scattered, cortical layer is lacking. 
Germination after Tilletia scheme.

! B. decipiens (W in t.)  Clint. — Limnanthemum  sp.

D oassan sia  Cornu

Sori in the leaves, petioles and stems of aquatic or paludal plants as yellowish 
or brownish areas w ith numerous, in the host tissue embedded spore balls as 
very minute brown dots. Spore balls rather perm anent, composed of a central 
mass of spores surrounded by a more or less evident cortex of sterile cells. 
Germination of Tilletia type.

-)-D. ho tton iae  (R o str .)  D e T o n i — Hottonia p a lu str is  L ., Com it. P e s t, lacus Also csik ó v ári tó  
p r. Pom áz, 7. IX . 1925, S. J á v o r k a ; lacu s T engerszem  p r. Pom áz, 20. V IL  1948, A. 
P é n z e s ; M t. B ö rzsöny , lacus B üdösto  p r. Szokolya, 27. V I I I .  1947, S. J á v o r k a ; — , 

26. IX . 1977, J .  G ö n c z ö l .

- j - D .  limosellae (J . K ze.) S ch ro t. [Burrillia limosellae  (J . K ze.) L iro] — Limosella aquatica L ., 
Com it. B orsod , E d e lén y , 7. V III. 1906, J .  B udai.

D. sagittariae (F u ck .)  C. F isch . Sagittaria sagittifolia  L ., C om it. B ács-K iskun, T ôserdô  
pr. L ak ite lek , 26. IX . 1962, S. T ó t h ; — , 25. V IL  1979, J .  G ö n c z ö l , S. T ó t h ; C om it. 
Szolnok, p r. T isza fü red , 11. V I. 1975, S. T ó t h , T. e t К . V á n k y . 

î D . alismatis (Nees) C ornu  — A lism a lanceolatum  W ith ., A . plantago-aquatica  L.
! D . callitriches Ja c k s , e t L in d er — Callitriche sp.
! D .  (?) comari (B erk .) D e T oni e t Massee — C om arum  palustre  L.
! D . epilobii F arl. — E p ilo b iu m  palustre L.
! D . niesslii De T oni — B utom us umbellatus L.
! D . peplidis B ub. P ep lis  sp.
! D . utriculariae P . H en n . — Utricularia  sp.
! D .  winteriana P . M agn. — Lythrum  hyssopifo lia  L.

D oassan siop sis (Setchell) Dietel

Sori in the leaves, petioles, stems or ovaries as spots or swellings w ith the 
spore balls embedded in the host tissue. Spore balls rather permanent, com­
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posed of a central mass of pseudoparenchymatous sterile cells, surrounded by 
the firmly united spores and an usually thin cortical layer of sterile cells. 
Germination after Tilletia scheme.
-{-D. hydrophila (A. D ie tr.) L avrov  — Potamogetón nodosus Po ir., C om it. Som ogy, p r. B abo- 

csa, 18. IX . 1933, A. B o b o s : P . lucens L ., Comit. Som ogy, lacu s B a lá ta -tó , 16. V I I I .  
1963, S. T ó t h ; P. natans L ., C om it. Szolnok, K isújszállás, 23. IX . 1977, S. T ó t h .

! D . horiana (P. H enn .) Shen — Sagittaria  sagittifolia  L.
! D . occulta (H offm .) D iet. — Potamogetón fil i fo rm is  Pers., P . gram ineus  L ., P . natans  L.

(in th e  swollen seeds).
! D .  pustulata K ietel — Sagittaria  sp.

E ntorrh iza C. Weber

Sori forming hard, round, pyriform, cylindrical or digitate galls on the roots 
of different Juncaceae and Cyperaceae. Spore mass light yellow to orange 
coloured, conglutinated. Spores intracellularly, usually single or in pairs, thick- 
walled, subhyaline to light yellowish-brown, rather perm anently embedded in 
the host tissue. Germination, where known, by 1-4, aseptate promycelia, each 
bearing up to 4 terminal, aseptate, slender, curved sporidia (basidiospores). 
Spores also germinate directly to form septate, branched hyphae without 
sporidia.

! E. aschersonia (M agn.) L agerh . J u n cu s  bufonius  L.
! E . caricicola F erd . e t W inge — Car ex sp p ., Ju n cu s  spp.
! E. caspariana (M agn.) L agerh . ( =  E r. digitata  L agerh .) — J u n cu s  articulatus L ., J .  bufo­

n ius  L ., J . tenuis  W illd ., J .  spp.
! E. cypericola (M agn.) W eber — Pycreus flavescens  (L .) R chb.
! E. scirpicola (Corr.) Sacc. e t Syd. — Eleocharis quinqueflora (F . X . H a rtm .)  O. Schw arz. 

[E. pauciflora  (L igh tf.) L ink ], Scirp u s  spp.

E n ty lom a de Вагу

Sori usually on the leaves and stems forming round, angular or elongated, 
yellowish to brown spots, sometimes constituing galls on the leaves, stems or 
roots. Spores rather permanently embedded in the host tissue, generally light 
coloured, usually single or adhering in irregular groups. Spore wall as a rule 
smooth, often with hyaline gelatinous sheat. Germination of Tilletia type.

+ E .  bellidis K rieg. — B eilis perennis  L ., Com it. Veszprém , K esz th e ly , 8. V. 1976, K . V á n k y .
E. calendulae (O udem .) De By. — Calendula o ffic inalis  L.

-bE . compositarum F arl. — Gaillardia aristata  P u rsh , Comit. P e s t, G ödöllo, 18. V I I I .  1954,
S. T ó t h ; Com it. B a ran y a , Pécs, 11. IX . 1973, M. G l i t s .

E . corydalis De B y. — Corydalis cava (L .) Schw. e t K oerte  (C. bulbosa sensu F l. E u r.) . 
-j-E. dahliae H . e t P . Syd. — D ahlia  variabilis  (W illd.) Desf., B u d a p es t, 14. IX . 1938, B. H u sz . 

E . eryngii (Corda) De B y. — E ry n g iu m  campestre L ., Com it. P e s t,  p r. L eányfalu , 23. V. 
1972, S. T ó t h ; Com it. V eszprém , B a la to n fü red , 8. V II I .  1974, К . V á n k y ; Com it. P e s t, 
p r. F e lsopakony , 21. V . 1977, J .  G ö n c z ö l ; Comit. Pest. p r. R ák o sk eresz tú r, 31. V I I I .  
1978, S. T ó t h ; Com it. P es t, p r. B én y e , 31. V II I .  1978, S. T ó t h .
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+ E .  fergussonii (B erk , e t  B r.) P lo w r. — M yosotis scorpioides L. [M yosotis palustris  (L .) 
N a th .] ,  C o m it. P e s t  p r .  Ô csa , 17. X . 1980, J .  G ö n c z ö l , Á . R é v a y .

E . ficariae Fisch, v. W a ld h e im  [E, ranunculi (B on .) Schro t., E . ranunculi-repentis S te rn ., 
E . ranunculi-s celer a ti K o ch m ., E . ranunculorum  L iro, E . wroblewskii K ochm .] — R a n u n ­
culus f  icaria L. [F icaria  verna  H uds.], C om it. P e s t, Gödöllo, 9. V. 1962, E. Za h o r e c z : 
Comit. V eszprém , S z ig lige t, a rb o re tu m , 7. V. 1964, S. T ô t h ; Com it. Yeszprém , M t. 
B akony, p r. E p lé n y , 18. Y. 1976, L. Ze l l e r , S. T ô t h , J .  G ö n c z ö l , K . V á n k y ; R . poly- 
anthemos L .; -{-R. repens  L ., Comit. V eszprém , M t. B akony , p r . B akonykoppâny , 2. 
X . 1970, S. T ô t h ; C om it. V eszprém , pr. T ih an y , lacus K ü lsô tô , 30. V. 1977, S. T ô t h ;
R . sceleratus L.

E . fuscum Schrot. — P apaver dubium  L ., f - P .  rhoeas L ., Com it. P e s t, pr. D abas, 13. V.
1964, S. T ô t h ; P . so m n iferu m  L ., Com it. B âcs-K iskun , S ükôsd , 1926, F. Gr e in ic i i . 

E . matricariae R o str. — Trip leurosperm um  inodorum  (L .) C. H . S ch u ltz  [M atricaria ino­
dora L .], Com it. H a jd ú -B ih a r , pr. B e re tty ó ú jfa lu , 4. V II I .  1974, K . V á n k y .

E . inicrosporum (U ng.) S c h ro t. — R anunculus repens L ., Com it. P e s t, Gödöllo, 11. X . 1966,
S. T ô t h ; Com it. P e s t ,  V iseg rád , 22. V. 1976, K . V á n k y ; C om it. V as, p. N agym izdó, 
14. IX . 1966, S. T ó t h .

E . picridis R ostr. [E. arnoserid is  H . e t P. Syd., E . leontodontis H . e t  P . Syd., E . hieracii 
H . et P. Syd.] — H iera c iu m  sylvaticum  (L .) L ., Com it. B a ran y a , Pécsvárad , 17. VI. 
1950, L. P i n t é r .

E . serotinum Schrot. — S y m p h y tu m  officinale  L ., Com it. P e s t, p r. O csa, 17. X . 1980, A. 
R é v a y , J .  G ö n c z ö l .

E . thalictri Schrôt. T h a lic tru m  m inus  L.
~j-E. urocystoides B ub. — C orydalis cava (L .) Schw. e t K oerte  [C. bulbosa sensu Fl. E u r.] , 

Comit. B aran y a , p r. P écs, É gervôlgy, 15. V . 1962, A. V ass  e t S. T ô t h ; — M t. Mecsek, 
m t. K ôveste tô  p r . M ag y areg regy , 17. V . 1962, A. V ass  e t S. T ô t h ; —, pr. Zobák, 14. 
V. 1965, A . V a s s .

î E . achilleae P. M agn. — A chillea  millefolium  L.
! E . antennariae Liro A n te n n a r ia  dioica (L.) G ärtn .
! E . am icale Eli. e t E v . — A rn ica  montana  L.
! E . aschersonii (Ule) W or. — H elichrysum  arenarium  (L.) M önch, (sw ellings on th e  roo t 

collar).
! E . australe Speg. — P h ysa lis  alkekengi L., Solanum  nigrum  L.
! E . bavaricum  H. Syd. — Senecio rivularis (W. e t К .)  DC.
! E . brefeldi Krieg. -  P halaris arundinacea  L.
! E . bupleuri Lindr. — B u p le u ru m  sp.
! E . callitrichis Liro — Callitriche  spp.
! E . chelidonii Cif. — C helidonium  m ajus  L.
! E . chrysosplenii Sehr. — C hry so sp lén ium  alternifo lium  L.
! E . cichorii W robl. — C ichorium  intybus  L.
! E . circaeae D earn. — Circaea sp.
1 E . dactylidis (Pass.) Cif. — A grostis canina  L A . stolonifera  L A . tenu is  S ib th ., Alopecurus 

pratensis L., Catabrosa aquatica  (L .) P . B ., C ynosurus echinatus L ., Dactylis glomerata
L., Deschampsia caespitosa  (L .) P. B., Festuca ovina  L ., F. rubra L ., F . rupicola H euff., 
Holcus lanatus L ., H . m ollis L ., Phleum pratense  L ., Koeleria gracilis  Pers., Poa annua  
L ., P . bulbosa L ., P . compressa  L ., P. pratensis  L ., P . trivia lis  L ., Puccinellia distans 
(L .) P ark , Trisetum  flavescens  (L.) R. e t Sch., e tc. (lead-coloured  to  b lackish streaks 
or spots on th e  leaves).

1 E . davisii Cif. — Rudbeckia  h irta  L.
'.! E . ellisii H alst. — S p in a cia  olerácea L.
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! E . erigerontis H. e t P. Syd. — Erigeron canadense  L., E . spp.
! E. eryngii-plani Cif. — E ryng ium  p la n u m  L.
! E. feurichii K rieg . — Lathyrus silvester L.
! E . flavum  Cif. — S iu m  latifolium  L ., Berula erecta Co ville 
! E . fragoso! Cif. — G laucium  corniculatum  (L .) R u d o lp h .
! E. fumariae Sehr. F um aria  p a rv iflora L am ., F . rostellata K naf., F. va illan tii Lois.
I E . galinsogae H . e t  P . Syd. Galinsoga ciliata  (R a fin .)  Blake.
J E . glaucii Dang. — G laucium  f la v u m  Cr.
1 E. henningsianum  H. et P. Syd. Sam olus valer and i L.
ï E . liydrocotylis Speg. — Hydrocotyle sp.
J E. hypocliaeridis Speg. — Hypochoeris sp.
? E. linariae Sehr. L in a ria  genistifolia  (L.) M ill., L. vulgaris Mill, 
j E. lin i Oud. — L in u m  usita tissim um  L.
! E. ludwigianum  Syd. — C hrysanthem um  sp.
J E. m agnusii (U le) W or. [ =  ? E . aschersonii (U le) W or.] — G naphalium  luteo-album  L., 

G. u lig inosum  L. (swellings on th e  ro o t collar).
! E. m agoesyanum  B ub. Tordylium  m a x im u m  L.
! E. m aireanum  Cif. — Hypochoeris radicata  L., H . spp .
! E . m elilo ti Mc Alp. M elilotus o ffic ina lis  L am ., Trigonelia foenum -graecum  L.
!E. m yosuri H. Syd. — M yosurus m in im u s  L.
! E . n ubi lu ni L iro — Alopecurus pratensis  L.
! E. nigellae Cif. — Nigella damascena  L.
! E. nyniphaeae (D . C unn.) Setch. — N ym phaea  alba L.
! E. oenanthes R . M aire ( =  ? E. debonianum  Sacc.) — Oenanthe silaifolia  M. B.
! E. parvum D avis — Eleocharis acicularis (L .) R . B r.
! E. pastinacae J a a p  Pastinaca sativa  L.
! E. petuniae Speg. — P etunia  violácea L ind l., P . nyctaginiflora  Juss.
! E. plantaginis A. B ly tt  — Plantago lanceolata L., P . media  L.
! E . polygoni-am phibii Savul. Polygonum  am p h ib iu m  L.
! E. saccardianum  Scalia  — Senecio sp.
! E . saniculae Peck . — Sanícula  spp.
! E. schweinfurthii P. H enn. Polygonum  p a tu lu m  M. B. (P . monspeliense T h iéb au d  in  P e r s .). 
! E. tanaceti Syd. Tanacetum  vulgare L. [ =  C hrysanthem um  vulgare (L .) B ernh .].
! E . Iragopogi L agerh . — Tragopogón orientalis L.
! E. trigonellae J .  A. S tev . Trigonella foenum -graecum  L.
! E. uliginis Speg. Centunculus m in im u s  L.
! E. veronicae (W in t.)  L agerh . — Veronica peregrina  L.
! E. veronicicola L indr. Veronica serpyllifo lia  L.
! E . verruculosum  Pass. R anunculus acer L ., R . lanuginosus  L ., R . sceleratus L.
! E. xanthii C. M ass. — X a n th iu m  strum arium  L.

F arysia  Raciborski

Sori in ovaries of Carex species, forming olive-brown to black-brown, dusty 
spore mass traversed by numerous, conspicuous, capillitium-like fascicles o f  
sterile hyphae. Spores single, small, variable in form and size, verruculose. 
Germination by a short promycelium which buds off several cylindrical or 
spindle-shaped sporidia, or the sporidia are budded off directly from the spores.
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F .  t h u e m e n i i  (F isch , v . W aldh .) N annf. [ F . caricis (D . C.) L iro] — Carex riparia  C u rt.,
C o m it.  P est, p r .  Ó csa, 6. V I .  1979, J .  G ö n c z ö l  e t Á . R é v a y .

! F .  o l i v á c e a  (Ja a p )  v . H ö h n e l [non F . olivácea (D . C.) H . e t P . Syd.] [F . ja a p ii  H . e t  P . 
S yd .] — Carex caryophyllea  L a to u rr ., C. praecox  Schreb.

G lom osporium  K och m an

Sori in hypertrophied ovaries containing a granular-powdery, orange to light 
brown coloured mass of spore balls. Spore balls many-spored, perm anent. 
Germination after Tilletia scheme, with 3—4 terminal, subarcuate sporidia 
(basidiospores) provided with long spinules.

G. leptideum  (H . e t P . S yd .) K ochm . — Chenopodium  album  L.
! G. a m a ra n th i H irschh . — A m aranlhus chlorostachys W illd ., A . retroflexus L.

M elan opsich ium  G. Beck

Sori as conspicuous, purplish-black, hard galls in various parts of the host, 
most frequently in the inflorescence, composed of hypertrophied host tissue 
and mycelium, with numerous chambres filled by spores embedded in a 
gelatinous mass. Spores single, conglutinated. Germination of Ustilago type.

M. p e n n s y l v a n i c u m  H irsch h . — Polygonum  lapath ifo lium  L. Obs. M o e s z  m entions in  th e  
inflorescence of P olygonum  mite S ch ran k  to o , b u t  th e  m ate ria l availab le  in  B P  co n ta in s  
Sphacelotheca hydropiperis  only.

M elan otaen iu m  de Вагу

Sori in the vegetative parts forming black, often confluent spots on the leaves 
and petioles or black galls on the bases of stems or on the roots. Spores 
embedded in the host tissue, single but often agglutinated, with dark, blackish- 
brown, smooth wall. Germination of Tilletia type.

M. a r i  (Cke) Lgh. - A r u m  m aculatum  L . ,  Com it. K om árom , K ohegy  p r. T a ta b á n y a , 26. V . 
1964, S. T ó t h ; C om it. H a jd ú -B ih a r, N agyerdo  pr. D ebrecen, 20. IV .  1965, O . T ó t h ; 
— , 10. V . 1977, O. T ó t h  e t К .  V á n k y ; C om it. K om árom , m t. Pilis pr. P ilisszen tlélek , 
12. V . 1965, S. T ó t h ; — , 19. IV .  1967, S. T ó t h : A rum  o rien ta le  Bieb., Com it. F e jér, 
p r. B odajk , 24. V . 1979, S. T ó t h  e t J . G ö n c z ö l .

M. c i n g e n s  (G. B eck) P . M agn. — L in a ria  gen istifo lia  (L .) Mili.
+  M. e n d o g e n u m  (U ng.) D e B y — Galium  mollugo L ., Com it. P e s t, R em etehegy  p r. N agy- 

kovácsi, 12. V. 1972, S. Tóth.
! M. a d o x a e  (B ref.) S. I to  — A doxa moschatellina  L. (on th e  roo ts as d irty -b ro w n  sw ellings).
! M. h y p o g a e u m  (Tul.) Schellenb. — K ick x ia  sp u ria  (L .) D um . (large black  swellings on  th e  

ro o t collar).
! M. j a a p i i  P . M agn. — Teucrium  m ontanum  L. (sw ellings a t  th e  base  o f th e  stem s).
! M. k o s c h u r n i k o v e a n u m  L av ro v  — Galeopsis tetrahit L. (swellings a t  th e  base o f th e  stem s 

a n d  on ro o t collar).
! M. l a n i i i  B eer — L a m iu m  album  L. (large sw elling on th e  ro o t collar).
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M oesziom yces V á n k y

Sori in the ovaries, without columella. Spores in manyspored spore halls 
firmly agglutinated by surface ornam ents appearing as irregular meshes, or 
a t the margins as thin irregular wings when the spores are separated. Germina­
tion of Ustilago type.

- f  M. bu lla tus (S chro t.) V ánky  [Tolyposporium  bullatum  (Schrot.) S ch ro t.]  — Echinochloa  
crus-galli (L .) P . B ., Com it. P e s t, M t. B örzsöny , pr. Szokolya, K irá ly ré t,  26. IX . 1977, 
J .  Gönczöl; Com it. Zala, p r. S zen tlisz ló , 27. IX . 1978, J .  Gönczöl; Com it. Szolnok, 
p r. T ú rk ev e , 8. IX . 1979, J .  Gönczöl e t Á. Révay; Com it. B ács-K isk u n , T öserdö  pr. 
L ak ite lek , 20. IX . 1979, J. Gönczöl e t Á. R évay.

N ann feld tiom yces V á n k y

Sori on aquatic or paludal plants as spots on the leaves and stems in which 
the spore halls are formed. Spore balls rather permanently embedded in the 
host tissue, extracellularly, many-spored, composed of a network of branched 
mycelia in which the spores are scattered, friable and easily decomposed in 
separate spores; no cortical layer. Spores globose to irregular, light coloured, 
smooth walled, very loosely held together. Germination of Tilletia type.

+ N . spargan ii (L gh.) V ánky  — S p a rg a n iu m  erectum  L., Comit. B ács-K isk u n , T öserdö p r.
L ak ite lek , 25. V I. 1979, J .  G ö n c z ö l  e t S. T ó th .

! N. anom alus (Crowell) V ánky  — Spa rg a n iu m  m in im u m  (H a rtm .) F r.

Neovossia Körnicke

Sori in scattered, hypertrophied ovaries of Gramineae, filled by a dark, dusty 
spore mass. Spores single, dark coloured, each provided w ith a long, hyaline 
appendage, the rest of the sporogenous hyphae. Germination after Tilletia 
scheme; the number of the basidiospores is very large.

! N . io w e n s i s  H um e e t H obson [IV. danubia lis  S avu l.] — Phragmites com m unis  T rin .
! N . m o l i n i a e  (T hüm .) K örn . — M olin ia  coerulea ( L . )  Mönch.

Orphanomyces Savile

Sori as black, often confluent crusts on the young leaves, later semi-powdery 
or granular-powdery. Spores single or in  loosely aggregated spore balls, dark 
coloured. Mycelium systemic-perennial. The infected plants remain sterile. 
Germination insufficiently known.

+ 0 .  hungaricus V án k y  e t Gönczöl — Carex acuta  L. em. Reich. [C. gracilis  C u rt.] , Com it. 
B ács-K iskun , T öserdö pr. L ak ite lek , 30. V I. 1977, J .  G ö n c z ö l . T y p u s; —, 8. X I .  1978,
J .  G ö n c z ö l ; — , 14. V IL  1979, J .  G ö n c z ö l  e t S. T ó t h .

! O. vankyi Savile — Carex acutiform is E h rh .
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S ch izon ella  Schröter

Sori on the leaves of Carex and Kobresia, forming short or long, black, semi- 
dusty, pustulate streaks. Spores arise in pairs, loosely held together by a 
hyaline bridge, easily separating into single spores, or sometimes forming 
irregular, loose, semipermanent spore balls. Germination of Ustilago type.

Sch. cocconii (M orini) L iro  — Carex halleriana  Asso.
Sell, m elanogram m a (D C .) S ch ro t. — Carex caryophyllea  L a to u rr ., C om it. Pest, pr. Pom áz, 

11. YI. 1979, J .  G ö n c z ö l  et Á. R é v a y ; -J-С. digitata  L ., C om it. Som ogy, D enna-erdo 
p r. L ipôtfa , 5. V I. 1963, S. Т о тн ; C. divulsa  S tokes, -\-C. fr its c h ii  W aisb ., Comit. Veszp- 
rém , A prô-hegyek p r . K esz th ely , 11. Y. 1963, S. Т о тн ; C. m ichelii H ost., Comit. P e s t, 
M t. Pilis p r. P ilis szen tk e resz t, 18. V. 1960, S. Т о тн ; —, 21. V. 1976, A. H o r â n s z k y ; 
Comit. P est, N ag y szén ás  p r. N agykovácsi, 15. X . 1964, S. Т о т н ; + C . montana L ., 
Comit. Fe jér, M t. V e rtes  p r. C sákvár, 24. V I. 1965, S. Т о тн ; C om it. P est, m t. K opasz- 
oldal pr. N ag y k o v ácsi, 1. V II . 1965, S. Т о тн ; Com it. P e s t, Szarvasszérâ  p r. Pilis- 
szentlászló, 2. V I. 1972, S. Т отн ; Com it. V eszprém , p r. Pécse ly , 18. V. 1976, S. Т о тн  
e t K . V â n k y ; C. m uricata  agg.; C. sp. (? C. m ichelii H ost) C om it. P est, Mt. B örzsöny, 
K irá ly ré t p r. S zo k o ly a, 1. V. 1964, Cs. D o b o l y i ; Com it. K o m áro m , Kôhegy pr. T a ta -  
bánya, 26. V. 1964, S. Т отн .

Scliroeteria W inter

Sori in the seeds of Veronica species, forming a gray or grayish-black, powdery 
spore mass. Spores developed in pairs or rarely in threes but often easily 
separating into single spores. Germination of interm ediate type by one or two, 
short, bottle-like, one-celled promycelia with a term inal chain of globose spori- 
dia (basidiospores), or by a long, septate promycelium bearing laterally and 
terminally globose sporidia. Sometimes both types of promycelia arise from the 
same spore.

Sehr, decaisneana (B o u d .) D e T oni — Veronica hederifolia  L ., C om it. N ógrád , N agykôhegy  
pr. B árna, 27. V. 1977, J .  G ö n czö l , S. Т о тн , L. Z e l l e r , K . V á n k y .

! Sehr, delastrina (T ul.) W in t. — Veronica agrestis L ., V. arvensis L ., V. praecox AIL, V. tri- 
phyllos L ., V. ver na  L.

Obs. Sehr, de lastrina  (T u l.) W in t. — Veronica triloba  Opiz in  M oesz 1950. p. 146 =  Sehr, 
decaisneana (B o u d .) D e Toni.

Sorosporium  Rudolphi

Sori destroying the flowers or the whole inflorescence producing a light yel­
lowish-brown to dark brown, dusty mass of spore balls. Spore balls composed 
of medium to large num ber of fertile spores more or less loosely held together. 
Germination of Ustilago type. It is a rather heterogeneous genus and this 
fact seems to justify  its division.

S. cenchri P . H enn . [S. syntherism ae  (Peck .) F a r] ., S . cenchri P . H en n . var. levis U brizsy  
e t Vörös] — C enchrus incerlus M. A. C urt. [ =  C. p a uciflo rus  B en th .] Comit. B ács-
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K iskun , T a lfá ja  p r. K ecskem et, 27. IX . 1967, G. U b r iz s y ; Com it. Pest. C sévharasz t, 
27. IX . 1977, J .  G ö n c z ö l ; Com it. B ács-K iskun , p r. F ü lo p h á za , 25. V I. 1979, J .  G ö n c z ö l  
et S. T ó t h .

S. h o lc i-so rg h i (R iv .)  Moesz [Sphacelotheca reiliana  C lin ton] — -f-Sorghum bicolor (L .) 
M oench, C om it. B ács-K iskun , Csávoly pr. B a ja , 12. V I I I .  1910, J .  N a g y ; -f-S. hale- 
pense  (L .) P e rs ., Com it. F e jér, M arto n v ásár, 1956, 1959, ap . P o d h r a d s z k y , n. v . ;  
Zea mays L.

S. sa p o n a ria e  R u d o lp h i [S . m elandryi H . Syd., S. p u rp u reu m  (H azsl.) Liro, S. silenes- 
inflatae  (Z igno) Ciferri] — -\-D ianthus carthusianorum  L ., B u d ap es t, V I. 1876 , G y . 
Sz é p l ig e t i ; D . pontederae K e rn ., Com it. V eszprém , p r. U zsa , 22. Y I. 1968, S. T ó t h  e t
К . V á n k y ; Saponaria  o ffic ina lis  L ., Comit. V eszprém , S zen tgyörgy-hegy  p r. T ap o lca  
24. V I. 1948, S. T ó t h ; Com it. P es t, p r. Isaszeg, 9. V II. 1976 , S. T ó t h ; Silene alba (M ili.) 
E . H . L. K rau se  [M elandrium  album  (Mill.) G arcke]; Silene vulgaris (Moench) G arck e  
[S. in fla ta  Sm ., S. cucubalus W ibel], Comit. Sotnogy, B a la to n b erén y  pr. K e sz th e ly , 
23. V I. 1968 , S. T ó th  e t K . V á n k y ; Petrorhagia saxífraga  (L .) Lk. [Tunica saxífraga  
(L .) Scop. ], C om it. V eszprém , Szépkilá tó  pr. K esz th ely , 22. V I. 1968, S. T ó t h  e t K . 
V á n k y .

Sphacelotheca de Вагу

Sori in the ovaries or in the whole inflorescence, provided with a fungal peri- 
dium of hyaline cells which ruptures irregularly to expose the dusty spore 
mass and the central columella composed of fungal cells similar to those of 
the peridium. The components of the sorus develop from the base of the 
sorus (basifugally). Spores single, small to medium sized, dark coloured. 
Immature spores catenulate and connected by disjunctors. Germination of 
Ustilago type.

S. andropogonis (O piz) B ubák  [S. ischaem i Clinton] — Bothriochloa ischaemum  (L .) K eng . 
[Andropogon ischaem um  L.] Com it. P e s t, M ajdánhegy pr. P o m áz, 16. VI. 1946, S. TÓTH; 
— , K ohegy  p r. Pom áz, 19. V I. 1956, e t 17. IX . 1956, J .  P o d h r a d s z k y ; Comit. F e jé r , 
T ordas, 3. V II .  1962, J .  P o d h r a d s z k y ; Comit. P es t, N ag y k ev é ly , 5. V IL  1963, A. 
H o r á n s z k y ; C om it. V eszprém , p r. B a la ton fü red , 15. X . 1968; Comit. B a ra n y a , 
Szársom lyó p r. N ag y h arsán y , 4. V II . 1971, S. T ó t h ; C om it. K om árom , K orpás-hegy  
pr. S ü ttô , 24. V I I I .  1973, S. T ó t h ; Com it. Pest, T ö rö k u g ra to  p r. T orokbálin t, 20. V I. 
1977, J . G ö n c z ö l  e t S. T ó t h ; —, pr. N agym aros, 25. IX . 1979, J .  G ö nczöl .

S. d e s tru e n s  (S ch lech t.) S tev. e t Jo h n s . [S. panici-m iliacei (W in t.)  B ubák] — P a n icu m  
miliaceum  L ., C om it. V eszprém , K esz thely , V II I .  1960, J .  P o d h r a d s z k y ; Comit. P e s t, 
Gödöllo, 28. V II . 1964, E . Za h o r e c z .

S. h y d ro p ip e ris  (S chum .) De B ary  — Polygonum hydropiper L ., C om it. Veszprém , Som hegy  
pr. B ak o n y b él, 1954, P . T a l l o s ; Com it. B aran y a , M t. M ecsek, Szuadôvôlgy, 10. X . 
1958, S. T ó t h  e t A. V a s s ; P . mite  Schrank , Com it. V as, p r. N agym izdô, 14. IX . 1966, 
S. T ó t h ; P . persicaria  L ., Com it. P e s t, Soroksár, 25. IX . 1960, V. Cs a p o d y ; C om it. 
B aran y a , p r. S ikonda , 17. V II I .  1967, A. V a s s .

S. m o n ta n ie n s is  (E li. e t  H olw .) C lin ton  [S. strangulans Issa tsch en k o ] — Eragrostis m inor H o s t 
[E. poaeoides P B .]  Com it. H a jd ù -B ih a r , pr. D ebrecen, 1952, L . D oró.

! S. c o n s ta n tin e a n u i Savul. — Alopecurus aequalis Sobol, (in  th e  ovaries).
! S. dig itariae (K u n ze) C lint. — D igitaria  sanguinalis  (L .) Scop, (in  th e  ovaries).
! S. d ip lo sp o ra  (E li. e t  E v .) Clint. — D igitaria sanguinalis (L .) Scop ., Echinochloa crus-galli 

(L .) PB . (in th e  ovaries).
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! S. fagopyri H . e t P . Syd. — F agopyrum  esculentum  M önch (in th e  ovaries).
! S. m elicae  (Sor.) Cif. — M élica  ciliata  L. (in  th e  ovaries).
! S. trag i Savul. — Tragus racemosus (L .) All. ( in  th e  inflorescence, h id d en  b y  th e  leaves).

Sporisorium  Ehrenberg ap. Link

Sori in the flowers or in the whole inflorescence, provided with a peridium, 
composed of interwoven hyphae and host tissues, which rupture irregularly to 
expose the dark brown spore mass and one to many columellae, composed of 
host tissues permeated by hyphae. Spores single, at first somewhat aggluti­
nated , later pulverulent, dark coloured, intermixed by groups or chains of 
hyaline, sterile (partitioning) cells. Spores and sterile cells differentiate from 
hyphae growing centrifugally from the columella of young sori. Germination 
of Ustilago type.

Sp. sorgh i E h renb . [Sphacelotheca sorghi (L in k ) C lin t.] Sorghum halepense  (L .) Pers.; 
S . dochna (Forsk .) Snow .; S . saccharatum  (L .) M önch, Com it. P e s t, Gödöllö, IX . 1954,
L . Posa; S. bicolor (L .) M önch, Com it. F e jé r , M artonvásár, 31. X . 1960, J .  P odhradszky.

T h ecaph ora  Fingerhuth

Sori in various parts of the host, mostly in reproductive organs, or sometimes 
forming pustules on the stems, at m aturity  with a granular-dusty mass of 
spore balls. Spore balls permanent, composed of few to many fertile spores. 
Germination, so far as is known, by a septate promycelium bearing an apical, 
elongated basidiospore, or producing hyphae from the cells of the promycelium.

Th. aterrima T u l .----1-C arex caryophyllea  L a to u rr . Com it. Veszprém , M t. B ak o n y , p r. Pécsely,
18. Y. 1976, L. Z e l l e r , S. T ó t h , J .  G ö n c z ö l , К . V á n k y .

Th. deformans D ur. e t M ont. (Th. a ffin is  S c h n e id .) Astragalus g lycyphyllos  L ., Comit. 
V eszprém , m t. B ad acso n y , 29. Y I. 1946, A. K à r o l y i; Comit. B a ra n y a , M t. M ecsek pr. 
H osszühetény , 3. IV. 1968, S. T ó t h ; C om it. H eves, Mt. B ü k k  p r. N agyvisnyô , 24. 
V II . 1969, S. T ó t h ; - ,  M t. M átra pr. M â tra fü re d , 14. V II. 1972, S. T ó t h ; - ,  M t. B ükk 
p r. F e lsó tárk án y , 6. IX . 1972, S. T ó t h ; , Mt. M átra pr. M â trasze n tim re , 31. V II. 
1975, S. T ó t h ; Com it. N ógrád , P o g án y v á r, 16. V II. 1977, S. T ó t h .

Th. sem inis-convolvuli (D esm .) S. I to  — Calystegia sepium  (L.) R. B r., C om it. P e s t, Gödöllö, 
21. I I I .  1965, S. T ó t h  e t K . V á n k y ; C om it. V eszprém , pr. B a la to n fü re d , 8. V I I I .  1974, 
K . V á n k y ; Convolvulus arvensis L ., D eb recen , 10. e t 12. V II I .  1966, O. T ó t h .

! Th. androsaces (K a rs t.)  G u tn e r  — Androsace m a x im a  L. (in th e  seeds).
! Th. genistae-tinctoriae (nom . n ud .) -  Genista tinctoria  L. (in th e  seeds).
! Th. lathyri K ü h n  — L athyrus pratensis L ., L. spp . (in th e  seeds).
! Th. lithospermi V án k y  e t N annf. — Lithosperm um  officinale  L.
! Th. ? oligospora Cocc. — Carex digitata  L ., C. praecox  Schreb. (b lack  c ru s t on  th e  leaves). 
! Th. pimpinellae Ju e l — P im pinella  saxífraga  L . (in  th e  seeds).
! Th. pustulata Clint. — B id en s  sp. (swellings o n  th e  stem s, usually  a t  nodes).
! Th. trailii Cooke C arduus  an d  C irsium  sp p . (in  th e  flower heads).
! Th. trigonellae Schw arzm . — Trigonella sp. (in  th e  seeds).
! Th. viciae Bubák — V icia cracca L., V. spp . (in th e  seeds).
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Tilletia Tulasne

Sori usually in the ovaries producing “ bunt balls” or sometimes in the leaves 
and stems of Gramineae (rarely of other families), forming streaks, seldom 
swellings. Spore mass semi-agglutinated to powdery in the ovaries, those in the 
vegetative parts rather permanently embedded, light to dark brown coloured, 
mostly with foetid smell due to trim ethylam ine. Spores single, of medium to 
large size, frequently with a gelatinous sheath, usually intermixed with hya­
line, single sterile cells. Infection systemic. Germination by a promycelium 
which bears a terminal cluster of elongated sporidia (basidiospores).

T. caries (D .C .)T u l. [T. tritici (B jerk .) R . W olff.] — T riticum  aestivum  L. em. F io ri e t P ao l., 
r a th e r  com m on.

T. controversa K ü h n . [T. nanifica  (W agn .) S avu l., T . tritic i (B jerk .) W int. sensu  S av u l., 
T. tritic i-repentis  (D.C.) Liro] - -\-A gropyrcn pectina tum  (M. B .) P . B. (A . cristatum  
a u c t.)  C om it. K om árom , K ö rn y e , Y . 1961, A. P é n z e s ; A . interm edium  (H o s t.)  P B .,
A . repens (L .) P B .; Triticum  aestivum  L. em . F io ri e t Pao l. (n o t rare).

T. intermedia (G assner) Savul. [T. la e v isX T . caries] — Triticum  aestivum  L. em . F io ri e t 
Pao l., P o d h r a d s z k y  1966, p. 170, from  m an y  localities.

T. laevis K ü h n  [T .fo e tid a  (B auer) L iro] T riticum  aestivum  L. em. F iori e t Paol. (freq u en t) . 
T. lepturi Sigr. — P holiurus pannon icus  (H o st) T rin . [Lep turus pannonicus  (H o s t) K u n th ]  

Com it. Szolnok, Ecsegfalva, T em plom zug, 1949, G. U b r iz s y  et J . P o d h r a d s z k y . 
-j-T. separata K u n ze  — A pera spica-venti (L .) P B ., Com it. B orsod-A baúj-Z em plén , V égardó  

pr. S á ro sp a tak , 9. V IL  1959, J .  P o d h r a d s z k y : Com it. Z ala, B ak, 25. Y I. 1971, F .
SZEKERES.

(T. tritici (B jerk .) R . W olff. =  T. caries (DC.) T ul. — sensu au c t. p lu r., non sensu  Savul.
q. e. T . controversa K ühn .)

Sori in  the  o varies.
! T. bornmuelleri P . M agn. Taeniatherum  a sperum  (S im k.) N evski.
! T. brachypodii M u n d k u r — B rachypodium  sylvaticum  (H u d s.) PB .
! T. bromi (B ro ck m .) N annf. — B rom us erectus H uds., B . ja pon icus  T h u n b . ex  M u rray ,

B . mollis L ., B . racemosus L ., B . rig idus  R o th , B . secalinus L ., B . squarrosus L ., B . 
sterilis L ., B . tectorum  L ., Festuca rubra  L.

! T. cerebrina E li. et E v. — A ira  caryophyllea  L., B riza  sp., Descham psia caespitosa (L .) PB . 
! T. corona Scrib. — Leersia oryzoides (L.) Sw.
! T. elym i D iet, e t H olw . — E lym u s  spp.
! T. goloskokovii Schw arzm . — A pera in terrupta  (L.) PB.
! T. holci (W este rd .) De Toni — A nthoxan thum  odoratum  L., Holcus lanatus L., H . m ollis L. 
! T. koeleriae M undk. — Koeleria pyra m id a ta  agg.
! T. kuznetzoviana Schw arzm . — Phleum  phleoides (L .) K arst.
! T. lolii A uersw . — L olium  m ultiflorum  L am ., L . perenne  L ., L. remotum  Schrank , L . tem ulen- 

tum  L ., D a syp yru m  villosum  (L .) B orb . [ =  H ayna ld ia  villosa  (L .) Schur].
! T. m aclagani (B erk .) G. P . Clint. D igitaria  sanguina lis  (L .) Scop., P anicum  spp.
! T. pallida G. W . F ischer — Agrostis canina  L ., A .  spp.
! T. paradoxa Ja e z . — Phleum  sp., Poa sp.
! T. poae P. N ag. — Poa nemoralis L.
! T. secalis (C orda) K ö rn . — Secóle cereale L.
! T. sphaerococca (W allr.) Fisch, v. W aldh . ( =  T . decipiens) -  Agrostis canina  L ., A . stoloni- 

fe ra  L ., A . tenu is  S ibth.
Sori on th e  leaves an d  stem s.
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! T. earlei Griff. — A g ro p yro n  repens (L .) PB . (sw ellings on  th e  u p p e r in te rnodes).
! T. flectens Lagerh. — D escham psia  flexu o sa  (L .) T rin . (in  tw isted  leaves).
! T. olida (Riess) W in t. — B rachypodium  p in n a lu m  (L .) P B ., B . sylvaticum  (H u d s.) PB .
! T . sesleriae Ju e l Sesleria uliginosa  Opiz (lig h t b ro w n , long  streaks on th e  leaves).

Tolyposporium  Woronin

Sori in the inflorescences and vegetative parts, forming naked, black, granular- 
agglutinated mass of spore balls. Spore balls permanent, composed of few 
to m any fertile spores. Germination as in Ustilago.

! T. ju n ci L ind — J u n cu s  bu fon ius  L. (in th e  in flo rescences a n d  culm s).
! T. kochianum  G äum . — Schoenus sp. (in th e  in flo rescence).
! T. ? m ontiae R o str. — M o n tia  fon tana  L. (b ro w n ish  b lack  spo ts on th e  leaves a n d  stem s).

T racya  H . et P. Sydow

Sori in the vegetative parts of aquatic plants, forming finely punctate spots 
with the spore balls embedded in the host tissue. Spore balls rather permanent, 
composed of a central network of branched, septate, hardened mycelia, and a 
peripheral layer of firm ly united spores. Germination after Tilletia scheme.

+ T . hydrocharidis L agh. — H ydrocharis m orsus-ranae  L ., Com it. Som ogy, lacus B a lá ta  tó  p r. 
K aposvár, 16. V I I I .  1963, S. T ó t h ; C om it. B ács-K iskun , T ôserdô, 8. X I. 1978, J .  
G ö n c z ö l ; Com it. H a jd ú -B ih a r , p r. N ag y iv án , 2. IX . 1980, J .  G ö n c z ö l .

+ T .  lem iiae (Setch.) H . e t  P . Syd. — Spirodela po lyrrh iza  (L .) Schleiden (Lem na  polyrrhiza  
L .), Comit. V eszprém , V örösto p r. N ag y v ázso n y , 21. V II. 1927, S. J á v o r k a ; Com it. 
P e s t, M t. B örzsöny , B üdostó  p r. K irá ly ré t, su p ra  Szokolya, 20. I I .  1978, 18. IX . e t 
10. X . 1978, J .  G ö n c z ö l ; Comit. B ács-K isk u n , T ôserdô pr. L ak ite lek , 8. X I. 1978,
J .  G ö nczöl .

U rocystis  Rahenh. (Tuburcinia Fries)

Sori in  the leaves, stem s, rarely in the ovaries or in the roots forming streaks, 
swellings or galls, w ith brownish-black or black, usually powdery spore mass. 
Spore balls perm anent composed of one to numerous dark coloured, fertile 
spores, invested more or less completely by paler sterile cells. Germination of 
Tille da type.

U r. agropyri (P reuss) F isch , v. W aldh. — A gropyron repens (L .) PB . | E lytrig ia  repens (L .) 
D esv .], Comit. B ékés, Szarvas, 11. V. 1959, J .  P o d h r a d s z k y ; C om it. G yor-Sopron, 
M osonm agyaróvár, 19. V. 1959, J .  P o d h r a d s z k y ; Com it. B ács-K iskun , K alocsa, V I. 
1963, — ; Com it. V eszprém , p r. T ih an y , 30. V. 1977, J .  G ö n czö l , S. T ó t h , L. Ze l l e r ,
K . V á n k y ; C om it. Szolnok, p r. T iszafiired , 29. V I. 1978, T. e t К . V á n k y .

U r. anemones (Pers. ex  P e rs .)  W in t. — A nem one nemorosa L. Com it. V as, p r. H o rv á t-  
N ádalja , 11. V. 1971, Z. T o r o r f f y ; —, pr. Szalafô , 25. IV. 1976, A. V a s s , S. T ó t h , 
E . H o r v á t h , M. N a s z á d o s ; —, M ag y arszo m b atfa , 25. V. 1976, A. V a s s , S. T ó t h , M. 
N a sz á d o s .
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-{-Ur. arrhenatheri (K u p r.)  Savul. — Arrhenatherum elatius (L .) J .  e t  K . Presl, Com it. Gyôr- 
Sopron, M osonm agyaróvár, 24. V. 1956, e t V I. 1956, J .  P o d h r a d s z k y .

-{-Ur. bromi (L av r.) Z undel — B ro m u s inermis Leys., Com it. G yôr-Sopron, M osonm agyar­
óvár, V I. 1883, Gy. L in h a r t , sub  U. occulta (W allr.) R ab en h .

U r. colchici (Sch lech t.) R ab en h . — Colchicum arenarium  W . e t K .; C. autumnale  L ., Com it. 
G yór-Sopron, Szany , V I. 1959, J .  L e h o c z k y ; Com it. B a ran y a , Bisse, 30. IV. 1965, 
S. T ô t h .

U r. ficariae (L iro) Moesz — R a n u n cu lu s fica ria  L. [F icaria verna  H u d s .] , Comit. V eszprém , 
8. V. 1976, K . V à n k y  — , M t. B akony  pr. B akonybél, 24. V. 1979, J .  G ö n czö l  e t 
S. T ô t h .

U r. filipendulae (T ul.) S c h ro t. — F ilipéndu la  vulgaris M o e n c h  [F . hexapetala G ilib .], B u d a ­
p e s t , V IL  1881, Gy. SZÉPLIGETI.

U r. floccosa (W allr.) H enders. [U. hellebori-viridis (D. C.) M oesz] — Helleborus dum etorum  
W . e t K ., C om it. F e jér, A lcsu t, 27. V. 1962, V. Cs a p o d y ; —, M t. V értes, K o h án y ásp u sz ta  
pr. C sákvár, 9. V. 1968, S. T ô t h ; H. odorus W. e t K ., C om it. B aran y a , M t. M ecsek, 
13. V. 1959, A. V a s s ; -  , p r. G eresd , 31. V. 1961, A. V a s s ; -  ,p r .  P áfrányos, 16. V. 1962, 
A. V ass e t S. T ô t h ; - ,  K ë v es te tô  p r. M agyaregregy, 17. V. 1962, A. V ass  et S. T ô t h .

-{-Ur. gladiolicola A insw . [U. g ladioli (R equ ien ) W. G. S m ith ] — Gladiolus sp. cu it. (1959, 
1960, M. D o bô  (1961), n .v.

+  U r . irregularis (W in t.)  Savul. - A co n itu m  vulparia  R chb . (A . lycoctonum  L. ssp. vu lp a ria ), 
Com it. P est, M t. Pilis pr. P ilisszen tkereszt, 26. V I. 1966 e t 19. V. 1970, S. T ô t h ; Comit. 
K om árom , M t. P ilis , F ek e tek ô , 21. V. 1969, S. T ô t h .

-{-Ur. kmetiana P. M agn. — Viola arvensis M urr., Comit. F e jér, M t. V értes  p r. C sákvár, Lóállás- 
te tô , 15. VI. 1978 , S. T ô th  e t J .  G ö n czö l .

U r. leimbachii Ö rtel — F  A don is aestivalis L., Comit. P e s t, p r. T á rn o k , 21. V I. 1968, S. T ô th  
et K. V a n k y ; A . vernalis L ., C om it. Pest, É rd , 3. V I. 1964, S. T ô t h ; — , 9. V I. 1965, 
Cs. D o b o l y i e t S. T ô t h .

U r. muscaridis (N iessl) Zundel M uscari comosum  (L.) Mill.
Ur. occulta (W allr.) R ab h . — Secale cereale L.
Ur. ornithogali K ö rn ick e  — Ornithogalum umbellatum  L ., C om it. V eszprém , p r. T ih an y , 18. 

V. 1976, L. Ze l l e r , S. T ô t h , J .  G ö n czö l , K. V a n k y ; C om it. N ógrád , pr. K iste ren y e , 
27. V. 1977, A. H o r á n s z k y , S. T ô t h , J .  Gö n czö l , L. Ze l l e r , K . V a n k y ; Com it. Fe jér, 
M t. V értes p r . C sákvár, K o h á n y ásp u sz ta , 21. V. e t 15. V I. 1978, J .  G ö n czö l .

U r. polygonati (L av r.)  Zundel — Polygonatum  m ultiflorum  (L .) A il., pr. B u d ap est, N o rm afa , 
15. V. 1949, J .  L e h o c z k y ; P . odoratum  (Mill.) D ruce [P . offic ina le  AIL], Com it. P e s t, 
R em etehegy  p r. N agykovâcsi, 19. IV ., 21. V. 1974 e t  10. V. 1975, S. T ô t h ; —, 4. V. 
1976 e t 24. V. 1977, S. T ô t h , J .  G ö n czö l  et K. V a n k y .

U r. primulicola P . M agn. [Ginaniella prim ulae  (R ostr.) Cif.] — P rim u la  veris L ., Mt. B ükk , 
m t. T arkô , 5. V II . 1961, A. H o r á n s z k y ; Comit. B orsod-A baü j-Z em plén , M t. G erecse, 
m t. N agy teke  p r. A lsóvadász, 2. V I I I .  1961, M. K o m l ô d i; C om it. Fe jér, m t. H a ra sz t 
pr. C sákvár, 23. X . 1963, e t 14. V II . 1965, S. T ô t h ; C om it. H eves, M t. B ü k k , m t. 
G alyakopasza p r. B é lap â tfa lv a , 4. V II . 1966, S. T ô th  e t A. H o r á n s z k y ; Comit. B orsod- 
A bauj-Z em plén , O d o rv âr p r. B ükkzsérc, 5. V II. 1966, A. H o r á n s z k y , S. T ô t h ; — , 
H árom ko p r. R é p à sh u ta , 6. V IL  1966, S. T ô t h ; Com it. F e jé r , M t. V értes, m t. L óállás- 
te tô  pr. C sákvár, 5. V I I I .  1976, S. T ô th  e t G. T u r c s á n y i ; —, pr. C sákvár, 15. V I. 
1978, J .  G ö n c z ö l , S. T ô t h ; —, M t. V értes, pr. Csôkakô 29. V I. 1979, S. T ô t h .

U r. pulsatillae (B ub .) Moesz — P ulsatilla  grandis W ender, C om it. H eves, m t. N agy-E ged  pr. 
E ger, 6. V II . 1965, S. Tôth; C om it. V eszprém , pr. T ih a n y , 30. V. 1977, J. G ö n c z ö l , 
S. Tôth, L. Z e l l e r , K . V à n k y ; Com it. Heves, M t. M á tra , T u g á r-ré t p r. M átrakeresz- 
tes, 16. V II. 1981, S. Tôth.
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Ur. ranunculi (Lib.) Moesz — R a n u n cu lu s repens L ., Com it. Pest, G ödöllö, K a sté ly p a rk , 15. 
V I. 1965 e t 11. X . 1966, S. T ó t h ; Com it. V eszprém , M t. B akony , C uha-vôlgy  pr. Zirc,
28. IX . 1968, S. T ó t h ; C om it. P e s t, pr. K ista rcsa , 1. V I. 1977, S. T ó t h ; C om it. N ógrád, 
p r. Pásztó , 16. V IL  1977, S. T ó th .

Ur. sternbergiae Moesz — Sternbergia colchiciflora W. e t K ., Comit. P e s t, R em e teh eg y  pr. N agy- 
ko v âcsi, 10. V. 1975, S. T ó t h ; — , Sashegy, 12. V. 1979, J .  Gönczöl e t T . Sz e r d a h e l y i.

-J -U r.to th ii Vanky  — J u n cu s  compressus Ja c q ., Com it. H eves, H o rto b á g y , Z ám puszta  pr. 
N ag y iv án , 19. V I. 1974, S. T ó th , T y p u s; Com it. P e s t, pr. B ugyi, 22. V I. 1978, J .  Gönczöl 
e t  S. T óth .

! U r. alopecuri F rank  — A lopecurus pratensis  L. (s treak s on th e  leaves a n d  culm s).
! U r.atragenes (Liro) Z undel — Clem atis a lp ina  (L .) Mill, (vesicles on th e  leaves).
! Ur. beckmanniae B rezschn. B eckm ann ia  eruciform is (L .) H ost (s treak s on  th e  leaves and 

culm s).
! U r. bolivari Bub. et F rag . — L o liu m  perenne L. (s treak s on th e  leaves a n d  culm s).e
! Ur. brassicae M undk. — B rassica  rapa  L ., В . spp . (w art-like  lead-co loured  galls on  th  roots).
! Ur. calamagrostidis (L av ro v ) Z undel — Calamagrostis arundinacea  (L .) R o th , (streaks on 

th e  leaves and culm s).
! Ur. carcinodes (Berk, e t C u rt.)  F isch , v. W aldh . — Actea spicata  L ., C im icifuga europaea 

Schipcz. [ =  C. foetida  a u c t .]  (spo ts, sw ellings on th e  leaves a n d  stem s).
! Ur. coralloides R ostr. — L e p id iu m  perfo lia tum  L ., L . ruderale L ., M atthio la  sp ., Arabis 

glabra  (L .) B ernh. ( ro u n d e d  or coral-like sw ellings on th e  roo ts).
! Ur. dactylidina (L avrov) Z u n d el — D actylis glomerata L. (streaks on  th e  leaves).
! U r. eranthidis (Pass.) A insw . e t Sam ps. -  E ra n th is hyemalis (L .) Salisb. (vesicles on the  

leaves and petioles).
! Ur. erythronii Clint. — E ry th ro n iu m  sp. (m in u te  oblong, o ften  co a lescen t, lead-coloured 

sw ellings on th e  leaves).
! Ur. fischeri Körn. — Carex acuta  L ., C. bigelowii T o rr, ex Schw ein., C. f lacea Schreb. [ =  C. 

glauca  Scop.], C. hirta  L ., C. lasiocarpa E h rb .,  C. leporina  L ., C. nigra  (L .) Reich. (C. 
goodenoivii J . Gay), C. pallescens  L ., C. panicea  L ., C. rostrata S tokes ex W ith ., C. vesi- 
caria  L. (long s treak s  on  th e  leaves).

! Ur. fraserii Clinton e t Z u n d e l— S tip a  spp. (co nfluen t s treak s su rro u n d in g  th e  u p p e r, tw isted  
in ternodes).

! Ur. galanthi Pape — G alanthus n iva lis  L. (vesicles on  th e  leaves).
¡ U r. granulosa G. P. C lint. — S tip a  spp. (in th e  spikelets).
; Ur. jaapiana Sacc. — R u scu s aculeatus L. (sw ellings on th e  young  tw igs a n d  su b te rran ean  

stem s).
! Ur. johansonii (Lagh.) P . M agn . — Ju n cu s bu fonius  L. (bulbous sw ellings on  th e  base of 

leaves).
! Ur. junci Lagh. — J u n c u s  f i l i fo r m is  L. (in th e  culm s w hich ru p tu re  lo n g itu d in ally ).
! U r. komarovii (L avrov) Z u n d el — Isopyrum  sp. (swellings on th e  leaves a n d  petioles).
! U r. lagerheimii B u b ák  — J u n c u s  compressus Ja c q . (swollen, o ften  coalescen t s treak s  on the  

stem s and on th e  base  o f th e  leaves).
! U r. leucoji B ubák — L euco jum  vernum  L. (vesicles on th e  leaves).
! Ur. luzulae (Schrot.) W in t. — Lúzala  m ultiflora  (E h rh . R e tz .) L ej., L . pilosa  (L .) W illd. 

(long, often coalescen t s tre a k s  on th e  leaves).
Ï Ur. m agica Pass. ( = V .  a llii  Schellenb. =  U. cepulae F ro s t) A lliu m  spp . (vesicles on the  

leaves and bulbs).
! U r. melicae (L agerh.) Z undel - M élica nutans  L ., M . uniflora  R etz , (s tre ak s  on th e  leaves).
! U r. miyabeana (Tog.) S. I to  — Convallaria m ajalis  L. (b lis te r-like  sp o ts on th e  leaves an d  

leaf-sheats).
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! Ur. monotropae (F r.)  Fisch, v . W aldh. — M onotropa h ypop itys  L. (in th e  ro o ts  a n d  stem s).
! Ur. orobanches (M érat) Fisch, v. W aldh. Orobanche ramosa  L. (in th e  sw ollen ro o ts  an d  

su b te rran e an  p a r t  o f th e  stem ).
! Ur. paridis (U ng.) T hüm . — P aris quadrifolia  L. (sw ellings on th e  stem s a n d  p e tio les an d  

lead-co loured  spo ts on th e  leaves).
! U r. poae (L iro) P adw . e t K h an  Poa annua  L ., P. compressa L., P. pra tensis  L . (long 

s tre ak s  on th e  leaves).
! Ur. poae-palustris V án k y  — Poa pa lustris  L. (on th e  leaves an d  on th e  u p p e r  p a r t  o f th e  

stem s, o ften  coalescent streaks).
! Ur. ranunculi-auricom i (Liro) Zundel — R an u n cu lu s auricom us L. (b lister-like sw ellings on 

th e  leaves, petio les an d  stem s).
! Ur. ranunculi-lanuginosi (D. C.) Zundel — R an u n cu lu s lanuginosus L. (p u stu les  on  th e  

leaves).
! Ur. roivaineni (L iro) Zundel — A nthoxan thum  odoratum  L. (s treak s on th e  leaves).
! Ur. schizocaulon (Ces.) Zundel — Odontites lutea (L.) C lairv. (sp indle-shaped, lo n g itu d in a lly  

b u rs tin g  swellings, a ffecting  also th e  leaves).
! U r.scilla e  (Cif.) Zundel — Scilla bifolia  L. (vesicles on th e  leaves).
! U r.soph iae Griff. — Sophia ( =  D escurainia) spp. (sw ellings on  th e  roots).
! Ur. sorosporoides K ö rn . — Thalictrum  spp . (vesicles or sw ellings on th e  leaves, p e tio les and  

stem s).
! U r.stip ae  Me Alp. — S tip a  spp. (streak s on  th e  leaves).
! Ur. syncocca (L. A. K irchn .) L indeb. — Hepática nobilis Schreb . (vesicles on  th e  leaves).
! Ur. triseti (Cif.) Zundel Trisetum  flavescens  (L .) PB . (s treak s  on th e  leaves).
! Ur. tritici K örn . — Triticum  aestivum  L. em . F iori e t Pao l. (long streaks on th e  leaves an d  

culm s).
! U r.tro llii N annf. — Trollius europaeus L. (b lister-like  sw ellings on th e  petio les a n d  leaves).
! Ur. ulei P. M agn. ap. R ab en h . [ =  U. macrospora  (D esm .) L iro] — Festuca spp . (long s treak s  

on th e  leaves).
! Ur. violae (Sow.) Fisch, v. W aldh . — Viola odorata L., V. spp . (bú lla te  sw ellings on  th e  

leaves a n d  petioles).

Ustacystis Zundel

Sori in the leaves producing swellings of the veins, a t first covered by epidermis 
which ruptures longitudinally to expose the dark brown, semi-agglutinated 
spore mass. Spores produced singly or in few-spored spore balls which are 
composed of fertile spores and sometimes with single, lighter coloured sterile 
cells, resembling Urocystis but spore germination as in Ustilago.

! U . waldsteiniae (Peck) Zundel — W aldsteinia geoides W illd ., Geum  sp.

Ustilago (Persoon) Roussel

Sori in various part of the hosts (ovaries, anthers, flowers, inflorescences, 
leaves, stems and seldom roots), forming dusty, usually dark, blackish, oliva­
ceous or purplish-brown, sometimes light coloured spore mass. Spores single, 
small to medium in size. Spore germination by a septate promycelium produc­
ing only infection-threads or with sporidia formed laterally and term inally.
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+  U . anóm ala J . Kze. ex  W in t. — Polygonum  dum etorum  L. Com it. H eves, M t. B ü k k , Lök- 
b é rc  pr. F e lsó tá rk á n y , 19. Y I I .  1980, S. T ó t h ; C om it. Fe jér, Mt. V ertes, H a rasz t-h eg y  
p r . Csákvár, 1. V I I I .  1980 , S. T ó t h ; Com it. H eves, M t. B ükk, V árhegy  p r. F e lsó tá r­
k á n y , 21. V II I .  1 9 8 0 , S. T ó t h .

U . avenae (Pers.) J e n se n  [incl. U. decipiens (W allr.) L iro  =  U. perennans R o s tr .]  — Arrhe- 
natherum elatius (L .) J .  e t K . P resl, Com it. H a j d û -B ih ar, Pallag  pr. D eb recen , 27. V. 
1947, J .  Z s ig m o n d ; C om it. V eszprém , K esz th e ly , 1. V I. 1954, J .  P o d h r a d s z k y ; Com it. 
B ékés, B á n k ú t, 1955, J .  P o d h r a d s z k y ; B u d a p es t, L ágym ányos, 19. V I. 1956, A. 
P é n z e s ; Com it. V eszp rém , K esz thely , 28. V. 1959, J .  P o d h r a d s z k y ; A ven a  sativa  L. 
Com it. P est, p r. P e s th id e g k û t, 12. V II. 1949, J .  B â n h e g y i ; —, Gödöllo, 26. V I. 1964, 
E .  Za h o r e c z .

U . bullata Berk. (U . brom i-arvensis L iro, U. brom i-m ollis L iro , U. bromivora F isch , v. W aldh .] 
— Brom us com m utalus  S ch rad ., : /ï. inerm is  L eyss., Com it. B âcs-K iskun , K ecskem ét, 

1954, J .  P o d h r a d s z k y ; B . mollis L. [B. hordeaceus L .], Com it. Szolnok, p r. T iszafüred ,
29. V I. 1978, T . e t  K . V â n k y ; B . secalinus L ., C om it. Vas, pr. Z alaháshágy-Szocze, 
9. V IL  1954, A. KÁROLYi; B. sterilis L ., C om it. P e s t, m t. R ókahegy  p r. T ô rô k b âlin t,
30. V. 1946, J .  S t i e b e r ; Com it. V eszprém , B ad acso n y , 29. V I. 1946, A. K â r o l y i; 
Com it. Pest, S z e n te n d re , 27. V. 1951, J .  L e h o c z k y ; Com it. Fe jér, M arto n v ásá r, 15. 
V I. 1956, E . S z a b o ; C om it. Pest, Pom áz, 19. V I. 1956, J .  P o d h r a d s z k y ; C om it. B ara- 
n y a , Mt. M ecsek p r . P écs, 25. V I. 1968, S. T ó t h  e t K . V â n k y ; Com it. P e s t, Szen tendre, 
17. V I. 1972, G. U b r i z s y ; Com it. B ács-K isk u n , D áv o d , V. 1975, Z. S ü m e g i ; Com it. 
P es t, pr. F e lsô p ak o n y , 11. V I. 1978, J .  G ö n c z ö l ; -f-F estuca arundinacea  Sch reb ., Comit. 
P e s t, V ácrá tó t, 18. V I. 1953, com. J .  P o d h r a d s z k y .

U . calamagrostidis (F u c k .)  C lint. — Calamagrostis epigeios (L .) R o th , Com it. P e s t, Gödöllo; 
16. IX . 1957, S. T ó t h : — , L eányfalu , 31. V II. e t 8. IX . 1968, Cs. D o b o l y i e t S. T ó t h , 
Com it. Som ogy, p r. B a la to n b erén y , 23. V I. 1968, S. TÓTH et K . VÁNKY; C om it. N ógrád , 
M t. M átra pr. S a lg ó ta r já n , 27. V. 1977, J .  G ö n c z ö l , S. T ó t h , L. Ze l l e r , K . V â n k y ; 
Com it. P est, p r. F e lsô p ak o n y , 18. V I. 1978, J .  G ö n c z ö l ; —, C sévharaszt, 24. V I. 1978, 
J .  G ö n czö l ; —, K ó sp allag , 25. IX . 1979, J .  G ö n c z ö l .

U . carnea Liro [G. anóm ala  J .  Kze. va r. carnea (L iro) H irsch h .j — Polygonum convolvulus L. 
U. cordae Liro [“ c o rd a i” , U. anómala J .  K ze. v a r . cordae (Liro) Savile) — Polygonum  

hydropiper L ., C om it. Szolnok, pr. T û rk ev e , 8. IX . 1979, J .  G ö n czö l .
U . c ram eri K örn . — Setaria  itálica  (L .) P B ., C om it. F e jé r , pr. Szàr, 10. V I I I .  1950, J . 

B â n h e g y i; —, M a rto n v ásá r, 27. IX . 1956, G. U b r iz s y .
+  U . cynodontis (P . H e n n .)  P . H enn. — Cynodon dactylon  (L.) Pers., Com it. P e s t, p r. Szen t­

endre, 27. V II. 196 9 , G. U b r iz s y .
-j— U . davisii Liro — Glycerin f lu i ta n s  (L .) R . B r., C om it. H a jd ú -B ih a r, H o rto b á g y  p r. H orto - 

bágy i csárda, 16. V I. 1968, K. Vânky .
[U . digitariae (K ze.) R a b h . — D igitaria sanguina lis  (L .) Scop. =  Ustilago syntherism ae  

(Schw.) Peck.j
U . echinata Schrot. — P halaris arundinacea  L.
U . grandis F r. — P hragm ites australis (C av.) T rim  e t S teu d e l [P h. com m unis  T rim ], Com it. 

P e st, D öm söd, 5. X . 1977, S. T ó t h ; Com it. B a ra n y a , p r. Sum ony, 30. IX . 1954, A. V a s s . 
-)-U . heleochloae V â n k y  e t  G ö n czö l  — H eleochloa schoenoides (L .) H o s t, C om it. P e s t, pr. 

PestlSrinc, 10. X. 1977, J .  G ö n c z ö l ; T y p u s; —, 27. V II I .  1979, J .  G ö n c z ö l ; Com it. 
B ács-K iskun , T ô se rd ô  pr. L ak ite lek , 8. X I .  1978, J .  G ö nczöl  

U. holostei De B a ry  — Holosteum  um bellatum  L ., Com it. P e s t, H uvösvölgy , 22. IV. 1951, 
J .  L e h o c z k y ; —, B u d aô rs , 20. IV. 1952, J .  L e h o c z k y .

U. hordei (Pers.) L ag e rh . — Hordeum distichon  L ., H . hexastichon  L ., H . vulgare  L ., Com it. 
P est, Gödöllo, 17. V I. 1964, E . Za h o r e c z ; — , V iseg râd , 29. V I. 1968, K . Vâ n k y .
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U. hypo d y tes (S ch lech tend .) F r. [U. spegazzini H irschh. va r. agrestis (H . Syd.) G. W. Fisch, 
e t H irschh ., U. agrestis H . Syd., U. bromi-erecti Cif.] — A gropyron interm edium  (H ost) 
P B ., Comit. P e s t,  M t. B udai-hegység , 8. V II . 1963, S. T ó th  e t Cs. D o b o l y i; -  , G ellért- 
hegy, V I. 1964, A. P é n z e s ; —, R ózsadom b, 28. V I. 1965, G. U b r iz s y ; —, pr. N agy- 
kovácsi, 1. V IL  1965, S. T ó th  e t Cs. D o b o l y i; Com it. F e jé r , M arto n v ásár, V IL  1965, 
J .  P o d h r a d s z k y ; A . repens (L .) P B ., Com it. P e s t, B u d ak alász , 16. V IL  1955, G. 
U b r iz s y ; -  , K ó hegy , p r. Pom âz, 19. V I. 1956, J .  P o d h r a d s z k y ; Com it. Békés, Szarvas 
22. V II. 1959, J .  P o d h r a d s z k y ; Com it. F e jér, M arto n v ásár, 6. V I. 1960, J .  P o d h r a d s z k y ; 
Comit. Szolnok, K a rcag tila lm as, 20. V II. 1961, J .  P o d h r a d s z k y ; B u d ap es t, V I. 1963, 
B. N a g y ; C om it. G yôr-Sopron, S opronhorpács, V I. 1963, J .  P o d h r a d s z k y ; Com it. 
P est, É rd , 7. V I. 1964, J .  P o d h r a d s z k y ; -  , B udakalász , 24. V I. 1964, J .  P o d h r a d s z k y ; 
Comit. H eves, H a tv a n n a g y te le k , V I. 1964, E . Sz a b o ; D ebrecen , 14. V I I I .  1964, O. T ó t h ; 
Comit. P est, T árn o k , 20. IX . 1964, J .  P o d h r a d s z k y ; Com it. P e s t, p r. N agykovâcsi, 
1. V II. 1965, Cs. D o b o l y i et S. T ó t h ; Com it. H eves, m t. K iseged pr. E ger, 6. V II. 1965, 
S. T ó t h ; Com it. P e s t, R em etehegy  p r. N agykovâcsi, 9. V I. 1975, K . V a n k y ; Com it. 
Heves pr. G yöngyös, 11. V I. 1975, S. T ó t h  e t fam . V a n k y ; Com it. P es t, A lsópakony, 
10. V I. 1976, J .  G ö n c z ö l ; —, F elsôpakony , 21. V. 1977, J .  G ö n czö l  e t K . V a n k y ; 
Agropyron  sp ., C om it. Szolnok, T iszasü ly , 16. VI. 1966, G. U b r iz s y ; B rom us tectorum  
L ., Comit. P e s t, P estlô rin c , 25. V. 1979, J .  G ö n c z ö l ; +  S tip a  capillata  L ., Com it. P est, 
m t. N agykevély  p r . B u d ap es t, 16. V I. 1963, A. H o r â n s z k y ; S. jo a n n is  Celak. (S. pen- 
nata L. em. M ansf.), Com it. P e s t, p r. C sévharaszt, 18. V I. 1969, G. U b r iz s y ; Stipa  
pu lcherrim a C. K o ch , Com it. P e s t, — M t. B örzsöny, R igóhegy  p r. N agym aros, 25. 
IX . 1979, J . G ö n c z ö l  e t Á. R é v a y .

-J-U . in te rm e d ia  S chro t. — Scabiosa ochroleuca L ., Comit. F e jér. C sákvár, 28. V IL  1966, S. 
T ó t h ; Comit. P e s t,  Ö rdög to rony  pr. P ilisszen tiván , 5. X . 1966, S. T ó t h .

U. lev is Magn. — A ven a  sativa  L ., Com it. P e st, Gödöllo, 26. V I. 1964, E . Za h o r e c z .
U . lo n g iss im a  (Sow. ex Sch lech tend .) M eyen — Glyceria f lu i ta n s  (L .) R . B r., Com it. P est, 

P u sz ta szen tjak ab  p r. Gödöllo, L  V I. 1974, S. T ó t h ; G. m axim a  (H artm *) H olrnbg. 
[G. aquatica (L .) W ah len b .], Com it. P e s t, Gödöllo, 22. V I I I .  1954, S. T ó t h ; Com it. 
G yôr-Sopron, C síkoséger p r. K a p u v â r , 6. V I. 1959, M. K o m l ô d i; Com it. Szolnok, p r. 
T iszafüred, 23. IX . 1963, S. T ó th  e t K . V a n k y ; Com it. P e s t, T ó lak  pr. Pom âz, 11. V. 
1964, S. T ó t h ; C om it. V eszprém , p r. K esz thely , 22. V I. 1968, S. T ó th  e t K . Va n k y ; 
Comit. H a jd ù -B ih a r, U jszen tm arg ita  p r. E gyek , 20. V I. 1974, S. T ó t h ; Com it. P est, 
p r. K ôka, 15. V. 1975, S. T ó t h ; —, pr. Ocsa 27. V I. 1978, J .  G ö n c z ö l , S. T ó t h ; Com it. 
B âcs-K iskun, T ôserdô  p r. L ak ite lek , 25. V II. 1979, J .  G ö n c z ö l  et S. T ó t h ; -(-G. nemo- 
ralis (U echtr.) U ech tr. e t K örn ., C om it. V eszprém , B a la to n u d v a ri, 21. V I. 1968, S. 
T ó th  et K. V a n k y ; -f-G. plicata  (F r.)  F r., Comit. Zala, Szentliszlô , 5. V II. 1978, J . 
G ö n czö l .

U . m a jo r  Schrot. — Silene borysthenica  (G rün .) W alt. [S. parv iflo ra  P e rs .] , Com it. P est, 
Gödöllo, 27. V I. 1968, S. T ó th  e t K. V a n k y ; Comit. B ács-K isk u n , p r. F ü lôphâza , 26. 
V I. 1979, S. T ó t h  e t J .  G ö n c z ö l ; S. otites (L .) W ibel, Com it. P e s t, K isszénás pr. P ilis­
szen tiván , 17. V. 1967, A. H o r â n s z k y ; Com it. B aran y a , p r. Pécs, 24. V I. 1968, S. T óth  
et K. V a n k y ; C om it. P es t, p r. V eresegyhàz, 18. V I I I .  1969, S. T ó t h ; —, Gödöllo, 
K asté ly p ark , 22. V I. 1970 e t 6. V II. 1974, S. T ó t h ; —, V árhegy  pr. C sovár, 14. V II I .  
1973, S. T ó t h ; C om it. Som ogy, p r. K ôzéprigôc, 14. V I. 1976, A. V a ss  e t S. T ó t h .

U. niaydis (DC.) Corda [U. mays-zeae (DC.) P . M agn.] — Zea m ays  L ., Com it. F e jér, M arto n ­
v ásá r, V. 1959, J .  P o d h r a d s z k y .

U. m u r ic a ta  (Ces.) L iro  [U . anómala  J .  K ze v a r. muricata  (L iro) B . L indeb .] Polygonum  
mite  Schrank, C om it. P e s t, p r. D ab as , 12. X . 1978 e t 26. V I. 1979, J .  Gönczöl; P. 
persicaria  L ., C om it. P e s t, Csepel sziget, p r. M akàd, 24. IX . 1971, Z. T o b o r f f y .
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U . neglecia Niessl [U. panici-g lauci W in t.]  — Setaria glauca  (L .) P . B. [S. lutescens (S tu n tz) 
F . C. H ubb.] Com it. H eves, m t. R é p às te tô , p r. E ger, 19. X . 1951, S. T ô t h ; —, M t. 
B ü k k  pr. F e lso tá rk á n y , 15. X . 1953, S. T ô t h ; Com it. P e s t, M t. B udai-hegység, m t. 
N agykevély , 2. X . 1955, A. H o r a n s z k y ; —, Gödöllo, IX . 1965, E . Z a h o r e c z ; — , 
B ab a tp u sz ta  pr. M àriab esn y ô , 6. IX . 1966, S. T ô th  e t Cs. D o b o l y i; C om it. V eszprém , 
p r. Ú rk ú t, 11. IX . 1968, S. T ô t h ; —, pr. B a la to n a k a ra tty a , 24. X . 1970, G. U b k iz s y , 
sub  Ustilago cram eri; C om it. B âcs-K iskun , Tôserdô p r. L ak ite lek , 20. IX . 1979, Á. 
R é v a y  et J . G ö n c z ö l ; S . v ir id is  (L .) P . B ., D ebrecen, X . 1976, L. V a r g a , sub  17. crameri. 

-j— U. nigra T apke — H ordeum  spp . (P o d h rad szk y  1966: 167).
U . nuda (Jens.) R o str. — H ordeum  distichon  L ., Com it. P e s t, p r. N ag y kovácsi, 1. V II . 

1965, S. T ô th  e t  Cs. D o b o l y i ; H . vulgare L.
U . ornithogali (Schm . e t  K ze .) P . M agn. — Gagea villosa (M. B.) D u b y  [G. arvensis (Pers.) 

D u m .]
U . oxalidis Ellis e t T racy  — Oxalis fo n ta n a  B unge, Com it. P e s t, G ödöllo, 20. V IH . 1965, 

8. V IL  1971 e t 15. V I I I .  1975, S. T ô t h ; Com it. V as, p r. Szôce, 14. IX . 1966, S. T ô t h ; 
— , p r. S ze n tg o tth à rd , 15. IX . 1966, S. T ô t h ; -, Szom bathe ly , 16. IX . 1966, S. T ô t h ; 

Com it. V eszprém , p r. B ak o n y b él, 19. IX . 1979, S. T ô t h .
U. reticulata Liro — P olygonum  lapath ifo lium  L ., Com it. B a ran y a , Sellye, 21. IX . 1959, 

Ö. Sz a t a la ; Com it. P e s t, G ödöllo, 24. IX . 1965, E . Za h o r e c z ; C om it. Som ogy, B ala- 
to n b erén y , 23. V I. 1968, S. T ô th  e t K . V á n k y ; Com it. V eszprém , H é th àzp u sz ta  pr. 
V árp a lo ta , 29. V I I I .  1975, S. T ô t h ; Com it. Zala pr. Szentliszlô, 28. IX . 1978, J . G ö n ­
c z ö l ; Comit. B â cs -K isk u n , T ôserdô pr. L ak ite lek , 20. IX . 1979, Â. R é v a y  e t J .  Gö n czö l ; 
P . ? persicaria  L.

-j-U. scabiosae (Sow.) W in t. — K n a u tia  arvensis (L .) C oult., Com it. P e s t, Gödöllo, 24. V I. 
1973, 12. V .-26. V I. 1974, S. T ô t h ; Com it. V as, m t. H ercseghegy p r. K issitke , 18. V IL , 
1977, S. T ô t h ; —, p r . K issom lyô , 3. X . 1977, S. T ô t h ; Com it. P e s t, R ákosk eresz tú r 
8. V I. 1978, S. T ô t h .

U . scorzonerae (Alb. e t  Schw .) S chrô t. — P odosperm um  canum  C. A. M ey., Scorzonera 
hispánica  L ., S. h u m ilis  L ., S . purp u rea  L.

- |-U . serpens (K arst.)  B. L in d eb . [U. aculeata (U le) L iro] — A gropyron repens (L .) PB ., Com it. 
Szolnok, pr. T isza fü red , 29. V I . 1978, T . et K . V a n k y .

U . spermophora B erk , e t  C urt. [Sphacelotheca spermophora (B erk , e t C urt.) Moesz] — E ra- 
grostis megastachya (K oel.) L k ., E . m inor  H o st [E. poaeoides P B ].

U . striiformis (W esten d .) N iessl [U. brizae U le, U. brom ina  H . S yd ., U. poarum  Mc A lp., 
U. salveii B erk , e t  B r., e tc .] — -f-Arrhenatherum  elatius (L .) J .  e t K . P resl, Com it. 
P est, R em etehegy  p r . N ag y kovácsi, 9. V I. 1975, S. T ô th  e t fam . V a n k y ; Comit. Vesz­
prém , Mt. B ak o n y  p r . H á rm a sk ú t, 30. IX . 1975, S. T ô t h ; - |- jBriza media  L., Com it. 
F e jér, p r. C sákvár, 24. V I. 1965, S. T ô t h ; P rom us inerm is  L eyss.; D actylis glomerata 
L ., Comit. P e s t, G ödöllo, 30. X . 1963, E . Za h o r e c z ; —, m t. K opasz-o ldal pr. N ag y ­
kovácsi, 1. V IL  1965, S. T ô t h ; Com it. B a ran y a , D ö m ö rk ap u  p r. Pécs, 29. V I. 1966, 
A. V ass et S. T ô t h ; m t. Ján o s-h eg y , B u d ap est, 20. V I. 1968, K . V á n k y ; -f-D. poly- 
gama  H orv. [D. aschersoniana  G raebn .], Com it. H eves, M á trah á za , 20. V. 1964, J . 
P o d h r a d s z k y ; -\~Holcus lanatus L ., Com it. V eszprém , M t. B ak o n y , p r. B akonyszen t- 
lászló, 19. V IL  1966, Cs. D o b o l y i; + P o a  palustris  L ., pr. Ján o s-h eg y , B udapest, 20. 
V I. 1968, K . V á n k y .

U . syntherismae (Schw .) Peck  [U. rabenhorstiana  K ü h n ] — D igitaria  sanguina lis  (L.) Scop., 
D ebrecen, N ag y erd ö , 1. V I I I .  1953, G. U b r iz s y ; B u d ap es t, P e stlô rin c , 20. V II I .  1974, 
20. V II. 1975, J .  G ö n c z ö l ; Com it. P es t, Gödöllo, 15. V I I I .  1975, S. T ô th  et G. T u r c s a - 
n y i ; —, pr. A lsô p ak o n y , 6. X . 1977, J .  G ö n c z ö l ; —, p r. F e lsô pakony , 12. X . 1977, 
J .  Gö n czö l ; , P e s tim re , 15. e t 30. X . 1977, J .  G ö n c z ö l .
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U. tragopogonis-pratensis (Pers.) Rouss. — Tragopogón orientalis L ., Com it. Zala, p r. B ucsu- 
szentlászló , 23. У. 1954 , Á. K á r o l y i; p r. B u d a p es t, 4. V I. 1981, S. T ó t h .

-}-U. trichophora (L ink) K ze. [U. crus-galli T rac y  e t E arle , U. globigena Speg., U. sphaero- 
gena  B urrill] — Echinochloa crus-galli (L .) P B ., Com it. B ékés, Ecsegfalva, 2. X . 1962, 
A. K a c sÔ; C om it. Som ogy, Som ogyvàr, 1965, Z. A n g y a l ; Com it. H a jd ù -B ih a r, p r. 
D ebrecen , 13. X . 1970, T . H a l á s z ; C om it. Szolnok, p r. K isú jszállás, 23. IX . 1977, 
S. T ó t h ; —, pr. T u rk ev e , 8. IX . 1979, J .  G ö n c z ö l ; Com it. B âcs-K iskun , T ôserdô , p r. 
L ak ite lek , 20. IX . 1979, Á. R é v a y  et J .  G ö n c z ö l .

U. tritici (P ers.) R o str. — Triticum  aestivum  L . em. F iori e t Pao l. [T. vulgare Y ill.], v e ry  
com m on.

U. vaillantii T ul. (U . scillae Cif.) — M uscari com osum  (L .) M ill., Com it. P est, m t. N aszà ly  
p r. V àc, 27. V. 1950, G. U b r iz s y ; — , V árh eg y , V isegrâd, 25. V. 1962, A. H o r â n s z k y ; 
Com it. K om árom , T a ta b á n y a , T uru l, 2. V I. 1964, S. T ó t h ; Com it. P est, K á lv áriad o m b  
pr. G algahévíz, 25. V. 1972, S. T ó t h ; Scilla  bifolia  L ., C om it. P est, Csepel-sziget, p r. 
M akád , 6. IV. 1965, S. T ó t h ; Comit. F e jér, p r. A dony, 3. IV . 1968, S. T ó t h .

U. vavilovii Jaez . [ =  ? U. tritici (Pers.) R o str .]  — Secale cereale L., Com it. B orsod-A bauj- 
Z em plén, p r. V égardó , 5. V II. 1956, G. U b r iz s y .

U. violácea (Pers. ex P ers.) Rouss. [U. anther aru m  F r ., U. d ian thorum  L iro, U. lychnidis- 
dioicae L iro, U. silenes-inflatae  L iro, e tc .]  — -\-D ianthus pontederae K ern ., C om it. 
V eszprém , pr. U zsa, 22. V I . 1968, S. T ó th  e t K . V á n k y ; —, p r. B ala to n b erén y , 22. V I. 
1968, S. T ó th  et K . V a n k y ; Comit. P e s t, K á lv áriad o m b  p r. G algahévíz, 25. V . 1972,
5. T ó t h ; Com it. V eszprém , pr. T ihany , 30. V. 1977, J .  G ö n c z ö l , S. T ó t h , L. Z e l l e r , 
K. V a n k y ; Com it. C songrád, Á so ttha lom , 1. V I. 1979, S. T ó t h  e t E . T ó t h ; -{-D. seroti­
nus W. e t K ., Com it. F e jér, pr. C sákvár, 15. V I. 1978, J . G ö n czö l  et S. T ó t h ; —, pr. 
C sàkberény, 29. V I. 1979, S. T ó t h ; Saponaria  officinalis  L ., Com it. Pest, p r. Isaszeg ,
6. V II. 1955 e t 9. V II . 1976, S. T ó t h ; D ebrecen , 15. V I. 1968, K . V á n k y ; Com it. P e s t, 
m t. F ó ti Som lyó p r. F ó t 30. V IL  1970, S. T ó t h ; —, H arasz ti-e rd ö  pr. G ödöllo, 21. 
V I I I .  1976, S. T ó t h ; Silene alba (Mili.) E . H . L. K rause  [M elandrium  album  (M ill.) 
G arcke], Com it. Z ala , G ellénháza, 24. V I. 1953, A. K á r o l y i ; Com it. Pest, G ödöllo, 
1. V I. 1968, S. T ó t h ; —, 27. V I. 1968, S. T ó th  et К . V á n k y ; Com it. V eszprém , 
p r. U zsa, 22. V I. 1968, S. T óth  et К . V á n k y ; Comit. Szolnok, p r. T iszafü ied , 18. V. 
1972, S. T ó t ii ; B u d a p es t, A quincum , 1. V. 1976, К . V á n k y ; Com it. B aran y a , M ély- 
völgy p r. K om ló, 19. V. 1977, A. V a ss  e t К . V á n k y ; C om it. N ógrád, p r. B á rn a , 
21. V. 1977, S. T ó t h ; Com it. Pest. pr. F e lso p ak o n y , 21. V. 1977, J .  G ö n czö l  e t К . 
V á n k y ; Com it. Szolnok, pr. T iszafüred , 29. V I. 1978, T . e t К . V á n k y ; C om it. 
P es t, p r. G algahévíz , 29. V IL  1978, S. T ó t h ; S . bupleuroides L. [S. longiflora  E h rh .]  
-f-S ilene vulgaris (M oench) Garcke [S. in fla ta  (Salisb.) Sm ., S. cucubalus W ib .], C om it. 
V eszprém , Mt. B ak o n y , pr. B akonybél, 26. V I. 1963, S. T ó t h ; Com it. Som ogy, B a la ­
to n b erén y , S. T ó t h  e t К . V á n k y ; Com it. P es t, Ócsa, 22. V I. 1978, J .  G ö n c z ö l  e t 
S. T ó t h .

4 U. violácea (P ers.) R ouss. v a r . stellariae (Sow.) Savile  [ U . stellariae (Sow.) Liro] — M yoso- 
ton aquaticum  (L .) M oench [Stellaria aquatica  (I,.) Scop.], C om it. P est, pr. Ócsa, 27. 
V II I .  1950, G. U b r iz s y ; —, 9. V I. 1962, V. Cs a p o d y ; —, 19. V I. 1978, J .  G ö n c z ö l ; 
Stellaria gram ínea  L ., Comit. B orsod, M t. B ükk , p r. Ó m assa, 23. V II. 1979, 
S. T ó t h .

! U. abstrusa M alençon — J u n cu s  gerardii Loisel. (golden yellow  po w d er in  th e  seeds).
! U. albida B u b ák  — Genista  sp. (w hite spore-m ass in  th e  an thers).
! U. avicularis Liro — Polygonum  aviculare L. (lig h t b ro w n  spore-m ass in  th e  flowers).
! U. cardui Fisch, v . W aldh . — Carduus nutans L. (b row nish-v io let, pow dery  spore-m ass in  

th e  heads).
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! U. carnea Liro — F allopia  convolvulus (L .) A. L ove [Polygonum convolvulus L .] (in th e  
sw ollen flowers).

! U. ceparum  Glow. — A lliu m  cepa L. (on th e  leaves a n d  bulbs).
! U. cichorii H . Syd. — C ichorium  intybus  L. (d e s tro y in g  th e  inflorescence).
! U. corcontica (B ub .) L iro  — Calamagrostis canescens (W eb.) R o th  em . D ruce, C. stricta  

(T im m .) Koel. (long s tre ak s  on th e  leaves a n d  stem s).
! U. ducellieri R. M aire — A renaria  serpyllifo lia  L. (brow n-violet spore-m ass in th e  seeds).
! U . duriaeana Tul. — Cerastium  spp. (in  th e  seeds).
! U . elytrigiae Golov. — A gropyron repens (L .) P B . (in  th e  ovaries).
! U . flosculorum  (D .C .) F r . — K nau tia  arvensis (L .) C oult. (d a rk  brow nish -v io let, p o w d ery  

spore-m ass in  th e  an th e rs) .
! U. goeppertiana Schro t. R u m ex  acetosa L ., R . thyrsiflorus  F ingerh . (b row n-v io le t, sw ollen 

a reas on th e  leaves).
! U . haynaldiae B ecerescu — D a sypyrum  villosum  (L .) B orb . [H aynaldia villosa (L .) Schur] 

(destroy ing  th e  sp ikele ts).
! U. heufleri Fuck. — T u lip a  sylvestris L., T . spp ., E rythronium  spp. (b lack  p ustu les on  th e  

leaves).
! U . kuehneana W olff — R u m e x  acetosa L ., R . acetosella L. (on th e  leaves a n d  stem s as p u stu les , 

in  th e  inflorescence as b row n-v io let, d u s ty  spore-m ass).
! U. lolii P. M agn. — L o liu m  tem ulentum  L. (in  th e  spikelets).
! U . luzulae Sacc. — L u zu la  spp ., see: Cintraclia luzulae; L . campeslris (L .) D.C., L . fo rsteri 

(Sm .) D .C., L . lu zu lina  (Vill.) DT. e t S., L . luzuloides (L am .) D an d y  e t W ilm ., L . m u lti­
f lo ra  (E h rh . ex R e tz .) Lej. (b lack , a t  f i r s t  h a rd , la te r  m ore or less pow dery  spore-m ass 
in  th e  flowers).

! U . niarginalis (D .C.) L ev. — Polygonum  historia L . (b row n m arg in  on  th e  leaves).
1 U . m inim a A rth u r — S tip a  spp ., Oryzopsis sp ., A gropyron repens (L .) P B . (su rround ing  th e  

sligh tly  swollen in te rnodes).
î U. m oenchiae-m anticae L in d tn e r  — M oenchia m antica  (L .) B artl, (b row n-v io le t, p o w d ery  

spore-m ass in  th e  seeds).
! U. nagornyi U ljan ish . — Pholiurus p a nnon icus  (H o s t) Trim  (in th e  flow ers).
! U. nannfeldtii Liro — G entiana  sp. (b row n -v io le t, pow dery  spore-m ass in  the  seeds).
! U. nebrodensis F rag . — M élica ciliata  L. (in  th e  inflorescence).
I U. parlatorei Fisch, v. W ald h . — R u m ex  spp . (d a rk  vio let, pow dery  p u stu les  on th e  stem s , 

leaves an d  flowers).
1 U . passerini Fisch, v . W ald h . — Aegilops cylindrica  H ost (in th e  flow ers).
! U . pinguiculae R o str. — P inguicula  a lp ina  L ., P . vulgaris L. (in th e  an thers).
1 U . pustulata (D .C.) W in t. — Polygonum  bistorta L. (brow n-violet p u stu les  on th e  leaves).
! U . rhynchosporae S au t. ap . R ab en h . — R hynchospora alba (L .) V ahl (b lack , pow dery  spore- 

m ass in  th e  inflorescence).
1 U . salviae (F e rr.)  Cif. — Salvia pratensis  L. (pale  v io ie t spore-m ass in  th e  an thers).
! U . stygia Liro R u m ex  acetosa L. (b row nish -v io le t, pow dery  spore-m ass in  th e  inflorescence).
! U. succisae P. M agn. — Succisa pratensis  M oench (w hite or cream -coloured  spore-m ass in 

th e  an thers).
f U. thlaspeos (G. B eck) L agerh . ap. Syd. — A ra b is  alpina  L ., A . h irsu ta  (L .) Scop., Carda- 

m inopsis petraea  (L .) H ilt., Draba  sp ., T h la sp i sp. (light b row n pow dery  spore-m ass in  
th e  seeds).

1 U . trebouxii H. e t P . Syd . — Agropyron repens (L .) P B ., M élica ciliata  L. (streaks on  the  
leaves).

! U . ustilaginea (D .C.) L iro  — Polygonum  bistorta L. (in  th e  flowers).
.! U . vuijckii O udem . e t B eijer. — L u zu la  spp . (ochre, pow dery  spore-m ass in  th e  seeds).
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! U. w ar m in g ii R o str. — R um ex aquaticus L ., R . crispus L., R. obtusifolius  L ., R. spp. (in th e  
flow ers and  in deform ed leaves, m ain ly  m arg inal).

! U. w illiam sii (Griff.) G. W. F isch, e t H irsch h . S tipa  spp. (on th e  culm s).

U siilen ty lom a  Savile

Sori and spores resembling Entyloma but spore germination of Ustilago type.

! Ue. flu itans (L iro) V ánky  — Glyceria f lu i ta n s  (L .) R . B r., G. plicata  (F r .)  Fr. (first yellow ish, 
la te r  ligh t brow n sp o ts or s treak s on th e  leaves).
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DIFFERENTIATION AND PRODUCTION 
OF CANNABINOIDS IN TISSUE CUUTURES 
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A u th o rs  p rep ared  callus tissue cu ltu res o f a tex tile  hem p so rt called “ K o m p o lti” . 
I t  was fo u n d  to  grow b e tte r  on M u r a s h ig e —Sk o o g  ag ar th a n  on M il l e r  m edium . 
D ifferen tia ted  p lan ts  w ere p roduced  from  seeds and  leaves, on  w hich flow ering could  
he in d u ced  by  g ibberellin . T he anatom ical c h arac te ris tic s  o f th e  no n -d iffe ren tia ted  
and d iffe re n tia te d  cu ltu res  are described. B y g as-ch ro m ato g rap h ic  and TLC e x am in a ­
tions i t  was verified  t h a t  th e  TH C  c o n ten t can  be d e m o n s tra ted  only in  d ifferen tia ted  
p lan ts . In  th e  callus w hich is no t d iffe ren tia ted  ex te rn a lly , b u t  shows in itial d iffe ren tia ­
tion , only can nab ino id -like  p recu rso r com pounds can  be found.

Introduction

In  th e  d iffe ren t so rts  o f C annabis sativa  p lan t p sy ch o tro p ic  secondary  p lan t com pounds- 
so-called can n ab in o id s, w hich are  ch arac te ris tic  of th e  hem p are p re sen t in  vary ing  q u a n titie s  
a n d  com positions (M e c h o u l a m  1973). B u t in th is case n o t on ly  th e  regional sorts show  a 
special, c h a rac te ris tic  can n ab ino id -com position , b u t th e  q u a lita tiv e  an d  q u a n tita tiv e  d is tr ib u ­
tio n  of these  co m pounds is also ty p ica l o f th e  o rgans o f  single p lan t-in d iv id u als  (T u r n e r  
1977, V e r z á r - P e t r i  e t al. 1980, 1981).

P la n t tissu e  cu ltu rin g  is a good m ethod  by o b se rv a tio n  of p la n t  m etabolism  b u t  u n ­
fo r tu n a te ly  th e  seco n d ary  m etabo lism  in  cu ltu res d iffers m o stly  fro m  th a t  in in ta c t p la n ts  
and  th e  m ass of m etab o lites  in  th e  callus is less th a n  in  th e  in ta c t  p la n t organs (S ta b a  1977).

A ccording to  earlie r pub lica tio n s, th e  secondary  p la n t m etab o lism  is in co rre lation  w ith  
callus d iffe ren tia tio n  in  o th e r p lan ts  ( P e t e r s  et al. 1974, T a b a t a  e t al. 1971).

H e m p h il l  an d  co llab o ra to rs  (1978) found  th a t  tissue  cu ltu res  o rig in a tin g  from  d iffe ren t 
p a r ts  o f  th e  hem p lost n o t on ly  th e ir  c ap ac ity  of o rg an isa tio n , h u t  th e ir  cannabinoid  p ro d u c ­
tio n  s to pped , too , as opposed to callus o rig inating  fro m  o th e r  p lan ts . F o r instance, to b acco  
preserves its  c ap a c ity  o f o rg an isa tio n  ( P e t e r s  e t al. 1974) and  is able to  produce secondary  
m etobo lites ch a ra c te ris tic  o f th e  in ta c t  p lan t. H e m p h il l  an d  co llabora to rs a ttr ib u te  th e  
c ircum stance  th a t  tis su e  cu ltu res  o f  hem p are  unab le  e ith e r o f o rg an isatio n  or of fo rm ing  
cannab ino ids to  th e  presence of sy n th e tic  aux in  (2,4-D).

Methods

A uthors used  callus cu ltu res  o rig ina ting  from  leaves o f th e  H u n g a rian  so rt “ K o m p o lti”  
(F ig. 1, ABC), poor in  T H C  an d  in d iv id u a ls  o rig inating  from  seeds grow n in  sterile conditions. 
The tissues were c u ltiv a te d  e ith e r on m odified Mu r a s h ig e —S k o o g  n u tr ie n t  m edium  or on
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g /0.5 jjI

CBD = 0.661 % 
CBC = trace. 

THC = 0.383 % 
CBN = trace.

F ig . 1. A : Gas c h ro m a to g ram  (GC) of th e  in ta c t  le a f  o f the  “ K o m p o lt”  h em p -so rt. В : Cross- 
sec tio n  of th e  m ain  rib . C: C ross-section of th e  side p a r t  o f the  leaf 1 =  g lan d u la r  h a ir , 2 =

covering  trich o m e
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M il l e r ’s b asic  m edium  (1968), w hich  co n ta in s an o rg an ic  sa lts , v itam in es , an d  saccharides 
as c a rb o n iu m  sources as well as som e g ro w th  s tim u la tin g  horm ones. T he cu ltu res  w ere cu l­
t iv a te d  a t  26 °C b o th  in d a rk  an d  in  ligh t.

T he fresh  w eigh t o f th e  cu ltu res  w as m easu red , th ey  were lyophylised , a n d  subse­
q u e n tly  e x tra c te d  w ith  chloroform . T he e x tra c ts  w ere ev ap o ra ted  an d  th e  d ry  re m n a n ts  
solved again  in  alcohol for gas c h ro m a to g rap h ic  analysis, w hich was m ade  on a  C hrom  5 
a p p a ra tu s . T h e  ch ro m atograph ic  p a ram e te rs  w ere as follow s: carrie r gas w as N 2 40 m l/m in , 
th e  d e te c to r  w as a H 2 flam m io n iza tio n s ty p e , th e  tem p e ra tu re  p ro g ram m e w as 2 °C /m in 
from  200 °C to  255 °C. T he in je c to r  te m p e ra tu re  w as 265 °C; d e tec to r tem p e ra tu re  300 °C. 
Size o f co lum n: 3 m  long and  3 m m  in  d iam ete r, i ts  m ate ria l was glass. T he s tu ffin g  w as a 
ta n d e m  (m ixed) pack in g -m ateria l, co n ta in in g  3 %  SE -30 and  3%  OV17 on  C hrom osorb W  
a d so rb en t w ith  100-120 m eshes.

T h in  lay e r ch ro m a to g rap h y  w as developed  on  read y -m ad e  silica gel H F  254 M erck 
p la te s . D evelop ing  system  w as: H ex an e -D y o x an e  4 : 1 .  Spray ing  re ag e n t w as E c h t  B lue 
S a lt-В solved in  70%  ethanol.

Results and discussion

1. The seeds previously sterilised with 20% Na hypochloride and washed 
in sterile water were germinated on M u r a s h i g e - S k o o g  nutrient medium 
(using 1 mg/1 indole acetic acid and 1 mg/1 kinetine). The seeds developed to 
seedlings similarly to the in tact plant. Later on they produced foliage leaves, 
too, which were either simple ones or composed of 2-3 leaflets. In  the same 
plants we could detect cannabinoids.

By modification of the nutrient medium (using 2 mg/1 gibberelline), 
plants flowering several times could be brought up, which were male and 
female plants but they did not produce seeds (Fig. 2). The plantlet growing
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F ig . 2. G ibberelline in flu en ced  p lan tle t in sterile  co n d ition  grow n w ith o u t horm ones

F ig . 3. W eakly developed  v ascu la r  system  in lea f of th e  p la n t grow n on basic n u tr ie n t m ed ium
contain ing  gibberellic  acid
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i
Fig. 4. L ea f epiderm is d iffe ren tia tio n  in  th e  sam e p lan tle t

Fig. 5. C an n ab in o id -co n ten t fo rm ation  in flu en ced  b y  gibberellic  acid  (GC)
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in the glass colb was 1000 times smaller than plants growing on open soil. 
The prim ary vessels (the transfer system), the basic tissue and the epidermic 
system  developed, and stom ata and trichomes organized (Figs 3, 4). However, 
their size and quantity was strongly diminished. In these plantlets we could 
detect cannabinoids but in smaller amounts than  in the in tact plant (Fig. 5).

F ig . 6. A: Callus cu ltu res  g row n on d iffe ren t n u tr ie n t m edia. 1. M u r a s h ig e - S k o o g  m edium  
1-m o n th -o ld  callus, horm one con cen tra tio n -lik e  the  3rd con ta iner (see T ah ié  1). 2. M il l e r  
m ed iu m ; 2-m onths-old  cu ltu re , horm one co n cen tra tio n  2,4-D. 1 mg/1. 3. M il l e r  m edium , 
h o rm o n e  cone., see T able  1. 4. M il l e r  m edium , horm one cone., kaseine , 2 mg/1. 5. M il l e r  

m edium , horm one cone., see T ab le  1 +  2 mg/1 kaseine. B: 1 an d  3 a f te r  m ore passage
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Fig. 7. A: S p ro u t o rg an isa tio n  on M il l e r  m edium . B : T o ta l p la n ü e t  w ith  sp ro u t a n d  ro o t
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F ig . 8. GC from  callus c u ltu re  w ith  can nab ino id -like  com pounds, A: in  lig h t, B : in  d a rk

2. In case of using the tissue-induction method originated from the leaves 
of hemp the growing effect was better in the earlier period on M u r a s h i g e — 

S k o o g  nutrient medium (5 —6 g during 6 weeks), while the fresh weight incre­
m ent of one-year-old tissue cultures teas higher on nutrient media according 
to  M i l l e r  (7-8 g in 6 weeks) (Figs 6A, B).

On M u r a s h i g e - S k o o g  medium neither roots nor shoots are organized, 
while on the M i l l e r  medium sporadic root organisation was observed, and 
twice also degenerated shoot organisation was detected (Figs 7A, B). The 
hormone concentration was the same on both media (indole acetic acid 1 mg/1, 
nicotinic acetic amide 0.1 mg/1, 2,4-D 0.2 mg/1, and KIN 2 mg/1) which was 
equal to the concentration of medium No. 4 according to H e m p h i l l .

In  the tissue cultures grown on the two basic media no cannabinoids 
were found, however unknown components were detected with the same 
retention time. These components grown on the two different nutrient media 
differed in number and quantity. On the M-S medium these unknown com­
ponents appeared in  smaller amounts. In  illuminated cultures on M-S medium 
the unknown components quantitatively increased with the exception of com­
ponents 5 and 6 (Table 1).

O n  M i l l e r ’s b a s i c  n u t r i e n t  m e d i u m  a d d i n g  t o  i t  m o r e  i n d o l e  a c e t i c  

a c i d  (IAA 90.02 m g /1 ) ,  r e t a i n i n g  t h e  s a m e  NAA-, a n d  2,4-D h o r m o n e - c o n -
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Table 1

Retention time and relative quantity o f unknown metabolites isolated from  Cannabis callus

Callus
sample

No.

Fresh Unknown compounds and their retention times
IAA,
mg/1

KIN,
mg/1

weight,
g/45
days

1
(224)

2
(270)

3
(346)

4
(406)

5
(460)

6
(486)

7
(1000)

CBD
(1112)

9-THC
(1280)

8
(1280)

9
(1382)

CBG
(1436)

10
(1661)

] 0.02 _ 5.060 1 I _i_1 ( + ) ((+ )) +  + ! _L 4"
2 0.001 4.025 4- ((+)) 4- (+ ) — — (( t-» — — +  ! + — ( + )
3 0.010 4.416 ((+ )) 4-4-4- -j_ — — ((+)> — — +  +  + ! 4-4-4- — + +
4 0.100 6.749 (+ ) — (+> (+ > — — (( — — +  ! +  +  4- — 4-
5 1.000 4.411 _j_ ((+)) ( + ) ( + ) — — (( H ) — — +  ! 4~ — ( + )
6 2.000 3.271 + + + (+ ) ( + ) + — — ( ( + ) ) — — +  ! ( + ) — ( + )

M-S
dsrk 1.00 2.000 6.326 « + » - f « + ) ) — + + + + + + + + ( ( + ) ) — — ( + )

M-S
ligh t 2.000 5.486 « + » +  4" « + » — + -f- ( ( + ) ) — — ( ( + ) ) — — +

Miller
dark 2.000 7.826 ( ( + » 4~ 4 -4- ( + ) ( + ) 4- + + + ( + ) — — + — — +  +  + !

+M-S
d ark 0.02 2.000 5.548 ( ( + » + + + + + — — — ( ( + ) ) — — + — +

+M-S
d ark
diff. 7.310 ( ( + » + + + + + — — — ( ( + ) ) — — + — +

H orm one concen tra tion  in  all cu ltures (expect those m arked  by  s ta r): NAA 0.1 mg/1; 2.4-D 0.2 mg/1.
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F i g . 9 . I n n e r  d if f e r e n t ia t io n  in  th e  p la n t le t  g ro w n  o n  M il l e r  m e d iu m , a : c ro ss -se c tio n  o f  
r o o t- l ik e  o rg a n , b :  c ro ss -sec tio n  o f  sp ro u t- l ik e  o rg a n

centration, but varying the KIN concentration, we could detect a difference 
in the growth of fresh weight and in the number and amount of the unknown 
components (Fig. 8). Components 7, 8 and 9 had the same retention time on 
GC as the cannabinoids. The Rt of component 8 was equal to the Rt of A9 
THC in the range of the mentioned chromatographic param eters. This com­
ponent was present in all samples and was the main component in sam­
ples 1 to 6.

In  these undifferentiated tissue cultures we could find differentiation 
processes as well as the transfer system and little trichomes (Figs 9—11).
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Fig. 10. In n e r s tru c tu re  of n o n -d iffe ren tia ted  callus cu ltu re . 1 =  vascu lar system

Summary

1. In contrast with published data, tissue cultures of hemp are capable 
of differentiation.

2. They are able to synthetize cannabinoid-like compounds.
3. Taking into consideration these findings the genetic and chemo- 

systematic selection of hemp by application of tissue cultures might be possible.

1 9 A c t a  B o t a n i c a  A c a d e m i a e  S c i e n t i a r u m  H u n g a r i c a e  2 8 ,  1 9 8 2

Fig. 11. In n e r s tru c tu re  of n o n -d iffe ren tia ted  callus cu ltu re . 1 =  secreting  cells
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ACTA BOTANICA

К С И Л О Т О М И Ч Е С К И Е  И С С Л Е Д О В А Н И Я  Н Е К О Т О Р Ы Х  В Е Н Е С У Э Л Ь С К И Х
В И Д О В

К. БАБОШ, И. Р. БЕРМУДЕЗ, Л. Й. Ц. КУМАНА

А в т о р ы  о б с у ж д а ю т  в н е ш н ю ю  м о р ф о л о г и ю  с л е д у ю щ и х  ч е т ы р е х  в и д о в  C apparis, 
и з ,  и х  э к о л о г и ч е с к у ю  х а р а к т е р и с т и к у ,  у с л о в и я  п р о р а с т а н и я  и  о с н о в н ы е  а н а т о м и ч е с к и е  
с в о й с т в а :  C apparis sessilis B anks e x  D C . ,  C. pachaca  H .  B. e t  K . ,  C. odoratissima J a c q . ,  С .  
stenosepala  U rb.

В О С Т О Ч Н О - А Ф Р И К А Н С К И Е  М Х И  B R Y O P H Y T E S

M. БИЗО, Т. ПОЧ

В  с т а т ь е  о п и с ы в а ю т с я  н о в ы е  м е с т а н а х о ж д е н и я  2 1 7  в и д о в  м х о в  с о б р а н н ы х  П о ч  и  
с о т р у д н и к а м и  в  В о с т о ч н о й  А ф р и к е ,  в  о с н о в н о м  в  Т а н г а н ь и к е ,  и х  р а с п р о с т р а н е н и е  и  т а к ­
с о н о м и ч е с к и е  п р и м е ч а н и я .  Д л я  В о с т о ч н о й  А ф р и к и  о к а з а л и с ь  н о в ы м и  1 1  в и д о в ,  3  в и д а  
д л я  в с е й  т р о п и ч е с к о й  А ф р и к и  и  1 4  в и д о в  д л я  А ф р и к а н с к о г о  к о н т и н е н т а .  С л е д у ю щ и е  
к о м б и н а ц и и  н о в ы е :  Jonesiobryum  sphaerocarpum  (B iz.) Biz. e t Pócs, Squam id ium  biform e  
(H p e) B ro th , v a r . densirameum  (B ro th )  B iz., L o p id iu m  struthoipteris (B rid .) F le isch , v a r . 
cam penonii (R en . e t  C ard.) Biz., Н о в а я  р а з н о в и д н о с т ь  P apillaria  africana  (C. M üll.) Ja e g . 
v a r. flagellifera  B izo t, т о г д а  к а к  F abronia bizotii Pócs, F . pocsii B izo t va r. cameruniae B izo t 
п о л у ч и л  н о в о е  н а з в а н и е ,  к а к  н о в ы й  с а м о с т о я т е л ь н ы й  в и д .

С т а т ь ю  д о п о л н я е т  к л ю ч  д л я  о п р е д е л е н и я  а ф р и к а н с к и х  Schoenobryum, к а р т а  р а с п р о ­
с т р а н е н и я  1 3  в и д о в  а  т а к ж е  ф о т о г р а ф и и  м е с т о н а х о ж д е н и я  м х о в .

И З У Ч Е Н И Е  Т Р И Б Ы  R O N D E L E T I E A E  ( R U B I A C E A E )  I I I  Р О Д Ы  
R O G IE R A  И A R A C H N O T H R Y X

А. БОРХИДИ

Н а  о с н о в а н и и  с р а в н и т е л ь н ы х  и с с л е д о в а н и й  с е в е р н о - а м е р и к а н с к и х  в и д о в  р о д а  
Rondeletia  а в т о р  н а ш е л  о с н о в н ы е  р о д о в ы е  р а з л и ч и я  м е ж д у  С р е д н е - А м е р и к а н с к и м и  и  А н ­
т и л ь с к и м и  в и д а м и .  А в т о р  с ч и т а е т  н е о б х о д и м ы м  д л я  С р е д н е - а м е р и к а н с к и х  в и д о в  о б н о в и т ь  
о п и с а н и е  р о д о в  Rogiera P lanch, и  A rachno thryx  P lan ch ., а  т а к ж е  о п и с ы в а е т  с о о т в е т с т в е н н ы е  
н о в ы е  к о м б и н а ц и и .

К А М Б И А Л Ь Н А Я  А К Т И В Н О С Т Ь  В  М  A N G I  F E R A  IN D IC A  L .

И. С. ДЕЙВ, К. С. РАО

А в т о р ы  и з у ч а л и  к а м б и а л ь н у ю  а к т и в н о с т ь  M . indica  L .  с  я н в а р я  д о  д е к а б р я  1 9 7 8  
г о д а ,  н а  п р о т я ж е н и и  ц е л о г о  г о д а .  К а м б и й  с о с т о я щ и й  и з  ф у з и ф о р м н ы х  и  и н и ц и а л ь н ы х  
к л е т о к  я в л я е т с я  н е  с л о и с т о й  т к а н ь ю .  Р а д и а л ь н о е  у т о л щ е н и е  с т в о л а  н е п р е р ы в н о  н а  п р о ­
т я ж е н и и  ц е л о г о  г о д а ,  т .  е .  к а м б и й  в  к а ж д о м  м е с я ц е  а к т и в е н .  Н е с м о т р я  н а  э т о ,  б о л е е  с и л ь ­
н у ю  к а м б и а л ь н у ю  а к т и в н о с т ь ,  м о ж н о  н а б л ю д а т ь  в о  в т о р о й  п о л о в и н е  г о д а .  П о  т а н г е н ­



ц и а л ь н о м у  н а п р а в л е н и ю  к а м б и й  о б р а з о в ы в а е т  в а с к у л я р н ы е  э л е м е н т ы .  У  ф у з и ф о р м н ы х  
и н и ц и а л ь н ы х  к л е т о к  д л и н а  и  ш и р и н а  р а з л и ч н а  в  о т д е л ь н ы х  м е с я ц а х  и  э т о  п о к а з ы в а е т  
т е с н у ю  с в я з ь  в  и з м е н е н и и  д л и н ы  к с и л е м н ы х  в о л о к о н .  К л и м а т и ч е с к и е  ф а к т о р ы  н е  о к а з ы ­
в а ю т  н и к а к о г о  в л и я н и я  н а  а к т и в н о с т ь  к а м б и я .

К У Б И Н С К И Е  R U B I A C E A E ,  И — I I I  
I I  Р О Д  С A S  A S I A  A .  R I C H .  В  К У Б Е  

I I I  Н О В Ы Е  Д А Н Н Ы Е  В  Р О Д Е  A N T 1 R I I E A  C O M M E R S

М. ФЕРНАНДЕЗ ЗЕКУЕЙРА, А. БОРХИДИ

А в т о р ы  с т а т ь и  о п и с а л и  н о в ы й  в и д  C asasia п о д  н а з в а н и е м  С .  асипае  F e rn an d ez  e t 
B orhid i и  м о р ф о л о г и ч е с к и  о т д е л и л и  е г о  о т  в и д а  С .  jacquinioides  (G riseb .) S tan d i. А в т о р ы  
п у б л и к у ю т  н о в ы й  к л ю ч  д л я  о п р е д е л е н и я  к у б и н с к и х  в и д о в  Casasia. В н у т р и  р о д а  A ntirhea  
а в т о р ы  п р о в е л и  т а к с о н о м и ч е с к у ю  о б р а б о т к у  п о л и м о р ф н о г о  в и д а  A . abbreviaia U rb . В  р е ­
з у л ь т а т е  э т о г о  и м е е т с я  н о в ы й  s ta tu s :  A . abbreviata ssp. obcordata (A lain) B orh id i и  н о в а я  
р а з н о в и д н о с т ь  A . abbreviata v a r . moaensis F e rn a n d ez . Д а л е е ,  а в т о р ы  и з  р о д а  A ntirhea  о п и ­
с ы в а ю т  н о в ы й  в и д  ПОД н а з в а н и е м  A . pedicellaris B o rh id i e t Bisse р о д с т в е н н о г о  в и д у  A . mul- 
tinervis  U rb .

Э Г Р И Ч Е С К А Я  М А К Р О Ф Л О Р А  ( В Е Р Х Н И Й  О Л И Г О Ц Е Н )  И З  В Е Р Е Ц Е М А Р О Ш
( В Е Н Г Р И Я )

Л. ХАБЛИ

А в т о р  с т а т ь и  о п и с ы в а е т  н о в ы й  и с к о п а е м ы й  в и д  Debeya hungarica  s p .  п .  н а й д е н ­
н ы й  в о  в н о в ь  о т к р ы т о м  м е с т о н а х о ж д е н и и  Э г р и ч е с к о й  Ф л о р ы ,  В е р е ц е м а р о ш .  Д р у г и е  в и д ы  
в н о в ь  о т к р ы т о й  ф л о р ы  б ы л и  у ж е  и з в е с т н ы  и з  ф л о р ы  з о ц е н с к о г о  и  м е л о в о г о  п е р и о д а .  Ф л о р а  
В е р е ц е м а р о ш  м о ж е т  с л у ж и т ь  к а к  р е л и к т .  Э т о  д о к а з ы в а е т  т о т  ф а к т ,  ч т о  э т а  ф л о р а  б о л е е  
е п л о  л ю б и в а я  и  т е р м о ф и л ь н а я ,  ч е м  д р у г и е  м е с т а  Э г р и ч е с к о й  ф л о р ы  в  В е н г р и и .

А С П Е К Т Ы  И  Т И П Ы  К О М П Е Т Е Н Ц И И  М Е Ж Д У  В И Д А М И  Л И Ш А Й Н И К О В ,  
Ж И В У Щ И Х  В  Э П И Ф И Т Н Ы Х  С О О Б Щ Е С Т В А Х

т .  к и ш

А в т о р  и с с л е д о в а л  к о н к у р е н ц и ю  м е ж д у  в и д а м и  л и ш а й н и к о в  э п и ф и т н ы х  с о о б щ е с т в .  
Б ы л а  р а з р а б о т а н а  с п е ц и а л ь н а я  т е р м и н о л о г и я  д л я  о п р е д е л е н и я  с в я з е й  м е ж д у  л и с т о в а т ы е  
л и ш а й н и к и  —  к о р к о в ы е  л и ш а й н и к и ,  л и с т о в а т ы е  л и ш а й н и к и  —  л и с т о в а т ы е  л и ш а й н и к и ,  
к у с т и с т ы е  л и ш а й н и к и  —  к у с т и с т ы е  л и ш а й н и к и .  Р е з у л ь т а т ы  п о к а з а л и ,  ч т о  м е ж д у  о т д е л ь ­
н ы м и  к о л о н и я м и  к о н к у р е н ц и я  о ч е н ь  с и л ь н а я ,  о с о б е н н о  н а  м а л ы х  п о в е р х н о с т я х ,  а  с у к ­
ц е с с и я  о п т и м а л ь н а  и  в  к о н е ч н ы х  ф а з а х .  С т р у к т у р а  т к а н е й  и  ф о р м ы  к о л о н и и  (th allu s) 
и г р а ю т  в а ж н у ю  р о л ь  в  о п р е д е л е н н ы х  т и п а х  к о н к у р е н ц и и ,  э т о  о ч е в и д н о  в  о с о б е н н о с т и  
м е ж д у  л и ш а й н и к а м и  с  и з р е з а н н ы м и  л и с т ь я м и  (lac in ia tum -fo lio sus) и  к у с т и с т ы м и  л и ш а й ­
н и к а м и .  С т р у к т у р а  т к а н и  у  л и ш а й н и к о в  р е м е ш к о в о й  и л и  н и т ч а т о й  ф о р м ы  у с т о й ч и в а  к  
д а в л е н и ю  с о  с т о р о н ы .  П о э т о м у  э т и  в и д ы  в с е г д а  п е р е р а с т а ю т  д р у г и е  в и д ы  л и ш а й н и к о в ,  о т ­
н о с я щ и е с я  к  и н ы м  ж и з н е н н ы м  ф о р м а м .

К У Л Ь Т И В А Ц И Я  I N  V I T R O  Р А С Т Е Н И Й  К А Р Т О Ф Е Л Я  И З  К У С К О В  П Р О Р О С Т К О В

М. МАРОТИ, Й. РУДОЛФ, И. БОГНАР, Б. И. ПОЖАР

А в т о р ы  и з у ч а л и  м и к р о - к у л ь т и в а ц и ю  у  ч е т ы р е х  к у л ь т у р н ы х  р а з н о в и д н о с т е й  к а р ­
т о ф е л я  ( S o la n u m  tuberosum  L .  B in tje , Desire, G racia , O s ta ra) И с с л е д о в а н и я  п р о и з в о д и л и с ь  
с  ц е л ю  о п р е д е л е н и я  о п т и м а л ь н о г о  и н о к у л у м а с т е б л я  и  д л я  с р а в н е н и я  в л и я н и я  р а з л и ч н ы х



п и т а т е л ь н ы х  с р е д ,  П о  п о л у ч е н н ы м  р е з у л ь т а т а м  д л я  и з о л я ц и и  с а м ы м  п о д х о д я щ и м  о к а з а л с я  
о с н о в н о й  в е р х у ш е ч н ы й  с е г м е н т  п р о р о с т к а ,  р а з в и в ш е г о с я  и з  н е о б р а б о т а н н о г о  к л у б н я .  П о  
с п о с о б н о с т и  к  р е г е н е р а ц и и  и с с л е д о в а н н ы е  в и д ы  м о ж н о  п е р е ч и с л и т ь  в  с л е д у ю щ е м  п о р я д к е :  
O sta ra , G racia, D ésiré, B in tje .

О р г а н и з а ц и о н н о е  д е й с т в и е  п и т а т е л ь н ы х  в е щ е с т в  в  б о л ь ш о й  с т е п е н и  з а в и с и т  о т  н а ­
х о д я щ и х с я  в  н и х  к а ч е с т в а ,  к о н ц е н т р а ц и и  р е г у л и р у ю щ и х  в е щ е с т в  и  и х  в з а и м о д е й с т в и я .  
Б о л ь ш и н с т в о  р а с т е н и й  р о с л о  н а  п и т а т е л ь н о й  с р е д е  М у р а ш и г е  -  С к у г  ( 1 9 6 2 ) ,  к о т о р а я  с о ­
д е р ж а л а  0 , 5  м г / л  Н У К ,  0 , 4  м г / л  к и н е т и н а  и  0 , 7  м г / л  т и а м и н а .  П р и м е н е н н ы й  м е т о д  о к а з а л с я  
п р и е м л е м ы м  д л я  р а з м н о ж е н и я  п р о р о с т к о в  к а р т о ф е л я  i n  v i t r o ,  н о  н у ж н о  п р и н я т ь  в о  в н и м а ­
н и е  р а з л и ч и я ,  к о т о р ы е  и м е л и с ь  с р е д и  р а з л и ч н ы х  р а з н о в и д н о с т е й .

Д И Н А М И К А  Р О С Т А  К А Л Л У С Н Ы Х  Т К А Н Е Й  D A T U R A  I N N O X I A  M I L L .
П Р О И С Х О Д Я Щ И Х  И З  В Е Н Ч И К А  И  З А В Я З И

А. ПОТОЦКИ, Е. СЕКЕ, Г. ВЕГЗАР-ПЕТРИ

А в т о р ы  и с с л е д о в а л и  в л и я н и е  р е г у л и р у ю щ и х  р о с т  в е щ е с т в  ( к и н е т и н а  и  2 , 4 - Д )  н а  
р о с т  т р е х л е т н и х  к а л л у с н ы х  т к а н е й  D atura innoxia  M i l l ,  п р о и с х о д я щ и х  и з  в е н ч и к а  ц в е т к а  
и  з а в я з и .

А в т о р ы  о п р е д е л и л и  к о н ц е н т р а ц и ю  р е г у л и р у ю щ и х  р о с т  в е щ е с т в ,  о п т и м а л ь н у ю  д л я  
о б р а з о в а н и я  б и о м а с с ы .  А в т о р ы  и з у ч и л и  д и н а м и к у  р о с т а  т к а н е й ,  р а с т у щ и х  н а  п и т а т е л ь н о й  
с р е д е  М у р а ш и г е -  С к у г  с  д о б а в л е н и е м  1  м г / л  к и н е т и н а  и  1 м г / л  2 , 4 - Д  в  т е м н о т е  и  н а  с в е т у .  
З а  6  н е д е л ь  и н к у б а ц и о н н о г о  п е р и о д а  б ы л  и з м е р е н  с в е ж и й  и  с у х о й  в е с  к а л л у с н ы х  т к а н е й ,  
с к о р о с т ь  р с с т а  з а  д е н ь  и  в е л и ч и н а  р о с т а .  Б ы л о  о п р е д е л е н о ,  ч т о  о б а  т и п а  к а л л у с а  з а  6  н е ­
д е л ь  р о с л и  н о р м а л ь н о .  Д а н н ы е  п о к а з а л и ,  ч т о  в е л и ч и н а  р о с т а  о т н о с я щ а я с я  к  с в е ж е м у  и  
с у х о м у  в е с у  д в у х  т и п о в  к а л л у с а ,  р а с т у щ и х  в  т е м н о т е  г о р а з д о  в ы ш е ,  ч е м  н а  с в е т у .  С к о ­
р о с т ь  р о с т а  з а  д е н ь  в  л ю б о м  с л у ч а е  и м е е т  о д н у  м а к с и м а л ь н у ю  в е л и ч и н у .  Р о с т  к у л ь т у р ы  
т к а н е й  н а  ш е с т о й  н е д е л е  з а м е д л я е т с я ,  з а  и с к л ю ч е н и е м  р а с т у щ е й  н а  с в е т у  т к а н и  и з  в е н  
ч и к а .

Р О Д  D I P L A S I O L E J E U N E A  Н А  К У Б Е  

Д. М. РЕЙЕС

П о с л е  и с т о р и ч е с к о г о  в с т у п л е н и я  а в т о р  д а е т  в  с т а т ь е  п о д р о б н о е  о п и с а н и е  в и д о в  и  
к л ю ч а  д л я  и х  о п р е д е л е н и я .  Р а н е е  б ы л и  и з в е с т н ы  т о л ь к о  4  в и д а ,  п р о и з р а с т а ю щ и е  н а  о с т р о ­
в е ,  п р и  п о м о щ и  т р у д о в  а в т о р а  ч и с л о  и х  п о в ы с и л о с ь  н а  1 2 ,  с р е д и  э т и х  в и д о в  3  в и д а  б ы л и  
о п и с а н ы  п о д  н а з в а н и е м :  D. pocsii R e y e s ,  D. grolleana R e y e s  и  D . borhidiana  R e y e s .

П о  н а с т о я щ и м  д а н н ы м  К у б а  я в л я е т с я  с а м ы м  б о г а т ы м  м е с т о м  п р о и з р о с т а н и я  в и д о в  
D iplasio lejeunea  и  в  о с о б е н н о с т и  в о с т о ч н а я  ч а с т ь  о с т р о в а  м о ж е т  б ы т ь  о ч е н ь  в а ж н о й  с  
т о ч к и  з р е н и я  с п е ц и а л и з а ц и и  и  ф и л о г е н е з а  э т и х  в и д о в .  В  с т а т ь е  д а ю т с я  и л л ю с т р а ц и и  в и д о в  
и  к а р т ы  и х  р а с п р о с т р а н е н и я .

Х А Р А К Т Е Р И С Т И К А  Б И О Л О Г И И  О П Л О Д О Т В О Р Е Н И Я  
Р А З Л И Ч Н Ы Х  Т А К С О Н О В  M A L U S

М. ШОЛТЕС, М. ТОТ, Ф. ДЬЮРО, А. ТЕРПО, Й. НЬЕКИ

А в т о р ы  с т а т ь и  в  1 9 7 7  г о д у  н а ч а л и  р а з р а б а т ы в а т ь  « С и с т е м у  о п ы л е н и я  M alus»  в  у с л о ­
в и я х  В е н г р и и .  Н ь е к и  в  1 9 7 0  г о д у  о п у б л и к о в а л  д а н н ы е  о  г л а в н о м  в о п р о с е ,  о б  и с п о л ь з о в а ­
н и и  в и д о в  M alus  к а к  п ы л ь ц е в ы х  д о н о р о в ,  о  б и о л о г и и  ц в е т е н и я  и  о  х а р а к т е р е  р о с т а  э т и х  
в и д о в .  В т о р о е  г л а в н о е  у с л о в и е  д л я  б л а г о п р и я т н о г о  о п ы л е н и я ,  с в о й с т в а  б и о л о г и и  о п л о ­
д о т в о р е н и я  и з у ч а л и  в  1 9 7 7  и  1 9 7 8  г о д а х  И н с т и т у т  С а д о в о д с т в а  в  Ш о р о к ш а р с к о м  Б о т а н и ­
ч е с к о м  с а д у  и  Г  о с .  С е л ь с к о х о з я й с т в е н н ы й  С о р т о ц е п ы т а т е л ь н ы й  И н с т и т у т  н а  о п ы т н о й  с т а н ­
ц и и  Г е л ь в е ц и я .

Н а  о с н о в а н и и  д в у х г о д и ч н ы х  н а б л ю д е н и й  а в т о р ы  в ы б р а л и  д л я  д а л ь н е й ш и х  и с с л е ­
д о в а н и й ,  в  м о д е л ь н ы х  н а с а ж д е н и я х  с л е д у ю щ и е  в и д ы .  Д л я  с о р т а  я б л о н и  « J o n a t h a n »  п о д ­



х о д я щ и м и  п ы л ь ц е в ы м и  д о н о р а м и  м о г у т  с л у ж и т ь  S B K -3  (М . flo ribunda)  и  SB K -1014. Д л я  
с о р т а  « S ta rк ing»- SB К - 1014 (M . dasyphylla  p u m ila )  И д л я  «Golden Delicious» м о ж н о  п р е д ­
л о ж и т ь  SB K -1003 ( М .  dom eslica-pum ila).

Н а  о с н о в а н и и  с в о й с т в  б и о л о г и и  о п л о д о т в о р е н и я  б ы л и  н а й д е н ы  н е с к о л ь к о  п о д х о д я ­
щ и х  в и д о в  ( н а п р и м е р  S B K -10 , SB K -6, SB K -277 , SB K -333), у  к о т о р ы х  ц в е т е н и е ,  п р о и с ­
х о д и т  о д н о в р е м е н н о  в м е с т е  С с о р т а м и  J o n a th a n , S ta rk in g , G olden D elicious и  р а в н о  50% . 
И з у ч а я  в о з м о ж н о с т и  и с с к у с т в е н н о г о  о п ы л е н и я  в  1978 г о д у ,  п р о в е л и  о п ы л е н и е  с о р т о в  
J o n a th a n  и  Golden с м е с ь ю  п ы л ь ц ы  и  э т о  д а л о  н е к о т о р ы е ,  з а с л у ж и в а ю щ и е  в н и м а н и я  р е ­
з у л ь т а т ы .  Д л я  Jo n a th a n  $  б ы л а  и с п о л ь з о в а н а  с м е с ь  п ы л ь ц ы  SB K -336 (M .p u m ila )  ■ Golden 
( у р о ж а й  п о к а з а л  33%  з а в я з и )  и  д л я  $  G olden -  SB K -336 +  S ta rk in g  (38 ,8%  з а в я з и ) .  
В  « с и с т е м е  о п ы л е н и я  Malus» м о ж н о  с т а р а т ь с я ,  ч т о б ы  о п ы л е н и е  б ы л о  н а д ё ж н ы м ,  и  п о э т о м у  
д л я  к а ж д о г о  с о р т а  я б л о н и  н у ж н о  в ы б р а т ь  х о т я  б ы  2  п о д х о д я щ и х  п ы л ь ц е в ы х  д о н о р а  M alus. 
А в т о р ы  п р о д о л ж а ю т  и с с л е д о в а н и я ,  п р и в л е к а я  в  о п ы т  и  д р у г и е  с о р т а .

И С С Л Е Д О В А Н И Е  Ф О Т О С И Л Т Е Т И Ч Е С К О Й  Ф И К С А Ц И И  1 4 С 0 2  У  М Х О В  И
Л / Ш А Й Н И К О В

Я. ШУБА, к .  А. ВАМОШИ, Д. ЛЕГРАДИ, Ш. ОРБАН

А в т о р ы  и з у ч а л и  в  б у к о в ы х  и  с к а л и с т о г р у н т о в ы х  с о о б щ е с т в а х  ф о т о с и н т е т и ч е с к у ю  
п р о д у к ц и ю  м х о в  и  л и ш а й н и к о в .  О п р е д е л е н и е  у с в о е н и я  С 0 2  о п р е д е л я л и  н а  о с н о в е  ф о т о -  
с и н т е т и ч е с к о й  ф и к с а ц и и  1 4 С 0 2 . У с в о е н и е  С 0 2 м х а м и  п о х о ж е  н а  ц в е т к о в ы е  р а с т е н и я ,  а  у с ­
в о е н и е  С 0 2  л и ш а й н и к а м и  в  5  —6  р а з  м е н ь ш е .  В ы д е л я е т с я  п р о д у к т и в н о с т ь  в и д а  Rhodobryum  
spa th u la tu m  к о т о р а я  р а в н а  11,69 м г  g _Ih ~ 4. С а м у ю  в ы с о к у ю  ф о т о с и н т е т и ч е с к у ю  и н т е н с и в ­
н о с т ь  п о к а з а л и  в и д ы  м х о в  h igro- и  m esofit п о  с р а в н е н и ю  с  в и д а м и  x ero fit. М х и  б у к о в о г о  
с о о б щ е с т в а  в  с р е д н е м  у с в а и в а ю т  б о л ь ш е  С 0 2 ,  ч е м  м х и  ж и в у щ и е  н а  с к а л а х .  У  л и ш а й н и к о в  
б о л ь ш е е  з н а ч е н и е  п о к а з а л и  в и д ы  Peltigera и  Collemma. О б ы к н о в е н н о  в  б о л е е  р ы х л о й  и  п о ­
л о с т н о й  к о р к о в о й  ч а с т и  п р о д у к ц и я  ф о т о с и н т е з а  л и ш а й н и к о в  б о л ь ш е .

М Е Й О З  П О Л И Г А П Л О И Д А  М Е Ж В И Д О В О Г О  Г И Б Р И Д А  N I C O T I A N A ,  
П О Л У Ч Е Н Н О Г О  В  К У Л Ь Т У Р Е  Т К А Н И  П Ы Л Н И К А

Л. СИЛАДЬИ

В  п р е д ы д у щ е й  с т а т ь е  а в т о р  о п и с а л а  а л л о п л о и д н ы й  г и б р и д  N . tabacum  (K e n tu ck y ) х
N . glanca  х р о м о с о м н ы м  ч и с л о м  2  н  =  4 8 .  Б ы л о  о п р е д е л е н о ,  ч т о  г и б р и д н ы е  р а с т е н и я  
с о д е р ж а т  ц е л ы й  г е н о м  в и д а  N icotiana glauca, а  э л и м и н а ц и я  х р о м о с о м  п р о и з о ш л а  и з  г е н о ­
м о в ,  N . sylvestris и  N . tom entosiform is. П о с л е  с е г р е г а ц и и  г и б р и д н ы х  р а с т е н и й  в  п о с л е д у ­
ю щ и х  г е н е р а ц и я х  б ы л  п о л у ч е н  с т а б и л ь н ы й  а л л о п л о и д н ы й  г и б р и д .  П р а в и л ь н ы й  м е й э з  э т о г о  
р а с т е н и я  б ы л  п о д т в е р ж д е н  п о л и г а п л о и д н ы м и  р а с т е н и я м и  ( 2  н  =  2  х  =  2 4 ) ,  п о л у ч е н н ы м и  
и з  а л л о п л о и д а  м е т о д о м  к у л ь т у р ы  т к а н е й  п ы л ь н и к о в .  П о л и г а п л о и д н ы е  р а с т е н и я  п о к а з а л и  
с т а б и л ь н ы й  ф е н о т и п ,  п о х о ж и й  н а  ф е н о т и п  и с х о д н о г о  р а с т е н и я  с  б е л ы м и  ц в е т а м и .  N . taba­
cum  (K y )x ÍV . glanca 2  н  =  2 х  =  2 4  п о л и г а п л о и д  и м е л  н е п р а в и л ь н ы й  м е й о з ,  к о т о р ы й  
п о к а з а л  м и н и м а л ь н у ю  г о м о л о г и ю  м е ж д у  т р е м я  г е н о м а м и  п о л и г а п л о и д а  (S 'T 'G ') .

А Н А Т О М И Я  Д Р Е В Е С И Н Ы  К У Б И Н С К И Х  В И Д О В  M Y R I C A C E A E  
Э К О Л О Г И Ч Е С К И Е  З А К Л Ю Ч Е Н И Я

М. А. ВАЛЕС, А. БОРХИДИ, Е. ДЕЛЬ РИСКО

А в т о р ы  о п у б л и к о в ы в а ю т  д а н н ы е  п о  м о р ф о л о г и и ,  м е с т у  о б и т а н и я ,  э к о л о г и ч е с к и м  
с в я з я м  и  п о  а н а т о м и и  в т о р и ч н о й  к с и л е м м ы  ч е т ы р е х  К у б и н с к и х  в и д о в  M yricaceae: M yrica  
ca cu m in is  B r i t t ,  e t W ild., M . punctata  G riseb ., M . shaferi U rb . e t B ritt ., И M . cerifera L. 
Н а  о с н о в а н и и  а н а т о м и ч е с к и х  н у м е р и ч е с к и х  и н д е к с о в  « м е з о м о р ф и и »  и  « р а н и м о с т и »  б ы л и  
о х а р а к т е р и з о в а н ы  э к о л о г и ч е с к и е  с в о й с т в а  э т и х  ч е т ы р ё х  в и д о в .  А в т о р ы  н а  о с н о в а н и и  в ы ш е  
п е р е ч и с л е н н ы х  и н д е к с о в  д е л а ю т  в ы в о д ,  ч т о  и з  и з у ч е н н ы х  в и д о в  в и д  M . shaferi и  в и д  
М . cerifera  в  б о л ь ш е й  с т е п е н и  п р и с п о с о б и л и с ь  к  н е д о с т а т к у  в о д ы  (w ater stress).



О Б З О Р  Г О Л О В Н Ё В Ы Х  Г Р И Б О В  ( U S T I L A G I N A L E S )  В Е Н Г Р И И  П Р И Н И М А Я  
В О  В Н И М А Н И Е  К О Л Л Е К Ц И Ю ,  С О Б Р А Н Н У Ю  П О С Л Е  1 9 5 0  Г О Д А

К. БАНКИ, Й. ГЕНДЕЛЬ, Ш. ТОТ

А в т о р ы  в  с т а т ь е  п у б л и к у ю т  с п и с о к  в и д о в  в е н г е р с к и х  г о л о в н ё в ы х  г р и б о в ,  а  т а к ж е  
р а с т е н и й - х о з я е в ,  н а  к о т о р ы х  э т и  г р и б ы  р а с т у т .  В  с п и с к е  г л а в н о е  в н и м а н и е  а в т о р ы  о б р а ­
щ а ю т  н а  р е з у л ь т а т ы  к о л л е к ц и и  с о б р а н н о й  п о с л е  1 9 5 0  г о д а  и  н а  х а р а к т е р и с т и к у  р о д о в  
U s t i l a g i n a l e s .  С р е д и  п е р е ч и с л е н н ы х  в и д о в  р а с п р о с т р а н е н и е  3 7  в и д о в  г о л о в н ё в ы х  г р и б о в  и  
п о я в л е н и е  н а  р а с т е н и и - х о з я и н е  2 1  в и д а н о в о е  д л я  В е н г р и и .  А в т о р ы  т а к ж е  у п о м и н а ю т  н е ­
к о т о р ы е  в и д ы ,  к о т о р ы е  е щ е  н е  б ы л и  с о б р а н ы  в  В е н г р и и ,  н о  п о я в л е н и е  к о т о р ы х  м о ж н о  
о ж и д а т ь .

Д И Ф Ф Е Р Е Н Ц И А Ц И Я  Р А З Л И Ч Н Ы Х  К У Л Ь Т У Р  Т К А Н Е Й  И  О Б Р А З О В А Н И Е  
К А Н Н А Б И Н О И Д А  У  C A N N A B I S  S A T I V A

ВЕРЗАВ-ПЕТРИ, Г., ЛАДОЧИ, Т., ОРОСЛАН, П.

А в т о р ы  п о л у ч и л и  к у л ь т у р ы  т к а н е й  к а л л ю с а  в е н г е р с к о г о  с о р т а  в о л о к н и с т о й  к о н о п л и  
« К о м п о л т и » .  Б ы л о  у с т а н о в л е н о ,  ч т о  к у л ь т у р ы  л у ч ш е  р а с т у т  н а  а г а р е  М у р а ш и г е - С к о о г а  
( M u r a s h i g e —  S k o o g ) ,  ч е м  н а  п и т а т е л ь н о й  п о ч в е  М и л л е р а .  В  р а в н о й  с т е п е н и  б ы л и  п о л у ч е н ы  
д и ф ф е р е н ц и р о в а н н ы е  р а с т е н и я  и з  с е м я н  ( с т е р и л ь н а я  к у л ь т у р а )  и  п у т ё м  и н д у к ц и и  л и с т а .  
Д и ф ф е р е н ц и р о в а н н ы е  ж е н с к и е  и  м у ж с к и е  э к з е м п л я р ы  п о д  д е й с т в и е м  г и б е р р е л л и н а  
з а ц в е л и .

А в т о р ы  о п и с а л и  а н а т о м и ч е с к и е  о с о б е н н о с т и  р а з л и ч н ы х  к у л ь т у р .
С  п о м о щ ь ю  г а з о в о й  и  т о н к о с л о й н о й  х р о м а т о г р а ф и и  б ы л о  о б н а р у ж е н о ,  ч т о  А  9 Т Н С  

( т е т р а г и д р о к а н н а б и н о л )  п р и с у т с т в о в а л  т о л ь к о  у  д и ф ф е р е н ц и р о в а н н ы х  р а с т е н и й .  В о  
в н е ш н е  н е  д и ф ф е р е н ц и р о в а н н о м ,  н о  и м е ю щ е м  х а р а к т е р н у ю  в н у т р е н н ю ю  д и ф ф е р е н ц и а ц и ю  
к а л л ю с е  б ы л и  в ы я в л е н ы  в с е г о  л и ш ь  к а н н а б и н о и д о о б р а з н ы е  с о е д и н е н и я ,  п р е д ш е с т в е н н и к и  
к а н н а б и н о и д а .



J



*>



Periodicals of the Hungarian Academy of Sciences are obtainable 
at the following addresses:

AUSTRALIA
C.B .D. LIBRARY AND SU B S C R IP T IO N  SERVICE 
Box 4886, G.P.O., Sydney N .S . W. 2001 
COSM OS BOOKSHOP, 145 A ckland  Street 
S t. Kilda (Melbourne), Victoria 3182

AUSTRIA
GLOBUS, Höchstädtplatz 3, 1206 Wien X X  

BELGIUM
O F F I C E  IN TERNATIONAL D E  LIBRAIR IF
30 Avenue Marnix, 1050 Bruxelles 
L IBRA IRIE  DU M ONDE E N T I E R  
162 rue du Midi, 1000 Bruxelles

BULGARIA
H E M  US, Bulvár Ruszki 6, Sofia  

CANADA
PA N N Ó N IA  BOOKS, P.O. Box 1017
Pos tal Station “ B”, Toronto, Ontario M 5T 2T8

CHINA
CN PIC O R, Periodical D epar tm ent ,  P.O. Box 50 
Peking

CZECHOSLOVAKIA
M A D ’ARSKÁ K U LT ÚR A , N á rodn í  tïida 22 
115 66 Praha
PNS DOVOZ TISKU, V inohradská  46, Praha 2 
PNS DOVOZ TLACE, Bratislava 2

DENMARK
E J N A R  MUNKSGAARD, N orregade  6 
1165 Copenhagen К
FEDERAL REPUBLIC O F  GERM AN Y  
K U N S T  UND WISSEN E R I C H  BIEBER
Postfach 46, 7000 Stuttgart 1
FINLAND
AKATEEM INEN K IR JA K A U P P A ,  P.O. Box 128 
SF-00101 Helsinki 10
FRANCE
DAWSON-FRANCE S. А., В. P. 40, 91121 Palaiseau 
EUROPÉRIODIQUES S. A., 31 Avenue de Ver­
sailles, 78170 La Celle St. Cloud
O F F IC E  IN TERNATIONAL D E  D OCUM ENTA­
T I O N  ET LIBRAIRIE, 48 rue Gay-Lussac
75240 Paris Cedex 05
GERM AN DEMOCRATIC R EPU B LIC  
H A U S DER U N G A R IS C H E N  K U L T U R  
K ar l  Liebknecht-Straße 9, D D R -102 Berlin 
DEUTSCHE POST Z E IT U N G SV E RT R IE B SA M T  
Sraße der Pariser Kom m üne 3-4 ,  DDR-104 Berlin
GREAT BRITAIN
BLACKWELL’S PE R IO D IC A L S  DIVISION
Hythe Bridge Street, O xford 0 X 1  2ET
BUM PUS, HALDANE A N D  M AXWELL LTD.
Cowper Works, Olney, Bucks M K 46  4BN
C O L L E T ’S HOLDIN GS LT D .,  Denington Estate
Wellingborough, Nor t hant s N N 8 2Q T
W M . DAWSON AND SONS LT D .,  Cannon House
Folkstone, Kent CT19 5EE
H. K. LEWIS AND CO.,  136 G ow er  Street
London WC1E 6BS
GREECE
KOSTARAKIS B RO T H E R S IN T ERN AT IO N A L 
BOOKSELLERS, 2 H ippokra tous  Street, Athens-143
HOLLAND
M E ULE NHOFF-BRUNA B.V., Beulingstraat 2,
Amsterdam
M ARTINUS N IJH O FF B.V.
Lange Voorhout 9-11, Den Haag

SWETS SUBSCRIPTION SERVICE
347 b Heere weg, Lisse

INDIA
ALLIED PU BLISHING PRIVATE LTD., 13/14 
Asaf Ali Road, New Delhi 110001 
150 B-6 Mount  Road,  Madras 600002 
IN T ER N AT IO N A L BOOK HOUSE PVT. LT D.  
Madame Cama Road, Bombay 400039 
T H E  STATE T R A D IN G  CORPORATION OF 
INDIA LTD., Books Im por t  Division, Chandralok 
36 Janpath, New Delhi 110001

ITALY
INTERSCIENTIA , Via Mazzé 28, 10149 Torino 
LÏBRERIA COM M ISSIO N  ARI A SANSONI, Via 
Lamarmora 45, 50121 Firenze 
SANTO VANASIA, Via M. Macchi 58 
20124 Milano
D. E. A., Via Lima 28, 00198 Roma 

JAPAN
K1NOKUNIYA BOOK-STORE CO. LTD.
17-7 Shinjuku 3 chôme, Shinjuku-ku, Tokyo 160-91 
M A R U Z E N  C O M P A N Y  LTD.,  Book Department,  
P.O. Box 5050 Tokyo International, Tokyo 100-31 
N A U K A  LTD. IM P O R T  DEPARTM ENT 
2-30-19 Minami Ikebukuro ,  Toshima-ku, Tokyo 171

KOREA
CHUL PA N M UL , Phenjan 

NORWAY
TA N U M -TID SK RIFT-SEN T RA L EN  A S . ,  K arl  
Johansgatan 41-43, 1000 Oslo

POLAND
W EGIERSKl IN ST Y T U T  KULTURY, Marszal-
kowska 80, 00-517 Warszawa
C K P  I W, ul. Towarowa 28, 00-958 Warszawa

ROUMANIA
D. E. P., Bucure?ti
1LEXIM, Calea Grivitei 64-66, Bucureçti 

SOVIET UNION
SOJUZPECHAT — IM P O R T ,  Moscow 
and the post offices in each town 
M E Z H D U N A R O D N A Y A  KNIGA, Moscow G-200

SPAIN
DIAZ DE SANTOS, Lagasca 95, Madrid 6 

SWEDEN
ALMQVIST A ND WIKSELL, Gamla Brogatan 26
101 20 Stockholm
GUM PERTS U N IVERSITETSBOKHANDEL AB
Box 346, 401 25 Göteborg 1

SW ITZERLAND
K A RG E R  LIBRl AG, Petersgraben 31, 4011 Basel 

USA
EBSCO SUBSCRIPTION SERVICES 
P.O. Box 1943, Birmingham, Alabama 35201
F. W. FAXON C O M P A N Y , INC.
15 Southwest Park, Westwood Mass. 02090 
THE M OORE-COTTRELL SUBSCRIPTION 
AGENCIES, North Cohocton, N. Y. 14868 
REA D -M O RE PUBLICATIONS, INC.
140 Cedar Street, New York , N. Y. 10006 
ST ECH ERT-M A CM ILLA N , INC.
7250 Westfield Avenue, Pennsauken N. J. 08110

YUGOSLAVIA
JUGOSLOVENSKA KN JIG A, Terazije 27, Beograc 
FORUM , Vojvode MiSica 1, 21000 Novi Sad

H U  ISSN 0 0 0 1 -5 3 5 0 Index: 26.006



30^ .22,0

ACTA
BOTANICA

ACADEMIAE SCIENTIARUM  
H U N G A R I C A E

E D I T O R I A L  B O A R D

P. JA K U C S, Chairman
A.  B O R H I D I ,  G.  F E K E T E ,  L .  F R I D V A L S Z K Y ,  

T .  H O R T O B Á G Y I ,  P.  J U H Á S Z - N A G Y ,
I .  M Á T H É ,  T .  P Ó C S ,  T .  S I M O N ,  B.  Z Ó L Y O M I

M A N A G I N G  E D I T O R

A. B O R H I D I

V O L U M E  2 8 N O S

—̂ 1828 ------ N

Я , I 1 1
—  J

ACTA ВОТ. HUNG.

A K A D É M I A I  K I A D Ó ,  B U D A P E S T  

1 9 8 2



ACTA BOTANICA
A QUARTERLY OF THE HUNGARI AN  

ACADEMY OF SCIENCES

A cta  Botanica  pub lishes o rig in a l reports on b o ta n ic a l sub jects in E n g lish , F rench, G e rm an , 
S p an ish  and  R ussian

A cta  Botanica  is pu b lish ed  in  yearly  volum es o f fo u r  issues by

A K A D É M IA I K IA D Ó
P u b lish in g  H ouse of th e  H u n g a ria n  A cadem y o f Sciences 

H-1054 B udapest, A lk o tm á n y  u. 21.

M an u scrip ts and ed ito ria l correspondence sho u ld  be addressed  to
A cta  Botanica  1363 B u d a p es t P .0 .  B ox 24

Subscription in form ation

O rd ers should be ad d ressed  to

K U L T U R A  F o re ign  T rad in g  C om pany 
1389 B u d ap est P .O . B ox 149

o r  to  i ts  rep resen ta tiv es a b ro ad



A cta  Botanica Academ iae Scientiarum  H ungaricae , Vol. 28 (3  — 4 ) ,  p p .  291 — 296 (1 9 8 2 )

PHOTOSYNTHETIC ACTIVITY IN THE STAGES 
OF SANDY SUCCESSION*

G. F e k e t e  a n d  Z. T u b a

RESEARCH INSTITUTE FOR BOTANY OF THE HUNGARIAN ACADEMY OF SCIENCES, 
VÁCRÁTÓT, HUNGARY

(R eceived: 3 M ay, 1982)

P h o to sy n th e tic  a c tiv ity  in  th e  species o f th e  perennial calcareous san d y  g ra ss­
lan d  ( Festucetum  vaginatae danubiale) w as m easu red  in th ree  s tages o f  sandy  succession. 
T he d o m in an t species, Festuca vaginata  fu n c tio n ed  w ith  a h igh  p h o to sy n th e tic  in te n s i ty  
in  th e  pioneer s tage  of th e  vegeta tio n  d ev e lo p m en t; w ith  th e  ad v an ce  of th e  succession 
(closure of sw ard) th is  in te n sity  d ecreased . I t  is feasible th a t  th is  is due to  th e  d iffe ren t 
ages of th e  in d iv id u a ls , in  senescence. W ith  succession a d v an c in g , also th e  p h o to ­
sy n th e tic  a c tiv ity  o f th e  s tan d  fa lling  o n  u n it  area decreases. P h o to sy n th e tic  p ro d u c ­
tio n  falling on u n i t  green  biom ass g ra d u a lly  declines also, in  th is  re sp ec t th e  differences 
am ong th e  th ree  s ta n d s  are significant.

R ecen tly , th e  stress g enera ted  b y  th e  d iffe re n t h a b ita ts  in  estab lish in g  th e  physio logical 
to le ran c e  of th e  species has becom e a cc en tu a te d . Som e (e.g. D r u r y  an d  N is b e t  1973) consider 
th e  d riv ing  force p ro m o tin g  th e  ecological succession  d irec tly  in  such  a d ap ta tio n s .

W e a lready  hav e  d a ta , w hich are d e lin e a tin g  our ideas on th e  m ain  ecophysiological 
p ro p e rtie s  w hich are ch arac te ris tic  for th e  e a r ly  or ju s t  for th e  la te  successional species 
{B a zza z  1979). L ittle  is know n, how ever, a b o u t  how  the  ecophysio logical p a ram ete rs  are 
fo rm ed  w ith  one and  th e  sam e species d u rin g  th e  succession. F ro m  th e  p o in t of v iew  of 
su rv iv a l and  com petition , pho tosyn thesis is p e rh a p s  th e  m ost fu n d a m e n ta l physiological p ro ­
cess. H ere  th e  p h o to sy n th e tic  a c tiv ity  is d e sc rib ed  w hich changes in  som e stages of sa n d y  
succession , according to  ou r investiga tions. A lth o u g h  th e  m easu rem en ts w ere carried  o u t on 
in d iv id u a ls  of certa in  species, th e  p h o to sy n th e tic  a c tiv ity  of th e  v e g e ta tio n  stan d s h as also 
b een  estim ated .

Material and methods

T he in v estig a tio n  w as carried  ou t on  th e  san d y  region n ear F ü lö p h áza  ly ing  25 km s 
w e s t to  th e  tow n of K ecskem ét, on th e  G re a t H u n g a rian  P lain, in  th e  D an u b e-T isza  In te r ­
f lu v e , c o n stitu tin g  a  sep a ra te  and  uniform  p a r t  o f th e  K iskunság N a tio n a l P a rk . I t  is a  sand-h ill 
c o u n try  of u neven  te rra in , th e  g reater p a r t  o f th e  dunes has been a lre ad y  stab ilized , w ith  th e  
e x ce p tio n  of some active  sand  dunes still m o v in g  a t  th e  p resen t tim e . T he v eg e ta tio n  is 
p e ren n ia l calcareous sa n d y  g rassland  ( F estucetum  vaginatae danubiale). T he sam ple p lo t w as 
m a rk e d  o u t on th e  la rg est sh ifting  sand  dune.

T he Festuca vaginata  appeared  a lre ad y  in  th e  pioneer stage (I) , form ing s trik in g ly  
la rg e , v iru len t tu fts . O n th e  inv estig a tio n  s ite  Centaurea arenaria , Salsola ka li , Cenchrus 
tribuloides , Brom us tectorum  a re  also ty p ica l in  th e  open sw ard.

* Tece studies No. 25

1 Acta Botanica Academiae Scientiarum Hungaricae 28, 1982



292 G. FEKETE—Z. TUBA

On th e  a lm ost b o u n d  sloping foot of th e  h ill (s tage  I I)  th e  Scabiosa ochroleuca, A ly s s u m  
m ontanum  ssp. g m elin ii, E uphorbia  seguieriana, S tip a  capillata, Koeleria glauca can be fo u n d  
m ore freq u en tly .

S tage I I I  is closed b y  m ore th a n  60% , a n d  such  sw ards, a d v a n c e d  in succession, a re  
m ono tonous, besides th e  p red o m in an ce  of Festuca vaginata  only th e  S tip a  species (S. capillata, 
S . sabulosa), som e in d iv id u a ls  o f Euphorbia seguieriana  an d  som e o th e r  species can be fo u n d  
on ly  sparsely .

I t  is to  be  n o ted  th a t  th e  successional s tages w ere n o t e s tab lish ed  w ith  respect to  tim e . 
T h e  c rite rio n  was th e  in creas in g  closure o f th e  s ta n d s  tak in g  up  d iffe re n t positions in  space» 
b u t  th e  geom orphology o f th e  m oving san d  du n e  as well as th e  com position  of v eg e ta tio n  
affo rd ed  evidence fo r th e  re la tiv e  age and  successional d ev elopm en t o f s ta n d s . F o r th e  d esc rip ­
tio n  o f th e  sam ple p lo t a n d  successional stages re fe r to  F e k e t e  an d  M e l k ó  (1981).

T he p h o to sy n th e tic  a c tiv ity  was m easu red  b y  a p o rtab le  a p p a ra tu s  on the  site, w hich  
is a  b e n t glass pipe w ith  m e rc u ry  seal from  w hich  th e  ca rb o n  d ioxide w as released  from  B aC O s 
co n ta in in g  14-C. I t s  a c t iv ity  is 0.5 m illicu rie /m inu te , c o n cen tra tio n  o f C 0 2 is 0 .5% . A fte r  
d e tach in g  th e  leaves th e y  w ere im m ed ia te ly  p laced  in to  th e  e q u ip m e n t and exposed fo r  
1 m in u te . T h en  th e  exp o sed  m ate ria l, w hich h a d  b een  p laced b e tw een  b lo ttin g  papers, w as 
k illed  b y  a h o t  iron . T he 14-C inco rp o ra tio n  w as m easu red  a t  th e  E ö tv ö s  L oránd  U n iv e rs ity  
o f Science by  B eckm an  — LS 100 liq u id -sc in tilla tin g  eq u ipm en t, in  cpm .

Results

I n d i v i d u a l  l e v e l

Festuca vaginata

I t  is th e  m o st im p o r ta n t,  eponym ous species o f th e  c o m m u n ity , i t  is, so to  say , the- 
on ly  one w hich  can  be d o m in a n t in  all stages o f sa n d y  succession, as fa r  as th e  sem i-closed 
fo res ts , w hich, how ever, w ere m issing from  th e  sam ple  p lo t. (V eg eta tio n  developm ent h ere  
reach ed  on ly  th e  loose w h ite  p o p lar-ju n ip er g roups of trees, bushes; th e  Jun ipereto-P opuletum  
o f th e  n e ighbouring  sa n d y  regions of th e  D an u b e—T isza In te rflu v e , how ever, does n o t g row  
h ere  a n d  fo rests, c loser, m ore  con tinuous s ta n d s  c a n n o t be fo u n d  a t  all.) Festuca vaginata  
p lay s a p ro m in e n t p a r t  also in  stab ilizing  th e  sh iftin g  sand  th o u g h  i t  is n o t p ro p ag a ted  b y  
below  g round  v e g e ta tiv e  o rg an s and  has n o t tille rs , rh izom es b u t  i ts  tu f ts  to le ra te  well th e  
san d  coverage renew ed fro m  tim e  to  tim e. I  can  also to le ra te  th e  loose shad ing  and can  be  
fo u n d  also in  th e  S a lix  rosm arin ifo lia  sh rub  of th e  depressions b e tw een  th e  dunes.

M easurem en ts w ere m ade  3 tim es, a t  th e  tim e  of flow ering  (1980) and th e re a f te r  
(1980, 1981).

I t  can  be seen th a t  w ith  th e  advance  of th e  succession th e  p h o to sy n th e tic  in te n s i ty  
decreases. T he ra te  o f decrease  is ro ugh ly  so t h a t  — leav ing  stage I I ,  1981/7 ou t of co n sid era ­
tio n  — th e  a m o u n t o f th e  in co rp o ra ted  carb o n  d ioxide drops to  one h a lf  its  p revious level 
from  stage to  stage. I t  is also to  be n o ted  t h a t  w hile th ere  is good ag reem en t in  th e  p ro p o r­
tio n s an d  tendencies, consp icuous differences m ay  be found  in  th e  ab so lu te  values, acco rd ing  
to  th e  tim es of m easu rem en ts .

T he p h o to sy n th e tic  va lues of o th er species occurring  in th e  s ta n d s  of 1 m 2 of th e  3 
stages, m ark ed  o u t fo r m easu rin g  are in cluded  in  T ab le  2. I t  can  be  seen th a t  only Festuca  
vaginata  is com m on in  th e  3 stages, fu rth e rm o re  an n u als  m issing fro m  th e  o th er stages can  
also be  fo u n d  in  th e  p io n eer stage I. S tage I I I ,  h ere  too , is c h a rac te rized  b y  th e  p red o m in an ce  
of a  few  species.
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Table 1

Gross photosynthesis values in  Festuca vaginata, 
mg CO2 g -1/1-1 , in  the three stages o f  sandy succession. 

Averages o f  10 each ( in  1981: 5 repetitions each)

Stages 30. 6. 1980 16. 7. 1980 16. 7. 1981

I 1.212 0.328 0.042

i l 0.641 0.127 0.027

i n 0.347 0.089 0.027

Table 2

Gross photosynthesis values in  dominant species 
in  the stages studied  o f  sandy succession, 

mg CO2 g -1 /1 ” 1. Averages o f  5 repetitions each. 
16. 7. 1981

Stages

I Salsola ka li 0.111
I Festuca vaginata 0.042

I Cenchrus tribuloides 0.052

I Centaurea arenaria 0.070

II Scabiosa ochroleuca 0.045

II Festuca vaginata 0.027
II Euphorbia  seguieriana 0.080

I I I S tip a  capillata 0.023

I I I Festuca vaginata 0.027

S u p r a i n d i v i d u a l  l e v e l

V alues in  T ab le  2 enable an  e s tim a te  to  be  m ade  of th e  p h o to sy n th e tic  p ro d u c tiv ity  o f 
a ll th e  s ta n d s  rep re sen tin g  th e  stages. 5 s ta n d s  fo r each stage w ere se lec ted  and  such  whose 
com p o sitio n  covers th e  species lis ted  in  T ab le  2. In  every  square  m e tre  o f  a rea  th e  b iom ass 
o f th e  above g ro u n d  green p a rts  w as m ea su re d  species by  species (in  d ry  w eight). W ith  th is , 
th e  v a lu es o f  p h o to sy n th e tic  in te n s ity  in  each  species were w eighted , th u s  ob ta in in g  th e  p h o to ­
sy n th e tic  v a lu es o f th e  s tan d  (Table 3, 4).

1* Acta Botanica Academiae Scientiarum Hungaricae 28, 1982



294 G. FEKETE—Z. TUBA

Table 3

Photosynthesis o f  stands
A: b iom ass, g m -2 ; B: s tand  pho tosyn thesis in ten sity , 

mg C 0 2 m _2h _1;
C: s ta n d  photosynthesis pe r u n it biom ass, 

m g C 0 2 g - % - 1. 16. 7. 1981

Stages Repetitions A В c

I l 27.06 1.905 0.070

I 2 26.57 1.462 0.055

I 3 45.24 2.551 0.056

I 4 29.60 1.765 0 .060

I 5 37.54 2.257 0.060

и 1 12.76 0.470 0.037

i l 2 26.48 0.984 0.037

I I 3 11.14 0.442 0 .040

i l 4 8.70 0.414 0.048

и 5 14.33 0.885 0.062

h i 1 21.26 0.530 0.025

i n 2 15.80 0.392 0.025

i n 3 31.55 0.815 0 .026

h i 4 23.61 0.609 0 .026

i n 5 35.06 0.868 0.025

Table 4

S ta n d  photosynthesis, mg C 0 2 m~'lh ~ l. 16. 7. 1981. 
A verages an d  significance levels o f th e ir differences

Stages I II III

i 1.988 *** ***

i i 0 .639 NS

i n 0 .643

*** P  <  0.1%

Stand photosynthesis per unit biomass, mg C 02 g 
A verages and significance levels

- 1h ~ l .

Stages I II Ill

i 0.060 ** * *  *

и 0.045 * * *

i n 0 .025

** P  <  1 % , *** P  <  0.1%
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D iscu ss io n

The photosynthetic productivity of the Festuca vaginata separating from 
stage to stage can be considered a surprising result which is difficult to explain 
a t present. As we have described in  a previous study ( F e k e t e  and M e l k ó  

Le.), the weight of an average individual of the species (green biomass) as 
well as the proportions of the p lant parts (fertile part: spica -f- inflorescence 
axis; assimilation organs; root) differ widely in the three stages. (For example 
it  is enough to quote th a t in the pioneer stage the average dry weight of an 
individual is 111.6 g while in the closed stage I I I  it is only 6.59 g.) A consider­
able amount of leaves just withering and hardly or only partly functioning, 
can be seen on each individual in the  closed stand, the closure of the sward 
is greatly determined just by th is heap of leaves being on the brink of 
ruin. Perhaps, in the pioneer stage nothing but young individuals can be 
found while in the other two stages, older individuals; unfortunately, no 
m ethod is at our disposal for an objective establishment of the ages of the 
Festuca tufts. The results mentioned above indicate th a t with respect to 
allocation, i.e. at the physiological level, differences, displacements according 
to the successional stages can be observed. (Such a difference is for example, 
th a t the reproductive allocation is determined in stage I mainly by the green 
assimilation parts, in stage II by the mass of root, while in stage I I I  the effect 
of both is negligible.) The present series of investigations — even if due to the 
difference in methods cannot be directly compared with the previously men­
tioned ones — indicate the influence of the community on the physiological 
functions. The importance of the photosynthetic activity a t the beginning of 
colonization is emphasized by both approaches.

The photosynthetic production falling to 1 m2 of the stands declines 
from stage I to stage I II . Consequently, in the multispecies community the 
same tendency can be observed as in the population of the dominant species. 
The productivity of the first pioneer stage is prominent, it can be verified 
statistically too (Tables 3, 4). Moreover this is confirmed if the photosynthetic 
production is calculated for 1 g biomass of the stands. Especially the repeti­
tions of stage I I I  produce a uniform result; at this time stages II  and H I, 
too, separate from each other.

O d u m ’s bioenergetic explanation (1969) on the development of the eco­
system  is reinforced by the results. The P/В ratio may in all likelihood be a 
concomitant of the development of the  perennial sandy grassland, too.

Furthermore the data in Table 3 and the statistical investigations con­
firm the authors’ conviction th a t such a physiological activity as photo­
synthesis, as regards its intensity, is supraindividually regulated in natural 
communities. The authors have proved this fact earlier ( F e k e t e  and T u b a  

1977) in a community of an other kind (in the light limited layers of an oak

Acta Botanica Academiae Scientiarum Hungaricae 28, 1982
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forest) by demonstrating an intense supraindividual homogeneity of photo­
synthetic pigments. These present results suggest th a t this phenomenon may 
occur in open communities less organized and saturated than  a forest and 
with fewer species number.
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CHEMICAL COMPOSITION 
OF THE LESSER REEDMACE 

(TYPHA ANGUSTIFOLIA L.) IN LAKE BALATON

M a r g i t  K o v á c s

RESEARCH INSTITUTE FOR BOTANY OF T H E  HUNGARIAN ACADEMY OF SCIENCES, VÁCRÁTÓT

(R ece iv ed : 3 M ay, 1982)

In  th e  l it to ra l  zone of L ake  B a la to n , u n d e r the  influence of e u tro p h isa tio n  th e  
T ypha  angustifolia  keeps spread ing  to  th e  d e tr im en t of reeds. Q u an titie s  o f N , P , Ca, 
Mg, K , N a, Sr, F e , M n, Zn, P b , Cu as well as th a t  o f th e  m icro- a n d  u ltra m ic ro  ele­
m en ts  have  been  determ ined in  th e  d iffe re n t organs o f th e  reedm ace  (leaf, s tem , 
rh izom e, ro o t, ro o tle t). The d ifference o f  th e  e lem ents is o f lesser e x te n t  in  th e  d iffe ren t 
o rg an s th a n  in  th o se  of the reed.

N a a n d  Cl accum ulation  is a  sp ec ific  fea tu re  o f T ypha  angustifolia . I t  c an  ta k e  
larger q u a n ti ty  o f b o th  elem ents t h a n  Phragmites com m unis. T yp h a  angustifo lia  
c an  m ain ly  ta k e  a lkali m etals (K , N a ) , a lk a li e a r th  m etals (Ca, Mg, Sr) as well as Cl 
an d  Zn in  la rg e r quan tities.

By ap p ly in g  spark-source m ass sp ec tro g rap h ic  in v estiga tions, 34 m icro-, u l t r a ­
m icro and  ra re  elem ents, resp ec tiv e ly , can  be de tected  in  th e  d iffe ren t o rg an s o f  th e  
Teedmace.

In  th e  la s t  te n  years tw o spec ies (Stratiotes aloides, T ypha  angustifo lia) w hich 
accum ula te  a lk a li m eta ls and a lka li e a r th  m eta ls  can  be observed along th e  w hole len g th  
of th e  n o rth e rn  shore of Lake B a la to n . Sp read in g  in  large n u m b ers  o f b o th  species 
in d ica tes  th e  changes taking p lace  in  th e  en v iro n m en t (w ater an d  sed im en t) o f  L ake 
B alaton .

Introduction

I n  th e  l it to ra l  zone of Lake B a la to n  T y p h a  angustifolia  is a freq u e n t s ta n d -c o n s titu tin g  
spec ies th e  spread ing  of w hich to th e  d e tr im e n t  o f  reeds can be observed  n o t on ly  h e re  b u t  
in  severa l eu tro p h ic  lak es o f Europe. I t s  ho m o g en eo u s s tan d s can  o ften  be fo u n d  m a in ly  on  
th e  shore  sections lo ad ed  w ith  sewage, w h e re  th e  orig inal sandy  sed im en t is covered  b y  m u d  
in  a  th ickness of severa l decim eters.

To de term ine  th e  p a r t  of the  w a te r  m ac ro p h y to n s  p layed  in  th e  n u tr ie n t  c ircu la tio n  
o f  th e  lake-ecosystem  i t  is essential to  k n o w  w h a t q u a n ti ty  of e lem ents these  p la n ts  a re  able 
to  ta k e  from  th e  sed im en t (and from  th e  w a te r )  depend ing  on th e  geochem ical e n v iro n m en t 
a n d  on th e  e x te n t o f load .

A t p resen t, a t  each  sewage p u r if ic a to r  a  large  q u a n tity  o f th e  d iffe ren t e lem en ts  
(m a in ly  N , P , N a, Cl) g e ts  in to  Lake B a la to n  a n d  th u s  th e  biological sewage p u rif ic a tio n  tak e s  
p lace  in  th e  l it to ra l  zone, b y  the  aid o f th e  f lo ra  a n d  fa u n a  liv ing  th ere . On th e  b asis o f  th e  
c h em ica l com position  o f th e  p lan ts, e.g . o f  th e  lesser reedm ace, i t  can  be d e te rm in e d  w ith  
w h a t  efficiency th e  p la n ts  are able to  e lim in a te  th e  in d iv idua l “ load ing” -elem ents.

Material and method

T he m ate ria l w as collected from  se v e ra l sp o ts  o f th e  K esz th e ly -b ay  a n d  th e  n o r th e rn  
sh o re  in  th e  J u ly  o f  1977, 1979 and 1981. T h e  lit to ra l  zone n ear th e  sewage in le t o f B a la to n -
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fü re d  also was a  sam ple p lo t.  F ro m  each p lo t 10 p la n ts  hav e  been  collected , w hich w ere ca re ­
fu lly  c leaned  w ith  w a te r  a n d  d istilled  w ater a n d  w ere ta k e n  to  th e  following organs: leaf, 
sh o o t, rh izom e, ro o t an d  ro o tle t .

K j e l d a h l -ni tro g en , phosp h o ru s (C ontiflo-series an aly se r), th e  co n ten ts of Ca, К  a n d  
N a  (flam e-pho tom eter) as w ell as th e  q u a n tity  o f M g, Sr, Fe , M n, Zn, Cu and P b  (U n icam  
A to m ic-abso rp tion  sp ec tro p h o to m ete r)  were d e te rm in ed .

T he contents o f m icro- a n d  u ltram icro  e lem en ts w ere d e te rm in ed  in  th e  C entral R esearch  
I n s t i tu te  for Physics o f th e  H u n g a rian  A cadem y o f Sciences (O p a u s z k y , I. an d  N y á r i , I .) , 
b y  m ean s of th e  sp a rk -source  m ass spectrom eter.

R esults o f in v estig a tio n

Contents of elements and accumulation capacity of Typha angustifolia

Typha angustifolia, like the other water macrophytons, is charac­
terized by a defined chemical composition mainly in the macro-nutrients, 
with a defined intraspecific variation, which depends on the age, state of 
development of the plants (phenological difference — to eliminate this, sampling 
was performed at the same time), on the plant organs (morphological dif­
ference), furthermore on the habitat (geochemical difference).

M orphological ami geoch em ica l d ifference

The different organs of the bulrush comprise the investigated macro- and 
micro-elements in different quantity (Table 1) bu t this difference in quantity  
is of smaller extent than  with the reed ( K o v á c s , P r é c s é n y i  and P o d a n i  1978).

The macro-elements (N, P, Ca, Mg, K, Na) can be detected in the largest 
quan tity  in the under-ground organs and in the leaves while the micro­
elements (Sr, Fe, Mn, Zn, Pb, Cu) in the rootlet and root (Table 1).

Nitrogen can be found in the largest quantity  in the leaves (1.07-2.26% 
and rootlets (0.87—1.19%). On the shore sections loaded with sewage (e.g. 
Balatonfiired) the nitrogen contents of the leaf is 1.96-2.57% (Table 2).

Comparing the leaves of the reed with those of the lesser reedmace, the 
accumulation capacity related to the nitrogen is lesser by some 40-50% in 
the latter. The factor of nitrogen concentration* is smaller in the reedmace 
than  in the reed (Table 3).

Higher contents of phosphorus is also characteristic of the leaves and 
under-ground organs (Table 1). This quantity  is 0.27—0.45% at the sewage 
inlets (Table 2).

* C alculations fo r c o n cen tra tio n -fac to r h av e  b een  accom plished w ith  th e  reed  an d  
reed m ace  a t  th e  sewage p u r if ic a to r  of B ala to n fiired , re la te d  to  th e  e lem en t co n ten ts o f th e  
sed im en t.

_ . „ e lem en t-con ten ts o f th e  p lan t/o rgan /m g/100  g
C o n cen tra tio n -fac to rs = ---- =-------------------------  - ,

e lem en t-con ten ts o t th e  sed im en t mg/lOU g
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T able  1

Chemical composition o fT y p h a  angustifolia ( in ° /0) 
related to dry weight

1976 
n: 7

X

1977 
n: 9

X

L eaf ash % 6.96 6.84
N % 1.58 1.88
P % 0.18 0.14

Ca 0//о 0.30 0.39

Mg 0//о 0.30 0.43

К 0//0 1.07 1.27

Na 0//0 0.68 0.97
Sr ppm 15 23

Fe ppm 90 268

Mn ppm 102 172

Zn ppm 20 25

Pb ppm 16 12

Cu ppm 3 6

Shoot ash % 7.90 7.79

N % 0.53 0.87
P 0//о 0.12 0.11

Ca 0//о 0.47 0.70

Mg о//0 0.35 0.32

К 0//0 1.26 1.31

Na 0//0 1.04 1.50
Sr ppm 28 33

Fe ppm 221 152

Mn ppm 105 71

Zn ppm 28 16

Pb ppm 12 11

Cu ppm 3 4

R hizom e ash 0//0 12.68 10.76

N 0//0 0.88 1.09

P % 0.21 0.14

Ca % 0.49 0.70

Mg 0//о 0.41 0.40

К 0//0 1.96 1.67

Na 0//0 0.96 1.53

Sr ppm 19 29

Fe ppm 1396 1367
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1976 
n: 7

X

1977 
n: 9

X

Mn ppm 42 70

Zn ppm 26 24

Ph ppm 17 13

Cu ppm 6 5

R oot ash 0//о 11.52 18.95

N 0//о 0.85 0.93

P 0/
/0 0.12 0.13

Ca 0/
/0 0.58 1.78

Mg 0//о 0.48 0.66

к 0/
/0 0.55 0.60

Na 0/
/0 0.85 1.22

Sr ppm 41 77

Fe ppm 2240 6064

Mn ppm 8 6 233

Zn ppm 67 79

Pb ppm 20 23

Cu ppm 3 4

R oot ha ir ash о/
/0 — 16.48

N о/
/0 - 1.02

P 0//о - 0.24

Ca 0/
/0 - 2.74

Mg 0/
/0 - 0.51

К 0//о — 0.63

Na о/
/0 — 0.35

Sr ppm — 113

Fe ppm — 10406

Mn ppm - 389

Zn ppm - 74

Pb ppm - 47

Cu ppm — 13

I t  is a characteristic feature of species th a t each organ of the plant 
contains the nitrogen in relatively large quantity  (cp. with the data also 
published by D y k y j o v a  1979). The Na content of the leaves is higher b y  

7-23 times than th a t of the reed. This ratio may be even by 19-63 times 
higher near the sewage inlets (Balatonfiired). Its  Na concentration-factor is 
high in the different organs, it is 353 in the stem on sandy-sediment and 
142 in muddy sediment (Table 3).
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К m g / 1 0 0 g

F ig . 1. R a tio  o f N a and  К  co n cen tra tio n  in  th e  leaves of th e  reed  an d  lesser reed m ace ; — 
w hite circles: reedm ace , b lack  circles: reed

Typha angustifolia has higher Na-uptake plasticity than  the reed.
As to  the К-N a absorption the bulrush differs considerably from the 

reed (Fig. 1). The accumulation capacity of the reedmace corresponds to the 
К /Na ratio and to the quantity in the sediment, respectively (Fig. 2).

Ca and Mg can be detected in larger quantities in the under-ground 
organs, rootlet (mainly Ca) as well as in the shoot.

Of the heavy metals iron and manganese can be measured in larger 
quantity . Iron is accumulated mainly in the rhizome, root and rootlet, in the

K,%

F ig . 2. R a tio  o f N a  and  К  co n cen tra tio n  in  th e  shoo t o f th e  reed  an d  lesser reed m ace  (cal­
c u la te d  for d ry  m ateria l); — w h ite  circles: reedm ace, b lack  circles: reed
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Table 2

Chemical composition o f  Typha angustifolia to dry

Organs of the plant Sample
number

Ash,
%

Ca К Na Mg
ppm

Leaf-blade 4/26 9.3 0.59 1.64 1.19 0.40

L eaf sh ea th 28 18.1 0.07 1.67 1.66 0.32

Shoot 29 7.7 0.38 0.90 1.54 0.35

R hizom e 30 13.5 0.56 1.23 1.79 0.35

R oot 31 10.7 0.94 0.38 1.06 0.52

B uds 33 16.7 0.44 4.26 1.08 0.21

F ru itin g  inflorescence 32 6.8 0.34 1.90 0.15 0.37

Leaf-b lade 7/50 7.9 0.56 0.90 1.26 0.51

L eaf sh ea th 51 11.1 0.88 0.83 2.20 0.49

Shoot 52 16.8 0.66 2.36 2.84 0.48

R hizom e 54 10.9 0.63 0.98 1.78 0.65

R oot 52 19.7 1.54 0.98 2.12 0.86

la tte r organ even a q u an tity  of 14,000 ppm could be measured. Zinc and lead 
can be found in larger quan tity  also in the root and rootlet.

At the sewage purificator of Balatonfiired, where Zn-load cannot be 
left out of account, the Zn content of the rootlets reaches the quantity of 
199-269 ppm (Table 2).

W ith the communal sewages as well as with the Sodium-hypoclilorite 
(“ H ypo” ) used in the purifying works, besides the free chlorine also a larger 
quantity  of chloride gets into the water of Lake Balaton.

K,%

Fig. 3. R a tio  of N a a n d  К  c o n ce n tra tio n  in  th e  sed im en t; — w hite  circles: a t  B ala to n fiired  
in  fro n t of th e  sew age  p u rificato r, b lack  circles: in  th e  B ay  of K eszthely
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weight ( in  %  and p p m ) Sewage inlet near Balatonfiired

N P Cl Sr Fe Mn Zn Cu Cd

2.57 0.45 3.00 24 141 68 32 6 1.2
1.05 0.44 5.60 18 209 20 23 3 0.7
0.98 0.28 2.30 15 27 18 45 2 0.4
1.13 0.38 1.70 22 1542 28 44 7 0.8
1.00 0.34 0.53 59 3588 61 209 13 1.9
1.64 0.33 1.60 98 470 39 53 6 3.9
2.17 0.49 0.98 12 110 65 46 7 0.7
1.96 0.27 2.73 21 92 13 23 2 0.4

0.90 0.19 3.10 45 68 11 22 3 0.9
1.30 0.43 4.67 17 81 7 67 3 1.0
1.11 0.30 2.13 21 272 11 42 4 0.9
1.34 0.28 0.82 77 2198 28 288 12 1.7

Table 3

Concentration-factor o f  the elements in  Phragmites communis 
and T ypha  angustifolia , on sandy and m uddy sediments

Na Cl

Phragmites communis sandy muddy sandy muddy
sediments

Phragmites com m unis

Leaf-blade 5 2 57 32

L eaf shea th 20 8 65 37
Shoot 18 7 42 24

R hizom e 46 18 50 29
R oot 160 64 39 22
R ootle ts 117 47 39 22

Typha angustifolia

Leaf-blade 197 79 191 110
L eaf shea th 312 125 290 167
Shoot 353 142 232 134
R oot 174 70 106 61
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Table 4

Contents o f  micro- and ultramicro-elements in  the organs 
o fT y p h a  angustifolia (A lsógyenesdiás), in  pp m  

(m easu red  b y  I .  O pa u s z k y  and  I .  N y á r i)

Elements Leaf Shoot Rhizome Root

Bi — — — 0.16

Pb 2.91 2.12 — 8.05

Gd — — — 1.29
Sm — — — 3.22

Nd — — — 5.63

Pr 0.06 0.28 0.22 1.61

Ce 0.23 0.28 0.44 6.44
La 0.06 0.14 0.22 2.75
Ba * 35.38 54.94 **

Cs 0.11 0.14 0.33 1.29
I 0.23 — 0.88 0.48
Sb 0.35 1.96 0.22 1.61
Sn 0.29 0.71 49.45 7.24

Ag — 0.42 1.43 —
Mo 0.58 1.77 1.10 4.02

Nb 0.06 0.14 1.10 1.61
Zr 0.29 0.14 1.10 6.44
Y 0.06 0.07 0.22 3.22

Sr ** * ** **

Br + - f —

As + + + —
Ga 0.29 0.71 1.10 7.24
Zn 20.39 12.03 36.26 128.82
Cu 14.57 8.49 24.17 96.62

Ni 8.74 4.24 1.65 43.48

Co 0.23 0.28 0.44 6.44

Fe ** ** *** ***

Mn ** * ** **

Cr 9.90 1.41 7.69 64.41
V 0.87 0.28 1.65 51.53
Ti 34.96 16.28 ** ***

F 0.58 0.71 0.55 4.02

В 5.24 12.03 3.84 27.37

Al ** 24.77 *** ***

=  d a ta  fo r  in fo rm a t io n  
*  =  0 .1 -0 .2  m g %

* *  =  0 .2 -1 .0  m g %
* * *  =  ab ove  1 m g %
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Table 5

Contents o f  micro- and ultramicro-elements in  the organs 
o fT y p h a  angustifolia ( K eszthely) ,  in  pp m  
(m easured b y  I. O p a u s z k y  and  I. N y á r i)

Elements Leaf/shoot Rhizome Root

P b 2.70 1.21 52.74

N d 0.43 1.69 14.77

P r 0.11 0.24 2.11

Ce 0.43 2.42 21.10

La 0.22 1.21 6.33

Ba * * **

Cs 0.02 0.60 6.33

I 1.08 0.12 0.21

Sb 0.22 0.18 3.16

Sn 0.54 0.36 5.27

Mo 1.08 1.21 2.11

N b 0.06 0.14 5.27

Zr 1.39 1.45 25.32

Y 0.27 0.30 12.66

Sr ** ** **

R b * * *

B r 21.64 12.09 2.11

As 0.11 0.60 4.22

Ga 0.54 0.30 10.55

Zn 32.47 36.28 316.46

Cu 14.07 72.55 52.74

Ni 1.62 3.63 31.64

Co 0.43 1.81 30.60

Cr 1.62 4.84 84.39

Y 1.62 3.63 63.29

Ti 27.06 72.55 1265.82

Sc 0.13 0.07 2.53

F 1.30 0.06 0.10

В 12.99 0.36 1.27

* =  0.1 m g%
** =  0.1-1.0 m g%

While the chloride-uptake of the reed is independent of the load, the 
lesser reedmace is able to take up a larger quantity  of Cl, similarly to Na. 
At the sewage inlet of Balatonfiired the chloride content of the individual
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organs was as follows, the data for the reedmace deriving from the shore 
section not loaded with Cl (Keszthely) are given between brackets.

leaf
shoot
rhizome
root

2 .7 3 -3 .0 0 %
2 .3 0 -4 .6 0 %
1 .7 0 -2 .1 3 %
0 .8 2 -1 .6 0 %

(0 .67-1 .40% )
(0 .95-2 .90% )

(1 .63% )
(0.80% )

Some 60—70%  of the chloride quantity  in the reedmace can be found in 
the above-ground organs. The factor of the chloride concentration, similarly 
to th a t of Na, is also high, it is 191 in the leaf in sandy sediment and 110 in 
mud sediment (Table 4).

Following from its species specific feature Typha angustifolia plays 
an im portant part m ainly in the Na and Cl elimination and, by accumulating 
these two elements, it is able to decrease to a certain extent the salinity of 
the water. I t  is able to  take in larger quantity  mainly alkali metals (K, Na), 
alkali earth metals (Ca, Mg, Sr) as well as Cl and Zn.

The phenomenon m ust be taken notice th a t in the last one or two decades 
the spread of such two plant species can be observed along the whole length 
of the northern shore in which alkali metals and alkali earth metals can be 
detected in larger quantities. One is Typha angustifolia and the other is 
Stratiotes aloides, which differs in its chemical composition from the other 
reed-grass species of Lake Balaton ( K o v á c s  and T óth  1979). From the spread­
ing in great numbers of both species the conclusion can be drawn that changes 
have taken place in the environmental (water and sediment) circumstances of 
Lake Balaton.

C ontents o f m icro- and u ltram icro  elem ents

From the contents of micro- and ultramicro-elements of the reedmace 
the geochemical conditions of Lake Balaton and the load deriving from the 
industrial-agricultural activity can be inferred.

According to the investigations carried out up to now, 37 elements 
could be detected in the different organs of Typha angustifolia (Tables 
4 and 5). The elements taken from the sediment are translocated in the indi­
vidual organs in different quantities. The investigated elements can be detected 
in larger quantities mainly in the root and rhizome. According to the investiga­
tions carried out up to now, Bi, Gd and Sm could be found only in the root. 
Of the elements the following 16 elements can be qualified, according to 
W o o d  (1974), as toxins: Bi, Pb, La, Ba, Sb, Sn, Ag, Nb, Zr, As, Ga, Zn, Cu, 
Ni, Co, Ti. W ith the accumulation of the listed elements Typha angusti­
folia is able to reduce the toxic effect hereof.

Acta Botanica Academiae Scientiarum Hungaricae 28, 1982



CHEMICAL COMPOSITION OF TYPHA ANGUSTIFOLIA 307

Sum m ary

T yp h a  angustifo lia , w hich keeps g rad u ally  sp read in g  u n d e r th e  in fluence  of e u tro ­
p h ica tio n  p lays a n  im p o r ta n t role n ear th e  sewage in le ts  in  th e  biological w a te r p u rif ic a tio n .

D ue to  i ts  specific  fea tu re  o f species i t  is able to  accu m u la te  N a and  Cl in  larg e r q u a n ti ty  
depend ing  on th e  lo ad  while th e  accum ula tion  c ap a c ity  o f th e  reed  m akes th e  u p ta k e  m ain ly  
o f n itro g en  an d  phosp h o ru s of h igher q u a n tity  possible. As N a and  Cl accu m u la ted  m ain ly  
in  th e  abov e-g ro u n d  organs o f th e  reedm ace th e  a cc u m u la ted  q u a n ti ty  o f e lem ents can  be 
rem oved  from  th e  lak e  b y  a w in ter cu tting .

A ccord ing  to  ou r in v estig a tio n s perform ed u p  til l  now  T ypha  angustifolia  red u ces 
th e  to x ic  effect o f 16 e lem ents b y  accum ula ting  th em . T he m icro- and  u ltram ic ro -e lem en ts  
a re  accu m u la ted  in  re la tiv e ly  larg e r q u an titie s  m ain ly  in  th e  rhizom e and  roo t.
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CATÁLOGO DE LAS PALMAS DE CUBA

O. M u Ñ lZ 1 y  A . B o r h i d i2
1 INSTITUTO DE GEOGRAFÍA DE LA ACADEMIA DE CIENCIAS DE CUBA, LA HABANA
2 INSTITUTO DE BOTÁNICA DE LA ACADEMIA DE CIENCIAS DE HUNGRÍA, VÁCRÁTÓT

T he new  check list of th e  C uban  pa lm s contains 18 genera , 85 species a n d  12 
in fraspec ific  ta x a ,  based  on the  re ce n t discoveries an d  u p  to  d a te  results . T he ta x a  
are  Usted in  a new  phylogenetic  o rd e r according to H . E . M o o r e  jr . p ro v id ed  w ith  
new  a n a ly tic  keys fo r iden tifica tio n  a n d  synonym a. A n u m b er of new ta x a , c o m b in a ­
tions an d  s ta tu s  is also co n tribu ted . T hese  a re : H em ithrinax  sect. Macrocarpae (L eón) 
M uñiz s ta t .  n ., H em ithrinax  rivularis v a r . savannarum  (L eón) M uñiz comb, e t  s ta t .  n ., 
Coccothrinax sec t. Longispadiceae  (L eón) M uñiz s ta t. n ., Coccothrinax subsect. M u lti-  
ramosae (León) M uñiz s ta t.  n. Pauciram osae  (León) M uñiz s ta t .  n ., Coccothrinax claren- 
sis ssp. brevifolia  (L eón) Borhidi e t  M uñiz s ta t.  n ., Coccothrinax subsect. H aitie lla  
(B ailey) M uñiz com b, e t s ta t.  n ., Copernicia  sect. E km a n ia n a e  Muñiz sect, n ., sect. 
Albae  B orh id i e t M uñiz sect, n ., Copernicia  subsect. Fallaenses Muñiz e t B orh id i su b ­
sect. n ., subsect. R oigianae  Muñiz e t B o rh id i subsect, n ., C opern iciaX  Burretiana  (L eón) 
M uñiz e t B o rh id i s ta t .  n ., Copernicia X occidentalis (L eón) M uñiz e t B orhid i s ta t .  n .,  
Copernicia glabrescens va r. ram osissim a  (B u rre t)  M uñiz e t  B orh id i comb, e t s ta t .  n .,  
Calyptronoma Clementis ssp. orientensis M uñiz e t B orh id i ssp. n.

Introducción

C uba, con resp ec to  a  su  te rrito rio  re la tiv a m e n te  pequeño , tien e  u n a  flora  m u y  r ic a  en 
p a lm as, las que ju eg a n  u n  papel im p o rta n te  en  el aspecto  de sus p a isa jes , en la fisionom ía  de 
su  vegetac ión  y  en la  v id a  de su pueblo, que la s  ap lica  p a ra  v a rios usos.

L as p rim eras espécies de las palm as c u b an as  fueron co lec tad as y  descritas p o r H u m ­
b o l d t , B o n p l a n d  y  K u n t h  (1815), por Ma r t iu s  (1838) y  por A. R ic h a r d  (1850). L a  p rim era  
colección de m ay o r im p o rta n c ia  fue rea lizad a  p o r Ch . W r ig h t  e n tre  1855 y  1865. E s te  
m ate ria l valioso se e laboró  H . W e n d l a n d  y  A. G r is e b a c h  en v a rio s  artículos y  ob ras (1865, 
1866, 1871, 1873, 1879). Sus trab a jo s y  las colecciones de C u r t is s  quedaron  rev isad o s y  
elaborados c ríticam en te  en  las obras fu n d am en ta les  de B e c c a r i (1907, 1912). Las co lectas de 
S h a f e r , B r it t o n  y  W il s o n  (1914) re su lta ro n  el descubrim ien to  de o tras  dos espécies m ás, 
m ien tras  E k m a n  descubrió  8 espécies n u ev as de las palm as c u b an as , descritas po r B u r r e t  
en 1929.

E l tra b a jo  decisivo lo asum ó H. L e ó n , qu ien  d u ran te  3 decenas de años e x p lo ra b a  
sis tem á ticam en te  todo  el te rr ito rio  del pais, co lectando  y  e s tu d ia n d o  todos los géneros de 
p a lm as ex is ten tes  en  C uba. E n  u n a  serie de estu d io s no tab les (Copernicia  1931, 1936, Cocco­
thrinax  1939, Acrocom ia  1940, H em ithrinax  1941, Roystonea  1943, Calyptrogyne 1944) p u b lic a b a  
44 tax o n es nuevos con las cuales el sólo logró a  descubrir m ás espécies de palm as en C uba, 
que todos los dem ás bo tán ico s. E l prim er, y  h a s ta  ahora  el u ltim o  resum en com pleto de  la s  
p a lm as cu b an as h a  sido p ub licado  por el m ism o H . L e ó n  en el p rim é r tom o de la  F lo ra  de  
Cuba (1946), lam e n ta b le m en te  sin claves an a lític a s  y  con descripciones m uy cortas.

E n  los ú ltim o s 20 años se publicaron  u n a  serie de re su lta d o s  nuevos e im p o rta n te s  al 
respec to  de la  filo g en ética  y  tax o n o m ía  (S a t a k e  1962, P o tzta l  1964, M o o r e  1969, 1972, 1973, 
M o o r e  y  U h l  1973), de la  c ito taxonom ia  ( R e a d  1963-1968, R e a d  y  M o o r e  1971) de la  
a n a to m ía  y  m orfología (T o m l in s o n  1960, 1961, 1967, 1969, 1971, U h l  1966, 1969, 1972,
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310 O. MUÑIZ—A. BORHIDI

U h l  у  M o o r e  1971) de las palm as. A dem ás de esto s se publicaron a lgunos estud ios c ríticos 
im p o r ta n te s  p a ra  la  f lo ra  de Cuba ( D a h l g r e n  y  G l a s s m a n  1963, M o o r e  1967, 1971, R e a d  
1975) y  descubrie ron  o tra s  nuevas especies m as B o r h i d i  y  Mu ñ iz  1971, M u ñ i z  in  B o r h i d i , 
I m c h a n i t z k a j a  y  M u ñ i z  1978, M u ñ iz  y B o r h i d i  1982).

H a  sido preciso , que a base de estos re su lta d o s  realizáram os u n  ca tá logo  com pleto y  
m o d ern o  de las p a lm as de Cuba, que p re se n ta  u n a  enum eración  de to d o s los taxones en  un  
o rd e n  filogenético  m od ern o , con los sinónim os, c laves analíticas nuevas y  resu ltad o s ta x o n ó ­
m icos nuevos.

Fam .: A R E C A C E A E

1 a H o jas p a lm a tíf id a s  o flabeliform es (C o rypho ideae) .............................................................  2
b  H o jas p in n ad as  o p in n ad o -p a rtid a s ............................................................................................. 8

2 a O vario apocarp ico , un icarpelar, u n ilo cu lar (T hrinaceae) .................................................. 3
b  O vario  sincarp ico , t r ic a r p e la r ........................................................................................................... 5

3 a  Sem illas sin surcos y  f i s u r a s .............................................................................................................  4
b  Sem illas con surcos y  fisuras .................................................................................  3. C occothrinax

4 a  E spád ices p an icu lado-ram ificadas, flo res b ra c tea d a s , an teras con filam en tos su b u la ­
dos, e x e r t o s ................................................................................................................................  1. T lirinax

b  E spád ices 2 -ram ificados, flores sin b ra c te a s , a n te ra s  sen tadas a s u b s e n ta d a s .................
.................................................................................................................................................2. H em ith rinax

5 a R aq u is  de las h o jas  corto ; carpelos ±  sep a rad o s  (L ivistoneae) ......................................  6
b  R aq u is  de las h o jas  largo ; carpelos co m p le ta m e n te  unidos, ovario  3-locular (Sabaleae)

...............................................................................................................................................................7. Sabal
6 a  Pecíolos espinosos o a u s e n te s ........................................................................................................... 7

b  Pecíolos inerm es; endosperm o h o m o g é n e o ....................................................... 5. C olpotlirinax
7 a E ndosperm o hom ogéneo ........................................................................................  4. A coelorraplie

b  E ndosperm o ru m in ad o  .................................................................................................  6. Copernicia
8 a F lores m as b ien  bisexuales en pequeños g ru p o s en  el ex trem o de las ram itas ; flo res

fem eninas pocas (A recoideae, P s e u d o p h o e n ic e a e ) ...................................... 8 . Pseudophoenix
b T odas las flo res un isexuales .............................................................................................................  9

9 a F lores en grupos lineares, 2 -5-flo ros, las in ferio res m ayorm ente  fem en in as (A recoideae,
C ham aedoreae) ......................................................................................................................  9. G aussia

b  F lores en tr ia d a s  de u n a  flor fem en ina  y  2 m ascu linas en las ra m ita s , las m ascu linas a 
m enudo  en  p a res  o so litarias d is tan te s , o las flores fem eninas en  la  porción  inferior de 
las r a m i t a s ................................................................................................................................................. 10

10 a F lores m ascu linas d is tan tes  en las tr ia d a s , o agregadas, no h u n d id as en  el espádice 11 
b  P é ta lo s fem eninos connados en u n  tu b o ; flo res hundidos en alvéo los del espádice;

flo res m asculinos próxim os en las tr ia d a s  (G e o n o m o id e ae )...................  18. C alyptronom a
11 a  F ru to  con endocarp io  m em branoso, fib roso  o leñoso, sin poros (A recoideae) . . . .  12

b F ru to  con endocarp io  óseo, con 3 poros (C ocosoideae) ....................................................... 13
12 a  P é ta lo s de las flo res fem eninas im b ricad o s ; endosperm o rum inado  ( E u te r p e a e ) ............

.....................................................................................................................................................  10. P restoea
b P éta los de las flo res fem eninas v a lv a res , endosperm o hom ogéneo (R o y s to n e a e ) ..........

................................................................................................................................................  11. R oystonea
13 a P a lm as inerm es, poros cerca de la  base  del f ru to  (Cocoineae) ......................................... 14

b P alm as esp inosas, poros en la m itad  o cerca  del ápice del fru to  ....................................  15
14 a F ru to  g rande, sem illa  1; pétalos de la flo r m ascu lina  oblongo-oblicuos .........  12. Cocos

b F ru to  m ediano , sem illas 1—3; p é ta los m ascu linos alargado-claviform es . 13. Scheelea
15 a Poros cerca del ápice del fru to  (E laeineae) ................................................................  14. E laeis
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b Poros en  la p a rte  m edia del f ru to  (B a c t r in e a e ) .......................................................................  17
16 a F lores fem eninas en la p a r te  in fe rio r  de las ram itas , p é ta los im b ricad o s , o todos con­

nados ..........................................................................................................................................................  18
b F lores inferiores en triad as , p é ta lo s  fem eninos connados .................................  17. Bactris

17 a T ronco cilindrico o subcilíndrico , leñoso y  firm e por d en tro ; sépalos de las flores de
am bos sexos y  péta los fem eninos lib res, im bricados .................................... 15. Acrocomia

b  T ronco  fusiform e, pulposo y  du lce  p o r  d e n tro ; sépalos de las flores de am bos sexos y 
pé ta lo s fem eninos connados ............................................................................... 16. Gastrococos

I. Subfamilia: CORYPHOIDEAE
I.A. Tribus: Trithrinaceae (Trithrinax alliance H. E. Moore 1973) 
I.A.a. Subtribus: Thrinaceae (Thrinax unit H. E. Moore 1973)

F ig . 1. T h rin a x  ra d ia ta  L odd en el m a to rra l  esclerófilo costero («m anigua costera») del S u r
de Isla  de P in o s (F o to : A. B o r h i d i )
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1. THRINAX Sw. Prodr. 4: 57. 1788

1 a V aina  p ro fu n d am en te  ex c isa  en form a de V en  el áp ice; h o jas  verdes en  am bas caras;
flo res y  fru tos con u n  ped icelo  de 1—2 m m  de l a r g o ......................................... 1. T. radiata

b V ain a  lingüiform e en  el áp ice ; hojas b lancuzcas en el envés, m ay o rm en te  con ray as de 
p u n to s  blancos; flo res y  f ru to s  subsen tados a sésiles .................................  2. T. Morrisii

1.1. Thrinax radiata L odd. ex  S chult, in L inn. Syst. Veg. sec. 7  (2): 1301. 1830.
(S yn .: T. W endlandiana  В есе. W ebbia 2: 285. 1907.; T . parviflora  au c t. e.g. A lain in  
F lo ra  de Cuba Suppl. 29. 1969. non Sw.; T. M a rtii  G riseb. e t  W endl. ex Griseb. Cat. 
PI. Cub. 1866: 221.)

1.2. Thrinax Morrisii W endl. in  G ard. Cbron. (ser. 3.) 11: 104 fig. 20. 21. 1892.
(S yn .: T. microcarpa S a rg , in  G ard. For. 9: 162. 1896.; T . keyensis  Sarg. B ot. Gaz. 27: 
86. 1899.; T. baham ensis  O. F . Cook in  N o rth ro p  Mem. T orr. B ot. CI. 12: 20. 1902.; 
T. D rudei Весе. W eb b ia  2 : 269. 1907.; T. punctu la ta  Весе. l.c. 280.)

2. HEMITHRINAX Hook. f. in Benth. et Hook.
Gen. Plant. 3; 930. 1883

1 a F ru to  de 4 -9  m m  de d iám e tro ; inflorescencias de 50-80 cm  de largo (Sección Hemi-
thrinax) .....................................................................................................................................................  2

b  F ru to  de 13—15 m m  de d iám etro ; inflorescencias de 150—200 cm de largo (Sección
M acrocarpae)..................................................................................................................  1. H. rivularis
aa  Palm a de 6-8  m  de a lto , peciolo m as largo que la  v a in a  ...................  var. rivularis
bb  Palm a de 1-4  m  de a lto , peciolo igu a l o m enos que la  v a in a  . . . .  var. savannarum  

2 a V aina con una  cap a  g ru e sa  de lan a ; lim bo de la  h o ja  o rb icu lar de 120—140 cm  de d iá ­
m etro , con 60-70 s e g m e n to s ................................................................................... 2. H. compacta

b V aina glabra con f ib ra s  g ruesas; lim bo de la  h o ja  sem io rb icu lar de 50 cm  de d iám etro , 
con 30—36 segm entos ...............................................................................................3. H. Ekmaniana

Sectio: M acrocarpae (León) Muñiz
(Macrocarpae León in Mem. Soc. Cub. Hist. Nat. 15; 383. 1941 
sine indicat. taxonómica) Inflorescentiis elongatis, 1.5-2 mm lon- 
gis, fructibus magnis, 13-15 mm in diámetro.
Typus sectionis: H. rivularis León

2.1. Hemithrinax rivularis L eón Mem. Soc. Cub. H ist. N a t. 15: 380. 1941.
2 .1.1. var. rivularis
2.1.2. var. savannarum (L eón) M uñiz com b. n.

(B asionym on: H . savannarum  L eón M em. Soc. Cub. H ist. N at. 15: 381. 1941.)

Sectio: H em ith rin ax
(Microcarpae León 1. c. 383. 1941.) Inflorescentiis usque ad 70 cm 
longis, fructibus parvis, 4-9 mm in diámetro.

2.2. Hemithrinax com pacta (Griseb. e t W endl.) H ook. f. in  B en th . e t  H ook. Gen. P la n t. 3: 
931. 1883.
(Syn.: T rith r in ax  c o m p a c ta  Griseb. e t  W endl. ex  G riseb. C at. PI. Cub. 1966: 221.)

2.3. Hemithrinax E km aniana B u rre t in  K ungl. Svensk. V et.-A kad . H and l. 6 (7): 9. 1929.
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Fig. 2. H e m ith rin ax  riv u la ris  v a r. sa v a n n aru m  (L eón) M uñiz en  el m a to rra l siem preverde 
subhúm edo  de serp en tin as (C harrascal) del Cerro de M iraflores, M oa. (F o to : A. B o r h i d i )

3. COCCOTHRINAX Sarg, in Bot. Gaz. 27: 87. 1899

1 a In flo rescencias a la rg ad as y  ascendentes a  veces encorvadas en el ápice raqu is de las
inflorescencias parciales rec to , esp a tas  ex te rn as ríg idas (Sección Longispadiceae) . . 2

b  In flo rescencias b reves, co lgan tes o en corvadas a la  m ad u rez  del fru to , raqu is de las 
inflorescencias parciales en corvadas; e sp a tas  ex te rn as  en p a r te  m em branosas (Sección 
Coccothrinax) ...........................................................................................................................................  13

2 a P a lm as ro b u sta s , in flo rescencias parciales 8—10, m u y  ram ificad as (Subsección Longi­
spadiceae) ................................................................................................................................................... 3

b P a lm as p equeñas, delgadas, inflorescencias parciales 1—7 poco ram ificad as (Subsección 
Pauciram osae) .........................................................................................................................................  5

3 a Porc ión  lib re  de la  v a in a  de f ib ras  a la rg ad as y  filiform es en  to d a  su longitud . E nvés
de las h o jas  verd es; pedicelos gruesos y  cortos, fru to s de h a s ta  20 m m  de d iám etro  
...................................................................................................................................................  1. C. crinita
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аа  f ib ra s  libres de la  v a in a  de igual largo de la  v a in a  o m ucho m ás; ho jas n itid as y
g landulosas en el envés ..........................................................................................  ssp. c rin ita

b b  f ib ra s  libres de la v a in a  m ás cortas que  la v a ina , hojas fe rru g in eo -to m en to sas a  
g labrescen tes en el env és , los p u n to s cu b ie rto s  por el in d u m en to  . . . ssp. brevicrinis 

P o rc ió n  lib re  de la v a in a  red o n d ead a  o trap ez ifo rm e  form ada po r f ib ra s  ríg idas. E nvés 
de las ho jas p lateados. Ped icelos delgados; fru to s  de h as ta  12—13 m m  de d iám etro  4 
F ib ra s  de la v a in a  de 3—4 m m  de ancho te rm in an d o  en  p u n ta s  lib res de 4—6 cm  do 
larg o . L igula 1 en el haz. H o jas  o rb icu lares, segm entos cen trales de ± 9 0  cm de largo, 
dos veces ensanchados, p u n ta s  de 4—6 cm , p u n to s  pálidos inconsp icuos en  el envés
............................................................................................................................................... 2. C. G undlachii
F ib ra s  de la vaina  de 1—2 m m  de ancho, p u n ta s  libres de 1-3 cm  de largo . L igula doble 
en  am b as caras. H o jas 1 /2-3 /4-orb icu lares , segm entos cen tra les de 60-70  crn, la rg a ­
m en te  acum inados, p u n ta s  de 30—35 cm  de largo . P u n to s g landulifo rm es prom inulos en
el envés ...................................................................................................................... 3. C. cam agüeyana
P o rc ió n  libre de la  v a in a  de f ib ras  a la rg ad as y  filiform es en to d a  su lo n g itu d ; pecíolo
de h a s ta  10-15 cm de larg o  .................................................................................  4. C. B orhid iana
P o rc ió n  libre de la v a in a  e n te ra  o te rm in a d a  en  p u n tas  lib res ríg id as, pecíolo de  m ás
largo  de 15 cm .......................................................................................................................................  6
V ain a  en te ra , no te rm in a d a  en  p u n tas  l i b r e s ............................................................................ 7
V a in a  te rm in ad a  en p u n ta s  lib res r íg id a s ................................................................................... 8
H o ja s concolores, sin p u n to s  g landulifo rm es en  el envés, fru to s  de 7 X 9 m m  de diám .
s e n ta d o s ..................................................................................................................................  5. C. ríg ida
H o ja s p la tead as en el envés con m uchos p u n to s  d im inutos fuscos, fru to s  de 9—10 X
11—12 m m  de d iám etro , con pedicelos de 0.5—2 m m  de l a r g o ............  6. C. baracoensis
H o ja s con 25—35 segm en tos ............................................................................................................. 9
H o ja s con 10-20 segm en tos ............................................................................................................. 11
H o ja s  con pun tos g landu losos fuscos num erosos en el envés, in d u m e n to  n u l o ..............
................................................................................................................................................. 7. C. G arciana
H o ja s con pun tos g landu losos pálidos o ferruginosos y  con un in d u m en to  ferrugineo a
p la tead o  en el envés ...........................................................................................................................  10
Inflorescencias p a rc ia les  4—7, fru to s de 9 x 1 2  m m  de d iá m e tr o ............  8. C. c larensis
aa  Segm entos cen tra les  de 50-60 cm  de largo con p u n tas  de 25-32  cm  de largo y  4 -5

cm  de ancho, in d u m e n to  ferruginoso ...........................................................  ssp. c larensis
b b  Segm entos cen tra les  de las hojas de 30—40 crn de largo, con p u n ta s  de 6—10 crn de

largo, el envés g lab rescen te  ..............................................................................  ssp. brevifolia
Inflorescencias parc ia les  1—3, fru to s de 5—7 m m  de d iá m e tr o ............  9. C. sav a im aru m
P u n ta s  libres de la  v a in a  de 1—2 m m  de ancho , segm entos cen tra les  de las ho jas m uy  
b rev em en te  (0.8—1.5 cm ) connados con p u n to s  glandulosos fuscos num erosos en el
envés. R am itas  de las inflorescencias parciales 6—9 ............................  10. C. pauciram osa
P u n ta s  libres de la  v a in a  de 3—5 m m  de ancho, segm entos cen tra les  de la h o ja  h a s ta  
3—4 cm  connados con p u n to s  pálidos o fuscos escasos en el envés. R am itas  de las in ­
florescencias p arcia les 10—14 ..........................................................................................................  12
Segm entos de las h o ja s  revo lu tos, lu strosos en el haz, con p u n to s  pálidos en el envés.
F lores y  fru tos p e d ic e la d o s ..............................................................................  11. C. pseudorigida
Segm entos de las h o ja s  p lanos no lustrosos en el haz, con p u n to s  fuscos en el envés.
F lores y fru tos se n tad o s  sobre un  disco g r u e s o .............................................  12. C. n ipensis
O vario  densam en te  ap en d icu lado-m uricado  (Subsección H aitie lla ), ho jas pequeñas,
p la tead as, tr ia n g u la r  1 /3-orbiculares cuneadas en la base con 16—20 s e g m e n to s ............
................................................................................................................................................  13. C. M unizii
O vario no apend icu lado-m uricado  (Subsección C occothrinax) ........................................... 14
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14 a  H o ja s no p la tead as y  con u n  in d u m e n to  blancuzco caedizo en  el e n v é s ...................... 15
b  H o ja s p la tead as en el envés, el in d u m e n to  no caedizo .......................................................  23

15 a H o jas sin pu n to s en  el envés, lígu la  trilo b u lad a  con u n a  p u n ta  aguda  c en tra l; segm en­
to s 45-65  ................................................................................................................................................. 16

b  H o ja s con p u n to s en el envés; lígu la  no trilo b u lad a , segm entos 20—50 ........................ 17
16 a  V a ina  fo rm ada  de fib ras  fin as co m p u estas y  débiles, flores su b sen tad as .............................

................................................................................................................................................  14. C. H ioram i
b V a ina  fo rm ada de f ib ras  sencillas coriáceas, flores pediceladas . . . 15. C. guan tan am en sis

17 a  V a in as densam ente  e n tre te jid a s  de f ib ra s  f i n a s .......................................................................  13
b  V a in as lax am en te  e n tre te jid a s  de f ib ra s  g ru e s a s ..................................................................... 19

18 a P orc ión  libre de la v a in a  de 15—20 cm  de largo, lingüiform e, d o rsa lm en te  ab u llo n ad a;
inflorescencias parciales a p ro x im ad as , e stam bres 9 .................................... 16. C. V ictorini

b  P orc ión  lib re  de la  v a in a  m u y  c o rta  o n u la , tru n cad a ; in flo rescencias p arcia les d is tan ­
tes , e stam bres 12 ........................................................................................................  17. C. f ra g ra n t

19 a  H o jas con 25—45 segm entos, un idos en 5—40 cm de largo en la  b a s e ............................. 20
b H o ja s con 15—25 segm entos, los cen tra les  h asta  de 25 cm  de largo, un idos en  2—4 cm

de largo en la  b a s e ................................................................................................................................  22:
20 a Segm entos de 40—45; f ilam en to s connados h as ta  la m itad  del ovario  . . 18. C. A cu ñ an a  

b  Segm entos de las ho jas 25—35, filam en to s connados sólo en  la  base  ............................. 21
21 a V a in a  redondeada, sin p u n ta s  lib res; segm entos de las ho jas o b tu so s y  red o n d ead o s en

el ápice, con p u n to s pequeños fuscos en el envés. F ru to  liso .......... 19. C. orientalis
b  V a in a  con p u n ta s  libres de 1—2 m m  de ancho; segm entos de las h o jas ag u d as en el 

ápice, el envés n ítido , estriad o -n erv o so  con pun tos pálidos sa lien tes; fru to  m uricado  
..............................................................................................................................................  20. C. m u rica ta

22 a V a in a  red ondeada, sin p u n ta s  lib re s; lim bo de la ho ja  o rb icu lar, flores y  fru to s  con
pedicelos de 1—2 m m  de largo , e s tam b res  9 .................................................... 21. C. m oaensis

b  V a in a  con p u n ta s  lib res de 1 m m  de ancho y  3—4 cm de largo , lim bo de la  h o ja  1/3-
o rb icu lar, cuneada en la base, flo res y  fru to s sentados, e stam b res 6—8 .............................
.......................................................................................................................................  22. C. m icrophylla

23 a H o jas sin p u n to s en el envés, fru to s  pequeños, s e n ta d o s ............................... 23. C. Leonis
b  H o ja s p u n tead as en  el envés, fru to s  m ay o rm en te  p e d ic e la d o s ......................................... 24

24 a In flo rescencias parciales 4—6, algo d is ta n te s  .................................................................  25
b Inflo rescencias parciales 1—4, ap ro x im ad as .............................................................................  26

25 a  V a in a  de la h o ja  densam en te  e n tre te jid a  de fib ras finas, co m u n m en te  de m enos de
1 m m  de ancho; ho jas con 40—45 segm entos ...............................................  24. C. lito ra lis

b V a in a  lax am en te  e n tre te jid a  de f ib ra s  gruesas de 1—4 m m  de an ch o ; h o jas con 25—32 
segm entos ......................................................................................................................... 25. C. saxícola

26 a P o rc ión  libre de la  v a in a  te rm in a d a  en  haces fibrosos con p u n ta s  libres .....................  27
b P o rc ió n  libre de la v a in a  con f ib ra s  e n tre te jid a s  h a s ta  el bo rde , sin  p u n ta s  lib res  . . 29

27 a P u n ta s  libres de la  v a in a  de 1—2 m m  de ancho, flexibles y  q u eb rad iza s; segm entos de
las h o jas  40—50, la rg am en te  e s trec h ad a s  en  u n a  p u n ta  ag u d a; ligu la  tr ia n g u la r  de h a s ta
3.5 cm  de l a r g o ...................................................................................................... 26. C. m acrog lossa

b P u n ta s  libres de la  v a in a  de 3—9 m m  de ancho, m uy ríg id as; segm entos de las hojas 
35—42, b ruscam en te  estrechados en  u n  ápice ancho, ligula c o r t a ....................................  23

28 a P u n ta s  libres de la v a in a  de 3—4 m m  de ancho, agudas en el áp ice; segm entos cen trales
de 40 -5 0  cm de largo, h a s ta  4.5 cm  de ancho, con pun tos pequeños fuscos en  el envés. 
In flo rescencias parciales co rtas; flo res subsésiles, pedicelos de h a s ta  1 m m  de la rg o ;
e s tam b res  6—7, filam en tos so ldados h a s ta  la  b a s e ...................................  27. C. yunquensis

b  P u n ta s  libres de la  v a in a  de 4—9 m m  de ancho, ob tusas en el áp ice; segm entos cen trales 
de 30—40 cm de largo y  h a s ta  6 cm  de ancho, con pun to s g lándulifo rm es g randes y
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pálidos en el envés. F lo re s  con  pedicelos de 1—2.5 m m  de largo ; e stam b res 7—9, m ay o r­
m en te  connados h a s ta  la  m ita d ,  form ando u n a  cu p u la  ........................  28. C. salvatoris
aa  P u n ta s  libres de la  v a in a  de h as ta  6 m m  de ancho , filam en to s un idos casi h a s ta  la

m itad  ............................................................................................................................ ssp. salvatoris
b b  P u n ta s  libres de la  v a in a  de h asta  9 m m  de ancho , f ilam en to s unidos sólo en la 

base ................................................................................................................................... ssp. loricata
29 a  H o jas de la p lan ta  a d u lta  con 40—60 segm entos; pedicelos co m unm ente  de 3-6 m m

de la rg o .........................................................................................................................  34. C. Miraguama
b H o jas de las p lan ta s  a d u lta s  con m enos de 40 segm en tos; co m u n m en te  con 20—36; 

pedicelos de 0—3 m m  de la rg o  ........................................................................................................ 30
30 a  Segm entos del p e rian tio  e s trech am en te  subulados, m ucho  m as estrechos que la porción

b asa l de los filam en tos y  co m unm ente  m enos de la  m ita d  de su  lo n g itu d ; pedicelos de
2—3 m m  de largo .................................................................................................................................. 31

b Segm entos del p e rian tio  an chos y  casi ta n  largos com o los f ilam en to s; pedicelos de 
0—2 m m  de largo .................................................................................................................................. 32

31 a H o jas con 24-30 seg m en to s, los centrales de 28-32  cm  de largo , agudos en  el ápice,
connados en 4—7 cm  de la rg o  en  la  b a s e .........................................................  29. C. yuraguana

b  H ojas con 30—36 seg m en to s, los centrales de 45—50 cm  de largo , un idos en 12—15 cm 
de largo en la base, f ila m e n to s  connados en  u n a  cup u la  de 1/3—1/2 de su longitud  
..............................................................................................................................................  30. C. cupularis

32 a  Segm entos de las h o jas  18—25, de 2-3.5 cm de an ch o , fru to  de  4—5 m m  de d iám etro
................................................................................................................................................. 31. C. elegans

b H ojas con 25-40 seg m en to s de 3.5-6.5 cm de ancho; f ru to  de 5 -10  m m  de d iám etro  
........................................................................................................................................................................  33

33 a  V ainas de fib ras de 1—2 m m  de ancho, tru n ca d a  en  el áp ice; h o jas  con 35-40 segm en­
tos; lim bo p lateado  e n  el envés con pun tos g landu lifo rm es pá lidos a blancos; fru to  de
5 -8  m m  de d iám etro  ................................................................................................ 32. C. Alexandri
aa H ojas i  m ates en  el h a z , fru to  5—6 m m  de d iám e tro  ..........................  ssp. Alexandri
bb  H ojas lustrosas en  el h a z , fru to  de 7—8 m m  de d iám etro  ............................. ssp. nitida

b V aina de fib ras de 1 m m  de ancho, la p a rte  lib re  ao v ad a ; ho jas con 25-30 segm entos,
el envés con pu n to s p e q u eñ o s  fuscos; fru to  de 9—10 m m  de d iám e tro  .................................
............................................................................................................................................33. C. Bermudezii

Sectio: L on gisp ad iceae (León) Muñiz status nov.
(Basionymon: Series Longispadiceae León Mem. Soc. Cub. Hist. 
Nat. 13: НО. 1939. sine descr. latina.) Inflorescentiis elongatis 
et ascendentibus, spathis externis rigidis.
Typus sectionis: Coccothrinax rigida (Griseb. et Wendl.) Весе. 
Subsectio: M u ltiram osae León ex Muñiz
(Multiramosae León Le. sine indicatione taxonómica) Palmae ro- 
bustae caudice crasso. Inflorescentiis partialibus 8-10, valde rami- 
ficatis.
Typus subsectionis: Coccothrinax gundlachii León.

3.1. Coccothrinax ermita (G riseb . e t  W endl.) Весе. W eb b ia  2: 334 (1907).
(B asionym on: T h r in a x  crin ita  Griseb. e t W endl. in  Sauvalle  A nal. A cad. Cien. H a b an a  
7: 563. 1971.)

3.1.1. ssp. crinita
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JFig. 3. C occo th rinax  cam agüeyana  B orh id i e t M uñiz en las sa b a n as  serpen tinosas al S u r de
M inas. (F o to : A. B o r h i d i )

3.1.2. ssp. brevicrinis B orhid i e t M uñiz A cta  B o t. A cad. Sei. H ung . 27: 448. (1981) 1982.
3.2. Coccothrinax Gundlachii L eón M em. Soc. Cub. H ist. N a t. 13: 149 (1939).
3.3. Coccothrinax cam agüeyana B o rh id i e t M uñiz A c ta  B o t. A cad. Sei. H ung . 27: 441. 

(1981) 1982.

Subsectio: P au ciram osae León ex Muñiz
(Pauciramosae León l.c. 110. sine indicatione taxonómica) Palmae 
medianae vel parvae, caudice tenui, inflorescentiis partialibus 1-7.

3.4. Coccothrinax Borhidiana M uñiz in  B orh id i, Im ch a n itz k ay a  e t  M uñiz A cta  A gronom . 
A cad. Sei. H ung . 27: 437 (1978).

3.5. Coccothrinax rigida (G riseb. e t W endl.) Весе. W ebbia  2: 299 (1907).
(B asio n y m o n : T h rinax  rigida  G riseb. e t W endl. in  Griseb. C at. P la n t. Cub. 1866: 221.)

3.6. Coccothrinax baracoënsis B orh id i e t  M uñiz A c ta  B ot. A cad . Sei. H ung. 27: 440. (1981) 
1982.

3.7. Coccothrinax Garciana L eón l.c. 143. (1939).
3.8. Coccothrinax clarensis León l.c. 147. (1939).

(Syn .: C. clarensis va r. perrigida  León l.c. 149. 1939.)
3.8.1. ssp. clarensis
3.8.2. ssp. brevifolia (León) B orh id i e t  M uñiz status nov.

(B asionym on: C. clarensis L eón  v a r. brevifolia  L eón M em. Soc. Cub. H is t. N a t. 
13: 148. 1939.
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F ig . 4. C occothrinax B o rh id ian a  M uñiz en el m a to rra l esclerófilo costero del P u n ta  de Guano,- 
al O este  de M atanzas. (F o to : A. B o r h i d i )

3.9. Coccothrinax savannarum  (León) B orh id i e t M uñiz A cta B ot. A cad . Sei. H ung . 27t 
452 .(1 9 8 1 ) 1982.
(B asionym on: Coccothrinax m uricata  L eón v a r. savannarum  León l.c. 129. 1939.)

3.10. Coccothrinax pauciram osa B u re tt  K ungl. Svensk. Y et. A kad. H an d l. 6  (7): 19. 1929.
3.11. Coccothrinax pseudorigida L eón l.c. 145. 1939.

(Syn .: C. pseudorigida  v a r .  acaulis León l.c. 146.)
3.12. Coccothrinax nipensis B o rh id i e t M uñiz A c ta  B o t. Acad. Sei. H u n g . 27; 446. (1981) 

1982.

Sectio: C occothrinax
(Syn.: Series Brevispadiceae León l.c. 110. 1939. sine descr. latina) 
Spadicibus brevibus cernuis vel nutantibus sub m aturitate fructi;- 
inflorescentiis partialibus 1-6, spathis externis pro parte m em bra- 
nacéis.
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F ig . 5. C occothrinax M unizii B orhid i en  la  zona sem idesertica de la  costa  S ur de B aracoa, 
en tre  San A ntonio  del S u r e Im ias. (F o to : A. B o b h i d i )

Typus sectionis: Coccothrinax jucunda Sarg.
Subsectio: H aitie lla  (Bailey) Muñiz comb, nova
(Basionymon: Haitiella Bailey Contr. Gray Herb. Harvard Univ.
165: 7. 1947. pro gen.)
Ovario atque fructibus valde densiterque muricatis, seminibus albu­
mine homogéneo. Typus subsectionis: CoccothrinaxEkmanii Burret.

3.13. Coccothrinax M unizii B orhid i A c ta  B o t. Acad. Sei. H ung . 17: 1. 1971.
[Syn.: H aitiella M u n iz ii  (B o rh id i) B orh id i A cta B ot. A cad . Sei. H u n g . 25: 2. 1979.]

Subsectio: C occothrinax
Ovario atque fructibus non vel sparse muricatis, seminibus albu­
mine ruminato.
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F ig . 6. C occothrinax m oaensis (B o rh id i e t  M uñiz) M uñiz en los m ato rra le s  siem preverdes 
m o n ta n o s  de serpen tina  en  la  S ierra  de M aguey, C upeyal, N E  de G u a n tán am o . (Fo to : A.

B o r h i d i )

3.14. Coccothrinax Hioram i L eó n  M em. Soc. Cub. H ist. N a t. 13: 135. 1939.
3.15. Coccothrinax guantanam ensis (L eón) M uñiz e t B o rh id i A c ta  B o t. A cad . Sei. H ung . 

27: 449. (1981) 1982.
[B asionym on: Coccothrinax argéntea (L odd.) Sarg. v a r. guantanam ensis  L eón l.c. 135. 
1939. — Syn. : C. argéntea  ssp. guantanam ensis  (León) B o rh id i e t  M uñiz B ot. Közlem . 
5 8 :  176. 1971.]

3.16. Coccothrinax Victorini L eó n  l.c. 139. 1939.
3.17. Coccothrinax fragrans B u rre t  K u ng l. Svensk. V et. A kad . H an d l. 6 (7): 15. 1929.
3.18. Coccothrinax Acunana L eón l.c. 128. 1939.
3.19. Coccothrinax orientalis (L eón) M uñiz e t B orhidi A cta  B o t. A cad. Sei. H ung . 27: 451. 

(1981) 1982.
[B asionym on: Coccothrinax yuraguana  (A. R ich.) L eón v a r . orientalis L eón  Mem. Soc. 
Cub. H ist. N a t. 13: 121. 1939. — Syn .: C. yuraguana  ssp. orientalis (León) B orhidi 
A c ta  Bot. Acad. Sei. H u n g . 17: 2. 1971.]
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Fig. 7. C occothrinax elegans M uñiz e t B orh id i en el bosque de carso  de los Mogotes de la  
S ierra  M aestra, cerca de M atias. (F o to : A. B o r h i d i )

3.20. Coccothrinax muricata León I.c. 129. 1939.
3.21. Coccothrinax m oacnsis (B orh id i e t M uñiz) M uñiz A c ta  B o t. A cad . Sei. H ung. 27: 451. 

(1981) 1982.
[B asionym on: Coccothrinax yuraguana  (A. R ich .) L eón ssp. m oaensis B orhidi e t M uñiz  
A cta  B o t. A cad . Sei. H ung. 17: 1. 1971.]

3.22. Coccothrinax microphylla B orhid i e t M uñiz A cta B ot. A cad . Sei. H ung. 27: 444. (1981) 
1982.

3.23. Coccothrinax Leonis M uñiz e t  B orh id i A cta  B ot. A cad. Sei. H u n g . 27: 443. (1981) 1982.
3.24. Coccothrinax litoralis León M em. Soc. Cub. H ist. N a t. 13: 138. 1939.
3.25. Coccothrinax saxicola León l.c. 141. 1939.
3.26. Coccothrinax m acroglossa (León) M uñiz e t B orh id i A c ta  B o t. Acad. Sei. H ung . 27: 

450. (1981) 1982.
[B asionym on: Coccothrinax M iraguam a  (H B K .) Весе. v a r . macroglossa León Mem. Soc. 
Cub. H ist. N a t. 13: 118. 1939. — Syn.: C. M iraguam a  ssp. macroglossa (León) B orh id i 
e t Muñiz B o t. K özlem . 5 8 :  175. 1971.]

3.27. Coccothrinax yunquensis B o rh id i e t M uñiz A cta  B o t. A cad . Sei. H ung . 27: 446. (1981) 
1982.

3.28. Coccothrinax salvatoris León l.c. 125. 1939.
3.28.1. ssp. salvatoris
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F ig . 8. C occothrinax M iraguam a ssp. m irag u arn a  en los m ato rra les costeros sobre caliza 
cerca de B araco a . (F o to : A. B o r h i d i )

3.28.2. ssp. loricata (L eón) B orh id i e t  M uñiz B ot. Közlem . 5 8 :  175. 1971.
(B asionym on: C. salvatoris v a r . loricata  L eón l.c. 127. 1939.)

3.29. Coccothrinax yuraguana (A. R ich .) L eón  M em. Soc. Cub. H ist. N a t. 13: 119. 1939. 
(B asionym on: T h r in a x  yuraguana  A. R ich , in  Sagra: H ist. F is. N a t. Pol. Cuba. X I: 
278. 1850. — Syn .: Coccothrinax M iraguano  B eccari W ebbia  2: 295. 1907. non  Cory- 
pha  M iraguam a  H B K .)

3.30. Coccothrinax cupularis (León) M uñiz e t  B o rh id i A cta Bot. A cad . Sei. H ung . 27: 449. 
(1981) 1982.
[B asionym on: Coccothrinax m iraguam a  (H B K .)  León var. cupularis  L eón  l.c. 11. 1939.]

3.31. Coccothrinax elegans M uñiz e t  B o rh id i A c ta  B ot. Acad. Sei. H u n g . 27: 442. (1981) 
1982.

3 .32 . Coccothrinax Alexandri L eón M em. Soc. Cub. H ist. N at. 13: 122. 1939.
3.32.1. ssp. Alexandri
3.32.2. ssp. nitida (León) B orh id i e t  M uñiz B o t. Közlem . 5 8 :  175. 1971.

(B asionym on: C. alexandri v a r . n itid a  L eón l.c. 123. 1939.)
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Fig. 9. A coelorraphe W righ tii (G riseb. e t  W endl.) W endl. ex  Весе, en los m ato rra le s  de pan- 
|tan o , en la  C iénaga de Z ap a ta . (F o to : A. Borhidi)

3.33. Coccothrinax Bermudezii León l.c. 124. 1939.
3.34. Coccothrinax Miraguama (H B K .) L eó n  Mem. Soc. Cub. H ist. N at. 13: 113. 1939.

[Syn.: Corypha M iraguam a  H B K . N ov. Gen. e t Spec. 239. 1815. non  C. M iraguano  
Весе, in  W ebbia  2: 295. 1907.; T h r in a x  M iraguano  M art. H ist. N a t. P a lm . 3: 320. 1838.; 
T h r in a x  acum inata  Griseb. e t W end l. In  Sauvalle  A nal. Acad. Cien. H a b a n a  7: 563. 
1871.; Coccothrinax acum inata  (G riseb . e t  W endl.) Sarg, ex Весе. W ebb ia  2: 313. 1907.]

3.34.1. ssp. Miraguama
3.34.2. ssp. arenicola (León) B o rh id i e t M uñiz B ot. K özlem . 58: 175. 1971.

(Syn.: C. M iraguam a  v a r . arenicola  L eón l.c. 115. 1939.)
3.34.3. ssp. liavanensis (León) B o rh id i e t  M uñiz l.c. 175. 1971.

(Syn.: C. M iraguam a  v a r . havanensis  León l.c. 116. 1939.)
3.34.4. ssp. roseocarpa (León) B o rh id i e t  M uñiz l.c. 175. 1971.

(Syn.: C. M iraguam a  v a r . roseocarpa L eón l.c. 117. 1939.)

I.B. Tribus: Livistoneae (Livistona alliance H. E. Moore 1973) 
I.B.a. Subtribus: Livistoneae (Livistona unit H. E. Moore 1973)
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4. ACOELORRAPHE Wendl. in Bot. Zeitschr. 1879: 148

(S yn .: Paurotis O. F . Cook ex  N o rth ro p  in  Mem. T orr. B o t. Cl. 12: 21. 1902.; A canlho-  
sabal Prschow . G ard . C hron. ser. 3. 77: 91. 1925.)

4.1. Acoelorraphe W rightii (G riseb. e t  W endl.) W endl. ex  Весе. W ebbia 2: 109. 1907. 
(S yn .: Copernicia W rig h tii Griseb. e t  W endl. ex  G riseb. C at. PI. Cub. 1866: 220.; P auro­
tis  W rightii B ritt . T o rre y a  8: 239. 1908.; Acanthosabal caespitosa P roschow sky  l.v . 9 1 . 
1925.; Acoelorraphe W righ tii va r. nova-geronensis Весе. W ebb ia  2: 113. 1907.)

Fig. 10. C olpothrinax W rig h tii  Griseb. e t  W endl. en  las sa b a n as  arenosas del Sur de P in a r  
del R io , cerca  del Consolación del Sur. (F o to : A. Borhidi)

5. COLPOTHRINAX Griseb. et Wendl. Bot. Zeitschr. 1879: 147

5.1. Colpothrinax W rightii Griseb. e t W endl. in  PI. Cub. W rig h t.
[Syn.: Pritchardia W rig h tii (Griseb. e t  W endl.) Весе. l.c. 203. 1907.]
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F ig. 11. B arril cam pesino hecho  del tronco de C o lp o th rin ax  w righ tii. (F o to : A. B o r h id i)

6. COPERNICIA Martius Hist. Nat. Palm. 3: 242. 1838 

Clave para las secciones:

1 a R am itas  flo rífe ras sin  esp a te la  tubu losa, solo con u n a  b rá c tea  en  la base (Subgénero:
Copernicia) .............................................................................................................................................. 2

b R am itas  flo rífe ras con u n a  espate la  tubu losa  (S ubgénero : C opern ic io p sis) ................  4
2 a L im bo de las h o jas  o rb icu lares o sem iorbiculares, lígula de 3—5 cm  de l a r g o .........  3

b  L im bo de las h o jas  cu n ead as en la base, lígu la  de h a s ta  12 (18) cm de l a r g o .................
..................................................................................................................................  I I I .  Sectio: G igantes

3 a Flores en fascículos 2—4-floros ..................................................................  I. Sectio: Copernicia
b  F lores so litarias ............................................................................................. I I .  Sectio: E k m an ian ae

4 a P a lm as ro b u sta s , tro n co  de 30-80 cm de d iám e tro , pecíolo ro b u sto  de 3 .5-9  cm  de
ancho en el ápice ...............................................................................................V II . Sectio: Y areyes
aa Flores en fasciculos ......................................................................... V I I .a .  Subsectio: Y areyes
bb  Flores so lita rias  ............................................................................V II .b . Subsectio: Fa llaenses

b P alm as m ediocres o p eq u eñ as con tronco de h a s ta  25 cm  de d iám e tro , pecíolo de 1—3.5 
cm  de ancho en  el áp ice  .................................................................................................................... 5

5 a R am itas  flo ríferas de 0.5—2 cm  de largo, flores so lita rias  .................................................. 6
b  R am itas  floríferas de 2—10 cm  de largo, flores m ay o rm en te  en  fasciculos ................  7

6 a H o jas cuneiform es o sem iorbiculares, pecíolo au sen te  o m uy  c o r t o ........................................
............................................................................................................................. IV . Sectio: M acroglossae

b H o jas orb icu lares, pecíolo m as largo de 50 cm  .................................... IX . Sectio: H ospitae

3* A c t a  B o t á n i c a  A c a d e m i a e  S c i e n t i a r u m  H u n g a r i c a e  2 8 ,  1 9 8 2



7 a H o jas orb icu lares, anillo e s tam in a l con 6 lóbulos iguales ..................................................  8
b  H o jas cuneiform es a sem io rb icu lares , anillo  estam in al con 3 +  3 lóbulos desiguales

(cuando  iguales, las hojas cuneiform es) ...................................................................................... 9
8 a F lores en fasciculos 2 -4-flo ros, f ilam en to s largos, ensanchados en  la base, o vario  h ir ­

su to  a rrib a , ra m ita s  fru c tífe ra s  no en g ro sad as ........................................  V I. Sectio: Albae
b F lo res en grupos 1-2-floros, filam en to s  co rtos , ovario glabro , ra m ita s  fru c tífe ra s  i r re ­

gu larm en te  engrosadas ...................................................................V I I I .b . Subsec tio : Roigianae
9 a L im bo de las hojas cuneiform es, pecíolo au sen te  o corto  (h a s ta  30 cm ) m u y  ancho

(h a sta  9 cm) en el ápice, anillo  e s tam in a l con 6 lóbulos iguales . . V II .  Sectio: Rigidae 
b  L im bo de las ho jas sem io rb icu lares a o rb icu lares con pecíolo m ay o rm en te  m as largo 

(m as corto en  C. Cowellii) y  m as estrech o  (h a s ta  3 cm) en el áp ice  (h a s ta  6 cm  en  C.
M olineti). Anillo estam in al con lóbulos 3 +  3, d e s ig u a le s ............................................................
................................................................V I I I .  Sectio : Brittonianae, a. S u b sec tio : Rrittonianae

326 O. MUÑIZ—A. BORHIDI

Clave para las especies cubanas:

1 a  R am itas  floríferas o fru c tífe ra s  sin e sp a te la  tu b u lo sa , solo con u n a  b rá c te a  en  la  base;
pa lm as de 15-20 m  de a ltu ra , tro n co  de 30-50  cm  de grueso, h o jas  c u n e ifo rm e s ............
........................................................................................................................................................ 1- C. gigas

b  R am itas  floríferas o fru c tífe ra s  so s ten id as p o r u n a  espate la  tu b u lo sa ; p a lm as m ay o r­
m en te  m as pequeñas; cuando  ro b u s ta s , las h o jas  o rb ic u la re s ...........................................  2

2 a L im bo de la h o ja  cuneiform e o sem io rb icu la r ........................................................................  3
b  L im bo de la ho ja  o r b ic u la r .................................................................................................................  9

3 a  H oj as verdes, no cerosas; flo res so lita rias  ..............................................................................  4
b  H o jas cerosas; flores en  g lo m é ru lo s ................................................................................................  5

4 a  Pecíolo ausen te , ra m ita s  flo rífe ras de 8 -20  m m  de d iám etro  flo res de 5 -8  m m  de largo,
b racteo las de 5-7 m m  de largo  .......................................................................  2. C. m acroglossa

b  Pecíolo de 20—30 cm  de largo , ra m ita s  flo rífe ras de 3—8 m m  de d iám etro , flo res de 
4 -5  m m  de largo, b racteo las de 2 -4  m m  de largo ............................... 18. С. X B u rre tian a

5 a Pecíolo a u s e n te ........................................................................................................................................ 6
b Pecíolo de 15—20 cm  de l a r g o ...........................................................................................................  7

6 a R am itas  flo ríferas h a s ta  5 cm  de largo , 1 -2  m m  de d iám etro ; h o jas  con 18-32 segm entos
........................................................................................................................................................ 3. C. rígida

b R am itas  floríferas de h a s ta  8 cm  de largo , 2—2.5 m m  de d iám e tro , ho jas con u n o s 42 
segm entos ....................................................................................................................  4. C. longiglossa

7 a  R am itas  flo ríferas de 6—11 cm  de largo , a lg u n as de ellas sin e sp a te la s  tu b u la re s ; pecíolo
casi ta n  ancho en  la base, com o largo ...............................................  19. С. X vespertilionum

b R am itas  floríferas de m enos de 6 cm  de largo , m ayorm en te  to d as  con esp a te las  tu b u li­
form es; pecíolo com unm ente  m as largo com o ancho en la base ....................................  8

8 a R am itas  floríferas de 3—5.5 cm  de largo , 2.5—3.5 m m  de d iám e tro ; glom érulos de las
flores separados en 1—2 m m ; h o jas  con 40—50 segm entos ..........................  5. C. oxycalyx

b R am itas  flo ríferas de 2—3 cm  de largo , 1.5—2.5 m m  de d iám e tro ; g lom érulos de las 
flores separados en 0 .5-1  m m ; h o jas con 21-30  s e g m e n to s ...................  20. С. X Sueroana

9 a T ronco elevado y  grueso de 30—80 cm  de d iám etro , pecíolo ro b u sto  de 3.5—9 cm  de
ancho en el ápice ...................................................................................................................................  10

b Tronco de b a s ta  25 cm de d iám e tro ; pecíolo de 1-3.5 cm  de ancho  en  el áp ice . . .  12
10 a R am itas  de las pan o jas de 0.5—3 m m  de d iám etro ; hojas con 70—90 segm entos, ra m ita s

fru ctíferas irreg u larm en te  e n g r o s a d a s .....................................................................  6. C. Curbeloi
b  R am itas  de las pan o jas de  3 -4  m m  de d iám e tro , hojas con 100-130 segm entos; ram itas  

fru ctíferas no engrosadas irreg u la rm e n te  .................................................................................  11
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l i a  R a m ita s  de las pan o jas de h a s ta  8 cm  de largo; flores en g lom érulos 2 -3-flo res; las
b rá c tea s  flo rales suaves, re fle jas en  el f ru to  .................................................. 7. C. B aileyana

b R a m itas  de las pano jas de h a s ta  3.5 cm  de largo, flores so lita ria s , b racteo las florales 
ríg idas, horizon tales en  el fru to  .......................................................................... 8. C. fallaensis

12 a F lores com unm ente  en glom érulos de 2—4 ................................................................................  13
b F lores com unm ente  s o l i ta r ia s ........................................................................................................... 21

13 a R a m ita s  fru c tífe ra s  no engrosadas irreg u larm en te ; flores m a y o rm en te  en  glom érulos
de 2—4; anillo estam in al con 3 +  3 lóbulos d e s ig u a le s .........................................................  14

b R a m ita s  fru c tífe ra s  por lo com ún irreg u la rm en te  engrosadas; flo res  en grupos de 2; 
anillo  e s tam in a l con 6 lóbulos ig u a le s ..........................................................................................  20

14 a F lores de 4—6 m m  de l a r g o ...............................................................................................................  15
b F lo res de 2.5—4 m m  de largo ........................................................................................................... 17

15 a R a m ita s  fru c tífe ras  de 2 -3  m m  de d iám e tro ; lim bo de las h o jas  de h a s ta  130 cm  de
l a r g o ................................................................................................................................... 21. C. X textilis

b R a m ita s  fru c tífe ras  de 1—2 m m  de d iám e tro ; lim bo de las h o jas  de h a s ta  90 cm  de 
l a r g o ............................................................................................................................................................  16

16 a R a m ita s  flo rífe ras de 3—4 cm  de larg o , con 12—14 flores po r cm ; h o jas d ensam en te
cerosas en  el e n v é s ........................................................................................................... 9. C. Cowellii

b R a m ita s  flo ríferas de 1.5—3 cm  de largo , con 18—20 flores po r cm ; h o jas d ensam en te
cerosas en am bas caras ............................................................................................  22. C. X Shaferi

17 a  H o jas densam en te  cerosas, p u n to s  g landulifo rm es (stegm ata) co m u n m en te  p rom inentes,
ra m ita s  floríferas no b lancuzcas .................................................................................................... 18

b H o jas no cerosas o solo con u n a  capa ligera  de cera; los s teg m a ta  inconspicuos o au sen ­
tes ; ra m ita s  flo ríferas b lancuzcas o am a rillen ta s  ..................................................................  19

18 a  R a m ita s  fru c tífe ras  m ás anchas cerca de la base, con b rac teo la s  horizon tales, p e r­
s is ten tes  ...........................................................................................................................  10. C. hum ico la

b R a m ita s  fru c tífe ra s  m ás o m enos fusifo rm es; b racteolas co m unm ente  d e c id u a s ..............
................................................................................................................................................. 11. C. M olineti

19 a R a m ita s  de p an o ja s  de 4—5 cm  de largo ; flores en grupos de 2—4, h o jas con 55—65
segm entos ...............................................................................................................  12. C. B ritto n o ru m

b R a m ita s  de p an o ja s  de 0.5—2 cm  de la rgo ; flores en grupos de 2, a veces so lita rias ; 
h o jas con unos 78 segm entos ....................................................................... 23. C. X occidentalis

20 a R a m ita s  flo ríferas de 1—2 m m  de d iám e tro , 1—3.5 cm de largo ...................  13. C. Yarey
aa R a m ita s  flo rífe ras de 2 -3 .5  cm  de larg o , 1—1.5 m m  de d iám e tro ; glom érulos de las

flo res separados en 1—2 m m , con 14—16 flores por cm .................................... var. Yarey
ab  R a m ita s  flo ríferas de 1-2 .5  cm  de larg o , 1-2 m m  de d iám etro ; g lom érulos de las

flo res separados en  0.5—1 m m  con 18—22 flores por cm ............................. var. robusta
b  R a m ita s  flo rífe ras de 0.5—1 m m  de d iám e tro , 0.5—1.2 cm de largo , flo res a veces soli­

ta r ia s  .......................................................................................................................................  14. C. Roigii
21 a R a m ita s  flo ríferas y  b racteo las flo rales g lab ros o pruinosos; flores de 2 .5-3 .5  m m  de

l a r g o .............................................................................................................................  15. C. glabrescens
aa R a m ita s  flo rífe ras de 3-10  m m  de largo , con 11-20 flores p o r cm ; p é ta los densa­

m en te  co rto -pubéru los a p u lv eru len to s p o r f u e r a ................................. va r. glabrescens
ab  R a m ita s  flo rífe ras de 7—15 m m  de la rg o , con 6—Ю flores por cm ; p é ta lo s co m p le ta ­

m en te  g labros y  p ruinosos po r f u e r a ......................................................... v a r . ram osissim a
b R a m ita s  flo rífe ras y  b racteo las flo rales d en sam en te  pubescen tes; flo res de 3.5—5 m m  

de largo .....................................................................................................................................................  22
22 a  H o jas d en sam en te  cerosas en am bas ca ra s ; s te g m a ta  p rom inentes en  el envés; ram itas

flo rífe ras  de 1.5-2 .5  m m  de ancho, flo res de 4—5 m m  de l a r g o .................  16. C. hospita
b  H o jas m ay o rm en te  verdes sin cera; s te g m a ta  ausentes o inconsp icuos en  el envés;
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ra m ita s  floríferas de h a s ta  1 m m  de ancho, flores de 3 .5 -4  m m  de l a r g o ........................
..............................................................................................................................................  17. C. Curtissii

Subgenus: Copernicia
Rami floriferi sine spathis tubulosis, solummodo cum bractea una 
basali suffulti.
I. Sectio: Copernicia
Limbus folii orbicularis, lígula usque ad 4-5 cm longa, floribus 2-4 
fasciculatis (C. cerífera, C. Berteroana)
IL Sectio: Ekmanianae Muñiz sect. n.
Limbus folii orbicularis vel semiorbicularis, lígula 3-5 cm longa, 
floribus solitariis.
Typus sectionis: Corypha tectorum HBK. (Copernicia tectorum, C. 
Ekmanii).
III. Sectio: Gigantes León em. Muñiz
(Syn.: Gigantes León in Rev. Soc. Geogr. Cub. 4: 6. 1931. descr. 
incompleta.)
Limbus folii cuneiformis, ligula usque ad 12(—18) cm longa, flori­
bus in fasciculis 2-3-floris.
Typus sectionis: C. gigas Ekm. ex Burret.

6.1 . Copernicia gigas E k m a n  ex B u rre t K ungl. Svensk. V e t.-A k ad . H andl. ser. 3. 6 (7): 3. 
1929.
(Syn.: C. excelsa León R ev. Soc. Geogr. Cub. 4: 56. 1931.)

Subgenus: Coperniciopsis Весе. Webbia 2: 140. 1907.
Ramuli floriferi plerumque spathis tubulosis basalibus suffulti.
IV. Sectio: Macroglossae León Rev. Soc. Geogr. Cub. 4: 5. 1931. 
(Syn.: Series Torreanae León in Mem. Soc. Cub. Hist. Nat. 10: 
204. 1936.)
Palmae caudice ^  tenui, usque ad 20 cm in diámetro, foliis cunei- 
formibus vel semiorbicularibus, viridibus, floribus solitariis,anello 
staminali lobulis 3 3 inaequalibus suffulto.

6.2. Copernicia m acroglossa W endl. ex Весе. W ebbia 2: 177. 1907.
(Syn.: C. Torrearía L eó n  R ev. Soc. Geogr. Cub. 4: 40. 1931.)

V. Sectio: Rigidae León Rev. Soc. Geogr. Cub. 4: 35. 1931.
Foliis cuneiformibus, floribus fasciculatis, anello staminali lobulis 
6 aequalibus suffulto.

6.3. Copernicia rigida B r i tt ,  e t W ils. Bull. T orr. B ot. Cl. 41: 17. 1914.
(Syn.: C. rigida  f. f is s ilin g u a  León M em. Soc. Cub. H is t. N a t. 10: 210. 1936.)
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Fig. 12. Copernicia m acroglossa W endl. ex Весе, en un  m a to rra l serpen tinoso  seco («cuabal») 
al p ié de la L om a G alindo, M atanzas. (F o to : A. Borhidi)

6.4. Copernicia longiglossa León M em. Soc. Cub. H ist. N a t. 10: 210. 1936. 
ó .5. Copernicia oxycalyx B u rre t K ungl. Svensk. V et. A kad . H and l. ser. 3. 6 (7): 6. 1929. 

(Syn.: C. C larkii León Mem. Soc. Cub. H ist. N a t. 10: 213. 1936.)

YI. Sectio: Albae Borhidi et Muñiz sect. n.
Folds orbicularibus, ramulis floriferis 4-7 cm longis, floribus fasci- 
culatis, filamentis longis, basi dilatatis, anello staminali lobis sub- 
cordiformibus magnis 6 aequalibus suffulto, ovario vértice hirsuto. 
Typus sectionis: C. alba Morong.
VII. Sectio: Yareyes León em. Muñiz
(Series Yareyes León Rev. Soc. Geogr. Cub. 4: 36. 1931. p.p.) 
Palmae robustae, caudice alto et crasso 30-80 cm in diámetro, 
floribus solitariis vel fasciculatis, petiolo robusto, ápice 3.5-9 cm 
lato.
VII.a. Subsectio: Yareyes
Palmae robustae floribus fasciculatis.

6.6. Copernicia Curbeloi León R ev. Soc. Geogr. Cub. 4: 53. 1931.
(Syn.: C. M olineti var. cuneata L eón Mem. Soc. Cub. H is t. N a t. 10: 216. 1936.; C. Sue- 
roana va r. semiorbicularis L eón  l.e. 216. 1936.)
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F ig . 13. Copernicia ríg id a  B r i t t ,  e t W ils, fo rm ando  u n a  sab an a  subcostera  sobre se rp en tin a  
de la  P la y a  de Y aca, Moa. (F o to : A. Borhidi)

6.7. Copernicia Baileyana L eón R ev. Soc. Geogr. Cub. 4: 52. 1931.
(Syn .: C. B aileyana  v a r . laciniosa L eón Mem. Soc. Cub. H ist. N a t. 10: 224. 1936.; 
C. Baileyana  f. bifida  L eón l.c. 225. 1936.)

VII. b. Subsectio: Fallaenses Muñiz et Borliidi subsect. n.
Palmae robustae, caudice alto et crasso, floribus solitariis.

6.8. Copernicia fallaensis L eón (correctio  nom inis) R ev. Soc. Geogr. Cub. 4: 51. 1931.
(Syn .: C. fallaense  L eó n  l.c .; e rro r g ram m atica lis  obv ius.)

V III. Sectio: Brittonianae León em. Muñiz
(Series Brittonianae León Bev. Soc. Geogr. Cub. 4: 36. 1931 -j- 
Series Yareyes León l.c. p. maj. p.)
Palmae medianae vel parvae caudice usque ad 25 cm in diámetro, 
petiolo ápice 1-3.5 cm lato, ramulis floriferis plerumque 2-8 cm 
longis, floribus in fasciculis 2-4-floris.
V III.a. Subsectio: Brittonianae
Ramuli fructiferi non irregulariter incrassati, anello staminali lobu- 
lis 3 -f- 3 inaequalibus suffulto.

6.9. Copernicia Cowellii B ritt ,  e t W ils. Bull. T orr. B ot. Cl. 41: 17. 1914.
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F ig. 14. Copernicia B aileyana  León en  las sab an as arenosas de «Las Arenas» al Sur de Vic­
to ria  de las T u n as . (F o to : A. B o r h i d i )

6 .Ю. Copernicia hum ico la  León Mem. Soc. Cub. H ist. N at. 10: 221. 1936.
6.11. Copernicia M olineti León R ev. Soc. Geogr. Cub. 4: 55. 1931.
6.12. Copernicia B ritto n o ru m  León R ev. Soc. Geogr. Cub. 4: 49. 1931.

(Syn .: C. B rittonorum  va r. acuta  L eón  Mem. Soc. Cub. H ist. N a t. 10: 222. 1936.; C. 
B rittonorum  v a r . sabaloense L eón l.c. 223. 1936.)

V III.b . Subsectio: Roigianae Muniz et Borhidi subsect. n.
Ramulis fructiferis irregulariter incrassatis, anello staminali lobu- 
lis 6 aequalibus suffulto.

6.13. Copernicia Y arey B u rre t K ungl. Svensk . V et.-A cad. H an d l. ser. 3. 6 (7): 7. 1929.
(Syn .: C. holguinensis L eón R ev . Soc. Geogr. Cub. 4: 48. 1931.)

6.13.1. var. Yarey
6.13.2. var. ro b u sta  L eón Mem. Soc. Cub. H ist. N at. 10: 221. 1936.

6.14. Copernicia R oigii León R ev. Soc. G eogr. Cub. 4: 47. 1931.
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F ig . 15. Copernicia Cowellii B r i t t ,  e t W ils, en las sab an as serpen tinosas al S u r de M inas, 
P ro v . C am agüey. (F o to : A. B o R H in i)

IX. Sectio: Hospitae León cm. Muniz
(Series Hospitae León Rev. Soc. Geogr. Cub. 4: 36. 1931. p.p.; 
Series Pauciflorae León Le.; Series Hospitae León Mem. Soc. Cub. 
Hist. Nat. 10: 204. 1936. p. min. p.)
Palrnae medianae vel parvae foliis orbicularibus, ramulis floriferis 
0.5-2 cm longis, floribus solitarii?, anello staminali lobulis 6 sub- 
aequalibus suffultae.

6.15 . Copernicia g labrescens W endl. ex Весе. W ebbia  2: 170. 1907.
[Syn.: C. ram osissim a  B u rre t  K ungl. Svensk. V et.-A cad. H and l. ser. 3. 6 (7): 8. 1929.; 
C. glabrescens v a r . havanensis  León Mem. Soc. Cub. H is t. N a t. 10: 217. 1936.]

6.15.1. var. glabrescens
6.15.2. var. ram osissim a (B u rre t)  Muiiiz e t B orhid i com b. n . et s ta tu s  n..

(B asionym on: C opernicia ram osissima  B u rre t K ungl. Svensk. Y e t.-A kad. H and , 
ser. 3. 6 (7): 8. 1929.)

6.16. Copernicia hospita  M artiu s  H ist. N at. Palm . 3: 242. 1838.
(Syn .: C .x E sc a rza n a  L eón  R ev. Soc. Geogr. Cub. 4: 42. 1931.)

6 .17 . Copernicia Curtissii В есе. W ebbia  2: 176. 1907.
(Syn .: C. pauciflora  B u rre t  l.c. 8. 1929.; C. clarensis L eón R ev. Soc. Geogr. Cub. 4: 45. 
1931.; C. hospita v a r .  clarensis L eón Mem. Soc. Cub. H ist. N at. 10: 219. 1936.)
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Fig. 16. Copernicia g labrescens W endl. ex  Весе. v a r. ram osissim a (B u rre t)  Muniz e t  B o rh id i 
en  bosque sem ideciduo subcostero de la  B a ja d a , P en insu la  de G uanahacab ibes. (F o to : A.

B o r h i d i )

Espécies h ibridógenas fuera de secciones:

6.18. Copernicia X B u rre lia n a  (León) M uniz e t B o rh id i s ta t. n.
(Copernicia hospita  X macroglossa)
(B asionym on: C. Burretiana  León M em. Soc. Cub. H ist. N a t. 10 î 208. 1936. — S y n .: 
C. macroglossa W endl. ex Весе. W ebb ia  2: 177. 1907. p .p .; C. macroglossa L eó n  in  
R ev. Soc. G eogr. Cub. 4: 44. 1931.; C. Leoniana  D ahlgr. e t G lassm an Principes 2: 103. 
1958.)

6.19. Copernicia X vespertilionum  León R ev. Soc. Geogr. Cub. 4: 57. 1931.
(Copernicia g igas  X rigida)
[Syn.: C. vespertilionum  (León) León M em. Soc. Cub. H ist. N a t. 10: 212. 1936.]

6.20. Copernicia X S u ero an a  León Rev. Soc. Geogr. Cub. 4: 44. 1931.
(Copernicia hospita  X rigida)
[Syn.: C. Sueroana  (León) León Mem. Soc. Cub. H ist. N a t. 10: 215. 1936.]
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6.21. Coperiiicia X tex tilis (L eón) D ahlgr. e t G lassm . in  G ent. H erb . 2: 199. 1963.
(Copernicia hospita  X B aileyana)
(S yn .: C. textilis L eón R ev. Soc. Geogr. Cub. 4 ; 54. 1931.)

6.22. Copernicia X Sliaferi D ahlgr. e t  Glassm . P rin c ip es  3: 87. 1959.
(Copernicia hospita  X Coivellii)

6.23. Copernicia X occidentalis (L eón) M uniz e t B o rh id i s ta t. n.
(Copernicia C urtissii X B rittonorum )
(B asionym on: C. occidentalis León Mem. Soc. Cub. H ist. N at. 10: 218. 1936.)

F ig. 17. Sabal p a rv iflo ra  Весе, fo rm ando  u n a  sa b a n a  h ú m ed a  despues de la ta la  de u n  b osque  
a luv ia l o rig inal en la Ciénaga de Z a p a ta . (F o to : A. B o r h i d i )

I.C. Tribus: Sabaleae
(Sabal alliance H. E. Moore 1973)

7. SABAL Adans. ex Guers. Bull. Sei Soc. Philom. 87: 205. t. 25. 1804

1 a Segm entos cen tra les de las ho jas no filiferos, 3-acostillados; flo res de 5—6 m  de largo  
con pé ta los ex ten d id o s о re tro rsos, m ad u ra n d o  m ayorm en te  2 carpelos . . .  1. S. Y apa 

b  Segm entos de las h o jas  filiferos, todos 1 -acostillados; flores de 3—5 m m  de largo con 
pé ta lo s erguidos, m ad u ran d o  un  solo carpelo  ...............................................  2. S. p a rv iflo ra

Subgenus; Inodes Small Man. Southeast. Fl. 239. 1902.

7.1. Sabal Yapa W rig h t ex  Весе. W ebbia 2 : 64. 1907.
(S yn .: Inodes Y a p a  S tan d i. C ontr. U S. N a t. H a t. H erb . 23: 71. 1920.; S. m ay a ru m
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F ig . 18. P restoea  m o n ta n a  (R . G raham ) N ichols, en las p luv isilvas m o n tan as de la  S ierra  de 
G ran  P ied ra  sobre San tiago  de Cuba. (F o to : A. B o r h id i)

H . H . B a r t le t t  Carn. In s t. P u b l. 35: 461. 1935.; S. peregrina  B ailey G ent. H erb . 6 : 
400. 1944.; S . yucatanica  B ailey  l.c. 418. 1944.)

7.2. Sabal parviflora Весе. W ebbia  2: 43. 1907.
(S yn .: S. f lo r id a  Весе. l.c. 46. 1907.; S. mexicana  Sauv . F l. Cub. 152. 1873.; S. m ari­
tim a  B u rre t.)

II. Subfamilia: ARECOIDEAE
II.A. Tribus: Pseudophoeniceae 
(Pseudophoenicoid palms. H. E. Moore 1973.)

8. PSEUDOPHOENIX Wendl. Bot. Gaz. 11: 314. 1886

8.1. Pseudophoenix Sargenti W endl. l.c.
8.1.1. ssp. Saonae (O. F . Cook) H . W . R ead  G ent. H e rb . 10: 204. 1968.

(Syn .: P. Saonae  O. F . Cook J .  W ash. A cad. Sei. 13: 406. 1923.)

ILB. Tribus: Chamaedoreae 
(Chamaedoreoid palms H. E. Moore 1973.)
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9. GAUSSIA Wendl. Goett. Nachr. 1865: 327

9.1. G a u s s ia  p rinceps W endl. l.c. 328. 1865.

II.C. Tribus: Euterpeae
(Euterpe alliance H. E. Moore 1973.)

10. PRESTOEA Hook. f. in Benth. et Hook. Gen. Plant. 3: 899. 1883

10.1. P re s to e a  m o n ta n a  (R . G ra b .)  Nichols.
(S y n .: Euterpe globosa G a e rtn . F ru c t. e t Sem. 1: 24. 1788.)

II.D . Tribus: Roystoneae
(Roystonea alliance H. E. Moore 1973.)

11. ROYSTONEA O. F. Cook, Science, ser. II. 12: 479. 1900.
Bull. Torr. Bot. Cl. 28: 549. 1901

(S y n .: Oreodoxa K u n th  in  H B K . N ov. Gen. e t  Spec. 1: 305. 1815. p .p .; M artiu s  H ist. Nat«- 
P a lm . 3: 166. 1838. non W illd .)

1 a  E s p a ta  ex terna  m uy  d ila ta d a  en  la base; los trè s  estigm as 2-apendicu lados en  la base;
fru to  con m icropilo ro d e ad ó  de u n a  estrella  en re lieve .................................  4. R. stellata

b E sp a ta s  ex ternas no d ila ta d a s  en la base, estigm as no apend icu ladas; exocarp io  del 
f ru to  piano a lrededor del m icropilo  (Sect. Roystonea) .........................................................  2

2 a  C orteza  rojiza, flores m ascu lin as m oradas, p istilod io  a largado , cónico; sem illas oblon-
gas, apiculadas en la  b a s e ............................................................................................ 3. R. violacea

b C orteza de color gris, flo res m ascu linas b lancuzcas ad  am arillen tas; p istilod io  sub- 
globoso; semillas e lip ticas , redondeadas en am bos e s t r e m o s .............................................  3

3 a  H o ja s  m ates al secar, el raq u is  sin procesos filiform es; sépalos m ascu linos de igual
larg o  y ancho, espád ices 2 о 3-ram ificados .............................................................. 1. R. regia
aa E spádice 2 -ram ificado , fló r m asculino de h a s ta  6 m m , fru to  de 11-13 m m  de largo

...........................................................................................................................................  l a .  var. regia
b b  E spádice 3 -ram ificado , flo r m asculino de h a s ta  8 m m , fru to  de 14-15 m m  de largo

....................................................................................................................................... lb . var. pinguis
b H oj as lustrosas al secar, el raq u is  con procesos filiform es о lineares, a veces ram ifica- 

dos; sépalos m ascu linos ren iform es, dos veces m as anchos que l a r g o s .......... 2. R. lenis

Sectio: Roystonea
(Syn.: Sectio Euroystonea León Mem. Soc. Cub. Hist. Nat. 17: 
5-6. 1943.)

11.1. Roystonea regia (H B K .)  O. F . Cook l.c.
(S yn .: Oreodoxa regia H B K . Nov. Gen. e t Spec. 1: 305. 1815.; Roystonea flo r id a n a  Cook 
in  Bull. Torr. B ot. Cl. 38 : 554. 1901.)

11 .1.1. var. regia
11.1.2. var. pinguis B ailey  G ent. H erb . 3: 378. 1935.
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Fig. 19. E l p a lm a  re a l cubano. R o y sto n ea  reg ia  (H B K ) O. F . Cook — con u n  cam p esin o  
colectando rácim os de  fru to s . (F o to : A. B o r h id i)

11.2. Roystonea len is L eón Mem. Soc. Cub. H is t. N a t. 17: 8. 1943.
11.3. Roystonea violacea León l.c. 10. 1943.

Sectio: Astrophora León l.c. 5. 1943.

11.4. Roystonea stellata  León l.c. 11. 1943.

III . Subfamilia: COCOSOIDEAE
II I .A. Tribus: Cocoineae

12. COCOS L. Gen. Plant. 1735

12.1. Cocos nucifera L. Spec. P lan t. 1753: 1188.
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F ig . 20. U n a  población  n a tu ra liz a d a  del coco — Cocos nucifera  L. — en el m a to rra l  costero  
de la P u n ta  Maisi. (F o to : A. B o r h id i)

II. A.b. Subtrib us: Attaleae 
(Attalea unit H. E. Moore 1973.)

13. SCHEELEA Karst, in Linnaea 28: 264. 1856

13.1. Seheelea cubensis B n rre t N otizbl. Bot. G art. B erlin  10: 671. 1929.

III. B. Tribus: Elaeineae
(Elaeis alliance H. E. Moore 1973.)

14. ELAEIS Jacq. Stirp. Select. Amer. 1763: 280. t. 172

14.1. Elaeis guineensis Ja c q . l.c.
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F ig. 21. A crocom ia p ilosa  León en la  localidad  clásica en tre  G u a n tán am o  y  Ja m a ica . (F o to :
A . B O K H ID I)

III.C. Tribus: Bactrineae 
(Bactris alliance H. E. Moore 1973.)

15. ACROCOMIA Martius Hist. Nat. Pal. 3: 285. 1838

1 a T ronco inerm e о poco espinoso, p in n as  glaucas en el envés, sépalos m asculinos fim briado-
pelosos en el àp ice  ...................................................................................................  1. A. subinerinis

b Tronco m uy espinoso, p innas verdes y pelosas en el envés; sépalos m asculinos en teros y  
glabros .....................................................................................................................................................  2

2 a  R aquis de las h o jas  setuloso-peloso; sétalos fem eninos 3 -lobulados en  el àpice, con
lóbulos ap icu lados fim briados, ovario  suavem ente  fib ro so -p u b escen te , fru to  de 4 -4 .5
m m  de d iá m e tr o .............................................................................................................  2. A. aculeata

b  R aqu is de las h o jas  no se tu loso -pubescen te ; péta los fem en inos tru n ca d o s  y  em arg ina- 
dos en el àp ice; ovario  glabro , algo fu rfu races en la base , fru to  de 3.5 cm  de d iám etro  
..................................................................................................................................................... 3. A. pilosa
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15.1. Acrocomia subinermis León. ex  B ailey  H o rt. Second. 22. 1941.
15.2. Acrocomia aculeata (J a c q .)  L odd. ex  M art. H is t. N a t. Pa lm . 3: 285. 1838. 

(Syn. : Cocos aculeatus J a c q . S tirp . Select. A m er. 1763: 278. t. 169.)
15.3. Acrocomia pilosa L eón M em. Soc. Cub. H is t. N a t. 14: 52. 1940.

16. GASTROCOCOS Morales Rep. Fis. Nat. Isla de Cuba Is 57. 1865

16.1. Gastrococos crispa (H B K .)  H . E . M oore P rinc ipes 11: 121. 1967.
[Syn.: Cocos crispa  H B K . Nov. Gen. e t  Spec. 1: 302. 1815.; Acrocom ia crispa  (H B K .) 
C. F . B aker ex Весе. P om ona Coll. J .  Econ. B o t. 2: 364. 1912.; Gastrococos armen- 
tulis Morales l.c. 58. 1865.; Acrocomia arm entalis (M orales) B ailey  in  H o rt. Second. 22. 
1941.]

F ig . 22. Gastrococos c risp a  (H B K ) H . E . M oore en  las sabanas se rp en tin o sas de C am ajuan i, 
N E  de S a n ta  C lara. (F o to : A. B o r h id i)

17. BACTRIS Jacq. Stirp. Select. Amer. 1763: 217. t. 256

17.1. B actris cubensis B u rre t  K ungl. Svensk . V e t.-Acad. H and l. Ser. 3. 6 (7): 25. 1929. 
(Syn.: B. P lum ieriana  Весе. P om o n a  Coll. J .  E con. B ot. 2: 371. 1912. non M art.)

IV. Subfamilia: GEONOMOIDEAE
IV.A. Tribus: Pholidostachyeae 
(Pholidostachys alliance H. E. Moore 1973 )
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Fig. 23. B actris  cubensis B u rre t en las p luv isilvas m o n tan as esclerófilas serpen tinosas del A lto
de la  Ibe ria . (F o to : A. BoRHiDi)

18. CALYPTRONOMA Griseb. FI. Brit. W. I. 1864: 518 
(Geonoma auct. non Willd.; Cocops 0 . F. Cook Bull. Torr. Bot. 
Cl. 28: 568. 1901. Calyptrogyne sensu Maza Dice. Bot. 1889: 72, 
sensu León Contr. Ocas. Mus. Hirt. Nat. Col. de la Salle No. 3: 
10. 1944, Fl. de Cuba 1: 243. 1946. non Wendl. Bot. Zschr. 
1859: 72.)'

1 a M esocarpio fib roso , acum inado  en la  b ase ; sem illas oblongo ovales de 4 .5 -6  m m  de 
largo  y  3—4.5 m m  de ancho , asim étrica  en  la  base, con u n a  p u n ta  aguda su b la te ra l; 
em b rió n  subbasilar. Segm entos de las h o jas  en teros en el ap ice, fe rrug ineas densa-
m en te  p u n tea d as  con p u n to s  no p ro m in en tes  en  el e n v é s ...................... 3. C. interm edia

b M esocarpio fibroso  ob tu so  о red o n d ead o  en la  base, sem illas ovales a globosas sin  
p u n ta  aguda en  la base. Segm entos de las h o jas  m ay o rm en te  d iv id ias  en el ap ice (e n te ­
ros en  C. m ic ro ca rp a ) ............................................................................................................................ 2
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2 a Segm entos de las h o jas 5-r.ervias, en teras en  el áp ice, el envés fe rrug ineo ; fru to  de
7 x 8  m m , subgloboso; sem illas subglobosas de 4 -4 .5  m m  de d iám e tro , sim étricas en  la
base , em brión b a s i l a r ...............................................................................................  2. C. microcarpa

b Segm entos de las h o jas  7—9-nervias, d iv id idas en  el ápice, m ay o rm en te  pálidos en  el 
envés con pu n to s g land iilifo rm es prom inentes de tam a n o  v ariab le . F ru to s  de 9—12 m m  
de largo y 7-10 m m  de an ch o  ........................................................................................................  3

3 a Sem illas sim étricas en  la  base , 6—7 m m  de largo y  4.5—5 m m  de anch o ; em brión b asila r;
alvéolos m ayorm en te  tr ia n g u la re s , agudos en el ápice. H ojas con nerv ios secundarios 
y  terc iarios no p ro m inu los, p u n to s g landulifo rm es de tam an o  v a ria b le  irregu larm en te
dispersos en la  superficie  del envés ............................................................................  1. C. dulcis

b  Sem illas asim étricas en la base, em brión su b b a s ila r; alvéololos m ay o rm en te  redondea-
dos en el ápice .............................................................................................................  4. C. Clementis
b a  F ru to  globoso, m esocarp io  fibroso libre de la  sem illa subglobosa de 6 m m  de largo 

y  5.5-6 m m  de a n ch o ; h o jas con nervios secu n d ario s y  te rc ia rio s  no о poco p ro m in u ­
los, pun tos g landu lifo rm es irregu larm en te  d ispersos en el envés ......................................
..................................................................................................................................  4a. ssp. Clementis

b b  F ru to  aovado a e lip tiv o , m esocarpio fu e rte m e n te  ad h éren te  a la sem illa aovada  de 
6 m m  de largo y  4—5 m m  de ancho; ne rv io s secundarios y  te rc ia rio s  prom inulos, 
pu n to s g landu lifo rm es pequenos d ispuestos en  ray as  m ás a m enos reguläres en los 
nervios del envés ..........................................................................................  4b. S3p. o r ien ten sis

18.1. Calypíronoma dulcis (W r. ex  Griseb.) B ailey G entes H erb . 4: 168. (1938).
(B asionym on: Geonoma dulcis W r. ex G riseb. C at. P lan t. Cub. 1866: 222. — S y n .: 
Calyptrogyne dulcis M aza Dice. Bot. 1889: 72 .; Calyptrogyne su a r tz ii  Весе. Pom ona 
Coll. J .  Econ. B ot. 2: 356. 1912.)

18.2. Calyptronoma microcarpa (León) A. D. H aw kes P hy to lo g ia  3: 145. (1949). 
(B asionym on: Calyptrogyne microcarpa L eón C ontr. Ocas. Mus. H is t. N at. Col. de la 
Salle No. 3: 10. 1944.)

18.3. Calyptronoma interm edia (Griseb. e t W endl.) W end l. in  K erch . P a lm . 1878: 238. 
(B asionym on: Geonoma interm edia  Griseb. e t  W endl. in  Sauvelle FI. C uba 1973: 153. — 
Syn.: Calyptrogyne interm edia  Maza Noc. B o t. S ist. 1893: 50.)

18.4. Calyptronoma Clementis (León) A. D. H aw kes P h y to lo g ia  3: 145. (1949).
(B asionym on: C alyptrogyne clementis L eón C ontr. Ocas. Mus. H is t. N at. Col. de la 
Salle No. 3: 11. 1944. — Syn.: Geonoma sw artzii Griseb. e t  W endl. ex Griseb. Cat. 
P la n t Cub. 1866: 222. excl. syn.: Calyptrogyne sw artzii Весе. P o m o n a  Coll. J .  E con. 
B ot. 2: 356. 1912. q u o a d  W rig h t 1466.)

18.4.1. ssp. clementis
18.4.2. ssp. orientensis M uniz e t  B orhidi ssp. nova

P alm a 4-10 in a lta ;  folia  3 -4  m  longa, seg m en ta  3 .5 -4  cm  d is ta n te s , cen tra lia  75-95 
cm  longa, 5-6 cm la ta , su p ra  n itid a , sub tus opaca, v ir id ia , 7 -9 -nerv ia , longe acu m in ata , apice 
b if id a , nervis secundariis u tr in q u e  prom inulis, te r t ia r i is  su p ra  obsoletis vel inconspicuis, 
su b tu s  m anifeste p ro m in u lis e t punctis  m in u tis pa llid is  g lan d u lifo rm iter p rom inulis sa tis  
re g u la r ite r  d ispositis, in te r  nervös punctis m ajo rib u s laxe e t irreg u la rite r  obsitis, m arg ine 
re c u rv a  suffu lta . S p a th a  e x te rn a  4- 50 cm longa e t  сса  6 cm la ta ;  ra m i in flo rescen tiae  ple- 
ru m q u e  2-4 , ram uli flo rife ri 14-25 cm longi, a lveolae  sem iorb icu lares vel ovales, apice ro tu n -  
d a to ,  8-11 m m  longe d is tan te s . Flores m asculini 6—7 m m  longi, sepala  3 -4  m m  longa, n igro- 
c a r in a ta , corolla 5 .5-7  m m  longa, tu b u s  stam inalis  2 m m  longus, s ta m in a  inaequilonga, 0—1 
m m  longa, an th e rae  2 m m  longae. F ru c tu s e llip tico-ovaiis , 1 cm longus e t  0.8 cm la tu s ; m eso- 
ca rp iu m  fib rosum  basi longe a tte n u a tu m , su b o b tu su m , sem inum  ad h aeren s . Sem ina o v a ta , 
5 .5 -6  m m  longa e t 4 -4 .5  m m  la ta , basi lev iter o b liq u a , em bryo ex cen trica .
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F ig . 24. C alyp tronom a d e m e n t is  ssp. o rien ten sis M uniz e t B o rh id i al borde del Rio A nacle toy 
R éserva de Ja g u a n i, Cuchillas de M oa, sobre se rp en tin a . (F o to : A. Borhidi)

Typus: A c u n a  13019 SV; Cuba Prov. Oriente, Monte Centeno, Moa. 
Leg.: J . A c u n a  12. nov. 1945. in fructibus.

Specim ina e x am in a ta : León 22690 M onte G rande de C entero , M oa; Leg.: León, 
Clemente e t Alain, aug. 1945 (SV); — S ierra  de N ipe: Cayo L a P lan ch a , León e t Alain- 
17999; ? Cayo de las M ujeres, pié de la  L o m a M ensura, leg.: León, Marie-Victorin e t Alain 
19811 (SV); Sierra del C ristal: B a rran c a  del R io Lebisa. Leg.: Alain, Acuna e t López- 
F igueiras 5720 (SV).

P alm a de 4-10  m de a lto ; h o jas p in n ad a s  de 3-4  m  de largo , segm entos a p artad o s  eu  
3 .5 -4  cm , los cen trales de 75-95 cm  de largo  y  5 -6  cm de ancho , v e rd eb rillan te s  en  el haz, 
p â lidos en el envés, 7 -9 -nerv ios, la rg a m e n te  acum inados y  b ifidos en el àpice. N ervice secun- 
d a rio s  prom inulos en em bas caras, los te rc ia rio s  obsoletos en  el haz, p rom inu los en el envé& 
y  cu b ie rto s con ray as de p u n to s  m in u to s pâ lidos en fo rm a di reg u la r, y  con p u n to s  m ayores 
g landulifo rm es irreg u la rm en te  esparcidos e n tre  los nervios del envés; el m argen  algo recu rvo . 
E sp a ta  ex terio r de ±  50 cm  de largo y  6 cm  de ancho u n ica rin ad a , in te rio r  de 120 cm  de larg a  
y  6 cm  de ancho. R am as de la in flo rescencia  2 -4 , ram itas  flo rife ras de 14-25 cm  de largo , 
a lvéo las sem iorbiculares vel ovales, el áp ice redondeado  desde b rá c te a  8-11 m m  a p artad a s . 
F lo res m asculinas de 6 -7  m m  de largo , sépalos de 3 -4  m m , negro -carinados, corola de 5 .5-7  
m m  de largo, tubo  e s tam in a l de 2 m m  de largo , filam en tos desiguales de 0 -1  m m  de largo, 
a n te ra s  de 2 m m . F ru to  e lip tico -aovado , de 1 cm  de largo y  0.8 cm  de ancho, el m esocarpio 
fib ro so  la rgam en te  estrech ad o  en  la  base  su b o b tu sa , pegado a la  sem illa. Sem illas aovadas 
de 6 m m  de largo y  4 -4 .5  m m  de ancho , lig e ram en te  oblicuas en la  base, el em brió  subbasilar.

Esta sub espécie se distingue del Calyptronoma Clementis por sus hojas y 
frutos. L e o n  no teniendo material fructificado de las Montanas serpentinosas
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del Norte de Oriente supusó, que la palma rnanaca de esta zona fuera idéntica 
con las de la Sierra Maestra. La ssp. orientensis al parecer es endémica de las 
montaîias de serpentina del Masizo Sagua Baracoa (provincias Holguin y 
Guantánamo).
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The e lab o ra tio n  of the M a lu s  p o llin a tio n  schem e w as begun in  1977. In  1977 th e  
flow ering b iological observations w ere carried  o u t on 17 ind iv iduals an d  in  1978 on 19 
ones. On th e  basis o f the  m ain p e rio d  flow ering  an d  th e  ra te  o f flow ering  four groups 
were form ed from  M alus  species. W e d e te rm in ed  th e  species (types) w hich  w ere flow ering  
to g eth e r w ith  th e  com m ercial a p p le  va rie tie s . O nly  m ore (a t least tw o) M alus  species 
give secure (above  50 per cen t) o v e rlap p in g  w ith  th e  com m ercial app le  varie ties. 
In  in tensive  o rch ard s M alus species (ty p es) o f m ed iu m  grow th  s tre n g th  an d  fa v o u rab le  
foliage h a b it can  be used.

In trodu ction

One of th e  v ita l questions of in te n s iv e  app le  grow ing is ensuring  o p tim a l seed fo rm a ­
tio n . T he com m ercial app le  varieties c u lt iv a te d  in  H u n g a ry  are self-sterile , there fo re , h igh  
p ro d u c tio n  values can  be achieved o n ly  b y  m a tc h in g  such  v a r ie ty  pa irs w hich  have  th e ir  
flow ering  periods in  correspondence a n d  t h a t  possib ly  fertilize  one a n o th e r also.

A n o th er co n d itio n  for high p ro d u c tio n  va lues an d  good q u a lity  of th e  cu ltiv a r is th e  
ag ro tech n iq u e  specialized for th e  re q u ire m e n ts  o f th e  cu ltiv ar. T here are ra th e r  g re a t d if­
ferences w ith  re sp ec t to  th e  ag ro technical d em an d s — am ong  th em  f irs t  of all th a t  o f p ru n in g , 
p la n t  p ro tec tio n  and  h a rv estin g  — in th e  in d iv id u a l v a rie tie s. In  p lan tin g  several c u ltiv a rs  
in  association  i t  is d ifficu lt to  p ay  a tte n tio n  to  th e  differences in req u irem en ts .

B y  recognizing th e  technological a n d  econom ical ad v an tag es  of s in g le-v a rie ty  o rch ard s, 
B ritish  researchers b egan  to  exam ine th e  p o ss ib ilities o f app ly ing  M alus  species as p o llin a to rs  
in  1965 (Williams 1975).

Follow ing fro m  favourab le  fo reign  experiences (McGregor 1976, W illiams 1977), we 
beg an  th e  e lab o ra tio n  o f th e  M alus  p o llin a tio n  schem e a t  th e  F ru it  G row ing and  B o tan y  
D e p a rtm e n t o f th e  U n iv e rs ity  of H o rticu ltu re  (B u d a p es t)  in  1977 (Gyúró e t al. 1978).

T he flow ering  biological and g ro w th  c h a ra c te ris tic s  a re  essentia l d e te rm in a n ts  in  using  
M a lu s  species as po llin a to rs . The o b se rv a tio n s  w ere d irec ted  a t  th e  follow ing questions:
(1) W h en  does th e  flow ering  of th e  in d iv id u a l M a lu s  species begin according to  th e  ca len d a r?
(2) H ow  m an y  days does th e  flow ering la s t  fo r th e  M a lu s  species ?
(3) H ow  do flow ering  dynam ics change on th e  basis o f  th e  nu m b er of flow ers t h a t  shoot daily  

a n d  cease to  flow ering  daily  ?
(4) In to  w h a t in  g roups can  M alus  species be ca tegorized  and  w h a t k ind  of o v erlap p in g  do 

th e y  show in  re la tio n  to  th e  cu ltiv ars  to  be p o llin a ted  ?
(5) W h a t are th e  g ro w th  ty p e  and h a b i ta t  o f  th e  M a lu s  species like from  th e  v iew p o in t o f 

p lac in g  th em  in to  o rch ard s ?
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T a b le  1

The dynam ics o f  flow er shooting in M alus species (types)

April
Code n u m b e r----

12 13 14 15 16 17 18 19 20 21 22

SB K -9 10.1 17.7 29.1 36.0 39.8 44.9 13.9 13.9 10.1 8.8 4.4

SB K -1 14.7 18.3 24.8 26.2 36.3 46.4 32.7 33.4 13.3 12.2 10.0

SB K -730 7.9 20.8 32.7 41.6 51.5 64.3 48.5 35.6 14.8 13.9 6.9

SB K -10 3.5 7.8 14.9 21.0 25.4 30.7 41.2 44.7 32.4 28.9 25.4

BK-731 2.1 4.3 7.9 12.2 17.2 23.7 38.1 44.6 37.4 30.2 29.5

SB K -5 2.8 5.2 11.5 13.2 14.4 16.7 22.5 22.5 24.2 21.9 20.2

SB K -726 4.6 10.0 15.3 20.0 24.6 37.6 46.9 26.1 19.2 12.3

SB K -280 3.6 7.9 12.2 17.2 23.7 38.1 44.6 37.4 30.2 29.4

SB K -7 2.9 7.3 11.0 12.5 15.4 25.0 38.2 40.4 41.9 42.6

SB K -336 2.3 7.7 10.0 14.7 24.0 23.2 16.2 20.9 13.1

SB K -333 1.4 4.2 10.0 15.0 32.8 37.1 29.2 12.1 7.8

SB K -6 1.9 10.6 11.8 12.6 24.1 33.9 27.2 16.9 15.4

SB K -2 5.2 5.2 5.2 7.0 15.7 19.2 21.0 26.3 42.1

SB K -277 2.7 6.4 11.9 11.9 20.1 37.6 19.2 17.4

SB K -3 0.4 0.4 0.8 6.0 10.1 12.9 14.8 26.3

SB K -1014 0.9 4.9 5.8 7.8 20.5

SBK -1003 7.3 10.9 13.4 43.9

S ta rk in g 2.6 4.4 5.7 16.8 22.2 35.1

J o n a th a n 1.0 2.9 4.3 4.8 9.7

M aterial and m ethod

O ur observations w ere m ade in  th e  Soroksár (so u th e rn  edge of B u d ap est) B o tan y  
G ard en  ( =  SBK ) of th e  B o ta n y  D ep artm en t of th e  U n iv e rsity  o f  th e  H orticu ltu re . T he ga rd en  
lies in  a f la t  area, its  a lt i tu d e  is of 115 m  above sea level. T he soil is sandy , in  places w ith  m ore 
b o u n d e d  spots. The a n n u a l m ean  te m p e ra tu re  is —(—10.2 °C, th e  m o n th ly  m ean va lue  in  A pril 
is + 1 0 .6  °C, in M ay + 1 6 .1  °C. The annual p re c ip ita tio n  is on  th e  average 552 m m , th e  a v e r­
age in  A pril is 45 m m , in  M ay 63 m m  (Terpó a n d  Bogya 1978).

T he m ost im p o r ta n t  ch aracteris tics p revailing  in  th e  periods of o b se rv a tio n  (d a ily  
m ean  tem p era tu re , p re c ip ita tio n ) are p resen ted  in  Figs 1 an d  2, to g e th e r w ith  th e  flow ering  
phenological da ta . T he m easu rem en t was carried  o u t in  th e  neighbouring  P estlő rin c  C entre  
of th e  C entral In s t i tu te  fo r A tm ospheric -P hysical R esearch . I n  1977, th e  w eath e r w as d ry  
an d  w arm , while in  1978 i t  w as cool and ra in y .

In  1977, th e  o b se rv a tio n s were carried  o u t on 17 in d iv id u a ls  and  in  1978 on 19 ones, 
w hich  were on th e ir ow n ro o t. O ccasionally, severa l ty p es  w ere chosen w ith in  one a n d  th e  
o th e r  cu ltivars . The b o tan ic a l designation  of th e  ty p es used  in  th e  o bservation  w ith  th e ir  
n u m b er of id en tificatio n  is as follows:

SB K -1: M a lu s flo r ib u n d a  var. a tro p u rp u re a
SB K -2: M .X p u rp u r e a  var. helleriana
SB K -3: M . flo r ib u n d a
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(percentage o f  shot, functionable flowers, Soroksár 1977)

April May Duration
of

23 24 25 26 27 28 29 30 1 2 3 4
flowering 

5 (da>)

1.2 0.6 13

2.8 0.3 13

6.9 2.9 13

24.5 8.7 2.6 0.8 15

9.3 2.1 13

26.5 31.2 42.7 12.0 2.3 0.5 17

6.9 1.5 12

9.3 2.1 12

31.6 8.8 7.3 0.7 14

14.7 9.3 3.8 1.5 1.5 14

4.2 10

10.6 7.1 6.7 2.3 1.2 0.7 15

68.4 50.8 50.8 17.5 12.2 1.7 15

10.0 2.7 1.8 11

34.2 27.7 18.9 16.6 16.2 11.1 9.2 4.1 16

32.3 30.3 25.4 17.6 9.8 9.8 9.8 3.9 1.9 14

52.4 19.5 15.8 3.6 2.4 9

44.0 37.3 23.5 17.3 13.3 8.4 6.6 5.3 4.8 1.3 16

11.5 12.9 11.5 5.1 6.7 8.3 10.2 16.7 21.2 22.3 13.4 5.3 1.3 18

SB K -4:
SB K -5:
SB K -6:
SBK -7:
SBK -8:
SB K -9:
SBK -10:
SBK -277:
SBK -280:
SBK -333:
SBK -336:
SBK -726:
SBK -730:
SBK -731:
SBK-1003
SBK -1014

Sorbomalus 
M . baccata 
M . spectabilis 
M . baccata 
M . baccata
M . floribunda  var. a tro p u rp u re a
M . halliana
M . dasyphylla
M . silvestris
M . silvestris
M . p u m ila
M . silvestris
M . silvestris
M . silvestris
M . domestica-pumila
M . dasyphylla-pum ila

J o n a th a n  a n d  S ta rk in g  trees on M 4 ro o ts to ck  w ere chosen as th e  co n tro l in  1977. 
T w o in te rg ra fte d  J o n a th a n  and Stark ing tre e s  each  were chosen as contro ls in  1978. J o n a th a n - I :  
M 4/M 4, J o n a th a n - I I :  Jo n a than /M 4; S ta rk in g -A  on M4/M16, while S tark ing-B  on S ta rk in g /M 4  
in te rg ra f te d  ro o tsto ck s . T he trees reached  th e ir  period  of fu ll p roductiveness in  1978.
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Table 2 -

The dynam ics o f  deflorescence o f  M alus species (types) (percentage o f  flow ers

Code
number

April
2412 13 14 15 16 17 18 19 20 21 22 23

SBK-9 3.7 8.2 16.4 29.7 30.3 31.0 70.8 73.4 87.8 89.8 95.5 98.7 99.3
SBK-1 3.2 6.8 11.1 14.7 15.4 17.6 35.2 58.2 81.2 85.2 86.3 97.1 99.6

SBK-730 6.9 10.9 12.9 16.8 37.6 51.5 81.2 86.1 93.1 97.0 98.2

SBK -10 2.6 4.3 8.7 14.0 21.0 24.5 39.4 54.3 68.4 91.2

SBK-731 0.7 1.4 1.4 2.1 12.9 15.1 44.6 61.8 67.6 89.9 97.1

SBK-5 0.5 0.5 0.5 1.7 17.3 34.6
SBK-726 0.7 16.9 27.6 73.8 77.6 86.1 93.0 98.5
SBK -280 0.7 1.4 1.4 2.1 12.9 15.1 44.6 61.8 67.6 89.9 97.1
SBK -7 0.7 7.3 8.8 17.6 24.2 45.5 67.6 91.1
SBK -336 1.5 20.9 26.3 43.4 51.9 64.3 75.1 87.5
SBK -333 2.1 2.8 7.8 8.5 22.1 37.8 86.4 90.7 95.7 100.0
SBK -6 3.9 15.4 32.8 54.9 65.2 80.2 90.1
SBK-2 1.7 3.5 3.5 5.2 17.5 36.8
SBK-277 9.1 11.0 17.4 78.8 81.6 89.9 96.3
SBK -3 3.7 4.1 5.5 7.8 35.1

SB K -1014 0.5 1.9 4.9 5.8 19.6 43.0
SBK -1003 4.8 9.7 37.8 53.6

S ta rk in g 4.0 8.8 26.6 45.3
J  o n a th a n 2.1 4.3 9.4 19.1

F o r  th e  flow ering  biological observations, on  th e  average  150-250 pieces o f flow er 
buds w ere m ark ed  on p a r ts  o f iden tica l flow er d e n s ity , a long  th e  whole w id th  of th e  foliage. 
Two stages of flow ering w ere assessed daily , viz. th e  sh o o tin g  and  the  ceasing of flow ering , 
in th e  sam e phase of th e  d ay . Shooting was th e  s tag e  in  w hich  th e  peta ls s tre tc h ed  a t  least 
to  th e  e x te n t  th a t  in  th e  flo w er th e  circle o f s ta m e n  a n d  p istil becam e visible. T he m ost 
im p o r ta n t  sign of deflorescence was th e  p istil becom ing  brow n. F rom  th e  d a ta  o f th e  flow er­
ing d y n am ic , p h enogram m es w ere d raw n u p  a n d  th e  g roups of flow ering periods in  th e  
in d iv id u a l species (types) w ere de term ined , to g e th e r w ith  th e  ra te  of correspondence in  respec t 
of flow ering  periods w ith  th e  m ain  apple varie ties.

R esu lts and their a ssessm en t

Flowering period and duration of flowering

T h e  flow ering p e rio d  a n d  th e  d u ra tio n  of flo rescence in  M alus  species (ty p es) can  be 
s tu d ied  in  Figs 1 an d  2. I n  1977, th e  flow ering  o f th e  species d raw n in to  th e  analysis was 
b e tw een  A pril 12 an d  M ay 2; in  1978, be tw een  A pril 21 a n d  M ay 8 — and  in  one ty p e  betw een  
M ay 16 an d  M ay 25. T he co n tro l varie ties h a d  th e ir  flow ering  period in  1977 be tw een  April 
17 a n d  M ay 5; in  1978, b e tw een  April 27 an d  M ay 11. In  1978, o f th e  M alus  species, S B K -2 ,,
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that have ceased to flow er and are unable to func tio n , Soroksár 1977)

April May Duration
----------- of flower-

6 ing (day)25 26 27 28 29 30 1 2 3 4 5

1 0 0 14

1 0 0 14

1 0 0 12

9 7 .3 9 9 .1 1 0 0 13

1 0 0 12

4 8 .5 8 8 .0 9 3 .7 9 9 .4 100 11

1 0 0 9

1 0 0 12

9 2 .6 9 9 .2 1 0 0 11

9 2 .2 9 8 .4 1 0 0 11

1 0

9 2 .4 9 7 .6 9 8 .8 9 9 .2 1 0 0 12

4 3 .8 8 2 .4 8 7 .7 9 8 .2 1 0 0 11

1 0 0 8

3 7 .0 6 0 .1 7 2 .2 8 3 .7 9 0 .7 9 5 .8 1 0 0 12

4 8 .0 6 6 .6 7 7 .4 8 1 .3 9 0 .2 9 6 .1 9 8 .0 1 0 0 1 4

8 0 .5 9 3 .9 9 7 .6 1 00 8

6 3 .1 6 8 .8 8 1 .7 8 8 .8 9 0 .6 9 2 .8 9 5 .1 9 8 .6 1 0 0 13

2 4 .5 2 5 .8 3 3 .4 3 7 .1 4 0 .9 4 7 .7 5 2 .0 7 1 .9 8 3 .8  9 4 .6  9 8 .6 1 0 0  16

SB K -270 , SB K -280, SB K -333, SBK -726 an d  SB K -730 species (types) form ed h a rd ly  an y  
flow ers, therefo re , no o bservations could be carried  o u t on th em .

T he m ain  period  of flow ering  was considered  th a t  s tage  w hen th e  h ighest p e rcen tag e  
o f th e  flow ers was open and  capable of function ing .

T he flow ering  dynam ics d a ta  are given in  T ables 1-4 . In  1977, th e  period  of flow ering  
in  th e  case o f M a lu s  species (types) changed  be tw een  9 -17  days, while th e  p e rio d  of de flo ­
rescence be tw een  8-17  days. In  1978, these p eriods w ere sh o rte r (betw een  8-14 and  7 -12  d ays), 
th u s  th e  flow ering  to o k  a qu icker course. T he sam e was valid  in  re la tio n  to the  co n tro l v a rie tie s  
as well. In  th e  m ain  flow ering  period, 2 0 -7 0 %  o f th e  flow ers w ere in a fu n c tio n in g  s ta te  
v a ry in g  accord ing  to  species (types). In  th e  co n tro l va rie tie s , in  th e  case of flow ers grow ing 
on  several y ear old canes, th e  average was 40—50% .

T he ra te  o f flow ering  in  th e  M alus  species (types) w as m ostly  a lm ost sy m m etrica l, 
an d  i t  can  be ch arac te rized  b y  a curve h av in g  one peak  of flow ering. E xcep tions a re  in  1977 
SB K -5 an d  SB K -7, w hile in 1978 SBK -6 ty p es , in  w hich th e  m ain  period  of flow ering  becam e 
p o stp o n ed  to  th e  end of th e  flow ering p eriod , a n d  th u s  i t  becam e asym m etrical. In  1977, 
th e  florescence of Jo n a th a n  v a r ie ty  can be ch arac te rized  b y  curves hav ing  tw o-fold flow ering  
peaks. Such elapse in flow ering  can  be experienced  in th e  case o f varie ties w hich form  flow ers 
in  ab u n d an ce  even on one-year old canes: as is know n, on you n g er canes flow ering  ensues 
o n ly  la te r . One of th e  m ost im p o rta n t req u irem en ts  in  m atch in g  p o llina to r M a lu s  species
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T ab le  3

The dynam ics o f  flow er shooting in M alus species (typ es)

Code April May
number 22 23 24 25 26 27 28 29 30 1 2 3 4 5

SB K -9 1.0 3.8 14.5 39.2 30.1 31.7 33.3 8.1 5.9 3.8

SB K -10 0.8 20.2 43.4 41.0 48.1 55.4 5.9 5.6 2.9

SB K -731 8.7 43.8 51.6 53.4 29.2 15.5 5.9 3.2

SB K -1 0.5 37.1 29.6 41.9 50.0 27.4 15.0 10.2 22.6 i . i

SB K -3 6.4 13.8 18.0 22.8 45.0 64.6 76.7 13.8 5.8 4.8 2.1 2.1

SB K -7 4.5 7.2 21.5 25.1 16.1 25.6 33.6 14.8 8.1 4.9

SB K -6 3.5 9.9 17.3 33.7 46.5 53.5 43.1 1.5 0.5

SB K -5 1.0 3.0 6.5 10.0 8.0 14.1 15.1 17.1 27.1 21.6 7.5 3.0

SB K -336 12.5 24.0 27.9 41.4 30.8 24.0 5.8 2.9

SB K -1003 9.6 19.4 18.5 21.3 16.7 11.1 8.3

SB K -8 2.9 4.4 7.7 19.3 58.5

SB K -4

Jo n a th an -1 2.0 6.1 12.3 15.4 27.7 34.6 40.0 27.8 21.5

J o n a th a n - I I 5.0 10.0 15.0 28.2 36.2 22.8 21.5 14.1 6.0

S ta rk in g -A 2.5 3.7 16.1 26.5

S ta rk in g -B 2.0 4.0 16.0 24.0 34.0 53.0

SBK-1003 
SBK-10H 
JONATHAN 
STARKING 
SBK -  3
SBK- 277 
SBK- 2 
SBK- 6 
SBK- 333 
SBK- 336 
SBK- 7 
SBK- 280 
SBK- 726 
SBK- 5 
SBK- 731 
SBK- 10 
SBK- 730 
SBK -  1
SBK -  9

Key to symbols ; 

Beginning of
Main

period

flowering of
flowering

End of

flowering

1-- 1-- 1--1-- 1--1--1--1-- 1--1-- 1--1-- 1-- 1-- 1-- 1-- 1--1-- 1--1-- 1-- 1--1--1--1--1—г

Fig. 1. P e rio d  o f flow ering in M a lu s  species (types) (Soroksár 1977)
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(percentage o f  shot, functionable flow ers, Soroksár 1978)

May Duration of
------------ — --------------------------------------------------------------———------------------------ flowering
6 7 8 9 10 11 . . .  12 13 14 15 16 17 18 19 20 21 (day)

10
9

8

10
2.6 1.1 14

10

9
2.0 13

8
2.8 8

20.8 13.5 2.4 8

3.8 6.7 16.5 25.4 32.6 20.3 24.2 12.3 12.3 7.6 10

13.8 9.2 6.1 3.1 13

4.0 2.0 2.7 12

37.6 20.4 14.8 3.7 3.7 1.2 10

31.0 18.0 12.0 2.0 10

SBK -  и 
STARKING/A 
SB K - 8 
STARKING/B 
SBK-1003

—

to symbols;

Main
period End of

,  1 floweringCBi/ - 1 шт flowering

SBK — 9 ------- mmm----

25

20

15

20 22 2U 26 28 
Apr! I

30
— I-----1---- r—

2 U 
May

8 10 12 U 16' 18 20 ‘ 22 ‘ 2U ' 26

10

5

Day
Month

Daily average 
temperature C°

Sunlit hours

Precipitation 
(mm )

Day
Month

Fig. 2. Period  of florescence in  M a lu s  species (types) (S oroksár 1978)
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Table 4

The dynam ics o f  deflorescence o f  M alus species (  types )  (percentage o f  flowers

Code
number

April May

23 24 25 26 27 28 29 30 1 2 3 4 5 6

S B K -9 10.7 27.9 41.9 47.8 90.3 94.0 96.2 100

SB K -10 3.2 31.8 33.7 35.4 93.5 93.5 96.4 100

SBK -731 1.3 16.8 27.4 53.8 78.0 94.0 96.8 100

SB K -1 23.6 36.0 39.7 67.2 82.7 88.7 97.8 98.9 100

SB K -3 2.1 6.8 7.9 8.4 81.4 89.4 91.3 95.2 96.8 96.8

SB K -7 1.3 1.3 2.2 43.5 45.2 48.4 73.9 89.6 94.1 100

SB K -6 0.1 13.3 35.6 52.9 72.2 99.5 100

SB K -5 17.6 23.1 32.8 56.4 92.4 97.0 98.0

SB K -336 1.0 18.2 38.4 58.6 82.6 96.1 100

SB K -1003 7.4 28.7 32.8 73.3 80.7 94.8

SB K -8 2.9 0.9 4.3 19.8 63.7

S B K -4

Jo n a th a n -I 0.7 4.6 33.8 41.5 61.5 67.6 76.1

Jo n a th a n - I I 1.3 12.7 63.7 68.4 79.8 87.2 92.6

S tark ing -A 3.0 14.8 29.6

S ta rk in g -B 2.0 4.0 7.0 20.0 49.0

w ith  app le  varie ties is — besides th e  s im u ltan e ity  in  th e  m ain  periods o f flow ering — th e  
id e n tic a l, or sim ilar ra te  o f flow er opening, th a t  is, ph en o g ram  of flow er opening. B y using  
sev era l M alus  species ( ty p es)  to g e th e r, a full overlapp ing  w ith  th e  flow ering  of th e  m ain  
v a r ie ty  can  be achieved.

G roups of flow ering  periods:

F o r th e  d e te rm in a tio n  of th e  flow ering  periods o f app le  v a rie tie s, fo u r groups of flo w er­
in g  periods are tak en  in to  co n sid era tio n  (very  early , m id -early , m id -la te  a n d  v e ry  late). On th e  
b asis  o f th e  du ra tio n  of flow ering , th e  m ain  period  flow ering , and  th e  flow ering  phenogram m e, 
M a lu s  species can be g ro u p ed  as show n in  T able  5. O nly  th e  stab le  species (types) in  th e  
flow ering  period are in d ic a te d  in  th e  T able. C onsidering th e  re la tiv e  flow ering  period , no 
e sse n tia l  dev ia tion  occu rred  in  th e  tw o years.

O f th e  species ( ty p es )  h av in g  a labile period  of flow ering , SB K -3 belonged in  1977 to  
th e  m id -la te  category , in  1978 to  th e  m id -early  one; SB K -10 an d  SB K -731 belonged in  1977 
to  th e  m id-early , w hile in  1978 to  th e  v e ry  early  g roup . Jo n a th a n  a n d  S ta rk ing  h ad  th e ir  
flow ering  period in b o th  y ea rs  in th e  m id -la te  g roup , th erefo re , th e  closest correspondence in  
flow ering  occurred w ith  th e  M alus  species (types) belonging in  th e  m id -la te  group, or th e re  
w as an  overlapp ing  o f flow ering  w ith  them . T he la t te r  p roduce a sa tis fac to ry  overlapp ing  
p r im a rily  in  years o f q u ick  flow ering  only , therefo re  th e y  can  be used  as po llinators on ly  if
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that have already ceased to flow er and are unable to function , Soroksár 1978)

May

7 8 9 10 ... 19 20 21 22 23 24 25

Dura­
tion of 
flower­

ing 
(day)

8

8

8

9
98.9

100

100 12
10

7

7

100 7

77.2 96.1 100 8
10.2 22.5 35.2 49.6 70.3 73.7 80.5 87.7 88.1 100 10

80.0 83.0 96.2 100 11
96.6 97.3 100 10

72.2 79.6 93.8 96.3 98.1 100 9
75.0 87.0 98.0 100 9

to g e th e r w ith  such  o th e r  species (ty p es) th a t  secure a m ore com plete  co-flow ering. A ccording 
to  Sm it h  and  K e n d a l l  (1975), one-tw o ty p es  flow ering earlier can  be d e fin ite ly  adv an tag eo u s 
in  th e  o rchard , since th e y  will a t t r a c t  bees in to  th e  o rch ard  before  th e  flow ering  of th e  m ain  
v a r ie ty  begins.

Table 5

Groups o f  flow ering periods in  M alus species 
(types) (Soroksár 1977-1978)

Very early Mid-early Mid-late Very-late

S B K -l SBK-6 SBK-5 SB K -4

SBK -9 SBK-7 SBK-8

SBK-336 SBK-1003

SBK-1014

Jo n a th an

Starking
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Flowering together with the Jonathan and Starking varieties:

T h e  species (types) flow ering  to g e th e r w ith  th e  m ain  v a r ie ty  can  m o st a ccu ra te ly  be- 
chosen  on  th e  basis of th e  flow ering  p h enogram s co n stru c ted  from  th e  flow ering  dynam ics 
d a ta . T h e  areas below th e  cu rv e  de te rm in ed  b y  th e  percen tage  ra tio  o f th e  open  flow ers in  the  
f lo w erin g  phenogram m es m ark  th e  ra te  of flow ering  correspondence re liab ly .

O n th e  basis of th e  ra te  of flow ering  to g e th e r, four groups w ere fo rm ed (flow ering 
to g e th e r  u p  to  the  e x te n t o f 0—30, 30-50, 50-70  a n d  70-100% ). T he d a ta  o b ta in ed  in  1978 
are  g iv en  in  Table 6. An o v e rlap p in g  g re a te r  th e n  50%  was found  in  th e  case o f  3 species 
( ty p es )  w ith  Jo n a th an , a n d  in  2 species (ty p es) w ith  S tark ing  (F igs 3 an d  4). T hese  species 
( ty p es )  also belonged to  th e  g roups of flow ering  period  id en tica l w ith  t h a t  o f th e  m ain  v a ri­
e ties (T ab le  5).

Table 6

Corresponding periods o f  flow ering in Starking  
and Jonathan  apple varieties w ith various M alus species 

(types) (Soroksár 1978)

Rate of 
corresponding 

flowering
Jonathan I Jonathan II Starking A Starking В

o -  30% SB K -9 SBK -9 SBK-4 SBK -4

SBK -1 SB K -10 SBK-336 SBK-336

SBK-731 SBK-731 SBK-6 SBK -6

SB K -3 SBK -6 SBK-7 SBK -7

SB K -7 SBK -4 SBK-3 SBK -3

SBK -6 SB K -336 SBK-1 SBK-1

SBK-731 SBK -10

SBK -4 SBK-10 SBK -9

SBK -336 SBK-9

30- 50% SBK -8 SBK-1 SBK-5 SBK-5

SBK -3 SBK-1003

SBK -7

50- 70% SB K -8 - SBK-1003

70-100% SBK-1003 SBK-1003 SBK-8 SBK-8

SBK-5 SB K -5

In  th e  “ M alus  p o llin a tio n  schem e”  we hav e  to  try  to ach ieve th e  fu lle st possible o v er­
lap p in g  in the  period  o f flow ering  of th e  p o llin a to r and of th e  in d iv id u a ls  to  he p o llina ted . 
I n  th e  in te res ts of secure  p o llina tion , tw o species (types) a t  lea s t should  he p lan te d  to g eth e r 
w ith  th e  v a rie ty  to  be  p o llin a ted . In  th is  case, th e  flowers fo rm ed  on b o th  th e  one-year old 
can es and  the  severa l-y ea r old sprigs w ill h av e  po llinators flow ering  in correspondence w ith  
th e  flow ers of th e  v a rie tie s . T ak ing  in to  considera tion  the  flo w er-v isiting  h a b it  of th e  bees, 
w e can  suggest as p o llin a to rs  p rim arily  th o se  species (types) w hose flow er p e ta ls  are sim ilar 
to  th o se  of Jo n a th a n  an d  S ta rk in g , th a t  is, w h ite  and p inkish (Smith-K endall 1975, J onkers
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Fig. 3. M alus  species (ty p es) whose period  o f florescence co rresponds w ith  th a t  o f J o n a th a n  
app le  varie ties a t  a ra te  ab ove  50%  (S oroksár 1977)

^ t  al. 1978). O f th e  species (types) ex am in ed  b y  us, species (ty p es) SBK -2 an d  SB K -8 h av e  
p e ta ls  o f v iv id  p in k  co lour; SB K -1, S B K -3 , SB K -9 and  SB K -10 have  lig h t p in k  p e ta ls ; 
fu r th e r  species (ty p es) hav e  w hite  peta ls. T h e  v iv id  (redd ish) flow er colour is n o t  fa v o u rab le  
because th e  bees w ill p rim arily  v isit on ly  th ese  flow ers an d  w ill n o t f ly  over to  th e  flow ers 
o f th e  m ain  v a rie ty .

G row th  c h arac te ris tic s :

M a lu s  species (ty p es) can be used  as p o llin a to rs  m ost econom ically  if  th e y  are  p lan te d  
in  th e  o rch ard  w ith o u t a n y  special space re q u ire m e n t. T herefore, in  in tensive  o rch ard s, M a lu s  
species (ty p es) of m ed iu m  g row th  s tre n g th  a n d  o f fav o u rab le  foliage h a b it can  be used . The 
s itu a tio n  is th e  sam e in  th e  case of g ra ftin g  on  v a rie tie s. T he g row th  ch arac te ris tics  g iven  in

F ig. 4. M alus  species (ty p es) whose period  of flow ering  corresponds w ith  th a t  o f J o n a th a n  
ap p le  varie ties a t  a r a te  ab o v e  50%  (S oroksár 1978)
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T ab le  7 are  only as a gu ide, fo r g row th  ch ara c te ris tic s  can  on ly  be po in ted  o u t  re liab ly  in  
m odel o rch ard s, by  g ra ftin g  on  su itab le  stocks an d  b y  m ak in g  o bservations d u rin g  th e  life 
o f  th e  o rch ard .

Table 7

Growth characteristics o f  M alus species (types), 
on the basis o f  their usefulness 

in  intensive apple orchards (Soroksár 1977)

Very strong Favourable Pendula
growth habitat type

SB K -336 SBK -1014 SBK-1

SB K -333 SBK -1003 SBK -9

SB K -5 SBK-731 SBK -6

SBK -730 

SBK -726 

SBK -280 

SBK-277 

SBK -3 

SBK -7 

SBK -2 

SBK -10 

SB K -4 

SB K -8

Discussion

T h e  u s e  o f  M a l u s  s p e c ie s  a s  p o l l in a t o r s  r a is e s  t h e  p o s s i b i l i t y  o f  p la n t in g  

s i n g l e - v a r i e t y  a p p le  o r c h a r d s ,  w h ic h  a re  m o r e  a d v a n t a g e o u s  f r o m  t e c h n o lo g ic a l  

a n d  w o r k s h o p -o r g a n iz a t io n a l  v i e w p o in t s  t h a n  t h e  m u l t i - v a r i e t y  o r c h a r d s , fo r  

t h e  s in g le  v a r ie t y  o f  t h e  o r c h a r d  c a n  b e  p r o v id e d  w i t h  o p t im a l  a g r o t e c h n ic a l  

c o n t r o l .  T h e  “ M a l u s  p o l l in a t io n  s c h e m e ”  a s  a  p o s s ib i l i t y  o f  c o n t in u in g  d e v e lo p ­

m e n t  c o m p r is e s  n o t  o n l y  t h i s  t e c h n o lo g ic a l  s o lu t io n .  M a l u s  s p e c ie s  a s  p o l l in a ­

t o r s  c a n  h e  u s e d  in  a  v a r ie t y  o f  s o lu t io n s  a s  f o l lo w s :

— p la n t in g  o n e  v a r ie t y  a n d  p o l l in a t o r  M a l u s  s p e c ie s  m ix e d  in  t h e  

o r c h a r d ;

—  p la n t in g  M a l u s  s p e c ie s  in  m u l t i - v a r i e t a l  a p p le  o r c h a r d s ,  in  b r o a d  

v a r ie t y  b lo c k s ,  a s  s u p p le m e n t a r y  p o l l in a t o r s ;

— c o m p le t e  o r  p a r t ia l  g r a f t in g  o f  M a l u s  s p e c ie s  o n  in d iv id u a l  t r e e s  in  

a p p le  o r c h a r d s  w i t h  u n f a v o u r a b le  p o l l in a t io n  o r  in  s in g le - v a r i e t y  

a p p le  o r c h a r d s ;
—  p la n t in g  o u t  M a l u s  s p e c ie s ,  c u l t iv a t e d  in  c u l t u r e  v e s s e l s ,  fo r  t h e  

p e r io d  o f  f lo w e r in g  in t o  s i n g l e - v a r i e t y  o r c h a r d s  o r  in t o  m u l t i - v a r i e t y  

o r c h a r d s  w i t h  u n f a v o u r a b le  c o n d i t io n s  o f  p o l l in a t io n ;
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— providing pollen for artificial pollination (independently; mixed with 
other Malus species or with conventional pollinators) in single­
variety orchards;

— artificial supplementary pollination in orchards with unfavourable 
pollination conditions.

Correspondence in the flowering of Malus species with tha t of the 
varieties is only one and not the only requirement in using Malus species as 
pollinators. From the viewpoints of planting possibilities in the orchard, the 
growth characteristics are im portant for us to be known. Moreover, only 
those Malus species can be used as pollinators which are able to fertilize the 
varieties to a satisfactory extent ( S o l t é s z  et al. 1979). I t  is a further im por­
tan t requirement for Malus species th a t the variety value, the quality of the 
fruits originating from the hybridization should be characteristic of the 
variety. The knowledge of flower colour, insect fréquentation, virus-free con­
dition, immunity from viruses, sensitivity towards bacteria, etc. as supple­
m entary conditions, cannot be considered negligible.

It is only by considering all the requirements th a t we can choose the 
Malus species (types) which are usable in the Malus pollination scheme under 
the conditions of cultivation in Hungary. For this many years of research 
are needed for including several new types in our examinations. Within the 
flowering biological questions, our observations will be extended to the assess­
ment of effective pollen quantity, insect fréquentation colour of flower, flower 
sensitivity to freeze and the assessment of growth characteristics together 
with the graft effect.

R E F E R E N C E S

G yúró, F ., Soltész, M ., T erp ó , A., N yéki, J . ,  T ó th , M. (1979): M alus fa jo k  felhasználása a lm a­
ü lte tv én y ek  m egporzásához. L ip p a y  János Jub ileum i Tudom ányos Ülésszak Kertészeti 
Egyetem. K ertészeti Egyetem K özlem ényei. (Using M alus species fo r po llina tion  in  app le  
orchards. S c ien tific  Session o f  the U niversity  o f  H orticulture on the Jubilee o f  János  
L ip p a y . Sep. P ubl. U niv. Horticult.) Vol. X L II I .  1979. 37—47.

Jo n k e rs , H ., B orsboom , О ., Holder, V. (1978): F écondation  du  po m m ier p a r des pom m iers 
o rn em an taux . G ro u p e  de trav a il “ C u ltu res  horticoles” . École supérieu re  agronom ique. 
W ageningen. L e  F ru it  Belge. 46 (381): 67—75.

M cGregor, S. E . (1976): In se c t po llin a tio n  o f cu ltiv a ted  crop p la n ta . A griculture Handbook. 
496: 411.

S m ith , B. D ., K endall, D . A. (1975): H ow  o rc h ard  lay o u t u sing  M a lu s  c an  influence p o llin a t­
ing insects. The Grower. 83 (3): 141—142.

Soltész, M., G yúró, F ., T erp ó , A., N yéki, J . ,  T ó th , M. (1979): Ü zem i a lm a fa jtá k  és M alus  
fa jo k  tá rs ítá sá n a k  lehetőségei (P o ssib ilities of m a tin g  o rch ard  app le  varie ties w ith  
M alus  species). Kertgazdaság  11 (5): 1—16.

T erpó , A ., B ogya, S .-né (red .) (1978): In d e x  Sem inum . H o rtu s  B o tan icu s “ Soroksárensis”  
U n iv ersita tis  H o rticu ltu rae . B udap est-S o ro k sá r. K e rtésze ti E gy etem .

W illiam s, R . R . (1975): P rogress w ith  M a lu s  as po llina to rs in  single v a r ie ty  orchards. The  
Grower. 83 (2): 86 -87 .

W illiam s, R . R . (1977): P o llin a tio n  is m ore  im p o rta n t th a n  ever: M a lu s  is one answer. Hort. 
In d .:  369, 406, 418.

Acta Botanica Academiae Scientiarum Hungaricae 28, 1982





Acta B otanica Academiae S c ien tia rum  H ungaricae , Vol. 28 ( 3 —4 ) ,  p p . 361 — 389 (1982)

EAST AFRICAN BRYOPHYTES, VI. 
POLISH COLLECTIONS

R. O C H Y R A 1 and T. PÓ C S2

1 BOTANICAL IN STITU TE, PO L ISH  ACADEMY OF SCIENCES, KRAKOW , POLAND 
■* RESEARCH IN ST ITU TE FOR BO TA NY , HUNGARIAN ACADEMY OF SCIENCES, VÁCRÁTÓT
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D u rin g  th e  years 1975—76 Polish  E a s t A frican  E x p ed itio n  “ K ilim an ja ro  76” 
collected  b ry o p h y te s  a t  several loca lities in  K e n y a , T anzan ia , U g an d a , S udan  and  in  
C entral A frican  R epublic. O th e r Polish collections, m ain ly  from  Z am bia , are also 
added . An a n n o ta te d  list o f 176 species inc lu d in g  48 liverw orts an d  128 mosses is 
provided. F o r  each  species lis t o f localities, ecological an d  bryogeograph ica l d a ta , and 
taxonom ic a n n o ta tio n s  are g iven. Several species a re  rep o rted  for th e  f ir s t  tim e from  
p articu la r reg ions, and  A m blysteg ium  serpens is new  to  th e  tro p ical A frica. T he au th o rs  
proposed th e  follow ing new co m b in a tio n s: Sch is tid iu m  perichetiale (P . V arde) O chyra 
com b, n ov .; S. angustissim um  (P . V arde) O chyra  com b, nov .; S. cribrodontium  (H erz.) 
O chyra com b, n o v .; Schizom itrium  africanum  (M itt.)  O chyra  com b, n o v .; S . applana- 
tu m  (B ro th , e t  B ry h n ) O chyra com b, nov.; S. ascensionis  (C. M uell.) O chyra  comb, 
n ov .; S. attenuatum  (C. Muell.) O ch y ra  comb, n o v .; S . brevipes (B ro th .)  O chyra  comb, 
n o v .; S. chevalieri (B ro th , in C orb.) O chyra com b, n o v .; S. chionophyllum  (C. Muell.) 
O chyra com b n o v .; S. constrictum  (C. Muell.) O ch y ra  com b, nov .; S . em arginatulum  
(B ro th , in  C orb.) O chyra com b, n o v .;  S. eroso-truncatum  (C ard.) O chyra  com b, nov .; 
S. fissiden te llum  (B esch.) O chyra com b, nov.; S. gabonense  (B ro th , e t  P . V arde) O chyra 
com b, nov .; S . lacerans (C. M uell.) O chyra  com b, n o v .; S. laeviusculum  (M itt.) O chyra 
com b, n ov .; S . leptocladulum  (C. M uell. ex B ro th .)  O ch y ra  com b, n o v .; S . maclaudii 
(P a r. e t B ro th .)  O chyra  comb, n o v .; S . papillosu lum  (B ro th , e t P . V arde) O ch y ra  comb, 
n ov .; S. parvocellulatum  (D em ar. e t  P . V arde) O ch y ra  com b, nov .; S . perpap illa tum  
(B ro th , e t P . V ard e) O chyra com b, n o v .; S. perrotii (P a r .)  O chyra  com b, n ov .; S. pusil-  
lum  (B ro th , ex  D em ar. e t P. V ard e) O chyra com b, n o v .; S. salaziae (B esch .) O chyra  
com b, nov.; S. seychellense (B esch.) O chyra  com b, n o v .; S . sub em arginatulum  (B ro th , 
e t  P . V arde) O ch y ra  comb, nov .; S . triste  (C. M uell.) O ch y ra  comb, n o v .; S. usambari- 
cum  (B ro th .) O ch y ra  comb, n o v .; Schizom itrium  sect. Convergentes (D em ar. e t P. 
V arde ex D em ar.) O chyra  comb, n o v .; Schizom itrium  sect. Rectae (D em ar. e t  P . V arde 
ex  D em ar.) O ch y ra  comb, nov.; Schizom itrium  sect. Divergentes (D em ar. e t  P . V arde 
ex D em ar.) O ch y ra  comb, nov.; H om alothecium  a fro-stria tum  (C. M uell.) O chyra  s ta t.  
e t  comb, n ov .; Kindbergia africana  (H erz .) O chyra com b, nov .; K . africana  v a r . la ti- 
fo lia  (D em ar. e t  L eroy) O chyra com b, nov.; H y p n u m  africanum  (P . V arde) O chyra 
com b, nov.; Guembelia abyssinica C. M uell. and G rim m ia  abyssinica  (C. M uell.) Jaeg . 
are reduced to  sy n o n y m y  of G. apiculata.

Introduction

On th e  tu rn  of th e  1975/1976 u n d e r  th e  auspicies o f  th e  Jag ie llon ian  U n iv e rs ity  and  
P o lish  T o u ris t Society  w as arranged  a P o lish  scientific  an d  c lim bing  exped ition  “ K ilim an jaro  
76”  to  E a s t Africa. T h e  ex ped ition  focused ch iefly  a t  th e  h ig h es t E a s t A frican  m o u n ta in s in 
K en y a  an d  T anzan ia  (M t. K enya, M t. E lg o n , Mt. M eru, K ilim a n ja ro  M ts.). M oreover, some 
o th e r  places includ ing  Serengeti N ational P a rk  and N gorongoro  C onservation  A rea  in  T an ­
z an ia  an d  01 Doinyo S a p u k  N ational P a rk  in  K enya  w ere v is ited . In  th e  re tu rn  w ay  th e  
E x p ed itio n  has dw elt in  U g an d a , Sudan a n d  in  C entral A frican  R epublic .
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Fig. 1. M t. K enya, S irim on t ra c k :  v iew  on th e  su m m it p a r t  o f M t. K enya  from  th e  slopes of 
T he B arro w , a t  3900 m  a lt. O n th e  f ir s t  p lan  Lobelia telekii an d  tussocks o f F estuca pilgeri. 
P h o t. K . S t r z a l k a . L o ca lity  o f Andreaea cucullata , Ceratodon purpureus , C am pylopus strami- 
neus , Leptodontium  jo a n n is-m eyeri, Tortula cavallii, R hacom itrium  alare, F u n a ria  perlaxa , 
H edivig id ium  integrifolium , H om alothecium  afro-striatum , Polytrichum  commune  a n d  P. p i l i -

feru m

D u rin g  th e  E x p ed itio n  a collection  of b ry o p h y tes  has been m ade consisting  of approx­
im a te ly  600 specim ens of liv e rw o rts  and  m osses. M ost o f th e  collections w ere m ad e  in K enya 
an d  T an z an ia , and ad d itio n a l ones in  U g an d a, S udan  a n d  in  C entra l A frican  R epub lic . The 
b ry o p h y te s  were collected m ain ly  by  a zoologist from  th e  Jag ie llon ian  U n iv e rs ity , Dr. S. 
R o j k o w s k i , and only sm all sam ples were g a thered  b y  th e  o th e r  m em bers o f th e  E x p ed itio n : 
P ro f. J .  K o r n a s  and D rs. K . S z c z e p a n e k  and  B . Z e m a n e k . Professor K o r n a s  also su b ­
m itte d  a b ry ophy te  m ate ria l co llected  by  h im self and  b y  his fam ily m em bers in  Zam bia 
d u rin g  1972-1973. We exp ress  o u r k in d es t g ra titu d e  for de livery  of these co llection  for iden­
tif ic a t io n  by  ourselves. T h is re su lte d  in  a lis t consisting  of 48 liverw orts a n d  126 moss 
species. Som e of them  re p re se n t new  records for th e  p a r tic u la r  regions, and  som e are ra re  
species w hich  have been p rev io u s ly  collected  a few tim es only. A m blysteg ium  serpens was 
co llected  for the f irs t tim e in  tro p ic a l Africa.

M ost de term inations o f  m osses have  been m ade by R. O c h y r a , and  on ly  some tax a  
w ere n am ed  by Prof. J .  L. D e  S l o o v e r  of N am ur, B elgium . He confirm ed  also some de­
te rm in a tio n s  m ade by R . O c h y r a . We express to h im  our k in d est g ra ti tu d e . W e receive 
im p o r ta n t  m aterials for co m p ariso n  from  PC and  NY, an d  we are m uch in d e b t to  th e  d irectors 
a n d  c u ra to rs  of these h e rb a r ia  fo r th e ir  assistance. T he H ep aticae  were id en tif ie d  b y  T. PÓCS, 

w ho also provided a few d is tr ib u tio n a l m aps.
In  th e  list of species a f te r  a  consecutive n u m b er an d  species nam e w e give in some 

cases im p o rta n t or new  sy n o n y m s, ecological and b ryogeographical d a ta  a n d  localities o f 
co llec ted  specim ens. N ew  reco rd s fo r a larger geographical u n it  are m ark ed  w ith  an  asterisk  
b e fo re  i ts  abbrev iation . T h e  n u m b ers  in  p a ren theses a re  re ferred  to  th e  co llection  m ade by
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F ig. 2. M t. K enya, S irim o n  T rack : H u t T a rn ;  on the  f irs t p la n  Lobelia telekii and  Senecio- 
keniodendron ; in  th e  b a ck g ro u n d  Poin t J o h n  (rig h t) and th e  m assif of N elion (left). The ph o to  
w as m ade  a t  4500 m  a lt. b y  K . S t r z a l k a . L o ca lity  of G rim mia a ffin is , G. trichophylla , Schisti-

d iu m  perichaetiale

D r. S. R o jk o w s k i . O th e r  collector’s n am es are  ab b rev ia ted  as follow s: К  — J a n  K o r n a s  ̂
A n n a  M e d w e c k a -K o r n a s  an d  M aria K o r n a s ; SZ — K. Sz c z e p a n e k  an d  B. Z e m a n e k . T he 
co llecting  d a ta  are fo llow ed b y  th e  a b b re v ia te d  nam e of th e  id en tif ie r: О — R. O c h y r a , 
P  — T. P ó cs , DS — J .  L . D e  Sl o o v e r . S h o r t  rem ark s on th e  genera l geographical d is tr ib u ­
tio n  are  also p rovided. I n  som e cases tax o n o m ic  problem s are d iscussed . T he p u b lica tion  o f  
th e  species in  the  p rev io u s  pap ers  of “ E a s t  A frican B ry o p h y tes”  series (B iz o t  and  PÓCS 
1974; B iz o t  e t al. 1976; B iz o t  and P ócs 1979; B iz o t  et al. 1978; B iz o t  e t P ó cs 1982) 
in d ic a te d  b y  th e  a b b re v ia tio n  E A B  I, I I ,  I I I ,  IV , У, respectively .

T he f ir s t  set of m oss specim ens is p re se rv e d  in  K R A M -B , d u p lica te  se ts are deposited  
in  E G R  and  in  NAM; liv e rw o rts  are p re se rv ed  in  E G R  and  th e ir  d u p lica te  se t in  K R A M -B - 
M oreover, num erous d u p lic a te s  have  been d is tr ib u te d  to th e  v a rio u s h e rb aria  of th e  w orld  
a n d  som e species were e d ite d  b y  J .  L. D e  S l o o v e r  in his “ H erb ie r B ryo log ique” .

Acta Botanica Academiae Scientiarum Hungaricae 28, 1982



364 R. OCHYRA—T. PÓCS

A bbrev iations of th e  geograph ica l u n its  u sed  in th e  te x t:

ELG : M t. E lgon RCA: C entra l A frican  R ep u b lic
K : K en y a SU D : Sudan
K E N : M t. K en y a T : T an zan ia
K IL : K ilim a n ja ro  Mts. UGA: U ganda
M ER: M t. M eru Z: Zam bia

L ist o f species collected 

H E P A T IC A E

B lepharostom aceae

1. B lepharostom a trich o p h y llu m  (L .) D u m . — * K E N : S irim on T rack , on  soil am ong Junger- 
m a n n ia  abyssinica, 3600 m  (148b); d e t. P . N o rth e rn  tem p e ra te  species, a ltim o n tan e  in 
A frica , new to K en y a . E A B  I , I I I .

Lepidoziaceae

2. Lepidozia tru n ca te lla  N ees — K IL : M arangu  R ou te  n ear M an d ara  H u t, 2730 m (290d); 
d e t. P . E as t A frican m o n ta n e  — S o u th  A frican  species, E A B  I I I .

3. Lepidozia s tu h lm ann ii S teph . -  *M E R : on b a rk , a t  2700 m. A fro m o n tan e -afro a lp in e  
species.

4 . A rachniopsis d iacan tlia  (M ont.) H ow e — *Z: N o rth e rn  P ro v ., C hinsali D istr., Chipoma 
F a lls  20 km  S of C hinsali, 1350 m , on soil (K  0048b); de t. P . E A B  I, I I I ,  new  to  Z am bia.

5. T elaranea  nem atodes (G o tt, ex A u s t.)  H ow e — *Z: C hinsali D is tr ., Chipom a Falls, 
fring ing  forest, 1350 m  К  (0058a); d e t. P . Oceanic cosm opolite, w idesp read  in  trop ical 
a n d  in  South A frica, new  to  Z am bia.

Cephaloziellaceae

•6. Cylindrocolea a trov irid is (Sim ) V ána  — *RCA: B angui, on  p a lm  stem , in te rm ix ed  am ong 
Acrolejeunea emergens a n d  Lejeunea rhodesiae (449b, 450b); de t. P . P rev io u sly  know n 
from  Nigeria, R w an d a , T an zan ia  a n d  N a ta l, new  for RCA.

Ju n g erm an n iaceae

7. A ndrew sianthus bilobus (M itt.) Grolle — *M ER: 2700 m , on  b a rk  (338b); det. P. Afro- 
m on tane  species.

8. Ju n g erm an n ia  abyssin ica  Nees in  G o tt. — K E N : S irim on T rack , on  ground , to g e th e r 
w ith  F unaria perlaxa  T hér, 3600 m  (148a); det. P . A froalp ine  species know n from  
U ganda, E th io p ia , K e n y a  and  T an zan ia , be tw een  1500-4000 m.

9. Ju ngerm ann ia  borgen ii G o tt. — Z: N W  P rov ., Z am bezi source n e a r M w inilunga, on 
b a rk  in m oist everg reen  fo rest (K  0020c); det. P . W idespread  a fro m o n tan e  species.

Geocalycaceae

10. Lophocolea lucida (Spreng , ex L ehm .) M ont. — *Z: N o rth e rn  P ro v ., Chinsali D istr., 
Chipom a Falls, on  g ro u n d , 1350 m  (K  0048a); det. P . A fro m o n tan e  species also in  S o u th  
Africa and in  th e  n e ighbouring  is lands, EA B  I, I I I .
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11. Lophocolea concreta  M ont. — Z: N W  P rov ., Zam bezi Source n ear M w inilunga, on b a rk  
in m oist evergreen  forest, 1580 m  (K  0024b); de t. P . W idespread  in tro p ica l Africa, 
EA B I, I I I ,  IV.

Plagiochilaceae

12. Plagiochila  b a rte r! M itt. — * K IL : M arangu R ou te  n e a r  M andara  H u t, 2730 m (278, 
291c, 290b); d e t. P . W idesp read  a fro m o n tan e  species.

13. Plagiochila  colorans S teph . in  M ildbr. — K IL : M arangu  R o u te  near M an d ara  H u t, on 
b a rk  an d  on g round , 2730 m  (289b, 300a); det. P . A froa lp ine  species, E A B  IV.

14. Plagiochila  divergens S teph . T : Serengeti N. P ., N aab i H ills G ate, on  b a rk  (215); 
N gorongoro C ra te r rim , on b a rk  2500 m  (240, 244, 251, 260); K IL : M arangu  R o u te , on 
b a rk  1800-2730 m  (276, 303, 289a) th e  la s t tw o: v a r. m y riocarpa  (Pears) E . W. Jones; 
Z: N W  P ro v ., Z am bezi source  n e a r M w inilunga, on  b a rk  in  m oist everg reen  forest 
(K  0020b); N P rov ., M porokoso D is tr ., K olungw ashi R iv er, Lum angw e Falls , 1020 m 
(K  0080b); K : * E ldore t, on b a rk  2450 m (28); *N airobi — U h u ru  H ighw ay, on b a rk  (14); 
det. P . A from ontane , EA B I, I I I ,  IV.

15. P lagiochila ericicola S teph. — K IL :  M arangu R o u te  n e a r  M andara  H u t, terricolous, 
2730 m  (300b); d e t. P . A froa lp ine , E A B  I, I I I .

16. Plagiochila  effusa  S teph. — *K : 01 D oinyo Sapuk N a tio n a l P a rk , 2340 m  (414b); T: 
*N gorongoro C ra te r rim  2500 m  (233a); d e t. P . W id esp read  a fro m o n tan e  species, EA B  I.

17. P lagiochila fusifera  Tayl. — *K : 01 D oinyo Sapuk N a t. P a rk  2340 m , corticolous 401, 
406; *Z: N W  P ro v ., Z am bezi sou rce  n ear M w inilunga, 1580 m (K  0021); d e t. P . W ide­
spread in  tro p ica l A frica, E A B  I, IV.

18. Plagiochila lastii M itt. — K E N : S irim o n  G ate, cortico lous, 2550 m (186); K IL : M arangu 
R oute  below H orom bo H u t, on  b a rk , 3500 m (318b); d e t. P . E a s t A frican  m on tane  
species, EA B  I I ,  IV.

19. Plagiochila p raem orsa  S teph . *U G A : K am p ala , co rtico lous (407a); d e t. P . T ropical 
A frican species new  to U ganda.

20. P lagiochila squam ulosa  M itt. v a r . sq u am ulosa  — *ELG : C orticolous in  H agen ia-H yperi- 
cum  fo rest a t  2200-3000 m (33, 40a, 42b); *K E N : S irim on  G ate  — Sirim on T rack  2550- 
2600 m, on b a rk  (167, 180b); d e t. P .

— var. crispu lo -caudata  (G o tt.)  V an d en  B erghen — * K E N : S irim on G ate, corticolous 
in  Podocarpus fo rest, 2550 m  (180a, 189); T : N gorongoro C ra te r rim , on b a rk , 2500 m 
(252a); M E R : E , 2700 m , on b a rk  (373); Z: N o rth e rn  P ro v ., M bala D istr., M t. Sunzu, 
2010 m, corticolous in  open w oo d lan d  (K  0076e); det. P .

— var. sinuosa (M itt.) V a n d en  B erghen  — ELG : S 2200 m , on b a rk  (36, 39c); K: 
N gong Hills n ear N airobi, ram ico lo u s , 2450 m (200a, SZ); K E N : S irim on G ate  and 
T rack , 2600 m  (173c, 177a, 184, 187); K : N ak u ru -R o n g a i, D eloraine F a rm , 1800 m 
(coll. ?); *Z: N o rth e rn  P rov ., M bala  D istr., M t. Sunzu, rup ico lo u s, 1580-2030 m  (K  0071, 
0073); de t. P . T he above reco rds seem  to confirm  V a n d e n  B e r g h e n ’s co ncep t (1981: 
74-75), who u n ite d  th e  th ree  species a t  v a r ie ty  level. T h e ir  differences are n o t sh a rp ly  
lim ited  and  according to th e  new  reco rd s th ey  are no t iso la ted  geographically , as i t  was 
th o u g h t by  J o n e s  (1962: 283-288), a lth o u g h  he him self expressed  his d o u b t a b o u t th e  
d istinc tion  of th e  species (l.c. 287).

21. P lagiochila strictifo lia  S teph. — *Z: N W  P ro v ., Zam bezi ra p id s  2.5 km  above Zam bezi 
bridge on th e  M w inilunga — A ngola  R oad , corticolous, 1300 m  (K  0027b); d e t. P. 
T ropical A frican  low land  species d is tr ib u te d  m ainly  in  W est A frica.

22. Plagiochila  cf. te reb ran s L dbg. — K IL : M arangu R o u te  n e a r M andara  an d  H orom bo 
H u ts , 2750-3500 m , corticolous (290, 317); de t. P. A ty p ica l form , w ith  a lm o st iso­
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d ia m e tr ic  cells and  w ith  less conspicuously  th ick en ed  w alls. E . W. J o n e s  (1962: 308) also 
m en tio n s  such v a ria tio n . W id esp read  afro m o n tan e  species.

A crobolbaceae

23. L ethocolea  congesta (L eh m .) S. A rn . — K IL : M arangu  R ou te , n ea r H o rom bo  Hut,, 
terrico lo u s, 3700 m  (334); d e t. P . A froalp ine  +  S o u th  A frica, E as t A frican  islands, and  
T r is ta n  da Cunha, E A B  I , I I I ,  IV.

R adulaceae

24. R a d u la  holstiana S tep h . — K IL : M arangu  R ou te , below  H orom bo H u t ,  corticolous, 
3500 m  (318a); de t. P . W id esp read  afro m o n tan e  species, E A B  I, I I I  (see F ig . 3).

F ig . 3. T he range of tw o a fro m o n tan e  e lem ents, w ith  a lm o st equal d is tr ib u tio n , one of th em  
re s tr ic te d  to  more hum id e  h a b ita ts  (Radula  holstiana , large  dots), th e  o th e r  d is trib u ted  in  

m ore x e ric  en v iro n m en ts  (Radula  recurvifolia , sm aller d o ts)

Acta Botanica Academiae Scientiarum Hungaricae 28, 1982



EAST AFRICAN BRYOPHYTES, VI. 367

25. Radula recurvifolia S teph . -  *ELG : S 2200-3100 m, H ag en ia -H y p e ricu m  fo res t, on 
b a rk  (39a, SZ); K : *01 D o inyo  S apuk  N at. P a rk , corticolous, 2340 m  (391, 397a); *Ngong 
H ills n ea r N airobi, on b a rk  (199); T : N gorongoro C rater rim , 2500 m  (233b); d e t. P. 
A fro m o n tan e  species, E A B  I , IY  (see F ig. 7).

Porellaceae

26. Porella abyssinica (Nees) S. A rn . — M E R : E  2700 m , on b a rk  (349); det. P. E a s t  A frican  
m o n tan e  species, EAB I, IV .

27. Porella hoehnelii Steph. — E L G : cortico lous in  H ag en ia -H y p ericu m  fo res t, 3000 m 
(42b); K E N : Sirim on T rac k , 2600 m , cortico lous (173a, 177b, SZ); d e t. P . E a s t  A frican  
m o n tan e  species +  S A frica a n d  M adagascar. EA B  I , IV.

28. Porella subdentata (M itt.) E . W . Jo n es v a r. subdentata — K : N yeri, on  ro ad sid e  trees 
(86); T : N gorongoro C ra te r r im , 2500 m , corticolous (252b); K IL : M arangu  R o u te , 
2730 m , corticolous (302); *Z: N W  P ro v ., Zam bezi source n ear M w inilunga, 1580 m  
(K  0019a); det. P . W id esp read  tro p ica l A frican  species, EA B  I , IV.

Jubulaceae

29. Frullania angulata M itt. — *U G A : K a m p a la , corticolous (407); d e t. P . W id esp read  
a fro m o n tan e  species, EA B  I , IV .

30. Frullania arecae (Spreng.) G o tt .  — К : N gong H ills, ram icolous (200b); d e t. P. W ide­
sp read  p an tro p ica l species, E A B  I , I I ,  IV.

31. Frullania caffraria Steph. — E L G : 2200 m , on  b a rk  (40b); K : N a k u ru  — R ongai, Delo- 
ra in e  F a rm , on b ark , 2000 m ; T : Serengeti N a t. P a rk , N aab i H ills  G ate , cortico lous 
(214); d e t. P . W idespread fro m  E th io p ia  to  Cape, EA B  I , IV.

32. Frullania depressa M itt. — E L G : 3000 m  (47); K : E ld o re t, in  A cacia grove, ram ico lous 
an d  corticolous, 2450 m (20, 21b); Serengeti N a t. P a rk , N aabi H ills G a te , on  b a rk  (218a, 
224); N gorongoro C rater r im , 2500 m , on b a rk  (245); K IL : te rrico lo u s n ear M an d ara  
H u t, 2730 m  (229); det. P . W id esp read  in  tro p ica l A frica, EA B  I I I ,  IV.

33. Frullania ericoides (Nees) M ont. — RCA: Zem io, on  pa lm  stem  (437a, 443a); B angassou  
(445a); U G A: K am pala  (417a, 424); *ELG : S 2200 m , on b a rk  35a, 38, 39b; K : K a rian - 
dusi be tw een  N ak u ru  and  N a iv ash a , corticolous (81a); det. P . C om m on p a n tro p ica l 
species.

34. Frullania trinervis (Lehm , e t L in d en b .) G o tt, e t  al. — RCA: B angassou , on  pa lm s (445b); 
U G A: K am p ala , corticolous (417b); K : N a iro b i, U h u ru  H ighw ay, cortico lous (15, 16); 
*Z: C en tra l P ro v ., Kasisi, in  den se  w oodland, 1130 m  (K  0087); L u sak a , C helston , 
1230 m , corticolous (K  0088); d e t.  P . W id esp read  in  tro p ical an d  in  S o u th  A frica. E A B  
I, I I I ,  IV.

Lej euneaceae

35. Acrolejeunea emergens (M itt.) S te p h . — RCA: B angui, on palm  s tem  450a; Zem io, on  
pa lm s (437b, 443b); det. P. W id esp read  in  tro p ica l A m erica and  A frica.

36. Marchesinia excavata (M itt.) S tep h . — Z: N W  P rov ince, Zam bezi ra p id s  2.5 k m  above 
Zam bezi B ridge  on th e  M w inilunga — Angola R o ad , in  evergreen frin g in g  fo res t, 1300 m 
(K  0027b); de t. P . W idespread in  tro p ic a l A frica , E A B  IV.

37. Ptychanthus striatus (Lehm , e t L in d en b .) Nees — T : N gorongoro C ra te r  rim , on  b a rk , 
2500 m  (240); Z: N orthern  P ro v ., M porokoso D istr., K alungash i R iv er, L um angw e 
Falls , on  b a rk , 1020-1170 m (K  0077, 0078); de t. P . W idespread p a laeo tro p ica l e lem en t, 
EA B I, I I I .
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38. Lejeuiiea caespitosa L in d b . — *K: N airobi, U h u ru  H ighw ay , on  b a rk  (17a); det. P -  
W idespread  in  tro p ica l A frica  a n d  A m erica, EA B  I.

39. Lejeunea flava (Sw.) N ees ssp. flava — *UGA: E n te b b e  n ear K a m p ala , on b a rk  432;. 
d e t. P.

— ssp. tabularis S. A rnell — *K : 01 Doinyo S ap u k  N at. P a rk , 2340 m , on b a rk  (413b); 
* K IL : M arangu R o u te  n e a r M andara  H u t, 2730 m  (291a); d e t. P . P an tro p ica l species 
w ith  trop ical A frican  subspecies.

40. Lejeunea helenae P ears . — *UG A: E n teb b e  n ear K am p ala , rup ico lous (427); de t. P . 
R a re  a from ontane species, E A B  I I I .

41. Lejeunea isophylla E . W . Jo n e s  — K IL : M arangu  G ate , on b a rk , 1800 m (284); de t. P -  
W idespread  a fro m o n tan e  species, EA B  I, I I I ,  IV.

42. Lejeunea rhodesiae (S im .) E . W . Jones =  Rectolejeunea rhodesiae (Sim .) S. A rn. — 
RCA: B angui, on p a lm  s tem  (449a); UGA: K a m p a la , on  w all o f a house (422); d e t. P.. 
W idespread  in tro p ica l A frica .

43. Lejeunea ulicina (T ay l.) ssp. ocellifera (S. A rn .) S chust. ( =  M icrolejeunea africana  
S tep h .) — K IL : M aran g u  R o u te  near M andara  H u t, 2730 m  (291b); det. P . T ropical 
A frican  subspecies, E A B  I , I I ,  I I I ,  IV.

44. Rectolejeunea brittonae E v a n s  (^  R. arnellii E . W . Jo n es) * K E N : Sirim on T rack , 
lignicolous, 3300 m  (234); de t. P . Species k n ow n  from  th e  C aribbean  region: C uba, 
B aham as, F lorida  an d  fro m  th e  E a s t A frican m o u n ta in s from  th e  M t. M eru to  th e  S o u th ­
ern  H ighlands of T an zan ia  an d  from  Cape.

Aneuraceae

45. Riccardia limbata (S tep h .)  E . W . Jones — *Z: N o rth e rn  P ro v ., Chinsali D istr., Chipom a 
Fall 20 km  S of C hinsali, 1350 m, lignicolous (K  0045); d e t. P . W idespread in  tro p ica l 
and  in  South  A frica.

Metzgeriaceae

46. Metzgeria agnewii K u w ah . — *K: Ngong H ills, ram ico lous (200c); det. P . E a s t A frican  
m on tane  species, E A B  I I I ,  IY  (see Fig. 4).

47. Metzgeria lim bato-setosa Steph . K : *01 D oinyo S ap u k  N a t. P a rk  2340 m, lignicolous- 
(390, 397b, 398, 399, 400, 403, 406, 413, 414); *E LG : S 2200 m , corticolous (39d); K IL : 
M arangu G ate, co rtico lous, 1800 in (275); U G A : K am p ala , corticolous (407b); de t. P. 
E as t A frican m o n tan e  species, EAB I, I I I ,  IY.

48. Metzgeria thom eensis S tep h . — K : *01 D oinyo S apuk  N a t. P a rk , corticolous, 2340 m 
(412); det. P. W id esp read  tro p ical A frican species, E A B  I, I I I ,  IV.

MUSCI

Andreaeaceae

49. Andreaea cucullata D ix . in  H erz. R upico lous in  su b a lp in e  an d  alpine zones. K E N : 
Sirim on trac k , n e a r L ik i N o rth  H u t, 3900 m (144); d e t. O. R are  afroa lp ine  species 
know n from  K ilim a n ja ro , M t. Meru, and  M t. K en y a  a t  a lt i tu d e  3300—5000 m. E A B  IV.

50. Andreaea mildbraedii B ro th , in M ildbr. R upico lous in  a lp ine  zone. K E N : S irim on 
track , above L iki N o r th  H u t, 4200 m (162); de t. O. W idely  d is tr ib u te d  afroalp ine  species 
know n from  all th e  h ig h  m oun ta ins in  E a s t  A frican  vo lcan ic  area occurring  b e tw een  
3200 and 5000 m . E A B  IV.
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Fig. 4. D istrib u tio n  of an  E a s t  A frican m o n ta n e  e lem en t w ith  narrow  range: M etzgeria agneivii. 
B lack  d o ts  rep resen t p rev iously  know n, o p e n  rings new  records, here and  on  th e  follow ing

m a p s  as well

Fissidentaceae

51. Fissidens angolensis W elw. e t D uby  — *UGA: K am p ala , on soil a t  tree  base  (419); 
d e t. O. U ncom m on species in  tro p ical A frica  know n from  A ngola, K enya  a n d  T an zan ia  
(U sam b ara  M ts., K ilim an ja ro  Mts.). N ew  to  U ganda. EA B  I I ,  I I I ,  IY.

52. Fissidens glaucescens H ornsch . — E L G : SE  slope of th e  c ra te r  rim , on hu m u s in  rock  
crevices, 3900 m ; coll. SZ, det. 0 .  W id esp read  in  S o u th  an d  E a s t A frica. I t  is closely 
re la te d  to  th e  p a n tro p ica l Fissidens asplenioides  w hich is v e ry  com m on in  tro p ic a l A frica.
F . amblyophyllus, t r e a te d  as conspecific w ith  F . glaucescens (D ix o n  an d  Ge p p  1923) 
is d e fin ite ly  id en tica l w ith  F. asplenioides, fide  M a g il l  an d  S c iie l p e  (1979: 27).

Ditrichaceae

53. Ceratodon purpureus (H edw .) Brid. — K E N : S irim on trac k , on w et rocks below  L ik i 
N o r th  H u t, 3800 m  (110); in  m oist s i tu a t io n  on r iv e rb an k s, 4300 m (163); d e t. O. Cos­
m o p o litan  species, a ltim o n ta n e  in tro p ic a l A frica occurring  be tw een  2000 a n d  4650 m. 
E A B  I, I I I ,  IY.

Dicranaceae

54. Dicranoweisia africana D ix. — K IL : M a ran g u  ro u te , n ear H orom bo H u t, on  rocks, 
3760 m  (310); det. D S. R a re  afroalpine species occurring  be tw een  3200 a n d  4000 m  on 
M t. E lgon , M t. M eru a n d  on  K ilim anjaro .

55. Campylopus jam esonii (H ook.) Jaeg. S y n .: C am pylopus procerus (C. M uell.) K indb . fide 
F r a h m  1980: 216-217. — Terricolous a n d  epixylic  in  subalp ine  w oodland an d  in  
e ricaceous h ea th . K IL : M arangu  ro u te , be low  an d  n ear M andara  H u t, 2500—2750 m 
(273b, 281, 301); n e a r H orom bo H u t, 3500 m  (336a); de t. O. W idespread  m o n tane- 
a fro a lp in e  species occu rrin g  betw een 1800 a n d  4000 m  from  Cam eroon to  T ran sv aa l, 
a n d  in  C entral and  S o u th  Am erica from  G u a tem ala  to  B olivia growing a t  s im ilar a lti-
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tu d es . E A B  I, I I I  (as C. procerus). W orld  d is tr ib u tio n  m ap  of th is  species was p rov ided  
b y  F r a h m  (1980).

56. Campylopus pilifer B rid . — T erricolous in  m o n tan e  forests. M E R : W  slope of th e  c ra te r  
r im , 2700 m  (343); K IL : M arangu  ro u te , n e a r M andara  H u t, 2700 m (286); de t. O. 
P a n tro p ic a l — w arm  te m p e ra te  species w idespread  in  w e tte r  p a rts  of tro p ica l Africa 
fro m  low lands to  su b a lp in e  zone. E A B  I, I I ,  IV (as C. introflexus  va r. polytrichoides, 
C. polytrichoides), I I I .

57. Campylopus stram ineus (M itt.) Jaeg . — T errico lous an d  ep ixy lic  in m o n tan e  forests. — 
E L G : SE  slope of th e  c ra te r  rim , 4100 m  (57); K E N : S irim on track , n ear S iriinon G ate, 
2600 m  (161); n ear L ik i N o rth  H u t, 3800-3900 m  (109, 121, 127); M E R : W slope o f th e  
c ra te r  rim , m o n tan e  ra in  fo rest, 2700 m  (337); K IL : M arangu  ro u te , n ear M andara  
H u t ,  2700 m (282); n e a r  H orom bo H u t,  3700-3760 m  (309, 324); det. 0 .  H igh ly  v a riab le  
(fide B izo t  an d  K il b e r t u s  1979) a fro m o n tan e  species occurring  from  C am eroon to  
S o u th  Africa a t  a lt i tu d e  2900-4500 m. E A B  I , I I I ,  IV.

58. Dicranum  johnstonii M itt. K IL : M arangu  ro u te , corticolous, n ear H orom bo H u t, 
3500 m  (336); d e t. O. W idely  d is tr ib u te d  E a s t  A frican  m on tane  species (R uw enzori, 
K ilim an ja ro , K en ia , A b erd are , U k ag u ru , U sam b ara  M ts., e tc .) w here i t  occurs a t  a lt i ­
tu d e  1800—4000 m. E A B  I , I I I ,  IV.

59. Leucolom a holstii B ro th . — Corticolous in  m o n tan e  forests. K IL : M arangu  ro u te , below  
M an d ara  H u t, 2500-2700 m (273, 279, 285); de t. DS. W idespread  E a s t A frican  a fro ­
m o n ta n e  species o ccu rrin g  u sually  b e tw een  900 an d  2700 m . EA B  I, I I ,  I I I ,  IV.

Calymperaceae

6 0 . Calymperes palisotii Schw aegr. v a r . palisotii — Corticolous on palm s. *RCA: Zemio 
(441); B angassou (444); B angui (452); de t. O. W idesp read  in  W est and  C entra l A frica 
b u t  E dwards (1980) does n o t m en tio n  an y  localities o f th is  species in  C entra l A frican  
R epublic .

Leucobryaceae

6 1 . Octoblepharum albidum  H edw . — RCA: B angu i, corticolous on p a lm  (457); de t. O. 
Z: N W  P rov ., Z am bezi source n ea r M w inilunga, on b a rk  in  m oist evergreen fo res t, 
1580 m (K  0020e); d e t. P. P a n tro p ic a l, w idesp read  in  tro p ica l Africa. E A B  I, IV. See 
th e  m ap  of E g u n y o m i (1978).

Pottiaceae

62. Anoectangium  euchloron (Schw aegr.) M itt. — K : A ru sh a , on wall o f bu ild ing  b y  ro ad , 
c. 1800 m  (210); d e t. DS. W idespread  p a n tro p ica l species uncom m on in  tro p ical A frica .

63. Trichostomum fragilifolium  Dix. — K E N : S irim on tra c k , on decaying wood n ear S irim on 
G ate , 2550 m  (193); de t. O. R a re  a fro m o n tan e  species know n only from  M t. K en y a  
a n d  from  th e  Ir in g a  D istr. in T an zan ia .

64. Leptodontium filicaule Dix. — K E N : S irim on tra c k , on ground, 3300 m  (103); de t. O. 
R a re  a fro m o n tan e  species know n on ly  from  M t. K en y a  an d  A berdare  M ts.

65. Leptodontium joannis-m eyeri C. M uell. — T errico lous an d  rupicolous in  subalp ine  zone. 
E L G : SE slope o f th e  c ra te r  rim , 3000-4000 m  (44, 64); K E N : S irim on trac k , below  
L ik i N o rth  H u t, 3800-3950 m (112, 143, 169); K IL : M arangu  ro u te , n ear H orom bo H u t ,  
3700-3800 m  (313, 320, 328); de t. O. A froalp ine  species know n from  all th e  h igh  m o u n ­
ta in s  in  E a s t A frica grow ing betw een  3000 an d  4000 m. EA B  I I I .

66. Leptodontium luteum  (T ayl.) M itt. T erricolous in  m o n tan e  ra in  fo rests an d  in  e rica- 
ceous belt. K IL : M aran g u  ro u te , n e a r M andara  H u t, 2730 m (298); n ear H orom bo H u t ,
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3500 m  (335); M E R : W slope o f th e  c ra te r  rim , 2700 m (341); de t. O. A ltim o n tan e  
species k n o w n  in  E ast A frica o n ly  from  M t. M eru, M t. K enya and  from  K ilim an ja ro  
M ts. a t  a lt i tu d e  2700-3500 m. A p a r t  fro m  A frica i t  is know n  to  occur in A ndes (C olom bia, 
P e ru , B o liv ia , E cuador) a t  s im ilar a ltitu d e s . EA B  I (as L . volkensii), I I I .

67. Leptodontium pungens (M itt.) K in d b . — T errico lous and  rupicolous in  a lp ine  zone. 
*ELG : SE  slope of the c ra te r r im , 3000 m  (63); K E N : Sirim on track , 3300 m  (93); d e t. O. 
A ltim o n tan e  species in  Africa k n o w n  from  Cam eroon, K en y a , and  T an zan ia  (M t. M eru, 
K ilim an ja ro  M ts.); w idespread in  C en tra l and  S o u th  A m erican  Cordilleras from  M exico 
to  A rg en tin a . E A B  IV.

68. Leptodontium viticulosoides (P . B eau v .) W ijk  e t M arg. — E p ip h y tic  in  su b m o n tan e  an d  
m o n tan e  fo res ts. M E R : W slope of th e  c ra te r  rim , 2700 m  (344); K IL : M aran g u  ro u te , 
below  M a n d a ra  H u t, 2500 m  (280); K : betw een  E ld o re t and K ita le , c. 1900 m  (50); 
de t. O. P a n tro p ic a l m ontane species, w idespread in  tro p ica l Africa. E A B  I , I I I ,  IV.

69. Hyophila baginsensis C. Muell. — K: L ikoni n ear M om bassa, on concrete  w all (1, 4); 
de t. O. U nco m m o n  E ast A frican  species occurring  fro m  Som ali to  Z im babw e.

70. Bryoerythropliyllum alpigenum (V en t.) Chen — *E LG : SE  slope of th e  c ra te r  r im , on 
rocks, 4000 m  (67, 68); det. O. W id esp read  a ltim o n ta n e  species, a rc tic -a lp in e  on  th e  
N o rth e rn  H em isphere . In  A frica p rev io u s ly  know n on ly  from  R uw enzori an d  K ilim a n ­
ja ro  M ts. a t  a lt i tu d e  3700-4000 m . E A B  I I I .

71. Streptopogon erytlirodontus (T ayl.) W ils. var. rutenbergii (C. Muell. ex G eh.) Salm . — 
C orticolous am ong  o ther mosses in  re la tiv e ly  dry  m o n tan e  forests. *ELG : S E  slope of 
th e  c ra te r  r im , 2200 m (30a); det. D S ; T : *Serengeti N a tio n a l P a rk , N aab i H ills , 1600 in 
(220, 230); d e t. O; K : *Ngong H ills n e a r N airobi, ram ico lous (200c); de t. P . T his v a r ie ty  
is w idesp read  in  subm ontane an d  m o n ta n e  regions o f tro p ical Africa from  C am eroon 
an d  E th io p ia  to  T anzan ia  occurring  a t  a ltitu d e  1600-3500 m. EAB I I I ,  IV.

72. Tortula cavallii N egri — Corticolous an d  terrico lous in  subalp ine  an d  a lp ine  zones. 
E L G : SE  slope of th e  c ra te r rim , 4000 m  (62); K E N : S irim on track , below  L ik i N o rth  
H u t, 3800-3950 m (114, 116, 118, 123, 136, 137); d e t. O. an d  DS. A froalp ine  species 
know n  from  all th e  high m o un ta ins in  E a s t Africa. E A B  I I I ,  IV (see Fig. 5).

73. Tortula fragilis T ay l. Syn.: T. schm id ii (C. Müll.) B ro th ., T . hildebrandtii (C. M üll.) 
B ro th . — X e ro p h y tic , corticolous a n d  terrico lous. K : K a rian d u si betw een  N a k u ru  an d  
N a iv ash a, c. 1800 m  (83); det. D S; T : along th e  rim  of N gorongoro C rater, a lt. c. 2200 m  
(236, 256); U G A : K am pala , on wall (423); de t. O. T : Serengeti N at. P a rk , N aab i H ills 
G ate, on b a rk  (218b); det. P. V ery w id esp read  in  th e  d rie r regions of Africa up  to  4000 
m  a ltitu d e . P a n tro p ic a l species occu rrin g  also in  th e  w arm  tem p era te  p a r t  o f th e  N o r th ­
ern  H em isphere .

Grimmiaceae

74. Grimmia affinis H ornsch . Syn.: G rim m ia  ovális auc t. afr. non (H edw .) L indb . R u p i­
colous. K E N : S irim on track , 3600 m  (96); above L iki N o rth  H u t, 4000-4300 m  (132, 
154); de t. O. W idesp read  c ircum boreal species know n  also from  th e  h igh a lt i tu d e s  o f 
Ceylon an d  C en tra l and  South  A m erican  Cordilleras. B ecause of n o m en c la tu ra l a n d  
tax o n o m ic  en tag lem en ts  betw een G rim m ia  a ffin is  a n d  G. ovális (H edw .) L in d b . th e  
s ta tu s  of A frican  popu lations of th is  com plex  was un c lear. H ow ever, in  th e  re su lt  o f 
recen t in v es tig a tio n s  of Sa y r e  (1951) a n d  D e g u c h i (1979) th e  d istinc tion  b e tw een  b o th  
species in  q u estio n  w as definitely  solved. A n ex am in atio n  of num erous collections from  
A frica deposited  in  PC and  E G R  show ed th a t  all E a s t A frican  records nam ed G. ovális 
belong in  fa c t to  G. a ffin is. This species is w idespread  in  th e  h igh  A frican m o u n ta in s  
fro m  C am eroon to  S o u th  Africa being  com m on  in  all th e  h igh  m oun ta ins in  E a s t A frica
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Fig. 5. D istrib u tio n  of tw o  afroa lp ine  e lem ents: Tortula cavallii (circle) an d  of F unaria per- 
laxa  (sq u are). Open square  re p re se n ts  a  new  record

a t  a ltitu d e  above 3300 m . G. ovális is an  u n co m m o n  species know n on ly  from  S o u th  
A frica . A n n o ta tio n  b y  O. EA B  I I I ,  IV (as G. ovális).

75. Grimmia apiculata H o rn sch . Syn. nov.: Guembelia abyssinica  C. M uell., Grim m ia abys- 
sinica  (C. M uell.) Ja e g . — K E N : S irim on tra c k , below  Liki N o rth  H u t, on  boulders , 
3900 m  (142); d e t. O. I n  his original d e sc rip tio n  of Guembelia abyssinica  C. M u e l l e r  
(1849) com pared  th is  species to G. apiculata  fro m  w hich  i t  differs m ain ly  b y  its  sexual 
condition . G. abyssin ica  was described as dio icous w hereas G. apiculata  is ev id en tly  an  
au to icous species. D e g u c h i  (1979) s ta te d , how ever, th a t  perigonia in  G. apiculata  are  
loca ted  ju s t  below  th e  perichetia  and  are  h id d en  by  vegeta tive  leaves, an d , th erefo re , 
th e y  m ay be eas ily  overlooked. H aving  ex am in ed  an  iso type of Guembelia abyssinica  
from  th e  New Y o rk  B o tan ica l G arden (N Y ) I can  confirm  th a t  S c h im p e r ’s p lan ts  col­
lec ted  on M t. S ilke in  Abyssinia on F e b ru a ry  18, 1840 and  d is tr ib u te d  in his Musci 
A byssinici No. 435 a re  ev iden tly  au to icous. S im ilarly , all o th er exam ined  A frican  speci­
m ens nam ed G. abyssin ica  were also au to icous. On th e  o th er hand , th e  o rig ina l specim en 
in  N Y  as well as o th e r  exam ined p lan ts  show  all fea tu res  th a t  co rrespond  well to th e  
H o la rctic  specim ens o f G. apiculata. A ccord ing ly , I p u t  G. abyssinica in to  synonym y of
G. apiculata. T h u s, th e  to ta l geographical ran g e  o f G. apiculata being prev iously  circum - 
boreal ex ten d ed  in to  E a s t  Africa. G. apiculata  show  here a ltim o n tan e  d is tr ib u tio n  p a t ­
te rn  occurring  ra re ly  from  E th iop ia  to  n o r th e rn  T an zan ia . A n n o ta tio n  b y  O.

76. Grimmia laevigata (B rid .) Brid. R upico lous in  afroalp ine  zone. * K E N : S irim on tra c k , 
3300 m  (97a); K IL : M arangu ro u te , n e a r H orom bo H u t, 3700 m (329); de t. O. S u b ­
cosm opolitan  species occurring in  tro p ica l A frica  on M t. E lgon, M t. K en y a  and  in  K ili­
m an jaro  M ts., a n d  com m on in  Sou th  A frica.
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77. Grimmia trichophylla Grev. v a r. brachycarpa De N ot. S yn .: Grimmia lisae D e N o t.,
G. trichophylla subsp . lisae (De N o t.)  B oul., G. trichophylla var. lisae (De N o t.)  L uis., 
G. trichophylla v a r . meridionalis C. M uell. — Rupicolous in  a lp ine  zone. *E LG : SE  slope 
of th e  c ra te r  r im , 4000 m  (70); * K E N : S irim on tra c k , ab o v e  L iki N o rth  H u t,  3900— 
4000 m (97b, 98, 106, 129, 130, 139, 153, 168); a lt. 4800-5000 m , on boulders p ro tru d in g  
in  glacier (155, 157, 164); de t. O. T h e  v a r ie ty  is w idely d is tr ib u te d  in  w arm er p a r ts  of 
th e  N o rth e rn  H em isphere , an d  in  tro p ic a l Africa i t  w as p rev iously  know n on ly  from  
K ilim anjaro  M ts. Som e ad d itio n a l new  records are from  M t. E lg o n  and  M t. K e n y a  w here 
i t  seems to  be com m on  in  a lp ine  zone a t  a ltitu d e  above 4000 m. EA B I I I .

78. Schistidium  p erich aetia le (P . Yardé) Ochyra, com b . nov.
Basionymon: Grimmia perichaetialis P. Yardé, Ark. Bot. 3 (8): 149. 10. 
1955.
KEN: Sirimon track, on boulders protruding in glacier, 5000 m (165); 
det. 0 . Afroalpine species known only from Ruwenzori and Mt. Kenya 
where it occurs a t altitude 4450—5000 m.

The genus Schistidium is well represented in moss flora of tropical 
Africa. Apart from the cosmopolitan Schistidium apocarpum and S. con- 
fertum, there are three additional species of the genus known to occur in 
the high mountains in East Africa. Unfortunately, they were not treated 
by B r e m e r  (1980a, b, 1981) in her world-wide monograph of Schistidium. 
By the kindness of R. B a u d o i n  I was able to examine the holotypes of 
the two species described by P . de la V a r d e  (1955). Both are very distinct 
taxa not similar to any of the known species of this genus. The third 
species, Grimmia cribrodontia, was not yet studied by myself bu t accord­
ing to the description and excellent drawing it is evidently different from 
the other East African species. Accordingly, the  following new combina­
tions should be made in the genus Schistidium :

Schistid ium  perichaetia le (P. Varde) var. piliferum  (Demar. ex 
Demar.) Ochyra com b. nov.
Basionymon: Grimmia perichaetialis P. Varde var. pilifera Demar. ex 
Demar., Bull. Soc. Bot. Belg. 88: 92 (1956).

Schistid ium  an gu stissim u m  (P . Varde) Ochyra, com b. nov. 
Basionymon: Grimmia angustissima P . Varde, Ark. Bot. 3 (8): 148. 9. 1955.

Schistid ium  cribrodontium  (Herz.) Ochyra, com b. nov.
Basionymon: Grimmia cribrodontia Herz., Rep. Spec. Nov. Regn. Veg. 41: 
287. 235d-f. 1937.

79. Racomitrium alare (B ro th .) P a r. — R upicolous in  su b a lp in e  h ea th . K IL : M arangu  
ro u te , n ear H o rom bo  H u t,  3650-3760 m  (314, 315, 322); K E N : Sirim on tra c k , n e a r L iki 
N o rth  H u t, 3600-4200 m  (124, 145, 158, 159); ELG : SE  slope of th e  c ra te r  r im , 3000 m 
(79); det. 0 .  W id esp read  a fro m o n tan e  species know n from  all th e  h igh  m o u n ta in s from  
Cam eroon to  R éu n io n  Is lan d  a t  a lt i tu d e  3000-4500 m. E A B  I ,  IY.
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Funariaceae

80. Fuiiaria perlaxa T hér. — * K E N : S irim on trac k , on  m oist soil a long  a s tream , 3600 m 
(147); det. O. R a re  a fro a lp in e  species p rev iously  k n o w n  only from  M t. M eru and from  
M ikeno in Zaire (see F ig . 5).

Bryaceae

81. Mieiichhoferia cratericola B ro th . — K E N : S irim on tra c k , on g round  in  subalp ine  h ea th , 
3300 m (99, 105); d e t. O. A froa lp ine  species kno w n  on ly  from  M t. K e n y a , K ilim anjaro  
M ts., M gahinga a n d  N inagongo  volcanoes. EA B  IV.

82. Brachymenium leptophyllum  (C. M uell.) Jaeg . — Corticolous. K : E ld o re t, 2100 m (22, 
24); on Acacia  sp. by  ro ad  N a iro b i — K ita le  55 k m  before E ld o re t, c. 2000 m  (20); K E N : 
n e a r  Sirim on G ate , 2550 m  (192); UGA: G ulu (435); CAR: Zemio (439); Bangui (453); 
d e t. O. A v ery  w idesp read  species in  th e  whole tro p ic a l Africa. E A B  I I I .

83. Bryum alpinum H uds. ex  W ith . — E L G : SE slope of th e  c ra te r rim , on  g round , 3400 m; 
coll. SZ; K E N : S irim on tra c k , below  L iki N o rth  H u t,  on m oist ro ck s, 3900 m (128); 
d e t. O. C osm opolitan species, m o n tan e  in  tro p ica l A frica occurring  fro m  Cameroon to 
S o u th  Africa. E A B  I I I ,  IV.

84. Bryum  andicola H ook. — C orticolous and  terrico lous. M E R : W  slope o f th e  c ra te r rim , 
2700 m (356, 368); de t. O. A ccord ing  to  H a j i  M o h a m e d  (1979) th is  is a w idespread 
species from  C en tra l A frican  R epub lic  to  S o u th  A frica. M oreover, i t  is w idespread in 
tro p ic a l A m erica an d  on  H aw a iia n  Islands.

85. Bryum arachnoideum C. M uell. — C orticolous a n d  terricolous. T: Serengeti N ational 
P a rk , N aabi H ills, 1600 m  (217a); *UGA: K am p ala  (420); det. O. P resu m ab ly  w ide­
sp re ad  in E as t A frica an d  on E a s t  A frican  Is lan d s b u t  sterile  p lan ts  a re  n o t distinguished 
fro m  B ryu m  argenteum  v a r. lanatum .

86. Bryum argenteum H edw . — K : betw een  N a k u ru  an d  N aivasha, K a rian d u si, on soil 
(84); T : A rusha, on  a w all o f bu ild in g  (211); N gorongoro C rater, to u r is t  office, on a wall 
o f  build ing  on p a rk in g  (239); U G A : K am p ala , on  a p av em en t in P o lish  E m bassy . (416); 
d e t. O. Cosm opolite species w idesp read  in tro p ica l A frica. EA B I, I I  (as var. lanatum ), 
I I I ,  IV.

87. Bryum capillare H edw . — T : Serengeti N a tio n a l P a rk , N aab i H ills, in  g rassland, c. 
1600 m  (231); de t. O. C osm opolite  species n o t ra re  in  tro p ical A frica. E A B  I.

88. Bryum coronatuin Schw aegr. — Terricolous. K : L ikoni near M om bassa , on boulders 
covered  w ith soil (2, 3, 5); RCA: B angui, corticolous (455); de t. P . a n d  O. W idespread 
p a n tro p ica l species com m on in  tro p ica l Africa. E A B  I, I I I .

89. Bryum huillense W elw. e t D u b y  — K E N : n ear S irim on  G ate, on  fa llen  stem , 2550 m 
(195); M E R : on g ro u n d  in  m o n tan e  ra in  fo rest on W  slope of th e  c ra te r  rim , 2750 m ; 
coll. SZ; det. O. W id esp read  pa laeo tro p ica l species. E A B  I, I I I ,  IV.

90. Bryum keniae C. M uell. — K E N : n ear S irim on G ate , on  ground in  l ig h t scrub, 2600 m ; 
coll. SZ, det. O. W id esp read  a fro m o n tan e  species. E A B  I, I I I ,  IV.

91. Bryum pseudotriquetrum (H edw .) G aertn ., M eyer e t Scherb. — E L G : SE  slope of th e  
c ra te r  rim , along a sm all s tre am , 4300 in (55); d e t. O. C osm opolitan  species. EAB I, 
I I I ,  IV.

Rhizogoniaceae

92. Rhizogonium spiniforme (H edw .) B ruch  — K IL : M arangu ro u te , be tw een  M arangu 
G ate  and  M andara  H u t, e p ip h y tic  in  m o n tane  fo res t, 1940 m ; coll. J K ,  det. O. W ide­
sp read  p an tro p ica l species. E A B  I, IV, V.
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Bartramiaceae

93. Philonotis haslata (D uby) W ijk  e t  M arg. — UGA: E n te b b e  near K am p ala , on  w et soil 
(426); det. O. W idesp read  p a n tro p ica l species. EA B  I , IV , V.

94. Philonotis tom entella Mol. in L or. *ELG : SE slope, on  b anks along a sm all s tream  
below th e  su m m it, 4300 m (56); * K E N : S irim on tra c k , subalp ine  m o orland , 3300 m 
(91); K IL : below  M andara  H u t,  on  ground in  sh a d y  rav in e , 2500 m ; coll. SZ; n e a r 
H orom bo H u t,  subalp ine  m o orland , 3760-4000 m  (312, 332); de t. O. W id esp read  in  th e  
N o rth e rn  H em isphere  w ith  tro p ica l m o n tan e  d is ju n ctio n  in  Asia an d  A frica. In  tro p ica l 
A frica a ltim o n ta n e , p rev iously  k n o w n  only from  R uw en zo ri and  K ilim an ja ro  a t  a lt i tu d e  
3400-3800 m . E A B  I, IV, V.

95. Bartramia ruwenzorensis B ro th . — K E N : S irim on tra c k , on soil, 3300 m (102); K IL : 
M arangu ro u te , n e a r H orom bo H u t,  on rocks, 3760 m  (311); de t. O. A froa lp ine  species 
w idespread in  E a s t  A frican m o u n ta in s  a t  a ltitu d e  3300-4200 m. EA B  IV.

96. Breutelia diffracta M itt. — M E R : on  ground in  su b a lp in e  h e a th  on W  slope, 2700— 
2800 m  (361, SZ); K IL : M arangu  ro u te , below M an d ara  H u t, on g round , 2500-2700 m  
(301, SZ); n ear H orom bo H u t, on  g round  in  su b a lp in e  h e a th , 3650 m  (327); d e t. O. 
W idespread  a fro m o n tan e  species occurring  from  C am eroon  to  Sou th  A frica. E A B  I, IV .

97. Breutelia humbertii P . V arde e t T h ér. *ELG : SE  slope of th e  c ra te r  rim , on rocks, 
4000 m (69a); * K IL : M arangu ro u te , n ear H orom bo H u t ,  3700-3760 m , on rocks (315a, 
333); det. DS. R a re  afroalp ine  species previously  know n on ly  from  M u havura  a n d  from  
M t. M em . E A B  V.

98. Breutelia stricticaulis Dix. — E L G : SE  slope of th e  c ra te r  rim , on rocky g round , 4000 m  
(66a, 69); de t. DS. R are  afroa lp ine  species. EA B V.

99. Anacolia laevisphaera (Tayl.) Flow . — E L G : SE slope o f th e  c ra te r  rim , on  rocks, 4000 m 
(61); M E R : W  slope of th e  c ra te r  r im , on ground, 2700 m  (352, 367); de t. DS. W ide­
sp read  p a n tro p ica l m o n tane  species. E A B  IV.

Erpodiaceae

100. Erpodium coronatum  (H ook. f. e t W ils.) M itt. — RCA: B angu i, on b a rk  of p a lm  (451); 
d e t. O. S u b m o n tan e  an d  m o n tan e  species w idespread in  tro p ica l A m erica from  M exico 
to  A rgentina  a n d  in  W est and  C en tra l Africa.

Orthotrichaceae

101. i4m phidiiim  to r tu o s rm  (H ornscb .) R obins. Syn.: A m p h id iu m  cyathicarpum  (M ont.) 
B ro th , fide R o b in s o n  1976: 20. K IL : M arangu ro u te , n ear H orom bo H u t, on  rocks, 
3700-4000 m (316, 325); de t. DS. W id esp read  p a n tro p ica l m o n tan e  species kno w n  also 
from  w arm  te m p e ra te  zone of th e  S o u th e rn  H em isphere. E A B  IV (as A . cythicarpum ).

102. Orthotrichum affine B rid . K : N a iro b i, U h u m  H ighw ay , corticolous, c. 1800 m  (11); 
de t. O. W idesp read  c ircum boreal species in  tro p ical A frica  w idely d is tr ib u te d  from  
E th io p ia  to  n o rth e rn  T anzania . E A B  IV.

103. Orthotrichum firm um  V ent. — C orticolous. ELG : SE  slope of th e  c ra te r  rim , 2200 m 
(30); K : E ld o re t, c. 2100 m  (25a); on  A cacia  sp. b y  th e  ro ad  N airob i —K ita le , 55 k m  
before E ld o re t, c. 2100 m (18); T A N : Serengeti N a tio n a l P a rk , N aabi H ills, 1600 m  
(222); det. О a n d  D S. W idespread  a fro m o n tan e  species occurring  in  E a s t A frica from  
E th io p ia  to n o rth e rn  T anzania . R e ce n tly  L e w in s k y  (1980) rep o rted  th is  species from  
th e  N ilghiri H ills in  S o u th  Ind ia.
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104. O rtho lrichum  rupestre  Schw aegr. — R upicolous in  a lp ine  zone. E L G : SE  slope of the  
c ra te r  rim , 4000 m  (71); K E N : S irim on trac k , n ea r L iki N o rth  H u t, 3800-4000 m  (108, 
117, 120, 133 and SZ); d e t.  О an d  DS. W idespread  in boreal an d  tem p e ra te  p a r ts  o f the  
N o rth e rn  H em isphere w ith  b ip o la r d is junction  in  New Z ealand , A u s tra lia  a n d  on K er­
gue len  Islands, a lt im o n ta n e  in  E a s t Africa.

105. Groutiella laxotorquata (B esch .) W ijk  e t M arg. — CAR: B angui, on b a rk  o f p a lm  (454); 
d e t. O. T ropical A frican  lo w lan d  species know n from  C am eroon to  E a s t A frican  Islands.
E A B  I, IV.

106. Macrocoma tenue (H ook , e t  G rev.) V itt -  E p ip h y tic . K : N airob i, U h u ru  H ighw ay, 
1800 in (27); E ld o re t, 2100 m  (27); ELG : SE  slope o f th e  c ra te r  r im , 2200 m  (32); T: 
S e rengeti N ational P a rk ,  N a ab i Hills, 1600 m  (223); de t. O. A ccording to  V it t  (1980a) 
i t  is w idespread species in  E a s t  Africa from  E th io p ia  to  n o rth e rn  S o u th  A frica . In  tro p ­
ica l Africa occurs on ly  th e  ty p ic a l v a rie ty  o f th is  species, while in tro p ica l A m erica  from  
M exico to A rgen tina  grow s v a r . su llivan tii (V it t  1980b).

107. Macrocoma abyssinica (C. M üll.) V itt — К : E ld o re t, A cacia  grove, ram ico lous, 2450 m 
(21b); ELG : S 2200 m , co rtico lous (35b); de t. P . E a s t A frican  m o n tan e  species know n 
fro m  E th iop ia  to  M alaw i.

Racopilaceae

108. Racopilum africanum M itt. — UGA: E n teb b e , on  soil an d  a t  tree  base  (428, 430, 431); 
d e t. O. W idespread in  tro p ic a l Africa from  G uinea to  E a s t A frican  Is lan d s. E A B  I , IV, V.

109. Racopilum buettneri B ro th . — RCA: Zem io, on  b a rk  of p a lm  (440); d e t. O. U ncom m on 
W est A frican species o ccu rrin g  from  Togo to  C en tra l A frica.

110. Racopilum capense B ro th . — K IL : M arangu  ro u te , n ea r H orom bo H u t ,  3760 m, on 
g ro u n d  (269); T: N gorongoro  C ra ter rim , e p ip h y tic  in  bam boo th ick e ts , 2500 m  (264); 
d e t. O. W idespread in  tro p ic a l an d  in  S o u th  A frica. E A B  IV.

Hedwigiaceae

111. Braunia arbuscula W elw . e t  D u b y  — M E R : W  slope of th e  c ra te r  rim , e p ip h y tic , 2700 m 
(345); det. O. W id esp read  afro m o n tan e  species. E A B  I.

112. Braunia secunda (H o o k .) B .S.G . — K : E ld o re t, ep ip h y tic , 2100 m  (23, 26, 49); 55 km  
before  E ldore t b y  th e  ro a d  N a iro b i—K ita le , on  A cacia , c. 2000 m (19); d e t. O. Pan- 
tro p ical m ontane species in  A frica w idespread from  K en y a  to  Cape. E A B  I.

113. Hedwigidium integrifolium  (P . B eauv .) D ix. — K E N : S irim on tra c k , on  d ry  rocks, 
3300-3400 m  (94, 95, 104); n ea r L iki N o rth  H u t,  on  d ry  rocks, 3900 in (141); det. 0 . 
C osm opolitan oceanic species, w idespread in  tro p ic a l A frica. EA B  IV , V.

114. Hedwigia ciliata (H ed w .) P . B eauv. * K E N : S irim on trac k , on rocks in  d ry  s ituation , 
2800-3300 m (98a, SZ ); K IL : M arangu ro u te , n ear H orom bo H u t, 3700 m , on  d ry  rocks 
(322a); det. O. C o sm opo litan  species, a ltim o n ta n e  in  E a s t Africa k n o w n  previously 
from  K ilim anjaro , M t. E lg o n , R uw enzori, M u h av u ra , M alaw i and  M adagascar. EA B I, IV.

Cryphaeaceae

115. Schoenobryuin robustum  (B ro th .) M anuel. Syn .: Acrocryphaea robusta B ro th . — K : 
N gong H ills n ear N a iro b i, N gong tow n , ep ip h y tic , 2400 m  (205); T : S e rengeti N ational 
P a rk , N aabi H ills, ep ip h y tic , 1600 m  (219, 226); d e t. O. W idespread  C en tra l and  E a s t 
A frican su b m o n tan e  a n d  m o n tan e  species. E A B  I, IV , V.

116. Cryphaea protensa B ru c h  e t  Schim p. ex C. M ucii. K : N gong H ills n e a r N airobi, Ngong 
tow n , ep iphy tic , 2400 m  (198); det. O. W id esp read  sub m o n tan e  a n d  m o n tan e  species.
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F ig. 6. D istribu tion  of Forsstroemia producta, a  w idespread x e ro p h y tic  e lem en t in  E a s t and
S o u th  A frican  m ountains

117. Forsstroem ia p ro d u c ta  (H ornsch .) P a r . — E p ip h y tic . K : N y e ri (89); d e t. O. *01 D oinyo 
S apuk  N ational P a rk  n ear T h ik a , 2250 m  (396); det. D S. W id esp read  in  tro p ica l Africa 
occurring  from  K en y a  to  Cape in  S o u th  A frica. EA B IV , V (see F ig . 6).

L eucodontaceae

118. Leucodon dracaenae  V en t. — E p ip h y tic . K : E ld o re t, 2100 m  (25); K ita le , 1800 m  (48); 
betw een  E ld o re t a n d  K ita le , c. 1900 m  (51); E L G : SE slope o f  th e  c ra te r  r im , 2750 m  (73); 
K E N : near S irim on G ate , 2600 m  (182); T : N gorongoro C ra te r r im , 2500 m  (235, 247, 254); 
Serengeti N a tio n a l P a rk , N aab i H ills, 1600 m (212, 228); d e t. DS a n d  O. W idespread  afro- 
m on tane  species ran g in g  from  E th io p ia  to  so u thern  T an zan ia . E A B  I, IV , V.

119. Leucodon laxifolius C. M uell. e t F leisch . — *E LG : SE slope, e p ip h y tic  in  m on tane  ra in  
fo rest, 2370-3000 m (43, 78); M E R : W  slope of th e  c ra te r  r im , e p ip h y tic  2700 m (384); 
de t. O. U ncom m on a fro m o n tan e  species occurring  from  E th io p ia  to  n o r th e rn  T anzania .
EA B  I, V.
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120. A n titr ich ia  curtipeiidula (H edw .) B rid . — E p ip h y tic . E L G : SE  slope of th e  c ra te r rim , 
3700-4000 m (53, 59); K E N : S irim on tra c k , below  L iki N o rth  H u t, 3800 m  (134); M ER : 
W  slope of th e  c ra te r  r im , 2650-2700 m  (357, 371); det. O. N o rth e rn  te m p e ra te  species, 
in  tro p ica l Africa a lt im o n ta n e  occurring  a t  a ltitu d e  2500-4300 m . E A B  I , IV , V.

121. P te rogon ium  gracile (H edw .) Sm. — E p ip h y tic . K : N airob i, U h u ru  H ig h w ay , 1800 m 
(12); K E N : near S irim on G ate , 2600 m  (185); M E R : W  slope of th e  c ra te r  rim , 2700 m 
(360, 364); K IL : M aran g u  ro u te , n e a r M andara  H u t, 2730 m  (292); T : N gorongoro 
C ra te r  rim , 2500 m  (258); de t. O. W idesp read  in  m ed ite rra n ea n  reg ion  in  W  E urope 
a n d  in  California, in  tro p ic a l A frica w idely  d is trib u ted  from  K en y a  to  Cape and  M ada­
g ascar. ЕЛ В  I, IV , V.

T rachypodaceae

122. T rachypodopsis se rru la ta  (P . B eauv .) F leisch, var. se rru la ta  E p ip h y tic . K : 01 D oinyo 
S a p u k  N ational P a rk  n e a r T h ik a , 2150 m  (379a, 384a); T : Serengeti N a tio n a l P a rk , 
N a ab i Hills, 1600 m  (362); N gorongoro C rater rim , 2500 m  (249); M E R : W  slope of th e  
c ra te r  rim , 2700-2800 m  (356b, 363, 386); de t. O. P a laeo tro p ica l species w idespread in  
tro p ica l Africa. E A B  I , IV .

P terobryaceae

123. Calyptothecium  hoehnelii (C. M uell.) A rg en t — E p ip h y tic . K : N gong H ills near N airob i, 
N gong tow n (209); K IL : M arangu  ro u te , betw een M arangu  G ate  a n d  M andara  H u t ,  
1700-2500 m (267a, 274); de t. O. S u b m o n tan e  species w idesp read  in  E a s t  an d  in  South  
A frica . EA B I, I I ,  IV , V.

124. Calyptothecium  p lan ifro n s (R en . e t C ard.) A rgent Z: N W  P ro v ., Z am bezi R apids 2.S 
k m  above Zam bezi b rid g e  on th e  M w inilunga — A ngola R o ad , corticolous, 1300 m  
(K  0027c); det. P . U nco m m o n  tro p ic a l A frican  species. E A B  V.

M eteoriaceae

125. A erobryidium  subpiligerum  (H am pe) Card. — E p ip h y tic . K : *01 D oinyo  S apuk  N ational' 
P a rk , 2250 m (405); M E R : W  slope of th e  c ra te r rim , 2700 m  (355); d e t. O. L em urian  
species occurring m o stly  in  th e  old crysta lline  m assifs in  E a s t  A frica. E A B  I, I I ,  V.

126. Pap illa ria  africana  (C. M uell.) Jaeg . — E p ip h y tic . K : *01 D oinyo S a p u k  N ational P a rk  
n e a r T hika, 2250 m  (410); N yeri (85); N gong Hills n ear N a iro b i, 2400 m  (SZ); K E N : 
S irim on G ate, 2550-2600 m  (150, 170, 171, 181); K IL : M aran g u  ro u te , n ear M andara 
H u t,  2730 m (306); M E R : W  slope of th e  c ra te r  rim , 2600-2700 m  (342, 370, 377, 381); 
T : Ngorongoro C ra te r r im , 2500 m (263); det. 0 ;  Serengeti N a tio n a l P a rk , N aabi H ills , 
1600 m (227). W id esp read  in  tro p ica l Africa from  E th io p ia  to  S o u th  A frica and E as t 
A frican  Islands. E A B  I ,  I I ,  IV, V.

127. Pilotrichella  an ipu llacea  (C. M uell.) Jaeg . — E p ip h y tic . K : N gong H ills near N airobi, 
N gong town, 2400 m  (201); *01 D oinyo S apuk  N ational P a rk  n ear T h ik a , 2150 m (404, 
409); K E N : n ear S irim on  G ate, 2550 in  (152); M E R : W  slope of th e  c ra te r  rim , 2600 m 
(369); T : N gorongoro C ra te r rim , 2400 m (243); det. O. S u b m o n tan e  a n d  m on tane  species 
w idespread in  C en tra l a n d  in  E a s t A frica and  on E a s t A frican  Is lan d s. E A B  I, I I ,  IV , V.

128. Pilotrichella  cusp idata  B ro th . E p ip h y tic . K : N gong H ills n e a r N a iro b i, Ngong tow n, 
2400 m (203, 206, 207, an d  SZ); *01 D oinyo S apuk  N a tio n a l P a rk  n e a r  T h ika , 2150 m 
(394, 402, 411); M E R : W  slope of th e  c ra te r  rim , 2700-2750 m  (353, 378, 380); T: N goron­
goro Crater rim , 2500 m  (246, 253, 261); det. 0 .  S u b m o n tan e  a n d  m o n ta n e  species w ide­
sp read  in E as t A frica. E A B  I, IV , V.
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129. P ilo trichella  pen tasticha  (B rid .) W ijk  e t M arg. — E p ip h y tic . K : N yeri (87); E L G : SE 
slope of th e  c ra te r  rim , m o n tan e  fo res t, 2200 m (31); d e t. P  and  0 .  U ncom m on species 
in  tro p ica l co n tin en ta l Africa a n d  on  E a s t A frican  Is lan d s, and  in  C en tra l A m erica.

130. P ilo trichella  cf. stuh lm ann ii B ro th . — K : 01 D oinyo S ap u k  N ational P a rk , ep ip h y tic , 
2200 m  (408, 415); det. O. R a re  a n d  l it t le  know n species occurring  in  E a s t A frica.

N eckeraceae

131. Leptodon sm ith ii (H edw .) W eb. e t  M ohr va r. sm ith ii — E p ip h y tic  in  re la tiv e ly  d ry  ty p e  
of m o n tan e  forests. K : *01 D o inyo  S apuk  N atio n a l P a rk  n ear T h ik a , 2200 m  (392); 
E L G : SE  slope of th e  c ra te r r im , 2200 m  (29); K E N : n ear Sirim on G ate , 2550-2650 m  
(174, 179, 188); T : Serengeti N a tio n a l P a rk , N aab i H ills, 1600 m (216); d e t. O. W ide­
sp read  in  tro p ica l E a s t Africa f ro m  E th io p ia  to n o rth e rn  T anzan ia . M oreover, i t  is com ­
m on in  m ed ite rra n ea n  region of E u ro p e  a n d  N  A frica a n d  in  W  E urope, ra re  in  N  A m er­
ica. W idespread  in  w arm  te m p e ra te  zone of th e  S o u th e rn  H em isphere  (New Z ealand , 
A u stra lia , S o u th  Africa and  P a tag o n ia ). EA B  IV.

— var. heccarii (C. M uell.) T ong. -  K E N : n ear S irim on G ate, ep ip h y tic , 2600 m 
(170a); K : *01 Doinyo S apuk  N a tio n a l P a rk  n ear T h ik a , ep iphy tic  in  b am boo  th ick e ts , 
2200 m  (393); N gorongoro C ra te r r im , ep ip h y te , 2500 m  (233c); det. O. T his v a r ie ty  is 
w idespread  in  E a s t A frican m o u n ta in s  from  E th io p ia  to  n o rth e rn  T an zan ia  growing 
to g e th e r w ith  ty p ica l v a rie ty  in  d rie r  fo res ts  as ep ip h y te . E A B  I , IV.

132. N eckera p la ty a n th a  (C. M uell.) P a r . — E p ip h y tic  in  su b m o n tan e  and  m o n tan e  forests. 
E L G : SE  slope of th e  c ra te r  r im , 3000 m  (58); K E N : S irim on track , 2600 m  (180); T : 
N gorongoro C ra te r rim , c. 2500 m  (248); d e t. O. W idesp read  afro m o n tan e  species occur­
rin g  from  E th io p ia  to  T anzania . E A B  I , IV.

133. N eckera rem o ta  B ruch  e t Schim p. in  C. Muell. - E p ip h y tic  in  m on tane  an d  su b m o n tan e  
forests. E L G : SE  slope of th e  c ra te r  r im , 2200-2700 m  (52, 80); K E N : S irim on G ate , 
2550 m (191); K : N gong H ills n e a r N a iro b i, N gong to w n , 2400 m (204); T : N gorongoro  
C ra ter rim , 2500 m (242, 268); de t. DS a n d  O. W idespread  afro m o n tan e  species. E A B  I , IV.

134. N eckera subm acrocarpa  Dix. — K E N : S irim on trac k , ep ip h y tic  in  m o n tane  ra in  fo res t, 
2600 m (175); de t. O. W idespread  a fro m o n tan e  species ran g in g  from  C am eroon to  T a n ­
zan ia. EA B  I, IV.

135. P o ro th am n iu m  hildebrandtii (C. M uell.) F leisch . — T: S slope of N gorongoro C ra te r rim , 
ep iphy tic  in  bam boo th icke ts , 2500 m  (262, 266); de t. O. W idespread  a fro m o n tan e  
species occurring  from  Cam eroon to  S o u th  A frica an d  E a s t  A frican Is lands. E A B  I, 
I I ,  IV , V.

136. P o ro th am n iu m  m olliculum  (B ro th .) F le isch . — T: *S slope of N gorongoro c ra te r  r im , 
ep iphy tic  in  bam boo  th ick e ts , 2500 m  (257); det. O. U ncom m on species in  tro p ica l 
A frica occurring  from  Cameroon to  T an zan ia . EA B IV, V.

137. P o ro trich u m  ru fieau le  C. Muell. *M E R : W  slope of th e  c ra te r  rim , ep ip h y tic  in  m on­
ta n e  ra in  fo res t, 2700 m  (374); K IL : M aran g u  ro u te , n e a r M andara  H u t, 2700—2750 m 
(293, 304); ep ip h y tic , near H orom bo H u t ,  3500 m  (319); d e t. O. A from ontane  species 
p rev iously  k n o w n  only from  N airob i a t  1700 m  an d  from  K ilim an ja ro  a t  a lt i tu d e  2300 m. 
E A B  I.

R igodiaceae

138. R igodium  k ilim andscharicum  (B ro th .) P a r . — K IL : M arangu  ro u te , n ear M andara  H u t, 
ep ip h y tic  in  m o n tan e  forest, 2730 m  (295); n ear H orom bo H u t, ep iphy tic  on  g ian t 
Senecio, 3500 m  (319a); det. O. S o u th e as t A frican  m o n tan e  species know n from  T an zan ia  
to  M alaw i. E A B  I, V (see Fig. 7).
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F ig . 7. D istrib u tio n  of R ig o d iu m  kilim andscharicum , a  S o u th eas t A frican  m o n tan e  e lem ent
w ith  tro p ica l A m erican  a ffin ity

H ookeriaceae

139. Schizom itrium  african u m  (Mitt.) Ochyra, com b. nov.
Basionymon: Callicostella africana M itt., Trans. Linn. Soc. London 23: 
53. 5f. 9. 1860.
UGA: Entebbe near Kampala, on soil together with Vesicularia galericu- 
lata  (429); det. O. Widespread in tropical Africa from Cameroon to  East 
African Islands. EAB I.

The genus Schizomitrium is very widespread in tropical Africa and 
several species were recognized under the name Callicostella (D e m a r e t  
and P. de la Y a r d é  1952; D e m a r e t  1965). However, Cr o s b y  (1975) has 
shown that Callicostella (C. Muell.) Mitt. 1859 is nomenclaturally super­
fluous name for Schizomitrium B.S.G. 1851. Since all African taxa exclud-
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ing only Schizomitrium papillatum var. brevifolium have not previously 
been given names in Schizomitrium, the appropriate combinations are 
made below:

S ch izom itriu m  sect. Convergentes (Demar. et P . Varde ex Demar.) 
Ochyra, com b. nov.
Basionymon: Callicostella sect. Convergentes Demar. et P. Varde ex 
Demar., Bull. Jard . Bot. Bruxelles 35: 92. 1965.

S ch izom itriu m  sect. R ectae (Demar. et P . Varde ex Demar.) Ochyra, 
com b . n ov.
Basionymon: Callicostella sect. Rectae Demar. et P. Varde ex Demar., 
Bull. Jard . Bot. Bruxelles 35: 92. 1965.

S ch izom itriu m  sect. D ivergen tes (Demar. et P. Varde ex Demar.) 
Ochyra, com b. nov.
Basionymon: Callicostella sect. Divergentes Demar. et P. Varde ex Demar., 
Bull. Jard . Bot. Bruxelles 35: 92. 1965.

S ch izom itriu m  applanatu in  (Broth, et Bryhn) Ochyra, com b. n ov. 
Basionymon: Callicostella applanata Broth, et Bryhn, Vorh. Vid. Selsk. 
Christiania 1911 (4): 19. 1911.

Sch izom itriu m  ascension is (C. Muell.) Ochyra, com b. nov. 
Basionymon: Hookeria ascensionis C. Muell., Bot. Jahrb. 5: 84. 1883.

Sch izom itriu m  attenu atu m  (C. Muell.) Ochyra, com b. nov. 
Basionymon: Hookeria attenuata C. Muell., Bot. Jahrb . 5: 88. 1883.

Sch izom itriu m  brevipes (Broth.) Ochyra, com b. nov.
Basionymon: Hookeria brevipes Broth., Bot. Jahrb . 24: 258. 1897.

S ch izom itriu m  chevalieri (Broth, in Corb.) Ochyra, com b. n ov . 
Basionymon: Callicostella chevalieri Broth, in Corb., Bull. Mus. Hist. Nat. 
Paris 18 (2): 113. 1912.

S ch izom itriu m  chionophyllum  (C. Muell.) Ochyra, com b. nov.
Basionymon: Hookeria chionophylla C. Muell., Flora 69: 282. 1886.

S ch izom itriu m  constrictum  (C. Muell.) Ochyra, com b. nov. 
Basionymon: Hookeria constricta C. Muell., Flora 69: 515. 1886.

S ch izom itriu m  em arginatu lum  (Broth, in Corb.) Ochyra, com b. n ov . 
Basionymon: Callicostella emarginatula Broth, in Corb., Bull. Mus. Hist. 
Nat. Paris 18 (2): 114. 1912.

S ch izom itriu m  eroso-truncatum  (Card.) Ochyra, com b. nov.
Basionymon: Callicostella eroso-truncata Card., Rev. Bryol. 36: 49. 1909. 

S ch izom itriu m  fissidentellum  (Besch.) Ochyra, com b. nov.
Basionymon: Hookeria fissidentella Besch., Ann. Sei. Nat. Bot. ser. 6, 
10: 284. 1880.

S ch izom itriu m  gabonense (Broth, et P. Varde) Ochyra, com b. n ov .
Basionymon: Callicostella gabonensis Broth, et P. Varde, Bull. Soc. Bot. 
France 72: 361. 13C. 1925.
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Schizom itrium  laceran s (C. Muell.) Ochyra, com b. n ov.
Basionymon: Hookeria lacerans C. Muell., Linnaea 40: 250. 1876.

Schizom itrium  laev iu scu lu m  (Mitt.) Ochyra, com b. n ov. 
Basionymon: Callicostella laeviuscula M itt., Phil. Trans. R. Soc. London 
168: 392. 37B. 1879.

Schizom itrium  leptocladulum  (C. Muell. ex Broth.) Ochyra, 
co m b . nov.
Basionymon: Hookeria leptocladula C. Muell. ex Broth., Bot. Jahrb . 24: 
258. 1897.

Schizom itrium  m aclau d ii (Par. et Broth.) Ochyra, com b. nov.
Basionymon: Hookeria maclaudii Par. et Broth., Rev. Bryol. 30: 103. 1903.

Schizom itrium  p apillosu lum  (Broth, et P. Varde) Ochyra, com b. n ov . 
Basionymon: Callicostella papillosula Broth, et P. Varde, Bull. Soc. Bot. 
France 72: 363. 14C. 1925.

Schizom itrium  parvocellu latum  (Demar. et P . Varde) Ochyra, 
co m b . nov.
Basionymon: Callicostella parvocellulata Demar. et P. Varde, Bull. Ja rd . 
Bot. Bruxelles 22: 342. 38. 1952.

Schizom itrium  perpapillatuin  (Broth, et P. Varde) Ochyra, com b. nov.
Basionymon: Callicostella perpapillata Broth, et P. Varde, Bull. Soc. Bot. 
France 72: 361. 14B. 1925.

S cliizom itiiu m  pcrrotii (Par.) Ochyra, com b. nov.
Basionymon: Hookeria perrotii Par., Ind. Bryol. Suppl. 187. 1900.

Schizom itrium  p usillu m  (Broth, ex Demar. et P . Varde) Ochyra, 
com b . nov.
Basionymon: Callicostella pusilla Broth, ex Demar. et P. Varde, Bull. 
Ja rd . Bot. Bruxelles 22: 343. 39. 1952.

Schizom itrium  sa laz iae  (Besch.) Ochyra, com b. nov.
Basionymon: Hookeria salaziae Besch., Ann. Sei. Nat. Bot. ser. 6, 10: 
284.1880.

Schizom itrium  seych ellen se (Besch.) Ochyra, com b. n ov.
Basionymon: Hookeria seychellensis Besch., Ann. Sei. Nat. Bot. ser. 6, 
10: 285. 1880.

Schizom itrium  su bem argin atu lum  (Broth, et P. Varde) Ochyra, 
com b . nov.
Basionymon: Callicostella subemarginatula Broth, et P. Varde, Bull. Soc. 
Bot. France 72: 360. 13B. 1925.

Schizom itrium  triste (C. Muell.) Ochyra, com b. nov.
Basionymon: Hookeria tristis C. Muell., Hedwigia 38: 130. 1899.

Schizom itrium  usam baricuni (Broth.) Ochyra, com b. n ov. 
Basionymon: Hookeria usambarica Broth., Bot. Jahrb. 20: 202. 1894.. 
Annotation by O.
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F ab ro n iaceae

140. R hizofabron ia  pcrpilosa (B ro th .) P a r. K IL : M arangu ro u te , n ear H orornbo H u t,  on 
ro t te n  w ood, 3700 m  (323); det. DS. A fro m o n tan e  species occurring  from  C am eroon to  
n o rth e rn  T an zan ia . D istribu tion  m ap  of th is  species was p ro v id ed  b y  B izo t  e t al. (1979). 
EA B  I , IV , V.

141. F abron ia  pilifera  H ornsch . -  C orticolous. K : N airob i, U h u ru  H ighw ay, 1800 m  (13a, 
45); Polish  E m b a ssy  (196); UGA: G ulu (434); CAR: Zemio (438); det. O. W id esp read  
in  trop ical A frica  from  Sahara  to S o u th  A frica a n d  E a s t A frican  Islands. I t  is p re su m ab ly  
conspecific w ith  o th e r  A frican species. E A B  I , V.

Leskeaceae

142. L indbergia p a ten tifo lia  Dix. — T: Serengeti N a tio n a l P a rk , N aab i Hills, 1600 m , c o r ti­
colous (217); d e t. O. U ncom m on su b m o n tan e  species occurring  in  E a s t A frica from  
U ganda an d  K e n y a  to  Zim babwe.

T huidiaceae

143. H ylocom iopsis cy lindricarpa T hér. K E N : n ear S irim on G ate, on tree  stem , 2550 m 
(183); M E R : W  slope of th e  c ra te r rim , on  g ro u n d , 2800 m  (SZ); de t. O. W id esp read  
afro m o n tan e  species know n from  C am eroon a n d  E th io p ia  to  so u th e rn  T anzania . E A B  V, 
inch d is tr ib u tio n  m ap .

144. R auiella  su b filam en tosa  (Besch.) W ijk  e t M arg. — K : N yeri, on  tree  b ranches (90); 
de t. O. U ncom m on in  E a s t Africa from  K en y a  to  Cape and  M adagascar.

145. Thuidium  ehenagon ii C. Muell. ex R en. e t C ard . — K : *01 D oinyo S apuk  N ational P a rk , 
on g round  in  g rasslan d , 2200 m (386a); M E R : W  slope of th e  c ra te r  rim , on g ro u n d  in  
m o n tane  fo rest, 2750 m (385); det. O. W id esp read  in  tro p ica l A frica from  G uinea to 
Z im babw e a n d  M oçam bique and E a s t A frican  Is lan d s. S u b m o n tan e  an d  m on tane  species 
occurring  a t  a lt i tu d e  600-2200 m. EA B  IV.

146. Thuidium  involvens (H edw .) M itt, subsp . th o m e a n u m  (B ro th .) T ouw  — RCA: B an- 
gassou, on b a rk  of p a lm  (448); det. O. W est A frican  low land  species know n from  Iv o ry  
Coast to  n o rth e rn  Zaire. D istrib u tio n  m ap was p ro v id ed  by  T o u w  (1976).

147. Thuidium  m ata ru m e n se  Besch. — M E R : W  slope of th e  c ra te r  r im , in  shady , re la tiv e ly  
m oist s itu a tio n  in  rav in e , 2600-2800 m (339 a n d  SZ); K IL : M arangu  ro u te , near M andara  
H u t, a t  tree  b ase , 2730 m  (305); det. O. W id esp read  a fro m o n tan e  species grow ing a t  
a ltitu d e  900-3500 m  in  U ganda, K enya, T an z an ia , S o u th  A frica a n d  on E a s t A frican  
Islands. T his species w as m apped  by T o u w  (1976).

A m blystegiaceae

148. A m blystegium  serpens (H edw .) B.S.G. — U G A : K a m p ala , on b a rk  in  tow n  centre  (421); 
E n teb b e  n ear K a m p a la , on tree  stem  to g e th e r w ith  Fabronia p ilifera  (431a); d st. DS 
an d  O. W idesp read  bo real an d  tem p era te  species o f th e  N o rth e rn  H em isphere. New for 
tro p ical A frica.

149. D repanocladus u n c in a tu s  (H edw .) W arnst. — M E R : W  slope of th e  c ra te r rim , on  
g round , 2800 m  (SZ); K IL : M arangu ro u te , ab o v e  M andara  H u t, subalp ine  m oorland , 
2700-2750 m (297 a n d  SZ); det. O. C osm opolitan  species, in  tro p ica l Africa a ltim o n tan e  
know n from  R uw enzori, M t. K enya, M t. E lgon, M t. M eru and  K ilim an ja ro . EAB I, IV , V.
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B rachytheciaceae

150. H om aloth eciu m  afro-str iatum  (C. Muell.) Ochyra, stat. et com b. nov.
Basionymon: Palamocladium sericeum var. afro-striatum C. Muell., Hed- 
wigia 38: 135. 1899.
Syn.: Palamocladium sericeum (Jaeg.) C. Muell.
K: Nyeri, on tree stem (88); KEN: Sirimon track, epiphytic, 2500— 
2700 m (166, 176 and SZ); near Liki North Hut, on ground, 3800 in 
(122); KIL: Marangu route, above Mandara Hut, epiphyte, 2730 m (304a); 
MER: W slope of the crater rim, epiphytic in montane rain forest, 2700— 
2800 m (350, 365, 376, 379, 388); T: S slope of Ngorongoro Crater rim , 
epiphytic in bamboo thickets, 2400 m (255); det. DS and 0 . W idespread 
afromontane species known from East and South Africa. EAB I, IV, V- 

Robinson (1962) in his generic revision of the North American 
Brachytheciaceae came to the conclusion tha t the characters differing 
the genera Homalothecium and Palamocladium are not sufficient at tho  
generic level and included Palamocladium as a subgenus in Homalothe­
cium. Following this concept the African plants should be renam ed. 
However, the epithet “ sericeum” has already been used in Homalothe­
cium for well-known Holarctic species. The oldest validly published name 
for this taxon seems to be epithet “ afro striatum" which was used by 
M u e l l e r  (1899) a t varietal rank for plants collected in South Africa. 
On the other hand, the interrelationships between Asian Homalothecium 
nilghiriense and American H. leskeoides, and H. afro-striatum need further 
examination and it is possible th a t they  are conspecific. Annotation by O.

151. B rachythecium  afrog lareosum  (B ro th .) P a r. T : *S slope of th e  N gorongoro C ra te r  
rim , terricolous an d  corticolous in  b am boo  th ick e ts , 2500 m (250, 265, 267); d e t. O. 
U ncom m on E a s t A frican  species know n  from  E th io p ia , U g an d a, K enya  an d  T a n z a n ia . 
EA B  I, IV , V.

152. B rachythecium  borgenii (H pe) Jaeg . S yn .: Brachythecium  atrotheca (D uby) B esch. — 
*M ER : W  slope of th e  c ra te r  rim , on  g ro u n d , 2700 m (SZ); K IL : M arangu R o u te , n e a r  
M andara  H u t, on g ro u n d , 2700 m (SZ); d e t. O. L em urian  m o n tan e  species kno w n  fro m  
E th io p ia  an d  T an zan ia  to  M auritius. E A B  I, IV , V (see Fig. 8).

153. B rachythecium  im plica tum  (H ornsch .) Ja e g . — *ELG : SE  slope of th e  c ra te r  r im , te r ­
ricolous, 4000 m  (62a); det. O. R are  a fro m o n tan e  species know n  from  E a s t A frican  
volcanic area. E A B  I.

154. B rachythecium  spectabile B roth . — K IL : M arangu  ro u te , above H orom bo H u t, on  s to n y  
g round  in sh ad y  rav in e , 3500 m  (SZ); d e t. O. U ncom m on afroa lp ine  species k n o w n  
from  R uw enzori, M t. K en y a , M u h av u ra , K arish im b i and  K ilim an jaro . EA B  I.

155. B rachythecium  vellereum  (M itt.) Jaeg . — K : N airobi, U h u ru  H ighw ay, e p ip h y tic , 
1800 m (10); T : Serengeti N ational P a rk , N aab i Hills, on wall of build ing  on p a rk in g , 
1600 m  (232); de t. O. W idespread  a fro m o n tan e -a fro a lp in e  species. EA B  IV, V.

156. Schim perella a tro th eca  P . V arde — T : *Serengeti N ational P a rk , N aab i H ills, 1600 m , 
ep iphy tic  (221); de t. O. A from ontane  species occurring from  E th io p ia  to  T an z an ia . 
EA B  IV , V.
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F ig . 8  .D is tr ib u tio n  of Brachythecium  borgenii, a  ty p ic a l E a s t A frican  — L em urian  m o n ta n e
species

157. E u rh y n ch ie lla  decurrens P. Y ardé  — E L G : SE  slope of th e  c ra te r  r im , on ground , 4000 m  
(66); *M E R : W  slope of th e  c ra te r  rim , on  g round  in  m o n tan e  ra in  fo rest, 2700 m  (359); 
d e t. O. U ncom m on afroalp ine species p rev iously  know n fro m  R uw enzori, M uhavura,. 
M t. K en y a , K ilim an ja ro  and N guru  M ts., see th e  d is tr ib u tio n  m ap  in  B iz o t  et al. (1978). 
E A B  IV , V.

158. K indbergia africana (Herz.) Ochyra, com b. nov.
Basionymon: Eurhynchium africanum Herz., Rep. Spec. Nov. Regn. Veg. 
41: 288. 235i-l. 1937.
ELG: SE slope of the crater rim, epiphytic in montane forest, 2730 m 
(76); det. O. Rare afromontane species known only from Ruwenzori and 
Mt. Elgon.

Eurhynchium africanum Herz, is characterized by its remarkable 
heterophylly. Therefore, with no doubt it belongs to  the genus Stokesiella 
(Kindb.) Robins, which was split out from Eurhynchium by R o b i n s o n
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(1967). However, Stokesiella (Kindb.) Robins, is a later and illegitimate 
homonym of Stokesiella Lemmermann. O c h y r a  (1982) proposed a new 
generic name Kindbergia to replace it. A part from the above new combina­
tion the following one is made to accommodate another African taxon:

Kindbergia a frican a  var. la tifo lia  (Demar. et Leroy) Ochyra, 
com b . nov.
Basionymon: Eurhynchium africanum Herz. var. latifolium Demar. et 
Leroy, Expl. Parc N at. Albert, Mission J . Lebrun (1937-1938) 6: 52-33. 
55-57. 1944.
Annotation by 0 .

E ntodonaceae

159. E ry th rodon tium  b a rle ri (M itt.) B ro th . — *SU D : J u b a , corticolous (436); det. 0 .  W est 
A frican  species kno w n  fro m  Guinea to Zaire a n d  A ngola.

160. E ry th rodon tium  su b ju laceu m  (C. Muell.) P a r. — U G A: K am p ala , on  tree  stem  in  tow n 
c en tre  (418, 425); d e t. O. W idespread  in  tro p ic a l A frica. EA B I, IV , V.

161. E n to d o n  dregeanus (H o rn sch .) C. Muell. T : Ngorongoro C ra te r rim , ep ip h y tic  in 
bam boo th icke ts , 2500 m  (255a); det. O. W id esp read  E as t A frican  species occurring  
from  E th iop ia  to Z im babw e. EA B IV, V.

162. Levierella perserra ta  P . V ard e  e t Leroy — К : *01 Doinyo S ap u k  N atio n a l P a rk , ep i­
p h y tic , 2250 m (395); d e t. DS. U ncom m on E a s t  A frican  species occurring  from  E th io p ia  
to  Z am bia. EA B IV , V.

P lagio theciaceae

163. S tereophyllum  n iten s M itt. — RCA: B an g asso u , corticolous on  p a lm  (442); de t. 0 . 
W idespread in  tro p ic a l A frica. EAB IV , V.

164. Isopterygium  p h lyctitheca  P. V arde — K IL : M arangu  ro u te , be tw een  M arangu  G ate 
a n d  M andara H u t, on  s tre a m  bank  in everg reen  m ist forest on  h u m id  rocky slope, 2300 m, 
coll. J K  5306, de t. O. E a s t  A frican m o n ta n e  species know n from  T an zan ia  an d  Zaire 
(M t. Biega). EA B  IV.

Sem atopliyllaceae

165. W ijk ia  trichocolea (C. Muell.) Crum  K IL : M arangu ro u te , below  M andara  H u t, 
2500 m, ep iphy tic  (270, 273a); det. O. W id esp read  in eas te rn  tro p ical A frica from  E th i­
opia to N atal. E A B  IV , V.

166. Sem atophyllum  subbrachytheciform e P. V a rd e  — K E N : S irim on G ate, on  decaying 
w ood, 2550 m (194); d e t. O. E as t A frican m o n ta n e  species kno w n  from  K enya  to  Zam bia. 
EA B  V.

H ypnaceae

167. H ypnum  african u m  (P. Varcle) Ochyra, com b. nov.
Basionymon: Breidleria africana P. Yardé, Bull. Soc. Bot. France 87: 
362. 2f. 18. 1940.
*MER: W slope of the crater rim, a t tree base, 2750 m (389); det. O. 
Afroalpine species previously known only from Kilimanjaro, Ruwenzori 
and Muhavura. EAB Y.
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Following widely accepted concept I include the genus Breidleria 
in synonymy of the genus Hypnum. Species previously included in 
Breidleria are treated as a section Pratensia B.S.G. within Hypnum  
(A ndo  1973). Appropriate new combination was made. Annotation by 0 .

168. H ypnum  cupressiform e H edw . — E p ip h y tic  and terrico lous. K : K ita le  (8); E L G : SE 
slope of th e  c ra te r rim , 2350-2400 m  (74, 75, 77); *01 D oinyo  S apuk  N atio n a l P a rk  near 
T h ik a , 2200 m (385a); K E N : S irim on trac k , 2600 m (SZ); below  L iki N o rth  H u t,  3800- 
3900 m (111, 119, 125, 138, 146); K : N gong Hills n ear N a iro b i, Ngong to w n , 2400 m 
(202); M E R : W slope of th e  c ra te r  rim , 2650-2700 m (340, 350a, 354, 358, 365a, 366, 
375, 387); K IL : M arangu  ro u te , below  M andara  H u t, 2500—2700 m (277, 287); d e t. 0 . 
C osm opolitan  species w idesp read  in  A frican  m ountains. E A B  I , IV , V.

169. V esicularia  galeru la ta  (D u b y ) B ro th . — UGA: E n teb b e  n e a r K am p ala , on  soil (429a); 
de t. O. W idespread  in  E a s t a n d  S o u th  A frica and  on S o u th  A frican  Islands. E A B  I, IV , V.

170. M itteno tham nium  cavifolium  (D ix .) W ijk  e t M arg. — K E N : n e a r Sirim on G ate , on  tree  
s tem , 2550 m (149); K IL : M arangu  ro u te , below M andara  H u t ,  2500 m  (272); de t. DS. 
W idesp read  in  tro p ical A frik a  from  E th io p ia  to  Саре-E A B  IV .

171. M itteno tham nium  cygnicollum  (D ix .) W ijk  e t Marg. — E p ip h y tic . K IL : M arangu  ro u te , 
below  M andara  H u t, 2500-2700 m  (271, 283, 307); n ear H o rom bo  H u t, 3600 m  (321); 
de t. O. W idespread  a fro m o n tan e  species occurring from  K e n y a  to  Sou th  A frica. EA B  
I , IV , V.

R hytid iaceae

172. R hy tid ium  rugosum  (H edw .) K in d b . — E L G : SE  slope of th e  c ra te r  rim , on g ro u n d  in  
a lp ine  zone, 4000 m (60); d e t. O. W id esp read  in th e  N o rth e rn  H em isphere , a ltim o n ta n e  
in  E a s t A frica, on M t. E lgon  an d  M t. K e n y a  a t  a ltitu d e  4000-4200 m.

H ylocom iaceae

173. H ylocom ium  splendens (H edw .) B .S.G . — ELG : SE slope o f th e  c ra te r  rim , on  rocks, 
4000 m (65); det. 0 . W id esp read  in  th e  N o rth e rn  H em isphere , a ltim o n tan e  in  E a s t 
A frica occurring  on K arisim b i, R u w en zo ri, K ilim anjaro , a n d  on  M t. E lgon a t  a lt i tu d e  
3200-4100 m . A p a rt from  A frica i t  is k n ow n  only from  N ew  Z ealand  in th e  S o u th e rn  
H em isphere. EA B  I.

Po ly trichaceae

174. Pogonatum  oligodus (C. M uell.) M itt. — K : K itale , on soil (7); K E N : Sirim on tra c k , on 
soil, 3300 m  (100); det. P . U nco m m o n  in  E a s t  and  South A frica . E A B  IV.

175. P o ly trichum  com m une H edw . — K : K ita le , on soil (6); E L G : S E  slope of th e  c ra te r  rim , 
on soil, 3700-4000 m (54, 72); K E N : S irim on  trac k , near L ik i N o rth  H u t, 3900 m  (92); 
K IL : M arangu  ro u te , n ear M an d ara  H u t, 2730 in, on ground (296); d e t. O. C osm opolitan  
species w idespread  in  tro p ica l A frica. E A B  I I ,  IV.

176. Po ly trichum  piliferum  H edw . — K E N : S irim on track , on soil, 3300 m  (101, 107); n ea r 
L iki N o rth  H u t, 3800 m , on  soil (115); K IL : M arangu ro u te , n ear H orom bo H u t, 
3700 m , on soil (308, 331); d e t. O. C osm opolitan  species, a ltim o n ta n e  in  tro p ica l A frica. 
E A B  IV, V.
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POLLINATION BIOLOGICAL CHARACTERISTICS 
OF VARIOUS MALUS  TAXA

M . S o l t é s z , 1 M . T ó t h ,2 F .  G y ú r ó ,2 A . T e r p ó 3 and J .  N y é k i 2

1 COLLEGE OF T H E  U N IV ERSITY  OF H O RTICULTU RE, K ECSKEM ÉT, HUNGARY 
2 U N IV ER SITY  OF H O RTICU LTU RE, DEPARTM ENT OF FR U IT  GROW ING, BUDAPEST, H UN G ARY  

3 U N IV ERSITY  OF H O RTICU LTU RE, BOTANY DEPARTM ENT, BU DA PEST, HUNGARY

(R eceived : 20 S ep tem b er 1979)

The a u th o rs  b eg an  th e  acc lim atiza tio n  o f “ M alus  p o llin a tio n  schem e”  to  H u n ­
g a ria n  conditions in  1977. W ith  re sp ec t to  one of th e  m o st im p o r ta n t q u estio n s o f 
u sing  M alus  species as p o llin a to rs , on flow ering  biological a n d  g ro w th  c h arac te ris tic s , 
N y é k i  e t al. (1980) h av e  p u b lished  th e ir  resu lts . A n o th er im p o r ta n t c o n d itio n  for 
fa v o u rab le  p o llin a tio n , nam ely  fe rtiliz a tio n  biological ch arac te ris tics , w as s tu d ied  in  
th e  Soroksár B o tan ica l G arden  of th e  U n iv e rs ity  of H o rticu ltu re  (SB K ), a n d  in  th e  
H elvéc ia  C entre o f N a tio n a l A g ricu ltu ra l V a rie ty  Q ualifying In s t i tu te ,  in  1977 an d  
1978. O n th e  resu lts  o f tw o-y ears’ o b se rv a tio n s, th e  a u th o rs  selected th e  follow ing 
ta x a  fo r fu r th e r  ex am in a tio n s  in  m odel o rch ard s. F o r th e  ‘J o n a th a n ’ app le  v a rie tie s , 
su itab le  can  be SB K -3 ( Л/. flo ribunda)  a n d  SBK -1014 (M . dasyphylla -pum ila) ty p es . 
F o r th e  ‘S ta rk in g ’ v a r ie ty , SB K -1014 ( M . dasyphylla -pum ila), while fo r ‘G olden 
D elicious’ SBK -1003 (M . dom estica-pum ila) can  he recom m ended .

O n th e  basis o f fe rtiliz a tio n  b iological ch arac te ris tics  a few  o th e r su itab le  species 
( ty p es )  w ere fo u n d  such  as for exam ple  SB K -10, SB K -6, SB K -277 , SB K -333 b u t  w ith  
th e m  i t  w as also fo u n d  th a t  th e  flow ering  ta k in g  p lace a t  th e  sam e tim e  as th e  J o n a th a n , 
S ta rk in g  and  Golden D elicious v a rie tie s is below  50% .

In  1978, search ing  fo r th e  possib ilities o f artific ia l p o llin a tio n  th e  a u th o rs  c a r­
ried  o u t po llina tions w ith  pollen  m ix tu res  in  th e  Jo n a th a n  an d  G olden Delicious v a rie tie s , 
som e o f w hich  p ro v id ed  v e ry  n o tew o rth y  re su lts . In  th e  case o f th e  J o n a th a n  v a r ie ty  
(5), SB K -336 (M . p u m ila )  -f- Golden D elicious pollen  m ix tu re  (33%  seed fo rm a tio n  
a t  h a rv e s t tim e), shou ld  be  m en tioned , w hile in  th e  G olden D elicious v a r ie ty  (Ç), th e  
m ix tu re  o f SB K -336 +  S ta rk in g  (30 .8%  seed form ation ).

Since p o llin a tio n  m u s t be  com ple te ly  en su red  in th e  “ M a lu s  p o llin a tio n  schem e” , 
fo r e v e ry  in ten siv e  app le  o rc h ard  v a r ie ty  tw o  su itab le  M alus  p o llin a to rs  a t  le a s t  sho u ld  
be  chosen. To achieve th is , th e  au th o rs  a re  carry in g  o u t an a lyses b y  draw ing  fu r th e r  
species (ty p es) in to  th e ir  sphere  o f in te res t.

^Introduction

T h e  “ M a lu s  po llin a tio n  schem e”  is ex p ec ted  to  hav e  an  im p o r ta n t  ro le in  en su ring  th e  
o p tim a l seed fo rm a tio n  in  in te n siv e  app le  o rch ard s. W il l ia m s  (1966) w as th e  f ir s t  to  suggest 
M a lu s  as p o llin a to rs  in  e a r ly  flow ering  apple v a rie tie s  in  E ng lan d  (W il l ia m s  1975, 1977) an d  
in  H o llan d  ( J o n k e r s  e t al. 1978) carried  o u t a la rg e  scale research  to  f in d  M alus  p o llin a to rs  
t h a t  w ould  m a tc h  “ Cox O range P ip p in ” , one of th e  m o st im p o r ta n t W es t-E u ro p ean  app le  
v a rie tie s .

T h ere  a re  several a d v an tag e s  in  using  M a lu s  ta x a  (s. 1. w ild apples) as p o llin a to rs , 
co m p ared  w ith  th e  conv en tio n al p o llin a to r v a rie tie s . I n  s in g le-v a rie ty  o rch ard s, v a r ie ty -  
specific ag ro tech n iq u es can  be u sed ; b y  using  several M a lu s  p o llina to rs jo in t ly  in  s in g le-v a rie ty  
o rch ard s, fe rtiliz a tio n  can  be m ore ensured .

In  o rch ard s  w ith  u n fa v o u rab le  p o llin a tio n  co n d itio n s, seed fo rm a tio n  can  be  im p ro v e d  
b y  e n g ra ftin g  u p o n  th e  v a rie tie s; th e re  is a  g rea te r d en sity  o f  flow ering  a n d  pollen p ro d u c in g
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in  th e  M a lu s  ta x a  th a n  in  th e  com m ercial v a rie tie s  (W il l ia m s  1975, S m it h  and K e n d a l l  
1975, J o n k e r s  e t al. 1978).

O ne of th e  m ost im p o r ta n t  ad v an tag es  o f u sing  M a lu s  ta x a  as po llin a to rs  — besides 
th e ir  flow ering  a t  th e  sam e tim e  as th e  com m ercial ap p le  v a rie tie s  — is th e ir  fe rtiliza tio n  
b io logical su itab ilities. I n  e a rlie r  decades, th e  analyses o f  fe rtiliz a tio n  biological ch arac te ris tics  
o f M a lu s  ta x a  m ain ly  serv ed  b reed in g  purposes.

K ARAMÜSEVA a n d  B l in o v a  (1976) r e p o r te d  o n  th e  s e lf - fe r t i l iz a t io n  o f  th e  v a r io u s  
sp e c ie s  as fo llow s:

Table 1

Species Seed formation,
%

Species Seed formation,
%

M . floribunda 100 M . sieboldi 70-98

M . sargenti 57-80 M . kansuensis 25-36

M . zum i 32 M . coronaria 8-25

M . spectabilis 2-15 M . sieversii 5 -  6

M . floren tina 0 -  6 M . p ru n ifo lia 0 -  3.8

M . cerasifera 0 -  1.6 M . silvestris 0 -  1.5

M . baccata 0 -  1.4

G r ü n e r  and  M e d v e z h o v a  (1977) to  exam ine  se lf-fe rtiliza tio n  iso la ted  whole trees  an d  
p laced  bees w ith in  th e  iso la to rs . T he seed fo rm atio n  o f th e  15 M alus  species exam ined  v a ried  
b e tw een  2.5 and  90 .0% .

In  th e  experim en ts  o f  R u d l o f f  and  S c h m id t  (1938), M alus kaido  fu rn ished  a  re su lt o f 
5 1 .6 %  seed fo rm atio n  b y  se lf-fe rtiliza tion .

Several M alus  species are inclined  to  apo m ic tic  seedling fo rm atio n  (O l d e n  1953), 
w hile  some of th e  species a re  them selves of apom ic tic  orig in , as fo r exem ple iVf. toringoides, 
M . hupehensis, M . s ikk ien s is  (L u c k w il l  and  Ca m p b e l l  1953) o f trip lo id s ; and  M . rockii an d  
M . sargenti (Sa x  1959) o f te trap lo id s .

W il l ia m s  (1977) re p o rte d  on  th e  fe rtiliz a tio n  o f M alus  species. In  th e  course of ten - 
y e a r  period  of obse rv a tio n s he found  th a t  th e  p o llen  of some M alus  ta x a  (types) w as as 
e ffec tive  in  th e  p o llin a tio n  of Cox O range P ip p in  app le  v a r ie ty  as h a d  been th a t  of th e  genera lly  
u sed  conventional p o llin a to r  species (E g rem o n t R u sse t, Golden Delicious, W orcester, D is­
covery ). He recom m ends M a lu s  cv. H illier, cv. G olden H o rn e t, cv. W in te r Gold an d  M . p u r ­
pu rea  cv. A ldenham ensis ty p e s  as po llinators fo r th e  Cox O range P ip p in  va rie ty .

B ased on fav o u ra b le  experiences ab ro ad , th e  M a lu s  P o llin a tio n  Scheme was lau n ch ed  
a lso  in  H u n gary , an d  so, th e  c la rifica tion  of th e  fe rtiliz a tio n  biological ch arac te ris tics  o f M alus  
t a x a  cam e to  be a v e ry  im p o r ta n t  task .

O ur o b se rv atio n s w ere aim ed a t d e te rm in ing :
1. W h at a t  th e  seed fo rm atio n  in  various M a lu s  ta x a  (ty p es) is like on n a tu ra l self- 

fe rtiliz a tio n  (w ith o u t a r tif ic ia l po llina tion , in  iso la tio n ) ?
2. The degree o f fe rtiliz a tio n  cap ac ity  in  th e  M alus  ta x a  exam ined , on th e  basis o f 

th e  seed fo rm atio n  a n d  seed  c o n te n t of th e  flow ers w hich  p o llin a ted  in  vivo.
3. The e x te n t o f po llen-shoo ting  and  sac -p ro d u c in g  of M a lu s  ta x a  u n d e r in  v itro  

co n d itio n s.
4. How th e  M a lu s  ta x a  a ffec t th e  seed fo rm a tio n  an d  seed co n te n t o f J o n a th a n , 

S ta rk in g  and  G olden D elic ious th e  th ree  m ain  ap p le  v a rie tie s  in  H u n g a ry  ?
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M ateria l and m ethods

O f th e  M alus  co llection  to  be fo u n d  in  th e  Soroksár B o tan ica l G arden  ( =  SB K ), of 
th e  H o rticu ltu ra l U n iv e rs ity  (a t th e  so u th e rn  edge of B u d ap es t)  th e  follow ing 17 tax a  
{ ty p es), were chosen fo r th e  fe rtiliza tio n  biological exam in atio n s (code n u m b ers  a re  also given):

SBK-1 
SBK -3 
SBK -5 
SBK -6 
S B K -8: 
SB K -9: 
SB K -10: 
SBK-277 
SBK -280 
SBK-333 
SBK -336 
SBK -726 
SBK -730 
SBK-731: 
SB K -1003: 
SB K -1014:

M a lu s purpurea  
M . purp u rea  
M . baccata 
M . spectabilis 
M . baccata 
M . p u rp u rea  
M . halliana  
M . dasyphylla  
M . silvestris 
M . silvestris 
M . p u m ila  
M . silvestris 
M . silvestris 
M . silvestris 
M . domestica-pum ila  
M . dasyphylla-pum ila

In  1977 and  1978, observations w ere m ade on M alus  ta x a  (ty p es) of single ro o t­
s to c k s , on th e ir se lf-fe rtiliza tion  and on th e ir  q u a lity  o f sexual p o llin a tio n  in  a given ecological 
e n v iro n m en t in  the  n e ighbourhood  of o th e r  M alus  species.

F o r the  ob se rv a tio n s on se lf-fe rtiliza tio n  50-200 flow ers pe r tree  were iso la ted  a t  th e ir 
b u d d in g  phase; 3 -6  p e rg am en  bags w ere u sed  per species (ty p es) for iso la tion , and  no bees 
w ere  p laced  in  th e  iso la to rs. A fter the  flo w erin g  of th e  shoots on  th e  tree  h a d  b een  com pleted , 
th e  p ergam en  bags w ere opened , to e n su re  su itab le  en v iro n m en ta l co nd itions fo r th e  seeds 
fo rm in g  in  th e  isolators.

T he fertiliza tion  o f flow ers per species (types) th a t  p o llin a ted  sexually  w as estim a ted  
on  th e  basis of the  seed fo rm atio n  of 150—250 flow ers b o th  in  th e  M alus  ta x a  (ty p es) and 
in  th e  con tro l trees of J o n a th a n  and S ta rk in g  v a r ie ty  m ark ed  n early .

Seed fo rm atio n  w as checked a fte r  th e  p u rificatio n  falling  (m ark ed  b y  I in  th e  tab les), 
a n d  a f te r  f ru it falling in  J u n e  ( I I  in  th e  tab les). On th e  basis o f these  tw o va lues th e  sexual 
a n d  th e  se lf-fertiliza tion  q u a lity  in M a lu s  ta x a  could be d e te rm in ed . H ow ever, seed fo rm a­
t io n  in  itse lf does n o t give reliable re su lts  on th e  re p ro d u c tio n  b iological ch arac te ris tics , 
th e re fo re , in  1977, a fte r th e  Ju n e  fru it fa llin g  th e  seed co n ten t of th e  fru its  and  also th e  nu m b er 
o f  carpe ls were counted .

A sufficient q u a n ti ty  o f pollen w as co llected  a t  th e  beg inn ing  of flow ering  of th e  m arked  
M a lu s  ta x a  (types) fro m  th e  Soroksár B o ta n y  G arden (SB K ), th e n  th e  pollen physiological 
as well as rep ro d u c tio n  q u a lity  ex am in a tio n s were carried  o u t on  th e  m ain  app le  v a rie ties in  
H elvéc ia , a t  th e  Centre o f th e  N ational A g ric u ltu ra l V arie ty  Q ualify ing  In s t i tu te .

Pollen g e rm inating  an d  pollen-sac p ro d u c in g  qualities w ere ex am ined  u n d e r  in  v itro  
c o n d itio n s, in 10%  saccharose  so lu tion , a t  23 °C, on a deepened  p e tr id ish  o b jec t p la te  in 
id en tica l pollen concen tra tio n s . The ra te  o f  sac g row th  was d e te rm in ed  re la te d  to  th e  pollen 
d ia m e te r  a fte r 24 hours.

Po llina tion  q u a lity  w as tested  on J o n a th a n , S ta rk in g  an d  G olden Delicious varie ties. 
T h e  se lf-in fertility  of th ese  th ree  v a rie tie s  h ad  been p roved  d u rin g  earlier exam in atio n s 
(M a l ig a  1953, 1961; D á n ie l  1962, Gy ú r ó  e t al. 1976), th ere fo re  th e  flow ers w hich  w ere to 
be  p o llin a ted  had  n o t been  c as tra ted . T h e  Jo n a th a n , S ta rk ing  a n d  Golden D elicious flowers 
p o llin a te d  artificially  w ere iso la ted  in  p e rg am en  bags, and  th e ir  seed fo rm atio n  w as reg iste red  
in  th re e  p o in ts of tim e (I  a n d  I I  as in  th e  M a lu s  ta x a ; I I I :  before  h a rv esting ).

In  th e  las t period , th e  nu m b er o f carp e ls  and  also th e  seed c o n te n t w ere co u n ted  since 
th ese  indices are also necessa ry  for to assessing  th e  fe rtiliz a tio n  q u a lity  of a given M alus  
ta x a  ($ ) . F o r th e  ex am in a tio n s  re la ted  to  th e  fe rtiliza tio n  q u a lity , th e  o th e r tw o apple 
v a rie tie s  (for exam ple, to  G olden D elicious th e  S ta rk ing  v a r ie ty  an d  th e  J o n a th a n  as m ale 
v a r ie ty  (d') and  th e  sexual seed fo rm atio n  w ere considered as th e  basis for co n tro l. T his is 
ju s tif ie d  because in  o rch ard s th e  apple v a r ie tie s  are p lan ted  in  such  a m atin g  p a tte rn .
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In  th e  periods of flow ering  a n d  seed fo rm atio n  th ere  w ere v e ry  g re a t differences betw een 
th e  tw o  y e ars’ w eather c o n d itio n s in  b o th  areas of o b se rv atio n . In  1977, th e  w eather was 
w a rm er th a n  the  average, rich  in  sunsh ine  and  dry , while in  1978 i t  w as u n u su a lly  cool and 
ra in y . T h is difference s trik in g ly  m an ifes t in  th e  tim e of flow ering  (a la te r  flow ering  in  1978) 
a n d  th e  e x te n t  of seed fo rm a tio n  ( i t  w as considerab ly  poorer in  1978).

R esu lts and evaluation

Self-fertilization in Malus taxa

T h e  d a ta  on se lf-fe rtiliza tion  of M alus  tax a  (types) can  be seen in  T ab le  2. O f th e  M alus  
t a x a  ( ty p es )  exam ined, con sid erab le  seed fo rm atio n  (23 a n d  18% ) was fo u n d  in  th e  SBK -5 
ty p e . S lig h t seed fo rm ation  (6 % ) w as fo u n d  in  th e  SB K -1003 ty p e , w hile th e  re s t  proved to 
be se lf-in fertile .

Seed form ation  in  th e  flow ers o f sexually  po llin a ted  M a lu s  ta x a :
I n  1977, in  4 ty pes, th e  seed fo rm atio n  of sexually  p o llin a ted  flow ers, n ear to  o th er 

M a lu s  t a x a ,  was very  poor (below  1 0% ); in  a fu r th e r  6 ty p es  i t  w as be tw een  10 and 20% . 
I n  1978, a fte r  th e  p u rific a tio n  f ru i t  fa lling  (I), seed fo rm atio n  essen tia lly  low er th a n  th a t  in  
th e  p rev io u s year was fo u n d  in  ty p e s  SB K -1, SBK -9 and  SB K -10 ((14.3, 0.5 an d  3 .5%  respec­
tiv e ly ). I n  type  SBK -8, ta k e n  in to  th e  ex am in atio n  in  1978, seed fo rm atio n  w as also very  
low  (0 .5 % ). In  the  Jo n a th a n  a n d  S ta rk in g  trees, w hich w ere n ear th e  M a lu s  ta x a ,  an  average 
seed  fo rm a tio n  of 1 0 -20%  w as fo u n d  in  th e  tw o years o f o bservation .

Table 2

Self-fertilization in various M alus taxa  
(  Budapest-Soroksár 1977-1978)

Code No. 
of the Malus 
taxa (types)

No. of isolated 
flower buds

Seed formation (%)

1977 1978
1977 1978 I II I II

S B K -5 1 1 8 161 4 3 .2 2 2 .9 3 9 .1 1 8 .3

S B K -1 0 0 3 4 8 — 4 3 .7 6 .2 — —
S B K -1 0 7 2 2 0 8 4 .2 2 .7 0 .5 0 .5

S B K - 7 2 6 6 3 — 3 .1 1 .6 — —
S B K -1 1 1 4 1 65 1 .7 0 .0 1 .2 0 .0

S B K - 3 8 6 1 5 0 3 .1 1 .2 0 .0 0 .0

S B K - 6 1 2 5 1 0 4 0 .0 0 .0 4 .8 —
S B K - 3 3 6 1 0 0 1 30 0 .0 0 .0 0 .8 0 .0

S B K - 9 9 7 1 85 0 .0 0 .0 0 .5 0 .0

S B K -7 88 2 3 0 0 .0 0 .0 0 .0 0 .0

S B K -7 3 1 5 4 145 0 .0 0 .0 0 .0 0 .0

S B K -8 — 2 0 8 — — 0 .0 0 .0

S B K - 1 0 1 4 9 7 — 0 .0 0 .0 — —

S B K - 7 3 0 4 6 — 0 .0 0 .0 — —

S B K - 2 8 0 8 0 — 0 .0 0 .0 — —
S B K - 3 3 3 1 3 0 — 0 .0 0 .0 — —
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In  in ten siv e  apple o rch ard s th o se  M alus  tax a  ( ty p es )  are m ore fa v o u rab le  w ith  
re sp ec t to  p o llin a to rs  whose seed fo rm a tio n  is sm aller. T his how ever is on ly  a n  a d v an tag e  
and  n o t an  exclusive cond ition  fo r u sing  th e m  as a po llinator. T hese d a ta  do n o t give an  ad e ­
q u a te  guide as to  w h a t cap ac ity  fo r sex u a l seed fo rm ation  th e  M a lu s  ta x a  have  w hen  p lan te d  
in  betw een  th e  com m ercial apple v a rie tie s  (Jo n a th a n , G olden D elicious, S tark ing).

T here is no connection  b e tw een  th e  seed co n ten t an d  seed  fo rm ation  in  th e  fru its  o f  
M alus  ta x a  (ty p es). T he n u m b er o f carp e ls  is in  general 5 o r n e a r  to  th a t ;  ex cep tio n s are 
ty p es  SBK -5 w ith  5.8 an d  SB K -7 w ith  4 carp e ls  selected w ith in  th e  M . baccata species (T able  3).

Germinating and sac growth of the pollen

The q u a lity  o f germ in atin g  a n d  sac  g ro w th  of th e  po llen  in  M alus  ta x a  is show n  in  
Table 4. O f th e  species exam ined , ty p e s  n u m b ere d  as SBK -336, SB K -731, SBK -280 a n d  SB K - 
730 h a d  a v e ry  good g e rm inating  c a p a c ity  (above  50% ). In  a fu r th e r  4 types, i t  was sa tis fac to ry  
(30 -5 0 % ), while in  th e  o thers i t  w as s lig h t a n d  in  SBK-7 there  w as a  v e ry  w eak pollen  g e rm in a t­
ing  cap ac ity . T h e  pollen  tu b e  w as th e  lo n g es t in  types SB K -1003 an d  in  th e  SB K -1014, i t  
was th e  largest. F e rtiliz ing  q u a lity  o f  M a lu s  ta x a  in  com m ercial ap p le  varie ties:

T he fertiliz ing  q u a lity  o f th e  t a x a  can  be assessed on  th e  basis o f seed fo rm a tio n  
an d  th e  seed c o n te n t o f th e  fru its . B o th  o f these  indices should  be  ta k e n  in to  co n sid era tio n , 
for a g rea t n u m b er o f M a lu s  t a x a  ( ty p e s )  hav e  a good fe rtiliz a tio n  cap acity  on  th e  b asis

Table 3

Rate o f  fertiliza tion  in  the naturally  pollinated flowers o f  various M alus taxa 
(  B udapest-Soroksár 1977)

Code No. 
of the Malus 
taxa (types)

No. of 
flowers 
under

observation

Seed formation (%)
Average carpel 

No. falling 
to one fruit (piece) No. of full 

seeds falling 
to one fruit

I II full non­
full

SBK -6 253 58.5 55.3 8.5 0.4 5
SBK -3 216 64.8 53.2 2.2 0.6 5
SBK-5 173 81.5 41.6 4.7 1.8 5.8
SBK-1003 82 58.5 40.2 7.6 0.3 5
SBK-1 278 40.2 36.3 2.4 0.2 4.8
SBK-1014 102 26.5 25.5 5.9 1.6 5

SB K -9 158 20.9 17.7 1.9 0.0 4.8
SBK-726 130 42.3 16.9 7.2 0.9 5
SBK-730 101 28.7 15.8 6.0 1.1 5
SBK -10 114 23.6 14.9 1.7 0.2 4.9
SBK-277 109 28.4 12.8 3.5 2.3 5
SBK-731 115 13.9 11.3 7.7 0.5 5

SBK-280 139 17.2 3.6 7.8 0.8 5
SBK-333 140 6.4 2.8 5.5 2.5 5

SBK-336 129 1.5 1.5 7.0 1.0 5
SBK -7 136 9.5 0.7 3.0 1.0 4

Acta Botanica Academiae Scientiarum Hungaricae 28, 1982



396 M. SOLTÉSZ et al.

of seed  fo rm ation , while a t  th e  sam e tim e  th e  seed c o n te n t falling to one piece of fru it is low. 
T he rev erse  of all these also occu r in  m an y  cases. A seed fo rm atio n  necessa ry  fo r the  achieve­
m e n t o f  a  g rea t nu m b er o f p ro d u ce  depends on th e  d e n s ity  ra te  of flow ering . In  our th ree  
co m m erc ia l apple v a rie tie s  ( J o n a th a n , Golden D elicious a n d  S tark ing) 5—10%  seed form ation , 
is co n sid ered  to be a fu n c tio n  o f th e  ra te  o f flow ering  d ensity , for sa tis fac to ry  resu lts in 
f r u i t  grow ing.

Seed formation

Seed form ation  re su lts  in  th e  J o n a th a n  v a r ie ty  are  given in de ta il in  T ab le  4. The f ru it 
«e t fo rm ed  afte r a rtific ia l c rossing  of th e  M alus  species w ith  “ S ta rk in g ”  a n d  “ G olden Delicious”  
p o llin a to rs  or th e  sexual seed fo rm atio n s near o th e r ta x a  serve as a basis  fo r com parison. 
In  1977, 4 M alus  ta x a  ( ty p e s )  show ed an even h ig h er seed form ation  th a n  G olden Delicious 
w h ich  is  of a b e tte r  fe rti l iz a tio n  cap ac ity , while in  sex u a l po llina tion  7 M a lu s  tax a  (types) 
w ere  b e tte r .  In  1978, seed fo rm a tio n  was in  general po o re r th a n  th a t  in  th e  previous year;

Table 4

S ic growing o f  the pollen o f  various M alus taxa 
(Helvécia 1977)

Code No. of the Malus 
taxa (types)

No. pollen 
observed (piece)

Rate of pollens 
that have 

brought buds 
(%)

Length 
of pollen

sacs*

SB K -730 226 86.3 4

SBK -731 180 79.8 2

SB K -280 474 61.3 3

SB K -336 999 52.2 3

SB K -1014 391 48.8 5

SB K -1003 604 37.9 5

SB K -6 236 34.4 2

SB K -277 1770 29.6 3

SB K -726 1039 24.5 2

SB K -333 731 21.5 3

SB K -9 943 21.5 2

SB K -10 1047 20.2 2

SB K -3 689 18.7 3

SBK.-1 902 16.3 3

SB K -5 799 16.3 3

SB K -7 1067 7.0 2

* Note: The average len g th  of the  sacs is:
(1) the  sam e as th e  d iam eter of th e  pollen
(2) 2 -4  tim es th a t  of the  pollen d iam eter
(3) 5-10  tim es th a t  of the pollen d iam eter
(4) 11-20 tim es th a t  of the  pollen d iam eter
(5) g rea ter th a n  20 tim es th e  pollen d iam eter
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T able 5

Effect o f  pollinator M alus taxa on the seed form ation  and the seed content in  the fru its  o f  Jonathan varietv
(Helvécia 1977-1978)

Code No. of Malus 
taxa (types)

No. of pollinated 
flowers

1977 1978

Seed formation (%) Number of seeds falling to one fruit

1977 1978 1977 1978

I II III I II III full non-full full non-full

S B K - 1 0 0 3 1 4 4 2 6 1 6 6 .7 4 1 .7 3 4 .7 6 9 .0 8 .0 6 .9 5 .2 0 .4 6 .8 2 .4

S B K - 2 7 7 1 9 6 — 4 2 .8 3 5 .7 2 9 .6 — — — 3 .4 0 .0 — —

S B K - 7 2 6 1 2 4 — 6 7 .7 4 8 .4 2 9 .0 — — — 3 .8 0 .5 — —
S B K - 3 1 46 2 3 4 7 2 .6 3 5 .6 2 7 .4 8 7 .2 2 4 .3 1 7 .5 3 .7 1 .7 5 .8 3 .5

S B K - 1 1 3 0 2 3 4 7 5 .3 3 0 .8 2 1 .5 8 8 .5 1 6 .7 1 4 .1 2 .3 1 .3 5 .7 0 .8

S B K - 7 3 1 1 05 2 2 2 3 3 .3 2 2 .8 2 0 .0 3 1 .1 0 .0 0 .0 2 .8 0 .6 — —

S B K - 3 3 3 1 9 0 — 6 3 .1 2 6 .3 2 0 .0 — — — 3 .7 1 .3 — —

S B K - 6 1 8 0 2 3 4 5 0 .0 2 3 .3 1 8 .9 7 3 .1 2 6 .9 1 7 .9 4 .5 0 .0 5 .8 3 .5

S B K - 1 0 1 4 1 5 2 2 4 0 3 6 .8 2 1 .0 1 7 .1 7 3 .7 2 3 .7 1 5 .8 5 .3 0 .5 7 .1 1 .9

S B K - 3 3 6 1 8 2 1 98 2 8 .6 1 5 .4 1 2 .1 4 7 .0 3 .0 2 .5 1 .0 0 .0 4 .0 0 .0

S B K - 7 1 1 0 2 4 9 7 6 .4 1 2 .7 1 1 .8 5 9 .0 7 .2 6 .2 3 .8 0 .2 4 .3 0 .3

S B K - 2 8 0 1 52 — 1 0 .5 1 0 .5 9 .2 — — — 5 .0 0 .0 — —

S B K - 5 1 7 4 2 3 1 3 6 .8 9 .2 8 .0 5 3 .2 7 .8 6 .5 3 .2 0 .7 3 .5 0 .0

S B K - 1 0 1 68 2 6 1 3 5 .7 7 .1 6 .0 8 1 .6 1 9 .5 1 4 .2 5 .0 0 .0 6 .3 3 .5

S B K - 9 1 1 0 2 1 0 6 3 .6 9 .1 5 .4 8 5 .7 2 1 .4 1 8 .6 4 .5 0 .7 6 .2 0 .5

S B K - 7 3 0 1 1 2 — 5 .3 3 .6 3 .6 — — — 2 .8 0 .7 — —

S B K - 8 — 2 5 8 — — — 5 3 .5 5 .8 5 .4 — — 6 .0 2 .7

S B K - 3 3 6  +  G o ld e n 1 4 4 8 1 .2 4 7 .9 3 2 .6 6 .1 2 .8

S B K - 3 3 6  +  7 3 1 — 1 5 9 — — — 6 2 .3 2 4 .5 1 5 .7 — — 4 .2 0 .5

S B K - 3 3 6  +  S t a r k in g — 1 3 5 — — — 6 8 .9 2 0 .0 1 4 .8 — — 6 .6 0 .8

S B K - 3  +  8 — 1 4 8 — — — 7 4 .5 1 8 .1 1 4 .1 — — 6 .6 1 .4

S B K - 7 3 1  -(- J o n a t h a n — 1 3 8 — — — 6 7 .4 2 .2 2 .1 — — 5 .8 0 .5

S t a r k in g 9 8 1 95 7 6 .0 2 3 .1 1 7 .0 8 1 .5 2 7 .7 2 0 .5 4 .5 1 .0 6 .8 1 .5
G o ld e n  D e l ic io u s 101 2 1 0 8 9 .0 3 9 .0 2 2 .0 6 5 .7 2 7 .1 1 7 .1 5 .1 0 .9 7 .2 1 .4
F r e e  p o l l in a t io n 9 6 2 5 8 8 2 2 .4 2 1 .6 1 9 .9 4 7 .2 1 3 .9 8 .8 6 .5 0 .8 6 .4 0 .5

POLLINATION BIOLOGY OF M
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Table 6
CO
©
00

Effect o f  pollinator M alus taxa on the seed form ation  and the seed content o f the fru its  in  S tarking variety
(Helvécia 1977-1978)

No. of Seed formation (%) No. of seeds falling to one fruit
Code number of the Malus 

taxa (types) flowers 1977 1978 1977 1978
1977 1978 I II III I II III full non-full full non-full

SBK-277 96 — 62.5 46.5 37.5 — — — 4.6 1.0 — —

SBK-333 192 — 59.4 50.0 33.3 — — — 4.0 1.0 — —

SBK-1014 112 — 31.2 28.6 18.7 — — — 5.3 1.2 — —
SBK -10 182 48 33.0 22.0 18.7 18.7 12.5 10.4 5.5 0.0 4.3 4.0
SBK-1003 182 — 25.0 17.7 13.5 — — — 6.3 1.0 — —
SBK -9 156 47 21.8 17.9 12.8 12.8 8.5 8.5 4.0 1.0 2.5 4.0
SB K -6 91 42 46.1 15.4 12.1 4.7 0.0 0.0 6.6 0.3 — —
SBK-336 158 56 30.3 21.5 11.3 45.4 3.6 3.6 2.5 1.0 2.0 4.5

SBK-726 126 — 42.8 14.0 11.0 — — — 3.0 0.0 — —
SBK-280 152 — 15.8 10.5 7.9 — — — 3.5 0.0 — —
SBK-730 203 — 30.4 11.8 7.8 — — — 3.9 0.8 — —
SBK-1 128 60 25.0 12.5 7.8 5.0 3 .3 3 . 3 6.7 0.5 1.7 4.5
SBK -5 99 72 27.3 9.1 7.1 0.0 0.0 0.0 2.0 3.0 — —
SBK-7 114 — 21.0 10.5 7.0 — — — 3.6 1.2 — —
SBK -3 168 49 7.1 3.6 2.4 14.2 0.0 0.0 4.6 0.4 — —
SBK-731 176 66 3.4 2.3 1.1 10.9 0.0 0.0 4.0 0.0 — —

Jo n a th a n 95 120 41.0 28.4 25.3 20.8 7.7 5.8 6.5 1.0 5.9 1.2
Golden Delicious 102 152 44.1 28.4 16.7 24.3 7.9 6.6 4.8 0.9 6.2 1.5
Free pollination 968 605 5.8 5 0 4.1 14.7 6.8 4.6 4.4 0.5 5.6 1.4
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POLLINATION BIOLOGY OF MALUS TAXA 399

seed fo rm atio n  w as low er in  SB K -1003, SB K -731 an d  SB K -336 , while i t  was h ig h er in  SB IÍ-9  
a n d  SB K -10 ta x a  (types). O f po llin a tio n s w ith  pollen m ix tu re s , th e  one consisting  o f SB K - 
336 +  Golden D elicious has a v e ry  re m a rk ab le  effect.

In  c o n tra s t  w ith  seed fo rm atio n , seed c o n te n t show ed a  b e tte r  resu lt in  1978 (T ab le  5). 
In  1977, no re la tio n sh ip  was d e tec ted  b e tw een  seed c o n te n t an d  seed fo rm ation . I n  1978, in  
ta x a  (types) show ing sa tis fac to ry  seed fo rm atio n s , also th e  seed c o n ten t was high.

O f “ S ta rk in g ”  v a rie ty  (Table 6), on ly  tw o ty p es w ere m ore o u tstan d in g  th a n  th e  b es t 
con tro l v a r ie ty , an d  in  com parison w ith  th e  Jo n a th a n , th e  n u m b er of ty p es show ing  v e ry  
poor (u n d er 10% ) seed fo rm ation  w as h igher. O f th e  th re e  com m ercial apple v a r ie tie s , th e  
S ta rk in g  ones h a d  th e  poorest seed fo rm a tio n  re su lts  in  1978. In  th e  4 M alus  t a x a  (ty p es) 
( y), no seed a t  all w as form ed from  th e  h y b rid iza tio n s , a n d  th e  o th er ta x a  ( ty p es)  p ro v ed  
also to  be o f v e ry  p o o r fe rtiliza tio n  c ap a c ity . In  th is  v a r ie ty  a  longer ob se rv atio n  p e rio d  is 
necessary  for choosing th e  su itab le  po llin a to rs .

W ith  re sp ec t to  th e  Golden D elicious (Ÿ), th ere  w as a  sign ifican t d ifference be tw een  
th e  re su lts  o f seed fo rm atio n  in th e  tw o y e a rs  (Table 7). T h e  M a lu s  ta x a  (types) p ro d u c in g  
a  sa tis fac to ry  seed fo rm atio n  in  1977, p ro v id ed  con sid erab ly  poo re r resu lts in  th e  n e x t  y ear. 
As ag a in st th is , seed co n te n t — a p a r t  f ro m  one-tw o ex cep tio n s — does n o t in  g en era l lag  
b eh in d  th e  d a ta  re la tin g  to  sexual p o llin a tio n . O f th e  po llen  m ix tu re s , SBK-336 -)- S ta rk in g  
should  be em phasized  on th e  basis o f b o th  th e  seed fo rm atio n  an d  th e  seed co n ten t.

D iscu ssion

The Malus pollination scheme only ensures satisfactory seed form ation 
every year and in the last instance suitable fruit if several Malus taxa 
(types) are applied simultaneously as pollinators. The greatest advantage of 
applying Malus taxa (types) as pollinators as against the conventional 
varieties is th a t it  makes the joint use of several pollinators possible without 
having to change the agrotechnical conditions developed for the main variety. 
By using several Malus taxa (types) jointly, we can achieve th a t for the 
flowers of varieties, having their flowering stages in different periods, polli­
nators flowering in corresponding periods can he fully ensured.

From our fertilization biological observation, the three main commercial 
apple varieties — Jonathan, Golden Delicious, Starking — can be chosen as 
subjects of further examination to be carried out in model orchards, with 
respect to the taxa (types) enumerated in Table 8. The taxa (types) 
appearing in the top row of the Table show a flowering period to closely 
corresponding th a t of the main variety ( N y é k i  et al. 1980), and do not produce 
harmful m etaxenia on the seeds or fruits. The investigation of these in model 
commercial orchards has been started.

The taxa (types) enumerated in the bottom  row of the Table had 
suitable fertilization biological characteristics, but the period of their flower­
ing did not correspond to that of the three main commercial apple varieties 
— in the research area — satisfactorily. In  spite of this, their further exam ina­
tion is justified, for a changed ecological and technological conditions (for
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T ab le  7

Effect o f  pollinator M alus taxa on the seed formation and the seed content in  the fru its o f  Golden Delicious variety
(Helvécia 1977-1978)

No. of Seed formation (%) No. of seed falling to one fruit
pollinated

taxa (types) flowers 1977 1978 1977 1978
1977 1978 I I I I I I I I I I I I full non-full full non-full

SBK-277 103 45.6 37.9 29.1 5.1 0.4
SBK-10 117 224 68.4 29.9 20.0 78.6 5.4 4.5 4.5 1.5 6.5 0.5
SBK-1 192 198 50.0 28.0 19.8 33.3 1.5 1.5 5.7 0.3 5.4 2.0
SBK-731 180 236 58.9 20.0 18.9 36.4 4.2 3.8 5.0 0.5 2.5 0.0
SBK -6 126 264 33.3 22.2 17.5 67.0 13.6 12.1 6.0 1.0 7.1 0.1
SBK-3 114 201 42.6 22.8 17.5 75.6 20.9 17.9 6.5 1.5 7.6 0.4
SBK-333 160 — 30.0 20.0 16.2 — — — 4.5 0.0 — —
SBK-5 102 258 26.5 17.6 13.7 55.8 8.1 7.0 5.0 0.5 6.2 0.8
SBK-1003 132 172 27.3 18.2 13.6 80.2 25.6 21.5 4.5 1.0 7.0 0.7
SBK-726 140 — 21.4 14.3 11.4 — — — 6.1 0.2 — —

SBK-336 92 151 25.0 14.1 10.9 49.7 16.6 13.9 6.0 1.0 3.0 0.5
SBK-730 172 — 13.9 8.1 5.8 — — — 3.7 1.0 — —
SBK-1014 98 152 14.3 1.0 1.0 57.9 8.5 7.2 5.0 1.0 8.2 0.0
SBK-280 112 — 2.7 0.9 0.9 — — — 5.0 0.0 — —
SBK-8 — 158 — — — 65.8 8.2 7.6 — — 6.0 1.0

SBK-9 225 34.7 8.0 7.1 8.0 0.3
SBK-7 — 118 — — — 45.8 0.0 0.0 — — — —

SBK-336 +  731 171 24.6 1.2 1.2 5.2 2.2
SBK-336 +  S tark ing — 188 — — — 89.4 46.2 30.8 — — 9.3 0.0
SBK-336 +  Golden — 123 — — — 38.2 7.3 6.5 — — 6.0 0.0
SBK -3 +  8 — 152 — — — 82.2 5.9 4.6 — — 7.5 0.0

S tarking 126 154 28.5 25.4 19.8 59.7 18.8 16.2 5.0 0.2 8.0 0.3
Jo n a th a n 140 185 77.1 30.0 27.1 50.2 11.3 9.1 7.9 0.8 7.5 2.0
Free pollination 740 809 19.5 11.1 5.9 36.7 10.5 8.3 7.5 0.5 5.2 1.8
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example, in chossing another kind of graft, or of grafting on to the variety) we 
may find that there is some overlapping in the time of flowering. The ratio 
between Malus taxa and orchard varieties may change from 1 : 5 to 1 : 11, 
depending on the mode of cultivation and on the fertilization capacity of the 
variety ( S o l t é s z  et al. 1979). In this publication several varieties were given 
in relation to planting Malus taxa with commercial varieties in spindle 
buch, hedges and slendir spindle orchards.

Table 8

M alus taxa  ( types j  showing satisfactory fertilization capacity when matched 
with m ain commercial apple varieties

( Budapest-Soroksár, Helvécia 1977-1978)

Flowering period Jonathan Starking Golden Delicious

T ypes flow ering in 
th e  sam e period

SBK -3 (M . purpurea) 
SBK-1014 (M . dasy- 

phylla-pum ila)

SBK-1014 (M . dasy- 
phylla-pum ila)

SBK-1003 (M . donie- 
stica-pum ila)

T ypes flow ering in 
d ifferen t periods

SBK -1 (M . purpurea)
SBK -6 (M . specta- 

bilis)
SBK-277 (M . dasy- 

phylla)
SBK-726 (M . silve- 

stris)

SBK-9 (M . purpurea) 
SBK-10 (M . halliana) 
SBK-277 (M . dasy- 

phylla)

SBK -3 (M . floribunda  
SBK -6 (M . spectabilis'  
SBK-277 (M . dasy- 

phylla)

O ur research  w o rk  c an n o t y e t be  considered  as fin ished. In  th e  fu tu re , o u r a im  — a p a r t  
fro m  th e  ta sk s  ou tlin ed  earlie r (Nyéki e t al. 1980) — will be to  s tu d y  th e  effec t o f d ifferen t 
ecological an d  technolog ical en v iro n m en ts ; to  choose th e  M a lu s  ta x a  (ty p es) fem ale  sterile  
o r show ing poor fe rtiliz a tio n  cap ac ity  n e a r com m ercial v a rie tie s ($); an d  th e  c la rifica tio n  o f  
su sce p tib ility  to  m ore im p o r ta n t  b a c te ria  a n d  insects. F o r choosing several su itab le  ta x a  
(ty p es) th e  d raw ing  of new  ty p es  in to  th e  in v es tig a tio n  is also necessary .

O ur a im  is to  exam ine  th e  g ra ft e ffec t on th e  s tre n g th  an d  c h a ra c te r  o f  g ro w th ; th e  
p lac in g  an d  ra tio  of M a lu s  ta x a  (ty p es); th e  effec t on seed fo rm atio n , f ru i t  q u a lity  (colour, 
size, in te rn a l c o n ten t, p o ss ib ility  o f p re se rv a tio n ); th e  q u a n ti ty  o f p ro d u ce  or th e  w ays of 
en su ring  f ru i t  grow ing; a n d  i t  is here th a t  we receive  a final answ er to  our flow ering  pheno- 
logical an d  fe rtiliz a tio n  biological questions. On th e  basis o f all th ese  w ith  re g ard  to  th e  
v a rie ty -sp ec ific  ag ro tech n iq u es an  econom ic assessm en t o f th e  M a lu s  p o llin a tio n  schem e will 
be possible.
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CHANGE IN THE TOTAL ALKALOID CONTENTS 
IN THE TISSUE CULTURES 

OF DATURA INNOXIA MILL. IN THE FUNCTION 
OF THE CULTURAL CIRCUMSTANCES

É v a  S z ő k e , N .  N .  D u n g , G i z e l l a  V e r z á r - P e t r i  and Á g n e s  P o t o c z k i

SEMMELWEIS MEDICAL UNIVERSITY, INSTITUTE OF PHARMACOGNOSY, BUDAPEST, HUNGARY 

(R eceived : 1 S ep tem ber, 1981)

D uring  th e  grow ing period  th e  to ta l  alkalo id  co n ten ts  o f th e  callus tissues of 
d ifferen t orig in  (o f ro o t, leaf, corolla, gynoeceum ) was ex am in ed  sim ultaneously  w ith  
th e  biom ass p ro d u c tio n . I t  h as been  observed th a t  th e  a lk a lo id  c o n te n t is h igh  in  th e  
f irs t tw o weeks of g row th  a n d  th e n  i t  slowly decreases w hen  th e  g ro w th  of th e  tissues 
becom es in ten siv e . A t th e  end  of th e  grow ing period , a t  th e  p e rio d  of th e  s tab iliza tio n  
o f th e  tissues i t  rises again.

A nalyzing  th e  in fluence of th e  co n cen tra tio n  of th e  g ro w th  reg u la tin g  su b ­
stances i t  has been  estab lished  th a t  u n d e r th e  in fluence  o f h igh  k inetic  co n cen tra tio n  
th e  alkalo id  p ro d u c tio n  is im peded . B u t u n d e r th e  in fluence  of 5 mg/1 2,4-D th e  a lk a ­
loid co n ten ts  su d d en ly  rose. In  case of callus tissues o f ro o t o rig in  i t  reached  th e  a lk a ­
loid q u a n tity  fo rm ed in  th e  in ta c t  roo t.

U nder th e  in fluence of illu m in a tio n  th e  a lka lo id  co n te n ts  o f th e  callus tissues 
o f ro o t and  lea f  orig in  rise  tw ofo ld  as com pared  to  th e  cu ltu res  grow n in  dark .

Introduction

N ow adays ex p erim en ts  a re  increasing ly  tr ie d  in  o rder to  p ro d u ce  m ate ria ls  o f n a tu ra l 
o rig in  n o t only b y  o rgan ic  chem ical syn thesis b u t  also b y  biological m eth o d s, th ro u g h  so- 
te rm ed  biological p ro d u c tio n . T his is w hy  th e  ap p lication  o f th e  p la n t  tissu e  p ro d u c tio n  as a 
m eth o d  has becom e w ide-spread  for th e  purpose  of stu d y in g  th e  fo rm atio n  of th e  secondary  
m etab o lic  p ro d u c ts , m ain ly  o f th e  a lkalo ids and  also w ith  a view  to  th e ir  d irec ted  p ro d u c tio n  
o f  effective agents. F u rth e rm o re , th e  iso la ted  p la n t tissue p ro d u c tio n  has several ad v an tag es 
a s  com pared  to  th e  classic m eth o d s of cytologic, histo logical o r b iological ex am inations. I t  can 
be  app lied  everyw here because i t  is in d ep e n d en t o f th e  o u td o o r n a tu ra l  c ircum stances. M aking 
use  o f i t ,  physical an d  chem ical facto rs exercising  an in fluence on th e  v ita l processes can  be 
ex am in ed , sep ara ted  an d  checked; an d  th e  experim en ts on re p ro d u c tio n  can  be perform ed 
re la tiv e ly  qu ick ly  an d  re p ea te d  several tim es.

M any of th e  p u b lica tio n s  re la tin g  to  th e  s tu d y  of th e  b io sy n th es is  o f th e  tro p an - 
a lk a lo id s deal w ith  th e  callus tissues o f Datura innoxia  Mill, an d  th e  a lka lo id  p ro d u c tio n  
th e re o f  (B e k e z n e g o v s k a y a  e t al. 1978; Co sso n  1969; H ir a o k a  a n d  T a b a t a  1974; S t a b a  
a n d  J in d r a  1968; S m o r o d in  1974, e tc .). H ir a o k a  and  T a b a t a  p ro d u ced  callus tissues from  
d iffe re n t organs (roo t, stem , em bryo , an th e r)  of Datura innoxia . T h ey  stu d ied  in tensive ly  
th e  biological, physical an d  chem ical facto rs w hich exercise an  in flu en ce  on  th e  g row th  and  
a lk a lo id  p ro d u c tio n  o f th e  tissu e  cu ltu res . T he to ta l  a lka lo id  c o n te n t o f th e  callus tissues 
p ro d u ced  by  th em  w as sm aller th a n  t h a t  o f th e  in ta c t  p lan ts . T he grow n cells show ed a 
s tro n g e r  grow th  in  suspension  cu ltu res  th a n  in  s ta tic  ones b u t  th e  a lka lo id  p ro d u c tio n  was 
a lm o s t th e  sam e w ith  b o th  of th e ir  grow ing m ethods. V arious clones show ing no considerable
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d e v ia tio n  as regards th e ir  a lk a lo id  c o n te n ts  w ere also p roduced  from  th e  callus tissues o f 
D atura in n o x ia , b u t ch arac te ris tic  d ifferences could be seen as regards e.g. g ro w th , chlorophyll 
c o n te n ts  a n d  capab ility  for organogenesis. H ir a o k a  fu rth erm o re  estab lish ed  (1976) th a t  th e  
g ro w th  o f th e  tissues as reg ard s a lka lo id  p ro d u c tio n  p roved  to  be o p tim u m  w hen using  a 3%  
su g ar c o n cen tra tio n , while b y  a d d in g  p ep to n e  or y eas t e x tra c t th e  a lka lo id  c o n te n ts  o f D atura  
tissu e  cu ltu re s  increases co n sid erab ly . A ccord ing  to his ex am in atio n s l ig h t h a rd ly  exercises 
an  in flu en ce  on th e  alkaloid p ro d u c tio n  of th e  D atura  tissues. A nalyzing  th e  in fluence  of th e  
g ro w th  re g u la tin g  substances he  e s tab lish ed  t h a t  b o th  2,4-D and  NAA p ro m o ted  th e  increase  
o f th e  callu s tissues b u t  k in e tin  is n o t needed  fo r th e  biom ass p ro d u c tio n  an d , in  g re a t con­
c e n tra tio n , i t  im pedes m ore or less th e  a lka lo id  p roduction .

D u rin g  our ex am in atio n s we, to o , ex am ined  th e  g row th  an d  a lk a lo id  p ro d u c tio n  o f 
th e  tissu es m ain ly  in th e  fu n c tio n  of th e  co n cen tra tio n  of g row th  re g u la tin g  substances. 
F u r th e rm o re  an  analysis is g iven  on how  th e  b iom ass p ro d u c tio n  an d  to ta l  a lka lo id  co n ten ts, 
re sp ec tiv e ly , o f th e  tissues change  in d a rk  an d  un d er th e  influence o f illu m in a tio n , respec­
tiv e ly , d u rin g  th e  growing period .

A cco u n t is given of o u r g ro w th  d y n am ic  exam inations in  ou r p rev ious p u b lica tio n s 
(D u n g , Sz ő k e  and V e r z á r - P e t r i  1981, P o t o c z k i, Sző k e  and  V e r z á r - P e t r i  1982).

M aterial and m ethods

O ur tissue cu ltu res w ere p ro d u ced  fro m  th e  ro o t, leaf and  flow er (coro lla , gynoeceum ) 
of D atura  innoxia  Mill. T he callu s tissues w ere grown in  d a rk  a n d  in  lig h t (2500 L ux, 10 
h o u rs /d a y ) a t  26 °C in  a  basic  n u tr ie n t  m ed iu m  of M u r a s h ig e - S k o o g  in  m in eral an d  v ita m in  
co m position , contain ing  1 mg/1 o f k in e tin  an d  1 mg/1 of 2,4-D.

T he grow th reg u la tin g  su b stan ces exercised  th e  m ost in te re s tin g  in fluence  on the  
c h a ra c te r  of the  g row th o f th e  tissues, as com pared  to th e  cu ltu res grow n on basic media,, 
w ith  th e  following p ro p o rtio n  o f supp ly :

0 mg/1 k in e tin ; 1 mg/1 2,4-D
2 mg/1 „ 1 mg/1 2,4-D
5 mg/1 1 mg/1 2,4-D
1 mg/1 2 mg/1 2,4-D
1 mg/1 5 mg/1 2,4-D

C onsequently , in  th is  w ork  th e  re su lts  are given w hich have  been  o b ta in ed  during  th e  
d e te rm in a tio n  of th e  to ta l  a lka lo id  co n te n ts  o f d ifferen t Datura  cu ltu res  grow n on n u tr ie n t 
m ed ia  m ade  by  the  supp ly  o f g ro w th  re g u la tin g  substances in  th e  above p ro p o rtio n s .

T he callus tissues w ere g ra fte d  in to  fresh  m edia every  s ix th  week. T he callus tissues o f  
ro o t a n d  leaf origin are six  y e a r  old cu ltu res , those  of corolla and  gynoeceum  orig in  are 4 y ear 
old w h ich  are  equally  b u ilt  u p  of loose, hom ogeneous p a ren ch y m a tic  cells an d  are  sim ilar as 
re g a rd s  th e ir  ex ternal m orphology .

A ccoun t has a lread y  b een  g iven p rev iously  of our cytologic an d  h istochem ical observa­
tio n s , too  (V e r z á r - P e t r i , S z ő k e , D u n g , P o t o c z k i, in press).

T o determ ine th e  to ta l  a lka lo id  co n ten ts , lyophilized  tissues hav e  been  used. A fter an 
am m o n ica l d isengagem ent th e  a lkalo ids were ex tra c te d  cold w ith  m eth an o l, by  a hom ogenizator 
o f 12,000 revolutions pe r m in u te  an d  th en , a f te r  a v itrio lic  p u rific a tio n , th e y  were de term ined  
p h o to m e trica lly , as reg ard s th e ir  q u a n ti ty ,  in  a m edium  co n ta in ing  chloroform , by  tropeo lin  
000 am p h iin d ica to r (by  a d a p tin g  th e  m eth o d  of 1961 of L ő r in c z  a n d  Szá sz). T his m ethod  has 
p ro v e d  to  be sensitive enough  to  m easure  th e  low alkalo id  c o n cen tra tio n  of th e  tissue cu ltu res , 
too . T h e  to ta l alkaloid c o n te n t is given as expressed  in  skopolam inbase , re la te d  to  d ry  w eigh t.

R esu lts and eva lu a tion  o f  the experim ents

Analyzing the to tal alkaloid contents of the callus tissues of root, leaf* 
corolla and gynoeceum origin grown in dark on the basic medium (1 mg/1
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Table 1

Changes in  the total alkaloid contents o f  callus tissues 
during the growing period

Alkaloid contents of the callus tissue (%) (related to dry 
weight) Alkaloid 

contents of 
the intact 
tissue (%)2 weeks 4 weeks 6 weeks 8 weeks

R oot 0 .1 6 9 0 .1 0 4 0 .0 4 3 0 .1 2 5 0 .3 3 0

L eaf 0 .1 2 2 0 .0 7 7 0 .0 4 1 0 .0 9 6 0 .2 5 0

Corolla 0 .0 7 1 0 .1 4 9 0 .0 8 6 0 .0 8 0 0 .4 7 0

G ynoeceum 0 .0 4 9 0 .0 3 3 0 .7 3 0 0 .0 6 5 1 .2 6 3

kinetin and 1 mg/1 2,4-D) we came to the result th a t the callus tissues of root 
origin have the highest to tal alkaloid contents while those of gynoeceum 
•origin have the lowest one (Table 2).

Studying the change in the to tal alkaloid contents of callus tissues of 
different origin (Table 1) — simultaneously with the biomass formation —- 
during the growing period (tissues of different age: of 2, 4, 6, 8 weeks) we 
observed th a t a t the growing period (between 0-2 weeks) the alkaloid content 
was relatively high and then it decreased gradually when the growth of the 
tissues became intensive. In the last period of growing, when the growth of 
the tissues is slowing down and entirely stops, respectively, the alkaloid 
content is rising again. This tendency can be observed in case of the callus 
tissues of root, leaf and gynoeceum origin (Figs 1, 2, 3). W ith the only dif­
ference th a t the speed of growth (mg/day) of the callus tissues of root and leaf 
origin hits the peak in the sixth week so the alkaloid content is the lowest a t

Table 2

The effect o f  growth regulators on the total alkaloid  
contents o f  callus tissues

Growth regulator, Alkaloid contents of the callus tissue (%) (related to dry weight)

kinetin 2,4-D root leaf corolla gynoeceum

0 l 0 .0 0 2 0.001 0 .0 1 8 —

l l 0 .1 2 5 0 .0 9 6 0 .0 8 6 0 .0 7 3

2 l 0 .0 5 5 0 .0 5 0 0 .0 2 5 0 .0 3 0

5 l 0 .0 1 4 0 .0 4 6 0 .0 1 8 0 .0 2 0

1 2 0 .0 4 8 0 .0 4 9 0 .0 2 3 0 .0 2 8

1 5 0 .3 3 4 0 .2 2 7 0 .0 5 5 0 .0 5 3
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F ig . 1. F o rm atio n  of to ta l  a lka lo id  co n ten ts  a n d  b iom ass p roduction  in  th e  callus tissu es of 
ro o t  o rig in  o f Datura in n o xia  Mill, du ring  th e  g row ing  period. — 1: fresh  w eigh t o f callus 

tissue (g) — 2: g ro w th  speed (m g /d ay ) — 3: alkaloid co n te n ts  (% )

mg/day

300

2 00

week

F ig . 2. F o rm ation  of to ta l  a lka lo id  co n ten ts  a n d  b iom ass p roduction  in  th e  callus tissues of 
le a f  orig in  of Datura in n o xia  Mill, during  th e  grow ing  period. (The m ean ing  of th e  signs and

sym bols see in  Fig. 1)

F ig . 3. F o rm ation  of to ta l  alkalo id  co n ten ts  a n d  biom ass p ro d u c tio n  in  th e  callus tissues o f 
gyn o eceu m  origin of D atura innoxia  Mill, d u rin g  th e  growing period. (The m eaning  of th e

signs and  sym bols see in  Fig. 1)
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Fig. 4. F o rm a tio n  of to ta l  alkaloid co n ten ts  a n d  b iom ass p ro d u c tio n  in  th e  callus tissu es o f  
co ro lla  origin o f D atura innoxia  Mill, d u rin g  th e  grow ing period. (The m ean ing  o f th e  signs

and  sym bols see in  F ig . 1)

this time (Figs 1, 2) while the daily growth of the tissues of gynoeceum origin 
is most intensive in the fourth week so the alkaloid content slows down 
already earlier. The tendency described above could not be observed positively 
in  case of cultures of corolla origin (Fig. 4).

During our further examinations the total alkaloid contents of the 
callus tissues grown in a medium containing kinetin and 2,4-D in different 
concentrations were analyzed (Table 2). I t  has been established tha t, as com­
pared to the tissues grown on the basic medium, a medium of higher kinetin 
concentration (2 and 5 mg/1) impedes not only the growth of the tissues but 
the quantity  of alkaloid also decreases (Figs 5-8). I t  is to be remarked th a t  
H i r a o k a , too, gives account of similar results in his dissertation ( 1 9 7 6 ) .  

We tried to grow the tissues in a medium free from kinetin and succeeded in

T ab le  3

The effect o f  illumination on the total alkaloid contents o f  callus tissues

Kinetin 2,4-D

Alkaloid contents (%) 
(related to dry weight)

of the callus 
tissue cultures

of the
intact organ

l l d a rk 0.125

l l ligh t 0.259
R oot 0.330

l 5 d a rk 0.334

l 5 lig h t 0.264

l 1 d ark 0.096

l 1 lig h t 0.173
Leal 0.250

l 5 d ark 0.227

l 5 lig h t 0.313
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2 , 4"  D m g / t

F ig. 5. In fluence of th e  g ro w th  regu la ting  su b s tan ces on  th e  to ta l  a lkalo id  co n te n ts  o f th e  
callus tissues of ro o t o rig in  o f  D atura innoxia  Mill. (The m ean ing  of th e  signs a n d  sym bols

see in  F ig . 6)

producing stocks which grew extremely well also without kinetiu hut their 
alkaloid contents were minimum (Table 2).

When the 2,4-D concentration was increased in the medium however, 
the growth of the tissues was impeded, at the same time, under the influence 
of 5 mg/1 2,4-D concentration the alkaloid contents increased by leaps and 
bounds, especially in case of callus tissues of root and leaf origin (Figs 5 and 6). 
I t  is very remarkable th a t the alkaloid contents of the callus tissues of root

2,4-D mg/l

Fig. 6. Influence of th e  g ro w th  regu la ting  su b stan ces on  th e  a lka lo id  con ten ts o f th e  callus 
tissues o f leaf orig in  o f  D atura  innoxia  Mill. — 1: fresh  w eigh t o f th e  callus tissues in  g — 

2: g ro w th  speed in  m g/day  — 3: a lka lo id  co n ten ts  in  %
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2,4-D . m g / l

F ig. 7. In fluence of th e  g ro w th  re g u la tin g  substances on  th e  to ta l  a lkalo id  co n ten ts  o f th e  
callus tissues of gynoeceum  orig in  o f D atura innoxia  Mill. (T he m ean ing  of th e  signs an d

sym bols see in Fig. 6)

origin reached on this nutrient medium the alkaloid quantity  formed in the 
in tact roots (Table 3).

For the analysis of the effect of illumination on the alkaloid production 
of the tissues, callus tissues of root and leaf origin grown on basic media and 
on other ones containing 5 mg/l 2,4-D, were examined.

The results showed th a t under the influence of light the alkaloid produc­
tion of the tissues becomes more intensive. In case of callus cultures grown on 
basic media the alkaloid content rises almost twofold.

2 A ' D  m g / l

Fig. 8. Influence of th e  g ro w th  reg u la tin g  substances on th e  a lk a lo id  co n ten ts  o f th e  callus 
tissues o f corolla origin o f D atura innoxia  Mill. (The m eaning o f  th e  signs an d  sym bols see

in  Fig. 6)
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PRODUCTIVITY AND TURNOVER 
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(R eceived : 1 Sep tem ber, 1981)

The p ro d u c tiv ity  o f th e  to ta l-lichens of th e  p e ren n ia l Festucetum  vaginatae  and  
an n u al B rom etum  tectorum  g rasslan d  com m unities as well as th a t  o f th e  tw o d o m in a t­
ing lichen species o f these  associations, th e  Cladonia fu rca ta  an d  Cladonia magyarica , 
fu rth erm o re  th e  tu rn o v e r  ra te  an d  tim e of th e  lich en -p h y to m ass an d  th a t  o f th e  m ineral 
substances hav e  been  s tu d ied  b y  th e  au th o r. T he la t te r  is h igher in  th e  p e ren n ial grass­
lan d  and  lower in  th e  an n u al. In  each  periods (grow ing an d  w in ter-periods) b o th  th e  
phy tom ass-changes an d  th e  tu rn o v e r  ra te  o f th e  m in era l su b stan ces are in fluenced  
n o t b y  th e  respec tive  seasons b u t  by  th e  changeable  w ea th e r facto rs. T he tu rn o v e r  
tim e of th e  lichen p h y to m ass is m u ch  m ore longer th a n  th a t  o f th e  m ineral substances.

Introduction

T he p ro d u c tiv ity  o f lichens w as f i r s t  expressed  by  th e  g row th  ra te ,  a t  th is  tim e th e  
g ro w th  of th e  len g th  or p e rip h e ry  of th e  th a llu s  w as m easu red . M ainly  e p ip h y to n  crustose 
a n d  foliose lichens w ere s tu d ied , genera lly  in  a y e a r’s tim e  (S m it h  1921, T o b l e r  1925, 
A b b a y e s  1951, B e s c h e l  1954, H a l e  1954, 1959). In  th e  s tu d ied  ty p es  o f th e  crustose  and  
foliose lichens th e  in d iv id u a l can  be easily  sep a ra ted  an d  th e ir  d im ensions a re  im p o rta n t 
on ly  in  tw o dim ensions, th e  th ird  d im ension  can  be neglected  (e.g. P arm elia , Peltigera , Calo- 
placa  species). On th e  o th e r  h a n d  th e  s tu d y  of th e  fru ticose  ty p es  well developing in  th ree  
d im ensions is m uch m ore d ifficu lt (e.g. C ladonia , Stereocaulon o r R a m alina  species). K ä r e n - 
l a m p i  (1970, 1971) e lab o ra ted  d iffe ren t m eth o d s for th e  d e te rm in a tio n  of th e  p ro d u c tiv ity  o f 
th e  fru ticose  lichens. I t  w as he w ho f i r s t  app lied  th e  re la tiv e  grow ing r a te  (R G R ) calcu la ted  
fro m  th e  d ry  w eigh t in  th e  lichens. A n o th e r m eth o d  to  ca lcu la te  th e  p ro d u c tiv ity  is based 
on th e  age of th e  th a llu s . T he age of th e  fru ticose  lichens, such  as th e  re indeer-lichen  group, 
“Cladonia stellaris, Cl. rangiferina” , e tc . h a d  been estab lished  earlie r b y  A n d r e e w  (1954), 
fro m  th e  n u m b er of th e  nodi. T h is m eth o d  was developed fu r th e r  by  K ä r e n l a m p i  and  his 
m easu rem en ts  included  th e  len g th  a n d  d iam ete r of the  th a llu s , th e  len g th  of th e  in te rn o d i, 
th e  w e igh t of th e  th a llu s  an d  th e  d is tr ib u tio n  of th e  w eigh t in  th e  th a llu s . A ccording to  his 
conclusion  th e  re la tiv e  grow ing ra te  o f an  o lder p la n t is m u ch  m ore low er th a n  th a t  of a 
you n g er one in  sp ite  o f th e  fa c t t h a t  th e  o lder p la n t is m uch  m ore longer th a n  th e  younger 
one b u t  on ly  its  ap ical p a r ts  a re  growing.

Material and method

T he seasonal change of th e  lichen p h y to m ass was s tu d ied  f irs t  in  a grow ing period 
th en  th ro u g h  tw o years, b y  ta k in g  sam ples con tinuously  ev ery  tw o m o n th s in  th e  n a tu re  
conse rv a tio n  area  near C sévharasz t, w hich  is one of th e  m ost c h a rac te ris tic  a rea  o f th e  G rea t 
H u n g a rian  P la in , the  arenicolous w ooded step p e  of th e  D anube—T isza In te rflu v e . In  th e  a rea  
th e  Festucetum  vaginatae danubiale  occurs m o st freq u en tly  while th e  B rom etum  tectorum  
secaletosum  an d  th e  Festucetum  wagneri associations th e  cenological, p h anerogam ic  taxonom - 
ical, p roduction-b io log ical, genetical, soil b iological resu lts  o f ex am in atio n s o f w hich have
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been  desc rib ed  in several w orks (S im o n  1971, S im o n  and  K . L á n g  1968, К . L á n g  1970, 1974, 
К . L á n g  a n d  S zabó  1971, H o r v á t h  1970, 1973, H o r á n s z k y  1970) can  be found  less freq u en tly .

T h e  q u a n tity  and  role of th e  lichens in  th e  san d y  g rassland  com m unities fo rm ing  th is 
n a tu ra l  successional row  is v e ry  s ig n ifican t th a t  is w hy  th e  p ro d u c tio n  (V e r s e g h y  an d  K . L á n g  
1971, V e r s e g h y  1977), p ro d u c tiv ity  (V e r s e g h y  1978), tu rn o v e r  o f m a te ria l exchange  (K . L á n g  
a n d  V e r s e g h y  1974, V e r s e g h y  a n d  К . L á n g  1975), seasonal change of th e  ch lo rophy l con­
te n ts  o f th e  to ta l-lichens of th e  in d iv id u a l associations as well as those  of th e  in d iv id u a l lichen 
species h a v e  been stu d ied  as a p a r t  o f th e  p ro d u c tio n  in v es tig a tio n  of these  com m unities.

T h e  sam ples were ta k e n  fro m  tw o  grassland  com m unities, th e  a n n u a l B rom etum  tecto­
ru m  secaletosum  and  Festucetum  vaginatae danubiale associations b y  11 ad jo in in g  m onoliths of 
20 X 20 X 20 cms. The m ate ria l o f th e  m ono lith s was se p a ra ted  in to  ph an ero g am ic  an d  c ry p to ­
gam ie com ponen ts, above an d  u n d e r  g ro u n d  p a r ts , respec tive ly . T he lichens were m easured  
as se p a ra te d  in to  species, in  a ir -d ry  s ta te . T he lichen species occurring  in th e  tw o associations 
a re : C ladonia furcata  (H ds.) S ch rad ., Cladonia magyarica  V ain ., Cladonia convoluta L am ., 
P arm elia  pokornyi (K örb .) S za t. a n d  Diploschistes scruposus (S chreb .) N orm . v a r. arenaria 
(S ch aer.)  M üll. Arg.

T h e  p ro d u c tiv ity  of th e  lichens w as calcu la ted  on th e  basis o f th e  fo rm u la  w 2- w 1/ t2i- t i 
( B l a c k m a n  1919), according to  w hich  p ro d u c tiv ity  equals th e  increase  o f w eigh t or loss of 
w e ig h t o b ta in ed  in  a u n it  o f tim e  (w  =  d ry  w eight, t =  tim e o f tak in g  sam ples).

To determ ine th e  m in era l co n ten ts  sam ples w ere being ta k e n  c o n tin u o u sly  every  tw o 
m o n th s  fro m  N ovem ber, 1970 to  A pril, 1972). The a ir-d ry  p la n t  m ate ria l w as lysed  according 
to  K j e l d a h l  in  each species.

A fte r  being freed fro m  su lp h a te , K + and  Ca + + were d e te rm in ed  b y  flam e-p h o to m etry  
w hile th e  to ta l-N  co n ten ts w as d e te rm in ed  by  tit ra tio n , a fte r  a release b y  s te am  d istilla tion . 
T h e  re su lts  o f m easurem ent w ere given in  m g%  value re la ted  to  th e  co n te n ts  o f d ry  m ate ria l 
o f  th e  lichens, w hich va lue  w as re la te d  to  a p ro d u c t to  be fo u n d  in  1 m 2 in  a c e rta in  tim e.

C alculations re la tin g  to  th e  p ro d u c tio n  of th e  lichen p h y to m ass a n d  tu rn o v e r  ra te  
a n d  tim e  o f th e  m ineral su b s tan ces w ere m ade according to  R o b e r t s o n  (1957) an d  P r é c s é n y i  
(1971). T he tu rn o v er ra te  o f th e  p h y to m ass and  m ineral su b stan ces was calcu la ted  on th e  
basis o f  th e  sam ples tak e n  m o n th ly  as in  th e  lichens m anifo ld  in co rp o ra tio n s an d  decom posi­
tio n s  can  be observed du rin g  a longer period , e.g. a y ear an d  i f  th e  tu rn o v e r  is ca lcu la ted  for 
a  y e a r  — w ith  the  tw o e x trem e  v a lu es being tak e n  in to  co n sid era tio n  — th e  in te rm ed ia te  
p rocesses get lost.

T h e  tu rn o v er of b o th  th e  p h y to m ass and  th e  m ineral su bstances w as calcu la ted  as 
re la te d  to  1 m2, for th e  to ta l-lich en s  o f th e  an n u al B rom etum  tectorum  an d  p e ren n ial Festuce­
tu m  vaginatae  associations as well as fo r th e  d o m inating  lichen species, th e  Cladonia fu rca ta  
a n d  th e  Cl. magyarica of th e  tw o  g rassland  com m unities.

R esults

The productiv ity  o f  the lichen phytom ass

S tu d y in g  th e  p ro d u c tiv ity  o f th e  lichens of our g rassland  associations in  3 growing and 
2 w in ter-p e rio d s i t  can  be  e stab lish ed  th a t  th e  d irec tion  of th e  processes — e ith e r re la ted  to 
th e  in d iv id u a l m on ths or periods — is alw ays th e  sam e in  th e  tw o com m unities.

In  th e  Brometum tectorum secaletosum  th e  grow ing period , m ain ly  th e  spring  and 
a u tu m n  of 1968 was ch arac te rized  b y  a strong  g ro w th  process to  such  an  e x te n t th a t  th e  
deco m p o sitio n  lasting  from  J u n e  to  Sep tem ber h a rd ly  exercised  an  in fluence  on i t  (Table 2).

T he lichens of th e  open , a n n u a l san d y  grassland  suffered  m uch  m ore on acco u n t of 
th e  d ro u g h ty  sum m er of 1972 th a n  those  living in  th e  p e ren n ia l Festucetum  vaginatae. In  th e  
w hole  grow ing period  th e  decom posing  processes were p re d o m in an t b u t  th e ir  ra te , s tran g ely , 
w as h ig h er in  spring an d  a u tu m n  th a n  in  sum m er.

In  th e  grow ing p e rio d  of 1972 a sligh ter decom position  p re sen ted  i tse lf  only in  th e  
sp r in g  m o n th s then , in  su m m er, i t  w as follow ed by  a g ro w th  of lesser e x te n t and  th en , in 
a u tu m n , b y  a g row th  of h ig h er e x te n t. T hus th e  to ta l p ro d u c tiv ity  o f th e  period  was also 
p o sitiv e .

T he two stu d ied  w in ter-p e rio d s differ considerab ly  from  each  o th e r  b o th  in  th e  d irec­
tio n  a n d  th e  e x ten t o f th e  processes. In  th e  w in ter o f 1970-71 a decom position  of large e x te n t
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Table 1

Values o f  total-lichen productivity in  the Festucetum vaginatae grassland com m unity
(g lm 2ld a y )

Number of days 
between samplings Productivity Number of days

between samplings Productivity
Number of days 

between samplings Productivity

growing period

1968 1971 1972

IV -V
27 - 3 .3 3

IV -V
35 — 2.03

IV -V I
58 - 0 .4 6

V -Y I
29 - 1 .6 5

V -V I
42 - 0 .4 5

V I-V II
32 + 0 .3 7

V I-V II
20 +  2.35

V I - I X
84 - 0 .2 2

V I I -V II I
39 - 0 .4 1

V I I -V II I
28 - 1 .4 3

V I I I - I X
13 - 0 .2 3

V I I I - I X
32 +  1.31

I X - X
28 + 3 .9 3

I X - X
26 - 1 .6 S

I X - X
37 +  6.56

T o ta l
p ro d u c tiv ity - 1 .3 2 - 1 .9 0 +  5.88

winter period

1970-71 1971-72 1972

X X I
28 + 0 .9 6

X - X I I
62 - 2 .3 3

X I - X I I
17 - 6 .7 6

X I - X I I
64 + 0 .6 6

X I I - I
42 - 0 .3 8

I - I I
25 - 2 .4 0

I - I I
41 +  0.58

I I - I I I
32 —0.78

I I - I I I
30 +  1.97

I I I - IV
25 + 0 .4 8

I I I - I V
28 —4.46

T o ta l
p ro d u c tiv ity - 9 .8 4 - 0 .2 9

to o k  p lace  in  th e  lichen  frac tio n  of th e  B rom etum  w hile  in  th e  w in ter o f 1971—72 a  slow g ro w th  
co u ld  be  o bserved  w hich, how ever, w as fo llow ed in  A pril b y  decom posing processes b u t  th e  
to ta l  p ro d u c tiv ity  o f th e  period  rem a in ed  p o sitiv e  a f te r  all (Table 2).

I n  th e  grow ing p e rio d  of 1968 th e  decom posing  processes p red o m in a ted  in  th e  lichen  
fra c tio n  of th e  Festucetum  vaginatae asso c ia tio n  a n d  these  processes cou ld  n o t  be co u n te r-
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Table 2

Values o f  total-lichen productiv ity  in  the Brometum secaletosum grassland community
(  mglm2/d a y)

Number of days 
between samplings Productivity Number of days 

between samplings Productivity Number of days 
between samplings Productivity

growing period

1968 1971 1972

IV -y IV -V IV -V I
27 +  5.14 35 - 2 .0 6 58 - 0 .3 8

V -V I V -V I
29 + 0 .2 0 42 - 0 .4 3

V I-V II V I-V II V I - I X
32 - 1 .3 4 20 - 0 .0 5 84 +  0.59

V II-V I1 I V II-V III
39 - 0 .2 8 28 +  0.93

V I I I - I X V I I I - IX
13 - 0 .7 6 32 0

IX -X IX -X I X - X
28 +  4.42 26 - 0 .5 4 37 + 2 .3 0

T otal
p ro d u c tiv ity + 7 .3 8 — 2.15 + 2 .5 1

winter period

1970-71 1971-72 1972

X -X I
28 + 0 .5 7

X - X I I
62 + 0 .1 6

X I - X I I
17 - 6 .6 5

X I I
64 +  0.64

X I I - I
42 — 1.05

I I I
25 - 5 .8 8

I I I
41 + 0 .5 4

I I - I I I
32 +  1.37

I I - I I I
30 + 0 .8 3

I I I - IV
25 - 1 .2 4

I I I - IV
28 - 1 .2 1

T otal
p ro d u c tiv ity - 1 3 .4 5 +  1.37

ba lan ced  e ith e r w ith  a g ro w th  o f larger e x ten t. T h u s th e  w hole period  ended  w ith  a n e g a tiv e  
sign (Table 1).

In  M ay and Ju n e , 1971 th e  decom posing process w as of sim ilar e x te n t th a n  th a t  o f 
th e  B rom etum  b u t in  J u ly  a n d  S eptem ber, how ever, a considerab le  g ro w th  took  place. In  sp ite  
o f i t  th e  to ta l  p ro d u c tiv ity  is n eg ative  here, to o , b y  th e  end of th e  grow ing period.
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Table 3

Values o f  productivity o f  Cladonia magyarica and Cl. furcata  
in  the Brometum tectorum grassland com m unity (glm 2/day)

Number of days Productivity of Number of days Productivity of
between samplings

C l.  m a g y a r ic a
between samplings 

C l .  f u r c a t a  r & C l.  m a g y a r ic a C l.  f u r c a t a

growing period
1971 1972

r v - v
35 - 0 .3 4

V -V I
43 _ - 0 .2 8

IV -V I
58 _ - 0 .1 0

V I-V II
20 - 0 .2 2

(IV -V II)
98 + 0 .5 0

V II-V III
28 + 0 .2 5 + 0 .6 4

V I - IX
84 _ +  0.05

V I I I - IX
32 +  0.09 - 0 .1 2

IX -X
26 — 0.46 - 0 .0 4

IX  X  
37 + 0 .6 7 + 0 .1 1

(IV -X )
119

T o ta l p roductiv ity - 0 .3 4 + 0 .3 6 + 0 .6 7 + 0 .0 6

winter period
1970-71 1971-72

X X I
28 + 0 .3 2 + 0 .3 2

X I -X I I
17 - 1 .7 6 - 4 .5 8

X I - I
64 + 0 .1 2 + 0 .5 6

X I I - I
42 - 0 .4 7 — 2.02

I - I I
25 + 0 .6 8 —4.32

I - I I
41 + 0 .2 2 + 0 .3 4

I I - I I I
32 + 0 .3 8 - 0 .8 1

I I - I I I
30 + 0 .9 3 —0.10

I I I - IV
25 - 0 .7 6 - 0 .2 0

I I I - IV
28 - 1 .2 8 —0.03

T o ta l p roductiv ity — 1.97 - 1 1 .9 3 +  0.31 +  1.09

F rom  A pril to  S ep tem b er, 1972 ag a in  decom posing processes o f  sm all e x te n t  were 
p red o m in a tin g  b u t  in  O c to b er i t  w as follow ed b y  a  v e ry  s trong  g ro w th  w hich m ad e  th e  p ro ­
d u c tiv i ty  value of th e  p e rio d  positive .
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T ab le  4

Values o f  productivity  o f  Cladonia magyarica and Cl. furcata  
in  Festucetum vaginatae grassland com m unity (glm 2lday)

Number of days Productivity of Number of days Productivity of
between samplings

C l.  m a g y a r i c a C l .  f u r c a t a
between samplings

C l.  m a g y a r ic a C l. f u r c a t a

growing period
1971 1972

IV -V
35 - 0 .2 8 — 0.60

IV -V I
58 - 0 .3 8 + 0 .2 9

V -V I
42 - 0 .0 2 +  0.02

V I-V II
20 - 0 .1 0 + 0 .3 5

V I - I X
84 - 0 .0 3 + 0 .0 8

V I I -V II I
28 - 0 .1 4 + 0 .5 7

V I I I - I X
32 +  1.37 - 0 .5 9

I X - X
26 - 2 .1 1 + 0 .1 5

I X - X
37 +  3.35 0.00

T o ta l p ro d u c tiv ity - 1 .2 8 - 0 .1 0 +  2.94 + 0 .3 7

winter period
1970-71 1971-72

X X I
28 +  0.28 + 0 .18

X I - X I I
17 - 4 .0 0 - 2 .2 3

X I - I
64 +  0.45 - 0 .0 3

X I I - I
42 - 1 .5 2 — 1.42

I - I I
25 - 0 .1 6 + 0 .9 6

I - I I
41 + 0 .3 6 + 0 .41

I I - I I I
32 —0.44 + 0 .4 0

I I - I I I
30 +  1.43 T 0.36

I I I - I V
25 - 0 .0 8 - 1 .7 6

I I I - I V
28 - 2 .7 5 - 1 .1 8

T o ta l p ro d u c tiv ity - 6 .2 0 - 4 .0 5 - 0 .2 3 - 0 .2 6

T he d irection  a n d  e x te n t  o f th e  stu d ied  tw o w in ter-p e rio d s , too , a re  sim ilar to  th o se  
o f th e  lichens liv ing  in  th e  B rom etum . T he w in ter o f 1970—71 can  be ch arac te rized  by  a strong; 
decom p o sitio n -a lth o u g h  i t  is o f  lesser e x te n t in  th e  Brom etum . In  th e  w in te r  o f 1971—72 th e  
g ro w th  processes cam e to  th e  fro n t, b u t  here th e  decom position  in  A pril w as of such a large  
e x te n t  th a t  the  value  o f to ta l  p ro d u c tiv ity , too, tu rn e d  o u t negative  (T able  1).

S tu d y in g  th e  p ro d u c tiv i ty  o f  th e  in d iv id u a l species, th e  p ro d u c tiv ity  o f tw o p re ­
d o m in a tin g  lichen species, th e  Cladonia magyarica an d  Cl. fu rca ta  was an a ly sed  in  th e  period; 
fro m  N ovem ber, 1970 to  D ecem b er 1972 (Tables 3, 4).
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B o th  in  th e  grow ing a n d  th e  w in ter periods th e  p ro d u c tiv ity  o f th e  Cladonia magyarica  
is o f sm aller e x te n t in  th e  B rom etum  th a n  in  th e  Festucetum.

T he Cladonia fu rca ta  w as ch arac te rized  by  m ore ba lan ced  processes in  th e  g row ing  
period . In  th e  w in ter period  th e  e x te n t o f th e  processes is m ore stro n g er in  th e  B rom etum  
w hile i t  is less in tensive  in  th e  Festucetum  (Tables 3, 4).

On survey ing  th e  T ab les i t  can  also be estab lished  th a t  in  th e  sam e c o m m u n ity  th e  
in d iv id u a l species are n o t increasing  or decreasing  id en tica lly  ev ery  m on th . In  th e  in d iv id u a l 
periods th e  values o f to ta l-p ro d u c tiv ity  o f th e  species are, ex cep t one case, o f th e  sam e sign; 
e.g. in  th e  Brom etum  th e  to ta l  p ro d u c tiv ity  o f th e  Cladonia magyarica  and  Cl. fu rca ta  is neg a­
tiv e  in  th e  w in ter period of 1970-71 while i t  is positive  in  th e  w in te r o f 1971-72. In  th e  F estu­
cetum  neg ativ e  va lues were o b ta in e d  fo r b o th  species, in  b o th  of th e  w in ter periods.

T urnover o f  lich en  phytom ass

Comparing the turnover rate of the total-lichen phytomass of the annual 
Brometum and perennial Festucetum vaginatae associations it can be estab­
lished tha t the turnover rate is lower in the Brometum, consequently the 
turnover time is longer and slower, respectively, than th a t of the Festucetum 
vaginatae association (Figs 1, 2; Table 5).

The turnover rate differs in the predominating lichen species (Cladonia 
magyarica, Cladonia furcata) of the two communities. The turnover rate of the 
phytomass of the Cladonia furcata living in large numbers in the Brometum is 
low (Fig. 3) and its turnover time is rather long (9, 12, 17 years) (Table 5). 
The same species is of smaller importance in the Festucetum, the intensity of 
the processes — either incorporation or decomposition is being taken into 
consideration — is much more higher than  in the former (Fig. 4), the turnover 
time ranges from 1 to 2.3 years.

Fig. 1. T u rn o v er ra te  o f th e  to ta l  lichen p h y to m ass in  th e  B rom etum  tectorum  a sso c ia tion
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On the other hand the turnover rate of the phytomass of Cladonia 
magyarica is of lesser ex ten t in the Festucetum vaginatae than  in the Brome- 
tum  (Figs 5 and 6), the turnover time ranges from 0.9 to 2.1 years in the latter

Table 5

Comparative table o f values o f turnover tim e o f  phytomass 
and m ineral substances in the growing and winter period

In F e s t u c e t u m  v a g in a ta e  In B r o m e t u m  t e c to r u m

1970-71 1971-72 1971 1970 XI- 1970-71 1971-72 1971 1970 XI-
XI-IV XI-IV V-X

growing
1971 XI 

the whole
XI-IV XI-IV V-X

growing
1971 X 

the whole
winter period period year winter period period year

T o ta l  l ich en

P hy tom ass 4.18 1.92 1.49 5.30 2.37 2.87 6.90 9.37
T o ta l N 0.63 0.80 1.16 1.16 0.70 1.07 1.72 1.24
Ca 0.59 0.76 0.83 1.11 0.56 0.60 0.99 1.10
К 0.66 0.76 0.67 1.08 0.58 0.94 1.87 1.14

Cladonia
magyarica

Phy tom ass 4.28 1.44 4.52 8.39 1.28 0.92 0.94 2.18
T o ta l N 0.63 0.65 0.71 1.15 0.71 0.56 0.62 1.04
Ca 0.57 0.63 0.65 1.07 0.56 0.52 0.54 1.02
К 0.61 0.53 0.67 1.10 0.72 0.56 0.60 1.03

Cladonia
furca ta

Phy tom ass 1.38 1.79 0.93 2.35 2.95 19.17 9.41 12.61
T o ta l N 0.61 0.63 0.55 1.03 0.64 1.10 1.52 1.21
Ca 0.59 0.60 0.54 1.01 0.55 0.61 1.43 1.09
К 0.60 0.66 0.54 1.01 0.50 1.03 2.29 1.14

A c t a  B o t a n i c a  A c a d e m i a e  S c i e n t i a r u m  H u n g a r i c a e  2 8 ,  1 9 8 2

F ig. 2. T u rnover ra te  o f  th e  to ta l-lichen  p h y to m ass in  th e  Festucetum  vaginatae association
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while it increases multiple in the Festucetum. From all these the conclusion 
can be drawn th a t the turnover rate of the phytomass of the predominating 
lichen species in great numbers in the association is lower, the turnover time 
is longer and slower, respectively, than  those of the accompanying species.

In the individual species the period of incorporation and decomposition 
agree with the results obtained from the to tal lichens of the association, thus 
the winter of 1970—71 was the period of decomposition while the w inter of 
1971—72, th a t of incorporation.

Fig. 3. T u rn o v er ra te  o f th e  phy to m ass o f Cladonia fu rca ta  in  th e  Brometum  a ssoc ia tion

Fig. 4. T u rn o v er ra te  o f  th e  p h y to m ass of Cladonia fu rca ta  in  th e  Festucetum  vaginatae
association
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Turnover o f  the m ineral snbstanees

In  the turnover of mineral substances of the studied communities 
(Festucetum vaginatae, Brometum tectorum) the dynamics of N, K, Ca and P  
has been dealt with (K. L á n g  1974).

The lichen fraction constitutes a considerable part of the phytomass in 
both communities th a t is why the seasonal change of K, Ca and total-N

Fig. 5. T u rn o v er ra te  o f th e  p h y to m ass o f Cladonia magyarica  in  th e  Festucetum  vaginatae
association

F ig . 6. T u rn o v er r a te  o f th e  p h y to m ass o f C ladonia magyarica in  th e  B rom etum  tectorum
association

Acta Botanica Academiae Scientiarum Hungaricae 28, 1982



PRODUCTIVITY AND TURNOVER OF LICHENS 421

contents of the lichens, the part of the lichens in K, Ca and N turnover of the 
associations ( K ovács-Lá n g  and V e r s e g h y  1974, V e r s e g h y  and K ovács- 
Lá n g  1975), as well as the seasonal change of their phosphor contents in the 
growing period (K ovács-Lá n g  1974) were studied through two years.

The role of the lichens in the phosphor turnover of the swards is not 
important as only one part, some 6-8%  of the phosphor incorporated in the 
phytomass can he found in this fraction. The reason of the low P contents 
can be found in the lack of the apothecia and low P contents of the substratum . 
The Cladonia furcata and Cl. magyarica occurring in great numbers from the 
species of lichen fraction live w ithout apothecium in the greater part of the 
year, the Cladonia convoluta and the Parmelia pokornyi do not produce apothecia 
in this site at all.

In the turnover of mineral substances of the studied sandy grasslands 
the part of the lichens is im portant mainly in the Ca-turnover. The Ca-con- 
tents of the lichens is much more higher than tha t of the Graminea species 
constituting an association w ith them. The contents of the other studied 
elements, K, P and total-N are lower in the lichens than  in the grasses con­
stituting an association with them  ( K ovács-Lá ng  and V e r s e g h y  1974, V e r ­
s e g h y  and K o vács-Lá ng  1975).

In the course of his investigations Smith (1962) pointed out th a t the 
lichens draw nitrogen compounds accessible from their environment relatively 
easily. In spite of it the incorporation of the drawn N compounds as well as 
the decomposition of the protein of the lichens is a rather slow process. Accord­
ing to him the low turnover rate  of the protein is a general characteristic 
feature of the lichens, it is in connection with their slow growth and relatively 
long life time.

Turnover rate and time of the mineral substances have already been 
analyzed in a year relation in our previous work ( K o vács-Lá n g  and V e r ­
seghy' 1974, V erseghy' and K o v á c s -Lá ng  1975). In the present work, how­
ever, I would like to compare the turnover rate and time of the mineral sub­
stances with the turnover rate and time of the lichen phytomass, thus the 
turnover has been calculated in like manner as the phytomass, for months 
and winter- and summer-periods, respectively. On the basis of the results 
thus obtained the Ca turnover proved to be the quickest in the lichens while 
th a t of the nitrogen, the slowest (Table 5).

The turnover time of the elements studied in the total-lichens of the 
two communities is variable but the processes of mineral material exchange are 
uniformly slower in the summer (growing) period. Comparing the two winter 
periods to each other, the mineral material exchange was quicker in the 
winter of 1970—71 than in the w inter of 1971-72, both in the individual 
species and total lichens of the perennial and annual grasslands. I t  can be 
established at the same time th a t the turnover of mineral substances is quicker
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in the period of decomposition than in tha t of incorporation. The turnover 
time of mineral substances of the two predominating lichen species differs by 
associations. The turnover of the mineral substances of Cladonia magyarica is 
slower in the Festucetum vaginatae association than  in the Brometum while, 
on the other hand, the turnover time of mineral substances of the Cl. furcata 
is slower in the Brometum and quicker in the Festucetum vaginatae, similarly 
to the turnover of the phytomass.

I t  can be unanimously found th a t the turnover rate of all the three 
elements (Ca, K, total-N) is greater in the perennial grassland (Festucetum 
vaginatae) than in the annual one (Brometum). Here, too, the direction of 
the processes is determined by weather factors, tha t is why the two winter 
periods differ from each other, with the same sign in both associations. In 
the growing period, however, the negative influence of the dry, hot summer 
can be felt less in the Brometum, e.g. in August an incorporation of all the 
three elements can be observed while a strong decomposition can be seen in 
the perennial grassland.

Com parison o f  the turnover o f p h ytom ass w ith  th a t  
o f the m ineral su bstan ces

Investigation of the phytomass of the grassland communities was started 
in the growing period of 1968 while investigations of mineral m aterial exchange 
were not accomplished in this period. Consequently, the mineral material ex­
change can be compared only with one growing period, the summer of 1971.

The intensity of the turnover rate of the lichen phytomass and mineral 
substances is similar, i.e. it is greater in the perennial grassland and smaller 
in the Brometum. The direction of the processes, however, is not unanimously 
the same. The incorporation or decomposition cannot always be observed in 
the same month for the phytomass and mineral material exchange, respec­
tively. E.g. the K, Ca and total-N  contents of the lichens in the perennial 
grassland shows a decomposition of large extent in the January  of 1971 and 
an incorporation in the system in February while the phytomass is decompos­
ing in both months. The annual grassland shows a more uniform picture.

It can be established, however, that in the individual periods both the 
changes of the phytomass and the turnover rate of the mineral substances 
are generally influenced not by the seasons but by the changeable weather 
factors. The winter of 1970—71 was more rainy than  th a t of 1971-72. On the 
other hand the winter of 1970—71 can be unanimously characterized by de­
composition processes while the winter of 1971—72, by incorporation processes. 
The knowledge of the changes of the individual weather factors (Tables 6 and 7) 
helps to understand this contradiction. (In the vital functions of the lichens a

Acta Botanica Academiae Scientiarum Hungaricae 28, 1982



PRODUCTIVITY AND TURNOVER OF LICHENS 423

considerable role is generally attached to rainfall and hum idity, respectively.) 
I t  can be seen from the data of the radiation minimum partly  defining the 
time of vital functions of the lichens th a t the winter of 1970—71 was colder 
than  th a t of 1971—72. The amounts of the to tal radiation, however, were higher 
in the winter of 1971—72. Thus, in winter, the decisive factor is not the arid or 
humid character of the season but the total radiation and the tem perature.

The direction of the processes changes several times in the growing 
period, in the perennial Festucetum it is more intensive both in the phyto­
mass change and exchange of mineral substances. In the droughty summer 
of 1971 the decomposing processes were predominating during the whole 
growing period while the balance of to tal productivity of the growing period

Table 6

D aily changes o f  the climatic factors 
in the sum mer period o f  the studied

Year *2 *1 a b C d

1968 IV -V 27 6.7 75.9 3.04 474

V -V I 29 10.7 66.1 1.77 541

Y I-V II 32 10.4 59.9 1.28 584

V II -V II I 39 11.1 81.1 2.19 412

V I I I - I X 13 12.5 83.5 0.97 364

1971 IV -Y 35 4.9 72.7 1.67 445

V -V I 42 10.1 73.8 1.54 558

V I-V II 20 11.2 67.6 1.28 541

V II -V II I 28 12.7 68.6 0.44 499
V I I I - I X 32 9.4 74.9 1.43 393

1972 IV -V I 58 8.7 83.3 2.48 434
V I - I X 84 13.2 80.9 2.71 442

years sum  of rad ia tio n  m inim um

L am o u n t o f h u m id ity  m easured  a t  7 o’clock n/
b  =  —  — —  —  > /о

L4 H

m o n th ly  ra infall am o u n t in  m m

am o u n t of to ta l rad ia tion  d = -----------------------------------------  , gK cl/cnu

t 2 — t l =  num ber o f days betw een tw o m easurem ents
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of 1972 was positive. These results are in connection with the arid character 
of 1971 and with the humid character of 1972, respectively.

Studying the connections between the influence of the individual weather 
factors and the to ta l productivity of the lichens it has been established 
( V e r s e g h y  1976, 1977) th a t the order of importance of the environmental 
factors is quite different in the winter and in the summer months. From the 
analysis of the studied environmental factors it can he concluded that “ other” 
factors, e.g. microclimatic influences not known in their full details sometimes 
play much more significant part than the macroclimatic ones.

Connections have been studied between the turnover time of the lichen 
phytomass and mineral substances. I t  can be stated th a t the turnover time 
of the lichen phytomass is much more longer than  th a t of the mineral sub­
stances (Table 5). Studying the total-lichens of the two associations it can be 
seen tha t the turnover tim e of the substances is quicker two or three times, 
exceptionarily four to six times than th a t of the phytomass but the difference 
is extraordinarily apparent in case of the two predominating lichen species. 
The mineral turnover of the Cladonia magyarica living in the Festucetum and 
th a t of the Cladonia furcata living in the Brometum is six to eight times quicker 
than  the phytomass turnover.

Table 7

D aily  changes o f weather elements in  the w inter period  
o f  the years o f  investigation

Year
Number 
of days
(*!---<l)

a b C d

1 9 7 0  X I - X I I 17 l . i 9 5 .9 0 .4 5 65

X I I - I 4 2 - 6 . 9 9 5 .6 2 .3 2 6 i

1 9 7 1  I I I 25 - 2 . 0 9 7 .2 1 .3 3 112

I I - I I I 32 - 4 . 6 9 3 .0 0 .5 1 170

I I I - I V 25 3 .1 8 7 .1 0 .7 5 3 11

I X - X 26 3 .1 8 8 .3 0 .9 6 3 0 3

X - X I 28 - 1 . 5 9 0 .2 0 .4 3 176

X I I 64 —  1 .2 9 3 .4 1 .0 9 57

1 9 7 2  I - I I 41 - 5 . 1 9 2 .5 0 .6 4 125

I I - I I I 30 0 .9 8 7 .6 0 .4 8 2 3 8

I I I - I V 28 3 .5 8 7 .6 0 .8 7 3 5 2

I X - X 3 7 5 .1 8 9 .2 1 .1 0 2 4 3

X - X I I 62 0 .7 8 8 .3 0 .9 1 108
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This in tro d u c to ry  p u b lica tio n  d em o n s tra te s  th e  p lann ing  an d  a n teced en ts  o f  
such  an  ex p erim en t in  w hich qu ick  processes o f v eg eta tio n  d y nam ics a re  in d u ced  b y  
selective herbicides to m onocoty ledons an d  d ico ty ledons (G abonil, D a lap o n ) an d  b y  
herbicides o f d ifferen t m echanism s a n d  to ta l  effects.

T he article  analyses in  d e ta il th e  a im s of th e  s tu d y  program m e. T he in v es tig a ­
tions are  a im ed p a r tly  a t  th e  s tu d y  of th e  s tru c tu re  changing  in  th e  course o f  seco n d ary  
succession an d  d eg rad a tio n  in duced  b y  th e  herb ic ide  tre a tm e n ts  an d  p a r tly  a t  th e  
know ledge of th e  processes of v eg e ta tio n  d y nam ics in duced  o u tw a rd ly  an d  th e  m ech­
anism s reg u la tin g  these, as well as th e  reg en e ra tio n  cap ab ility  o f th e  c o m m u n ity  
( Pulsatillo- Festucetum  rupicolae).

Introduction

On the vegetation dynamics : general problems

V eg eta tio n  dynam ics can be defined  as, fo r ex am p le , “ th e  s tu d y  of changes in  v e g e ta ­
tio n  in  tim e ”  — M il e s  (1978), or as “ th e  change w ith  tim e  of a v ec to r o f som e su itab le  m easu re ­
m en ts  o f p la n t species p erfo rm ance”  — A u s t in  (1981).

T he s tu d y  of v eg e ta tio n  dynam ics includes th e  in v es tig a tio n  of th e  successional trends,, 
c lim atic  changes an d  c lim atic  f lu c tu a tio n s , cyclic changes an d  the  p e rs is ten t effects o f episodic 
ev en ts  o r ran d o m  noise.

T o d ay  i t  is v e ry  d ifficu lt to  d e te rm in e  w hich  of th e  effective co m p onen ts, e.g. th e  
succession  or th e  c lim atic  f lu c tu a tio n , is responsib le  fo r th e  observed v eg e ta tio n  changes. 
F lu c tu a tio n a l changes o f certa in  e x te n t, seco n d ary  successional processes or reg en e ra tio n  cycles 
ta k e  p lace  sim u ltan eo u sly  in  all com m unities. All th ese  changes are fu n d a m e n ta lly  sim ila r 
processes, w hich re su lt from  th e  con tin u o u s f lu x  in  p o p u la tio n s o f in d iv id u a l species th a t  
m ak e  u p  th e  v eg e ta tio n , and  differ from  one a n o th e r  m ain ly  in  th e  ra te  o f tim e.

A t p re sen t th e  term ino logy  of v eg e ta tio n  dy n am ics is very  confused in  th e  ecological 
l ite ra tu re . In  a w ord ing  successions can  be te rm ed  as d irec tio n a l changes aw ay  fro m  an  in it ia l  
s ta te . D u rin g  successional changes th ere  a re  p rogressive  or regressive a lte ra tio n s  in  th e  s tru c ­
tu re  and  species com position  of th e  v eg e ta tio n . In  cycling changes sim ilar v e g e ta tio n  ty p e s  
re c u r  in  th e  sam e place a t  various in te rv a ls  o f tim e . F luctuational changes m ay  be th o u g h t 
o f as sh o rt te rm  (changes from  y ear to  y ear, or over periods of a few years on ly) a n d  g en era lly  
reversib le , w hen v eg e ta tio n  keeps th e  sam e overall com position  in  te rm s of th e  c o m b in a tio n  
an d  p ro p o rtio n s o f th e  species p resen t. F lu c tu a tio n a l changes in  v eg eta tio n  re su lt e.g. fro m  
d ifferences in  th e  seasonal g row th  cycles o f th e  co m p o n en t species (aspec tional o r pheno log ical 
changes o f th e  v eg eta tio n ), an d  from  b io tic  a n d  c lim atic  changes in  th e  en v iro n m en t.
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S ep ara tio n  of these  changes is, in m an y  cases, a rb itra ry  an d  d ifficu lt. T he processes 
o f reg en era tio n , for ex am p le , can  n o t very  o ften  be  d istin g u ish ed  from  th e  secondary  succes­
sions o r f lu c tu a tio n a l a n d  cyclic  changes, re sp ec tiv e ly . T he m en tio n ed  processes o f d iffe ren t 
ty p e , how ever, m u st be ta k e n  in to  considera tion  b y  all m eans in  th e  s tu d y  of an y  n a tu re  of 
th e  v e g e ta tio n  dynam ics.

B esides, i t  is also to  be  no ted  th a t  th e  genera l basic p rincip les o f th e  certa in  processes 
of v eg e ta tio n  dynam ics a n d  m ain ly  th e  m ov ing  forces o f these  have  n o t been c leaned  up 
till now.

Succession is one o f th e  v egeta tion  processes s tu d ied  fo r th e  longest tim e p a s t,  th e  
th eo ry  of w hich was b o rn  a t  th e  end of th e  la s t  c en tu ry . Since th e n  several a rticles a n d  su m ­
m ariz ing  w orks (W h it t a k e r  1953, K n a p p  1974, G o l l e y  1977, M il e s  1979, v a n  d e r  M a a r e l  
and  W e r g e r  1978, A u s t in  1981, U s h e r  1981) h av e  been pu b lish ed  on th e  succession b u t  
i ts  th eo ry  is ac tively  d iscussed  even to d ay . D etails  on th e  d iffe ren t succession theo ries are 
n o t g iven  here, only a few  basic  problem s g a th e red  a ro u n d  tw o groups of questions a re  m en ­
tio n ed  th e  so lu tions o f  w hich  will lead to  th e  c la rific a tio n  o f th e  su b s ta n tia l qu estio n s of 
th e  succession.

How does the succession take place?

M ost ecologists (C l e m e n t s  1916, B r a u n -B l a n q u e t  1928, M cA r t h u r  and  Co n n e l l  
1966, W h it t a k e r  1953, 1970, O d u m  1969, 1971) were convinced  for decades th a t  th e  suc­
cession is, s ta rtin g  from  a  v e ry  pristine , sim ple s itu a tio n  even w ith o u t organism s or to  be 
•characterized b y  a few  organ ism s, a regu lar series o f p rogressive  d ev elopm en tal stages. T his 
process proceeds step  b y  s te p  tow ards a fin a l, m o st o rgan ized , so called “ c lim ax ”  s tag e. 
Succession is a  reg u la r p rocess , w hich is a lw ays u n id irec tio n a l an d  pred ic tab le.

T his th eo ry  of succession and its  classic c lim ax  con cep tio n  have  recen tly  been  c r it i ­
c ized  by , am ong th e  o th e rs , D r u r y  and  N is b e t  (1973), Co l in v a u x  (1973), H o r n  (1974, 
1976a) an d  Co n n e l l  an d  S l a t y e r  (1977). T he d iscussed  qu estio n s concerned m ain ly  such  
im p o r ta n t  problem s as, fo r exam ple,

— if  th e  convergence is abso lu te ly  accep tab le  in  th e  successional dev elo p m en t (Q ues­
tion  of convergence-d ivergence)

— ju s tn ess  o f  c lim ax  conception
— question  of s ta b ili ty
— w ays of succession

a lte ra tio n  in  com m unities (C l e m e n t s  1916 an d  his followers) 
p la n t-p la n t su b s titu tio n  (M cA r t h u r  1958, A n d e r s o n  1966) 
f ro n ta l in v as io n  (G l e n n  and  L e v in  1980)

— if  th e  p ro c e ss  o f  su ccess io n  is a r e g u la r ,  u n ifo rm  se rie s  o f  a l te r a t io n  in  th e  p o p u la ­
t io n s  o r i r re g u la r  c h a n g e  o f  th o se , w h ich  h a s  n o  u n i f o rm i ty  (W h it t a k e r  1953) (d e te rm in is tic -  
s to c h a s t ic  m odels)

— n a tu re  o f th e  re la tio n sh ip  be tw een  th e  c o m m u n ity  an d  th e  en v iro n m en t (C l e m e n t s  
1916, W h it t a k e r  1953)

— if  th e  su c c e ss io n  is c o n tro lle d  b y  th e  e c o s y s te m  (O d u m  1969, 1971) o r r a th e r  b y  th e  
p o p u la t io n  (D r u r y  a n d  N is b e t  1973)

— im p o rtan ce  o f th e  autogenous an d  allogeneous succession.
T o d ay , acco rd ing  to  th e  recen t co n cep tio n s, i t  can  be  s ta te d  fo r exam ple  t h a t  th e  

convergence has no g en era l v a lid ity  in  th e  d ev elo p m en t o f th e  v eg eta tio n . In  th e  process o f 
succession  d iv erg en t, re tic u la r  ways also ex is t, w hich  m ay  p ro d u ce  n o t a  f in a l b u t  several 
s tag es  a t  th e  sam e tim e . T h u s th e  d ev elo p m en t o f  th e  v eg e ta tio n  can  n o t a lw ays be con­
sid e red  un id irec tio n a l a n d  th e  d irection  o f th e  changes can n o t  be pred ic ted .
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Wlmt directs the development of the succession ?

Cl e m e n t s  (1916) gave 6 subprocesses: in itia tio n  (physiographic , c lim atic , b io tic  p ro ­
cesses); im m ig ra tio n  of new species; ecosis; co m p etitio n ; site m o d ifica tio n  (reac tio n ); s ta ­
b iliza tion  of th e  c lim ax, which are im p o r ta n t  in  th e  developm ent of th e  succession. O f these  
m ain ly  th e  process o f action -reaction  w as considered  of decisive im p o rtan ce  b y  him .

E g l e r ’s (1954) hypothesis o f “ in itia l flo ris tic  com position”  m ea n t a  re v o lu tio n a ry  
change ag a in s t Cl e m e n t ’s (1916) “ re la y  f lo ris tic ”  conception . E g l e r  em p h asized  t h a t  the  
su b s ti tu tio n  of th e  species is n o t co n tin u o u s, a n d  all th e  species ap p ea rin g  in  th e  course of 
succession can  be found  in  the  v e g e ta tio n  in  th e  fo rm  of buried  seed, p ro p ag u lu m , w hile th e  
a lte ra tio n  of th e  veg eta tio n  ty p es is th e  re su lt  o f th e  increase in  th e  seed b a n k  of th e  soil, 
a n d  of th e  d iffe ren t life cycles, d iffe re n tia te d  g ro w th  of th e  species. T his th eo ry  h as  becom e 
v e ry  p o p u la r an d  been applied m u ch  m ore w idely  th a n  E g l e r  him self im ag in ed  i t  (see, for 
exam ple , Co l in v a u x  1973, D r u r y  a n d  N is b e t  1973, H o r n  1974).

O f th e  re ce n t theories, for ex am p le , Co n n e l l  an d  Sl a t y e r  (1977) have  w orked  ou t 
such  m odels o f successional processes ( fac ilita tio n , to le rance , inh ib itio n ), w hich  include  b o th  
th e  re lay  flo ris tic  th eo ry  and th a t  o f th e  in itia l flo ris tic  com position, in d ep e n d en tly  and 
com bined  w ith  each  o ther. This p o p u la tio n  th e o ry  h as been developed b y  N o b l e  an d  S l a t y e r  
{1980). A ccording to  th em , in  th e  process o f th e  succession certa in  m ajo r species p lay  an 
im p o r ta n t role. A nd  i t  is the  life h is to ry  w hich  de term ines th e  p red o m in a tin g  species in  th e  
in d iv id u a l successional stages.

I t  is still undecided  if  th e  decisive role o f th e  “ reac tio n ”  or ra th e r  th a t  o f th e  com ­
p e tit io n  is im p o r ta n t  in the  advance  of th e  succession. B u t w hen s tu d y in g  th e  processes of 
v eg e ta tio n  d ynam ics, th e  possib ility  o f a lm o st all o f th e  above-m entioned  th eo ries an d  m ov­
in g  forces o f succession is to  be faced.

I t  can  sh o rtly  be s ta te d  th a t  Cl e m e n t ’s th eo ry  (1916) and a  p a r t  o f th e  la te r  classic 
th eo ries (O d u m  1969, 1971; Ma r g a l e f  1968; L a n f o r d  and  B u e l l  1969; W h it t a k e r  1970) 
a re  concerned w ith  th e  whole c o m m u n ity  an d  ecosystem , respec tive ly , as well as w ith  th e  
c o m m u n ity  an d  env ironm en t com plex. T he re ce n t stud ies , how ever, em phasize  th e  basic, 
essen tia l role o f th e  popu lation  d y n am ics, m a in ly  o f th e  popu lation  in te rac tio n s  (e.g. D r u r y  
a n d  N is b e t  1973, H o r n  1976), th e  ecological m echanism s, p lan t s tra teg ies  re g u la tin g  th e  
succession  of th e  p opu lation  (G r im e  1978) in th e  change of all the  veg eta tio n .

A t p re se n t n o t only th e  th eo ry  of th e  succession and  its  app ro ach  on d iffe re n t levels 
{popu lation , co m m u n ity , ecosystem ) b u t  also th e  q u a n tita tiv e  m ethods su itab le  fo r desc rib ­
in g  th e  processes o f the  succession ( L o n d o  1974, B e e f t in k  1979, v a n  d e r  M a a r e l  and 
W e r g e r  1978, v a n  d e r  M a a r e l  1979a, K n a p p  1974, A u s t in  1981, v a n  L e e u w e n  1966, 
1973) are u n d e r discussion.

N a tu ra lly , i t  is no t enough to  describe  q u a lita tiv e ly  th e  certa in  v eg e ta tio n  ty p es  (life- 
fo rm s, g ro w th  form s, spreading ty p es , sociological in d ic a to r values o f species, tax o n o m ica l 
p ro p erties), to  ge t acquain ted  on ly  w ith  th e ir  q u a n tita tiv e  cenological fe a tu res  (cover- 
a b u n d a n c y , freq u en cy , density) an d  to  an a ly ze  th em  co m paratively , q u a lita tiv e  an d  half- 
q u a n ti ta t iv e  ev a lu a tio n  re-surveyed  ev ery  10-20 y ears is n o t sufficient. T o d ay , in  th e  n u m erica l 
a p p ro ac h  of th e  succession in v estig a tio n s m ain ly  th e  m u ltiv a ria te  analyses (PC A , A ssocia tion  
ana ly sis , R ecip roca l averaging, C anonical vec to rs , C anonical corre lation , C luster analysis) are 
p red o m in a tin g , w hich u n d o u b ted ly  m ak e  th e  m ore ex ac t in te rp re ta tio n  of th e  v eg e ta tio n  
chan g es possible (W il l ia m s  et al. 1979, O r l ó c i 1978, v a n  d e r  M a a r e l  1979b, H e l m e c k e  
1975, A u s t in  1977). In  th e  s tu d y  of succession  new er and new er, v e ry  prom ising  m ethods 
a re  rep re sen ted  b y  th e  models o f th e  d iffe ren t dynam ic  and sto ch astic  processes ( L o n d o  
1974, S h u g a r t  e t al. 1973, H o r n  1974, 1976b, H u l s t  1975, U s h e r  1981) b y  w hich  also th e  
so lu tio n  o f th e  questions of equ ilib rium  a n d  s ta b ili ty  can  be b e tte r  ap p ro ach ed . To u n d e r­
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s ta n d  a n d  a t  la s t  to  p r e d ic t  t h e  p ro cess  o f  su c cess io n  lo n g - te rm e d  (p e rm a n e n t  p lo ts )  a n d  
d e ta i le d  o b se rv a tio n s  a re  n e e d e d  b y  a ll m e a n s  (B e e f t in k  1965, 1977; W e s t h o f f  1969, A u s t in  
1981, L o n d o  1974, 1975).

Basic shortcomings are constituted by our restricted knowledge related 
to the structure and the “ pattern” basic phenomena (diversity, similarity, 
preference) practically not elaborated up to the present as well as the struc­
tural models based on their dynamic connections by which the changes taking 
place during the succession could be interpreted satisfactorily and the regu­
larities, controlling mechanisms of the changes could be established ( J u h Ás z - 

N a g y  1979a). The exact knowledge of the structural changes and functional 
processes based on them  as well as a more exact, thorough analysis of the 
course of “ normal” succession are urgent necessities also because without 
these one can not efficiently go on and understand the regularities of the 
negative, “ abnormal” succession, the degradation.

Degraded processes of such an extent as today, however, have never 
taken place. Due to the hum an influences degradation of the vegetation has 
become a world-problem graver than ever. In  consequence of the cultivation 
of the forestry and agricultural areas, as well as of the human management 
(removal of weeds, application of chemicals and fertilizers) quick destabiliza­
tion, degradation and often irreversible changes of the used natural systems 
can be observed. The drastic human effects (exterior degradation) entail con­
sequences that are difficult to foresee, starting of quick degradation processes, 
but degradation of the stands, spreading of the unvaluable and noxious species 
can be observed also as a consequence of the unsuitable utilization (over- 
grazing, lack of regular mowing, erosion). Unfortunately, unrichness of species 
and homogeneity (interior degradation) moreover, to tal destruction of the 
natural and semi-natural communities have become a general phenomenon 
for the present.

At the present little  is known about what takes place in a degradation 
process and what defects of the supraindividual organization are linked with 
the different types of degradation ( J u h a s z - N a g y  1979b). Moreover, even the 
methods suitable to follow up the phenomena of degradation are hardly in 
possession of us.

On the basis of all these a profound knowledge of the already mentioned 
successional processes as well as the secondary succession and degradation 
processes caused by some perturbation becomes an urgent task.

Experimental approach of the vegetation dynamics

In a community the successional and degradation processes take place 
simultaneously and by turns.
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T he s tu d y  of these  and  o th er processes o f v eg e ta tio n  d y nam ics as well as th e ir  ecological 
back g ro u n d s is, due to  its  tim e consum ing fe a tu re , v e ry  c ircu m stan tia l. F o r th is  re a so n , an d  
as th e re  is also re la tiv e ly  l ittle  p o ssib ility  to  s tu d y  th e  seco n d ary  succession a n d  p r im a ry  
succession, m ethodo log ically  th e  ap p lica tio n  o f ex p erim en ta l techn iques seems to  be  v e ry  
prom ising. As th e  se lective rem oval o f th e  in d iv id u a l species-groups or th e  to ta l  d e s tru c tio n  
o f th e  v e g e ta tio n  re su lts  in  quick  processes o f v e g e ta tio n  dynam ics.

T he m ech an ism  of th e  o rgan ization  of th e  com m unities, th e  changes o f th e  re la tio n s  
betw een  th e  p o p u la tio n s  were stu d ied  m ain ly  b y  th e  m echan ical rem oval of th e  d o m in a n t 
species, b y  D a y t o n  (1975), P in d e r  (1975), A l l e n  and  F o r m a n  (1976), A b u l - F a t i h  a n d  
B azzaz (1979). E x p e rim en ta l ecological in v es tig a tio n s  of such  n a tu re  have  been c a rr ied  ou t 
b y  ap p ly in g  se lective  herbicides f ir s t  b y  S u g a r  an d  H a r p e r  (1961), P u t w a in  a n d  H a r p e r  
(1970) a n d  th e n  e.g. F o w l e r  (1981). Ma h n  a n d  H e l m e c k e  (1979) follow ed up th e  s tru c tu ra l  
changes in  a  c o m m u n ity , tak in g  place u n d e r th e  in fluence of th e  herbicide tre a tm e n t.

The program m e o f  our in vestigation s

In 1979 we began an experimental programme in a semi-natural grass­
land community rich in species, where selective herbicides and those of to tal 
effect were applied in order to study the processes of the secondary succession 
and degradation, the mechanism regulating these as well as the regeneration 
capabilities of the community and the sources of the regeneration.

Removal of certain groups of species by selective herbicides made pos­
sible the simplification of the vegetation and the relationships between the 
species and thus the better understanding of the basic phenomena, on a more 
simplified object of investigation. By the application of the herbicides of 
total effect, however, processes of vegetation dynamics accelerated artificially 
could be studied. The herbicides exert an influence on several level (e.g. 
population, community) of the supraindividual organization. They induce 
several changes in structure and function, processes of vegetation dynamics of 
different direction, for the study of which there is also investigational pos­
sibility of different level and depth. Consequently, in order to realize our 
objectives, our partial problems of study were designed in more steps and 
our questions were intended to answer mainly through the changes in the 
structure.

In vestiga tion  o f the com m u n ity  before th e perturbation

Study of the connections prevailing in the original “ natural” grassland 
community the structure

(species composition
pattern  regularities, analysis of spatial processes 
diversity
interspecific correlations
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partition of niche space 
“ coexistent” structures) 

and the function (biomass) of the community.

In vestigation  o f  th e com m unity  after th e perturbation

I. Study of the organization of the community and the extent and direction. 
of the structural changes taking place due to the removal of the dominant ( mono- 
cotyledonous species) and less dominant ( dicotyledonous species) groups of spe­
cies from the sward by herbicides :

■— how do the structure of the vegetation and the organization of the 
com m unity change after the perturbation and how do the changes depend on 
the different doses of the herbicides;

how do the connections between the species, species-groups influence 
the organization of the community and its change in time.

— Resistance of the community against perturbation
Will the original structure be re-established after the herbicide- 

treatm ent ?
If it will, in how much time ?
If it will not, whether a newer condition of equilibrium will form or
changes of retrogressive direction will take place.
W hat relation will the community structure (diversity, niche struc­

ture) have to the stability  ?
W hat is the extent of destruction and regeneration of the vegeta­

tion with the different doses of the herbicides applied.
— Study of the occurring degradation phenomena and their reasons, as 

well as their description according to the different degradation stages of the 
com inunity.

I I .  Total destruction of the vegetation by herbicides of different mechanisms 
and total effect and study of the secondary succession and degradation following 
the destruction :

W hat is the role of
the species richness of the local flora, the vegetation of the sur­

rounding area, the different intensity and doses of the herbicide tre a t­
ments and the potential seed bank of the soil in the course of secondary 
succession ?

- W hat is the species composition of the communities appearing after- 
the herbicide treatm ents and how are they changing during the years.
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— W hat model will satisfactorily describe the changes of species com­
position and the substitutions between the groups of species.

— W hat is the distribution of the populations like in the different stages 
and what is it in the stable state ?

— How much time is required for the stable state ?
— W hat is the source of the regeneration after the several herbicide 

treatm ents:
vegetative regeneration,
seasonal regeneration (e.g. autum n regeneration after the spray­

ing in June),
mobilization of the seed contents of the soil.

II I .  Experimental study of the primary succession on sterilized soil.

IV . 1. Study of the effect of the nitrogenous fertilization. W hat qualitative 
(species composition) and quantitative (biomass) changes are caused by the 
fertilization.

IV .2. Results of the simultaneous application of a selective herbicide and 
the fertilization.

Theory and practice

The programme of this investigation is mostly a theoretical, basic study 
according to its objects. In  the planned series of investigations it was designated 
as a principal task to look for and apply such structure models based on 
phytosociological data, which are suitable for the description and in terpreta­
tion of the vegetation changes of different direction. Besides, our aim is to 
interpret the complicated changes, processes of succession and degradation on 
the level of such basic phenomena as for example the diversity, similarities* 
interspecific relations as well as by the expedient application of the m ulti­
variate analyses (PCA, F K I =  Factor Continuum Index, Association Analysis,, 
Cluster Analyses). I t  is our plan to try  to make the Markovian chains theory 
to be an applicable method also in the grassland communities in order to 
evaluate the distribution of the populations in the several stages of the suc­
cession and predict the occurrence of the stable state.

These are mainly problems of theory and methodology but our problems 
described in detail and our basic questions of the investigation are, almost 
without exception, such ones which are closely connected to the agricultural 
problems and the solution of which can be directly utilized in the practice,, 
in the sward farming.

By the herbicides applied in the usual method for removal of the weed» 
and by the fertilization serving for the improvement of the swards the same;
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shiftings in structure and damages are produced in the grassland community 
by the agriculturalists, range management workers, as the ones we are inves­
tigating in our experiments. Such questions, im portant for the practice, as 
for example:

— how can a composition, advantageous for economy, (community free 
of weeds, an advantageous ratio of the useful and unuseful species from the 
point of the yield) be maintained;

— what is the extent of the rate of destruction and regeneration with 
different doses of the different herbicides;

— which are the optimal doses and when, with what dose application 
will the pernicious changes (unfavourable also economically), irreversible 
degradative processes take place;

— w h a t  is  t h e  r e s is t e n c e  o f  t h e  c o m m u n i t y  l ik e  a g a in s t  a  d r a s t ic  e x t e r n a l  

e f f e c t ,  c a n  n o t  b e  a n s w e r e d  w i t h o u t  t h e  k n o w le d g e  o f  t h e  v e g e t a t i o n  d y n a m ic s ,  

r e g u la r i t i e s  o f  t h e  “ r e p la c e m e n t ”  p o p u la t io n ,  b a la n c e  p o p u l a t i o n  m a g n it u d e s  

a n d  c ir c u m s t a n c e s  o f  s t a b i l i t y  ( F e k e t e  a n d  V i r á g h  1982).
So the aim of our investigations was to provide, through an analysis on 

the structure of the original undamaged community and th a t of the com­
m unity influenced by herbicide and fertilizer treatm ents and on the ecological 
background of the changes as well as through the study of the processes of 
vegetation dynamics, such reliable basic data, such knowledge for the practice, 
which make advantageous agrotcchnical interventions and surveying of their 
probable consequences possible.

Sward-farming altered radically in the last decades can not already do 
without the application of the herbicides and fertilizers. At the present the 
grassland of 1.3 mill, ha means a reserve with great potential energy for the 
agriculture of our country, a reserve which is not yet suitably utilized at the 
present. The investigations carried out up till now show th a t some 30% of 
this great area is strongly weedy, and hence it requires improvement, modern 
sward-farming by all means.

At the present our knowledge is far behind the demands of the agri­
culture, thus it is indispensable necessity to develop quickly our theoretical 
and methodological knowledge and to widen the studies similar to our 
experiments.

Short ch aracteriza tion  o f the exp erim en ta l area and its  environs

Our ex p erim en ts w ere se t on a  d ry -s itu a ted  h ill, on  th e  w iden ing  p a r t  o f th e  v a lley  of 
th e  T a rd  stream  falling  on  th e  foreground of th e  B ü k k , a t  th e  S o u th e rn  fo o t o f th e  B ü k k  
M o un ta ins (N E  H u n g ary ).*

* Some a g ric u ltu ra l ex p erts  have a lread y  w o rk ed  on th e  m ore deg rad ed  p a r t  o f th is  
a re a  (S ze m á n  1979), so o u r  investiga tions a lread y  h a v e  prelim inaries.
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Geology

T he S o u th e rn  foots of th e  lim estone m o u n ta in s o f th e  B ü k k  are com posed, in a h e ig h t 
of 200-300 m s, o f rh y o lite  tu ff, andesite  tu f f  and d ac ite  tu ff. T h is g en tle  hilly  co u n try  becom es 
lower and  low er in  th e  S o u th ern  d irec tion  and  tu rn s  in to  th e  fo reg ro u n d  of the  B ü k k  n e a r 
th e  village of T ard .

The fo reg round  of th e  B ü k k  is a large alluv ial cone form ed d u rin g  Pliocene and  P le is to ­
cene, w hich was fo rm ed by  th e  brooks stream ing  dow n from  th e  B ü k k . The layers o f th e  P a n ­
non sea can be fo und  u n d e r th e  a lluvial cone.

Loess is th e  soil fo rm ing  rock on th e  s tu d ied  area.

Climate

T he clim ate  o f th e  v a lley  of the  T ard  s tream  occupies an  in te rm ed ia te  position be tw een  
th a t  of th e  G rea t H u n g a rian  P la in  and  the  m o u n ta in o u s d is tr ic t .  T he m ean a n n u a l te m ­
p e ra tu re  is 9 °C, th e  to ta l  m o istu re  a t  T ard  is a b o u t 600 m m s (on  th e  basis of a 50 y ear 
average).

Soil conditions

The soil is b row n  fo rest soil of chernozem  ch a ra c te r, fo rm ed  on  loess.
The h um ous level “ A ”  is o f d a rk  brow n, b lack  colour, 40 cm s th ick , of acid reac tio n , 

well supplied  w ith  n itro g en  b u t  poor in  phosphorus. T he level “ B ”  of accum ula tion  is of 
red -b row n  an d  of slig h tly  acid  reac tion . I ts  to ta l  n itro g en  an d  p h o sp h o ru s con ten ts a re  v e ry  
low. O f th e  exchangeab le  cath io n s Ca is p red o m in an t.

The in d iv id u a l layers of th e  soil segm ent are show n in F ig . 1 w hile the  deta iled  re su lts  
of soil in v es tig a tio n , in  T able  1.

I t  is to  be n o ted  th a t  on our experim en ta l a rea , in  m a n y  places, th e  “ B ” level of 
tran s itio n  an d  accu m u la tio n , w hich is a lread y  v e ry  poor in h u m u s, rose  to  the  surface due  to  
th e  soil erosion.

Vegetation*

The fo reg round  of th e  B ü k k  M ountains is an  in d ep e n d en t f lo ra  region of th e  n am e of 
B orsodence of th e  f lo ra  co u n try  o f th e  N o rth e rn  H u n g a rian  U p la n d s . I t  is s itu a ted  on  th e  
b o u n d a ry  of th e  M atricu m  an d  P annon icu in . Up till now  two w orks, to  be considered re la ­
tiv e ly  d e ta iled , hav e  been p u b lished  on its  flo ristic  conditions (T ó t h  1963, 1973).

T he area , on w hich ou r ex p erim en t was se t, is a seco n d ary  s tep p e  com m unity  ( P u isa - 
tillo-Festucetum  rupicolae) fo rm ed in  th e  place of a  d e fo re sta tio n , w h ich  can be considered  as 
a closing co m m u n ity  in  th e  successional series of th e  p e ren n ial g rasslan d s in  the  given area .

Due to th e  a n th ro p o g en  effects, in tensive  g razing , tram p lin g  th e  Festuca pseudovina  
ty p e  of th e  assoc ia tion , considerab ly  ta in te d  also w ith  weeds, occurs in  the  en v iro n m en t. 
Besides, a g ricu ltu ra lly  cu ltiv a ted  areas, p lough-lands an d  o rc h a rd s  can  also be fo u n d  in 
th e  environs.

In  th e  place of th e  species-rich steppes u tilized  to d a y  m ain ly  as grazing-lands, on  th e  
p resum ed b row n  fo res t soil form ed on th e  loess basic-rock  once th e  zonal forest of th e  low ­
land  loess ridges, th e  closing p la n t co m m u n ity  o f th e  series of loess succession, the loess-land

* As to  th e  nom en c la tu re  of th e  species Soó’s w ork (1980) (Volum e V I) w as fo l­
lowed by  us.
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Table 1

Data o f  investigation o f the brown forest-soil o f  chernozem

Sampling (cm) 0-10 10-20 20-40 40-50 50-70 70-90 90-100

B asic d a ta

p h  in  H 20 5.2 5.5 5.7 5.8 6.0 5.9 5.7

in  nK Cl 5.0 5.4 5.5 5.4 5.3 5.1 4.9

h y 2.04 1.78 1.60 1.63 1.79 1.94 2.44

H u m u s, % 4.85 3.09 1.23 0.46 0.36 0.30 0.20

F e , m e/100 g 300 282 170 140 114 70 65

M n, m e/100 g 400 388 282 188 80 10 9

T o ta l  N % 0.26 0.19 0.10 0.06 0.05 0.05 0.04

T o ta l P % 0.050 0.030 0.020 0.020 0.017 0.013 0.013

E x ch an g eab le  cathions

Ca, m e/100 g 16.00 15.20 12.00 11.20 11.30 11.80 13.40

M g, m e/100 g 0.22 0.19 0.17 0.22 0.22 0.30 0.35

K , m e/100 g 0.35 0.28 0.30 0.27 0.30 0.27 0.28

N a , m e/100 g 0.32 0.36 0.56 0.31 0.38 0.44 0.63

S 16.89 16.03 13.03 12.00 12.20 12.81 14.66

T 23.00 19.50 15.50 14.00 14.00 15.00 20.50

Ca, S% 94.70 94.79 92.06 93.29 92.59 92.12 91.41

M g, s % 1.33 1.22 1.34 1.87 1.84 2.34 2.39

K , s % 2.07 1.75 2.30 2.25 2.46 2.11 1.91

N a , S% 1.89 2.25 4.30 2.58 3.11 3.43 4.30

V % 72.13 82.23 84.10 85.75 87.18 85.40 71.51

o a k -fo re s t  w ith  ta ta re  m aples, th e  Aceri-tatarico-Quercetum  could be  fo u n d . The c h a ra c te r­
is t ic  species of th is e.g. th e  Quercus pubescens, A cer tataricum , Nepeta p a n n o n ica  an d  P hlom is  
tuberosa  c an  be found in  sm aller areas, in  th e  sm alle r fo rest-rem ains, tree -g ro u p s n e a r our 
sa m p le  a re a  even today .

T h e  inv estig a ted  g rassland  co m m u n ity  is r ic h  in  species, consists o f 80 to  100 species, 
a n d  is  less weedy. The reason  of th e  richness in  f lo ra  lies in  th a t  th e  a rea  is s itu a te d  on  the  
co n fin es  o f th e  Plain , n ear th e  B ü k k  M oun ta ins as well as in its  v a ried  geological s tru c tu re . 
A cco rd in g ly , th e  co n tinen ta l steppe-species as fo r exam ple  the  S tip a  cap illa ta , E ch ium  russi- 
c u m , E u p h ra sia  tatarica, P ulsa tilla  nigricans , P ulsa tilla  zim m erm ann ii, Koeleria cristata , the  
su b e n d e m ic  D ianthus pontederae an d  Thlasp i ja n k a e , th e  con tinen ta l fo res t-s tep p e  e lem en ts as 
fo r ex am p le  th e  A sparagus o ffic in a lis , B rachypod ium  p in n a tu m , Ir is  variegata , A renaria  
g ra m in ifo lia , as well as th e  su b a tla n tic  Genista tinctoria , and  the  acid soil in d ic a tin g  Viscaria  
vu lgaris  a n d  Luzu la  campestris can  be found  to g e th e r  in  th e  stand . O f th e  ch a ra c te ris tic  species 
o f th e  w oolly-grass com m unities o f th e  B likk  p la te a u  th e  Danthonia decumbens can  be found. 
I n  th e  a rea , th e  D anthonia a lp ina  and  Leontodon h ispidus  are c leared  grass-land  e lem ents
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character, form ed on loess (Tard) (A p ril, 1981)

100-120 120-130 130-145 145-155 155-160 160-165 165-170 170-180 180-185 185-220

5.9 6.1 6.1 6.1 6.1

5.2 5.4 5.4 5.2 3.3

1.54 1.58 1.92 1.55 1.83

0.15 0.05 0.20 — 0.15

28 41 58 28 45

11 20 18 8 6

0.04 0.04 0.035 0.04 0.04

0.009 0.013 0.017 0.013 0.017

9.00 10.00 12.20 10.40 11.80

0.27 0.25 0.35 0.25 0.30

0.25 0.22 0.18 0.15 0.24

0.45 0.56 0.70 0.63 0.65

9.97 11.03 13.43 11.43 12.99

13.00 13.50 18.50 13.50 16.00

90.23 90.62 90.84 90.99 90.24

2.76 2.27 2.61 2.19 2.31

2.51 2.04 1.34 1.31 1.85

4.51 5.07 5.21 5.51 5.00

76.73 81.74 72.59 84.67 81.19

6.1 6.1 6.2 6.2 6.2

5.4 5.4 5.2 5.2 5.2
1.22 1.95 1.41 2.04 1.20

— — — 0.12 —

41 58 39 65 22

92 26 60 42 13
0.03 0.04 0.03 0.03 0.04

0.009 0.017 0.013 0.017 0.009

7.40 11.60 10.50 12.80 8.40

0.17 0.22 0.17 0.27 0.10

0.17 0.25 0.10 0.25 0.12

0.45 0.68 0.68 0.72 0.28

8.20 12.75 11.45 14.04 8.90

10.10 16.00 12.50 16.00 11.00

90.84 90.94 91.66 91.14 94.38

2.13 1.76 1.53 1.96 1.12

2.13 1.96 0.87 1.78 1.35

5.49 5.33 5.33 5.13 3.15

81.19 79.72 91.64 87.78 80.91

while ru d e ra l species are, am ong th e  o th e rs , th e  Plantago lanceolata, Plantago m edia  a n d  th e  
E uphorbia cyparissias.

D o m in an t m onocotyledonous species co n s titu tin g  th e  co m m u n ity  a re  th e  A nthoxan-  
thum  odoratum , Agrostis canina  and  Festuca rupicola. The m o st a b u n d a n t d ico ty led o n o u s 
species a re  as follow s: Achillea collina, Genista tinctoria, Th ym u s m arschallianus, H ieracium  
pilosella, P otentilla  arenaria, Leontodon h isp idus.

T he sw ard  com m unity , like g en era lly  th e  grass-lands and  grazing  lan d s , is c h a ra c ­
te rized  b y  th e  m icro-heterogeneity , m osaic-com plex-like  d ispersion  of th e  species a n d  qu ick  
asp ec t changes. I n  th e  w et early -spring  period  f ir s t  th e  P ulsatilla  nigricans a n d  Pulsatilla  
zim m erm a n n ii, th e  Carex caryophyllea a n d  L u zu la  campestris are in  flow er in  th e  s ta n d . In  M ay 
th e  v e g e ta tio n  is d o m inated  one a f te r  o th e r  b y  th e  Orchis morio and  E uphorbia  cyparissias  
flow ering  in  larg e  n u m bers; Saxifraga bulbifera; A nthoxan thum  odoratum, th e n  b y  th e  A ju g a  
genevensis. In  J u n e , th e  Genista tinctoria  a n d  T h ym u s m arschallianus; th e  Viscaria  vulgaris 
are in  flow er one a f te r  th e  other, an d  a lm o s t sim u ltan eo u sly  th e  grasses as th e  Festuca ru p i­
cola, Festuca pseudovina, B riza  media, K oeleria cristata, A grostis canina  an d  D anthon ia  a lp ina ,

10: Acta Bqtanica Acßdcmiae Scientiarum Hungaricae 28, 1982



438 К. VIRÁGH

«m

0-10

10-20

20-40

40-50

50-70

70-90

90-100

100-120

120-130

130-145

145-155
155-160 “ 
160-165 :  
165-170 _ 
170-180 
180-185 “

185-220

Fig. 1. P ro file  o f  th e  brow n forest soil o f chernozem  ch aracte r

ШШШт
intensive accumulation of roots

\  \  \  \  \  N \ \ V  \
closed up, red-brown;concreted

\ \  .......................

•■'N. " . ............N

humous level 
A dark brown,black

loam-to clayey loam

A /B

B/C

red-brown loam

clayey loam/clay
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C light - coloured loess

th en  th e  Salvia pra tensis , F ilip en d u la  vulgaris, H ypericum  perforatum  and  Leontodon h ispi- 
d us , w hich  determ ine th e  e a rly -su m m er aspect of th e  co m m u n ity . This is followed by  a d e fin ite  
period  of rest. A fter th is  d ry , w arm  Ju ly , poor in flow ers, th e  au tu m n  aspect is ch aracte rized  
b y  th e  flow ering com posites, th e  Carlina vulgaris, Centaurea pannon ica , Inu la  britannica , 
Scabiosa ochroleuca and  u m b e lla te s , th e  P im pinella  sax ifraga , D aucus carota as well as, of the  
grasses by  the  flow ering Bothriochloa ischaemum. In  S ep tem b er, th e  grass becom es green 
ag a in , an d  th e  w in ter a n n u a ls , ro se tte  an n u al D ico ty ledons an d  a g rea t p a r t  of th e  grasses 
s ta r t  up .

T he com plete species l is t  o f th e  sam ple area  w ith  th e  in d ica tio n  of th e  R a u n k ia e r life- 
fo rm s is given in Table 2. T h e  species w hich could n o t be fo u n d  in our q u a d ra ts  m ark ed  o u t 
an d  su rv ey ed  in detail a re  in d ic a te d  by  x. The in d ica ted  freq u en cy  percen tage  was calcu la ted  
on th e  basis of the p resence o f  th e  species, in  1250 sq u a res  o f 2 0 x 2 0  cms. T his va lue  c h a ra c ­
terizes  th e  “ original”  s ta te  in  J u n e  of the  co m m u n ity , before spray ing .
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L is t  o f  species

Table 2

Name of species Life-form Family Frequency,
/О

G ram ineac

Agrostis canina H G ra 65.84
Agropyron repens* и G ra
Alopecurus pratensis* и G ra
A nthoxanthum  odoratum h Gra 43.96
Bothriochloa ischaemum H G ra 34.32
Brachypodium  pinnatum * H G ra
B riza  media II G ra 5.52
Brom us mollis Til Gra 2.40
Calamagrostis epigeios* H G ra
Cdirysopogon gryllus II Gra 8.96
Danthonia alpina II G ra 11.44
Danthonia decumbens 11 G ra 5.92
Festuca rupicola H G ra 81.28
Festuca pseudovina II Gra
Helictotrichon pubescens* II Gra
Helictotrichon pratense var. subdecur-

rens* II Gra
Koeleria cristata 11 Gra 6.61.
Lolium  perenne* II Gra
Poa bulbosa* 11 Gra
Poa angustifolia* G G ra
Poa pratensis G Gra
Phleum  phleoides H Gra
Setaria viridis Th G ra
Stipa  capillata II G ra 0.21
S tipa  tirsa* II G ra

O ther M onocotyledons

Anthericum  ramosum G Lil 1.68
A sparagus officinalis G Lil 0.40
Carex caryophyllea G Cyp 46.00
Ir is  variegata* G Iri
Luzula  campestris II Cyp 66.64
M uscari comosum* G Lil

D icotyledons

Achillea collina H Coin 87.12
Achillea nobilis ssp. neilreichii* II Coin
A donis vernalis* H R an
Agrim onia eupatoria* II R an
A juga  genevensis H L ab 2.80
A nagallis arvensis Th Fri
A nthém is tinctoria* H Coin
Arenaria serpyllifolia Th Car 0.16
A rcnaria gram inifolia II Car 0.14
A sperula  cynanchica II R u b 14.48
Astragalus glycypliyllos* H F ab
Betonica officinalis* H L ab
C ampanula rotundifolia H Cam 0.16
Carduus acanthoides* Th Com
Carlina vulgaris Th-H Com 29.04
Centaurea pannonica II Com 5.44
Centaurium  erylhraea Th Gen 1.92
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Table 2 (con tinued)

Nane of species

Cerastium brachypetalum  
Cerastium sem idecandrum  
Cerastium p u m ilu m  
Chenopodium album  
Chondrilla juncea  
Convolvulus arvensis 
Crataegus monogyna  
Daucus carota 
Dianthus pontederae 
Dianthus carthusianorum*  
Dorycnium herbaceum  
Echium  russicum*
Echium vulgare 
Erigeron canadensis 
Eriger on acris*
Eryngium  campestre 
Euphorbia cyparissias  
Euphorbia virgata*
Euphrasia latarica 
Falcaria vulgaris* 
Filipendula vulgaris 
Fragaria viridis 
Galium verum  
Genista tinctoria 
Gypsophila m uralis  
Helianthemum ovatum*  
Hesperis tristis*
Hieracium pilosella  
Hieracium bauhin ii 
Hypericum perforatum  
Inula hirta 
Inula britannica  
K nautia arvensis*
Leontodon h isp idus  
Leucanthemum vulgare 
Linum  catharticum  
Lotus corniculatus 
Medicago falcata*
Myosotis stricta 
Ononis spinosa  
Onopordum acanthium*  
Orchis morio
Peucedanum oreoselinum* 
Pimpinella saxifraga  
Plantago lanceolata 
Plantago media 
Plantago media ssp. stopposa 
Polygala comosa 
Potentilla arenaria  
Potentilla argentea 
Pulsatilla nigricans 
Pulsatilla zim m erm ann ii 
Prunella laciniata  
Prunus spinosa  
Ranunculus polyanthemos*  
Rhinanthus m inor*
Rosa canina

Life-form F amily Frequency,
°/o

T h Car 8.88
T h Car
T h Car
Til Che
H Com 0.16
If Con 1.04
M Ros 0.24
T h Umb
11 Car 19.28
H Car
H -C h Fab 1.12
T h Bor
T h Bor 0.32
T h Com 0.16
T h -H Com
H Unib 12.80
II Eup .33.04
H E u p
T h Ser 30.00
T h -T II Umb
II Ros 13.44
H Bos 10.16
H Bub 1.28
Ch-N Fab 33.76
T h Car
H -C h Cis
H Cru
H Com 29.68
H Com 14.64
H Hyp 17.92
11 Com
H Com 2.00
H Dip
II Com 50.00
H Com 0.88
T h Lin
H Fall 0.80
][ Fall
T h Bor 1.12
II Fall 0.32
T h Coin
G Ore 0.96
II Umb
11 Umb 7.36
II Pla 29.04
II Pla 2.32
H Pla
II Pol 2.40
H Bos 42.56
II Ros 2.40
II R an 14.00
H B an
H Lab 2.40
M Ros 0.16
H R an
T h Bhi
M Bos 0.16
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Table 2 (continued)

Name of species Life-form F amily Frequency,
%

Rosa gallica* M Ros
R um ex acetosella H Pol 32.64
Rum ex thyrsiflorus H Pol 0.72
Salvia nemorosa* II L ab
Salvia pratensis II L ab 1.12
Saxifraga bulbifera H Sax 7.20
Scabiosa ochroleuca II D ip 14.48
Scleranthus annuus Th Car
Scorzonera purpurea* H Com
Senecio jakobaea H Com 0.32
Seseli annuum Th-TI U m b 24.72
Seseli osseum * II U m b
Seseli varium * H U m b
Silene otites II Car 5.52
Silene parviflora* H Car
Silene pseudotites H Car 1.10
Solidago virga-aurea* H Com
Stellaria gram inea H Car 2.24
Stellaria m edia Th Car
Taraxacum officinalis H Com 1.44
Teucrium chamaedrys H L ab 9.44
Thalictrum lucidum* H R an
Thalictrum m inus* H R an
Thesium ram osum H San 1.84
Thlaspi ja n ka e H Cru 0.32
Thym us marschallianus Th Lab 92.72
Trifolium  alpestre H F ab 2.72
Trifolium  arvense Th F ab
Trifolium  campestre T h-TH F ab 0.24
Trifolium  pratense H F ab 2.24
Trifolium  m ontanum 11 F ab 1.28
Trifolium  ochroleucum 11 F ab 0.28
Trifolium  repens* II F ab
Verbascum phoeniceum 11 Scr 4.72
Veronica dentata 11 Sor 2.48
Veronica hederaefolia Th Scr 0.16
Veronica orchidea 11 Scr
Veronica serpyllifolia II Scr 3.12
Veronica spicata II Scr 9.66
Vicia tetrasperma* Th F ab
Vicia cassubica* H F ab
Viola arenaria H Vio 5.60
Viscaria vulgaris H Car 13.52

Lichens

Cladonia f u r  cala 
Cladonia rangiferina

Mosses

H ypnum  cupressiforme 
Poly trichum  sp.
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D esign  o f  th e  exp erim en t, build ing up o f  th e stud y area

Our investigations were started  in 1979. The area of 4 0 x 3 0  ms marked 
out for the experimental purpose was enclosed then, and it has not been used 
as a pasture since tha t time.

In  choosing the area it was a standpoint to choose a less degraded, 
species-rich, relatively homogenous stand for our ecological investigations. 
A larger continuous area of the community of Festuca rupicola type, which, 
probably due to the presence in great numbers of the Pulsatilla species, was 
alm ost entirely avoided by the animals, thus grazing did not cause degrada­
tion, seemed to be suitable for our purpose.

In  the area 55 perm anent quadrats were marked out. These were neces­
sary by all means in our investigations partly due to the small area and the 
applied different treatm ents, partly because with random quadrats only the 
average changes could have been determined while with the permanent 
quadrats the spatial and temporal changes could also be followed well.

Our experiments were designed in a block-like arrangement (see Fig. 2), 
taking the microheterogeneity of the area into consideration. The experi­
m ental sites were divided into five replicate blocks and w ithin each block 7 8
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types of chemical treatm ent were applied to the sward. The treated quadrats 
are of 1.5 X 1.5 ms. The detailed investigations were carried out in perm anent 
quadrats of 1 X  1 m by means of an iron-frame covered with a network in 
every 20 cms. Thus between each plot there was a puffer zone of 50 cms, which 
was treated but no t recorded. The value of coverage of the species was estimated 
in contiguous quadrats of 20x20  cms in each case, except a herbicide of to ta l 
effect where the quadrat was of 4 x 4  cms (Glialka see later), always two times 
annually, in June (before the sprayings) and in September.

Simultaneously with the recordings, samples were taken for the produc­
tion investigations for 3 years (by monolith sampler of 20 X 20X 10 cms). The 
samples were separated into species and within them into fractions (above­
ground living plant parts, above-ground dead plant parts and under-ground 
plant parts). W eight measurements were carried out after a drying on 105 °C.

In October of every year a sample was taken from a soil depth of 
8.5 cms, from the untreated (control), sterilized quadrats and from those 
treated by herbicides in order to determine the potential seed bank of the 
soil. (Sterilization of the soil digged out from 40 cms depth was carried out in 
an autoclave.)

Of the herbicides, selective for the Monocotyledons and Dicotyledons 
applied in the experiment the Dicotyledons were removed from the com­
m unity by Gabonil, while the Monocotyledons by Dalapon.

To destroy all the vegetation 2 different non-selective herbicides of to tal 
effect were used. Sprayed once, the Gramoxon kills only the above-ground 
plant parts, and damages the roots and rhizomes only to a small extent while 
the seeds in the soil not at all. The other herbicide, the Glialka results in a 
much more stronger effect in the vegetation. I t damages the seed bank of the 
soil neither, but completely kills the under-ground plant parts.

Sprayings were carried out at the end of June, 1979. The 2 herbicides 
of total effect were applied in a dose used and considered optimal in the sward 
farming, while the 2 selective herbicides in a dose under and above the opti­
mum. In case of the selective herbicides of larger dose the treatm ents were 
repeated again after a year. 5 quadrats were not treated  and studied as “ con­
tro l” also two tim es annually. The times of the sprayings and recordings, the 
chemical composition, doses applied and action mechanism of the herbicides 
are shown in Table 3.

For our experiments carried out with fertilizer, newer 5 blocks were 
marked out, in which 10 quadrats of 1.5 X 1-5 ms were treated by Gabonil at 
a dose of 7 1/ha in June of 1980, then in winter of 1981 of these quadrats 5 as 
well as 5 newer ones were fertilized by N H 4N 0 3 in a fertilizer dose of 4.4 
kg/100 m2. Thus the effect of the pure fertilizer and the common effect of the 
herbicide and fertilizer have been studied since 1981.

The results of our studies started in 1979 will be published later.
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Chemical treatments

T ab le  3

Common
name Chemical name Dose applied Dates of 

treatments

Gabonil MCPA -f- d icam ba 
4-chloro-2-m ethyl phenoxy- 

acetic  acid  +  2-m ethoxy- 
3.6-dichlorobenzoic acid

4 1/ha in  500 1/ha H 20  

7 1/ha in  500 1/ha H 20

27 Ju n e  1979

27 Ju n e  1979 
26 Ju n e  1980

D alapon 2.2-dichloropropionic acid 12 kg /h a  in  500 1/ha H 20  

20 kg /h a  in  500 1/ha H 20

27 Ju n e  1979

G rainoxon p a raq u a t dichloride

1.1-d im ethyl-4 .4-bipyridy- 
lium  dichloride

15 1/ha in 500 1/ha H ,0 27 Ju n e  1979

G lialka g lyphosate

N -(phosphonom ethyl)glycine

15 1/ha in 500 1/ha H 20 26 Ju n e  1980

A C K N O W L E D G E M E N T S
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o f  the sward

Dates of 
recording Type of action of herbicides

Ju n e  1979 
Sept. 1979 
Ju n e  1980 
Sept. 1980 
Ju n e  1981 
Sept. 1981

Selective leaf-herbicide of an tiau x in  type

I t  expels the indolacetic  acid from  th e  biochem ical processes

I t  induces irregular cell-division, abnorm alities in grow th, m etab o lic  
troubles

Ju n e  1979 
Sept. 1979 
Ju n e  1980 
Sept. 1980 
Ju n e  1981 
Sept. 1981

Selective leaf-herbicide of aux in  ty p e
I t  p lays a role in th e  u tiliza tio n  of th e  energy, i t  exerts an  in fluence on 

th e  lipid m etabolism
F u rtherm ore , i t  affects n itrogen  m etabolism , facilitates th e  d eg rad a tio n  

of p ro tein  to  am ino acids and  increases th e  level of amids 
I t  inh ib its  the  synthesis of p an th o th e n a te  stim ulating  the g row th

26 Ju n e  1979 
26 Ju ly  1979 

7 Aug. 1979 
21 Aug. 1979 

7 Sept. 1979 
Ju n e  1980 
Sept. 1980 
Ju n e  1981 
Sept. 1981

Leaf-herbicides exerting  an  effect on th e  M onocotyledons an d  D i­
cotyledons

I t  inh ib its  the  chlorophyll synthesis

Ju n e  1980 
Sept. 1980 
Ju n e  1981 
Sept. 1981

Leaf-herbicide having an  effect on th e  M onocotyledons and D ico ty ledons 

I t  inh ib its the  arom atic  am ino-acid syn thesis
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E d ito r: G. F ekete

Garmiciiael, W. W . (ed .): The w a te r en v iro n m en t: A lgal to x in s and  h ea lth . P lenum  Press , 
New Y ork, L ondon . 1981. 491 pp.

The papers o f th e  in te rn a tio n a l conference (In te rn a tio n a l Conference on Toxic A lgae) 
held  in  th e  U n iv e rs ity  of D ay to n  (W rig h t S ta te  U n iv e rsity , D ay to n , Ohio) from  Ju n e  29 to  
Ju ly  2, 1980 have  b een  com piled in  th e  fo rm  of a book b y  P len u m  Press an d  give an  acco u n t 
of th e  resu lts  of re c e n t research . A lth o u g h  th e  lectures o f a conference can  never c o n s titu te  
such a closed u n it  as e.g. a h andbook , th e  au th o rs  o f th e  book nevertheless s trove  to give an 
overall p ictu re  o f to x ic  algae, a lgatox ins.

A ccording to  th e  d a ta  of th e  lite ra tu re  certa in  Cyanobacteria species (C yanophyta  
species according to  th e  classical tax o n o m ic  c lassification): M icrocystis aeruginosa , Anabaena  

flos-aquae , certa in  s tra in s  o f A phanizom enon  flos-aquae  caused  in to x ica tio n s in  fresh  w aters. 
T he green alga to x ic ity  o f a Synechocystis sp. (Cyanobacteria), th e  Pandorina m orum  w hich  
has n o t been f in a lly  iden tified  y e t are  also discussed. W h en  found  in  g rea t q u an titie s , th e  
follow ing species cau sed  in to x ica tio n  in  th e  seas d u rin g  algal bloom : Lyngbya m ajuscu la , 
Oscillatoria n igrovirid is , Schizothrix calcicola, Cyanobacteria species; E xuviella  marie-lebouriae , 
G oniaulax catenella, G. m onila ta , G. tam arensis , G ym nodin ium  breve from  Dinoflagellates; P ry m - 
nesium  parvum , C hrysophyta  sp. is fo und  eq u ally  in b rack ish  w a te r an d  sea-w ater.

O f course, to x ic ity  o f th e  tox ic  algae and  a lg a to x in s are in te rp re te d  in  th e  w id est 
sense. Some species h av e  a  toxic  effect on algae and  b a c te ria  while o thers , on m icroscopic, 
m acroscopic a q u a tic  an im als , fishes, b irds, m am m als and  on h u m an  beings.

M uch rem ain s to  be done in sp ite  o f th e  num erous resu lts  w hich are im p o rta n t for public  
h ealth . M ainly, b ecause  th e  accu rate  co n stru c tio n  an d  to x ic ity  o f th e  a lga tox ins are o ften  
n o t know n ex ac tly . T h a t  is how Carmichael w rites a b o u t i t  in  case of fresh  w a te r species, 
“ E xo tox ins are k n o w n  to  be produced  by  s tra in s  of a t  lea s t th ree  species o f fresh w ate r Cyano­
bacteria. These are A nabaena  flos-aquae, M ycrocystis aeruginosa  and  A phanizom enon flos-aquae. 
O f ab o u t 12 tox ins p ro d u ced  by  these  species on ly  one has been  iden tified , sy n th e tized  and  
its  toxicology d e te rm in ed . W hen w aterb loom s of these to x ic  species are p re sen t in  a reservo ir, 
lake , pond or slough, th e  cells and to x ins can  becam e c o n ce n tra ted  enough to cause illness or 
d ea th  in alm ost a n y  m am m al, b ird  or fish  w hich ingests enough  of th e  tox ic  cells, or e x tr a ­
cellu lar tox in . M ajor losses to  anim als include  m ain ly  c a ttle , sheep, hogs, b irds (dom estic  an  
wild) and fishes while m inor losses are re p o rte d  for dogs, horses, sm all w ild m am m als, a m p h i­
b ians and in v e rteb ra te s . A cute oral to x ic ity  to  hu m an s has n o t been docum en ted  b u t  th e re  
is increasing  evidence th a t  th e  toxins cause g a s tro en te ritis  an d  c o n ta c t ir r ita tio n s  in  users o f 
certa in  recreatio n al a n d  m unicipal w a te r  supplies. L ipopolysaccharide  en d o to x in  is also 
produced  by  c e rta in  Cyanobacteria includ ing  Schizothrix calcicola an d  A nabaena flos-aquae  
and  has been im p lica ted  in  certa in  w ater-b o rn e  o u tb reak s  o f g a s tro en te ritis  am ong h u m an s .”

The volum e com prises five large ch ap ters . In  th e  f ir s t  (I . R eview  of Toxic A lgae) four 
sum m ariz ing  stud ies can  be read  ab o u t th e  to x ic  algae an d  th e ir  to x in s liv ing  in  fresh  an d  
salt-w aters .

In  th e  second c h a p te r  ( I I .  O ccurrence an d  ecology of to x ic  Cyanobacteria) e igh t s tud ies 
d eal w ith  the  tox ic  an d  non-tox ic  s tra in s  o f th e  M icrocystis aeruginosa , Anabaena flos-aquae  
a n d  A phanizom enon flos-aquae. A ccount is given of th e  w a ters  and  ecological conditions in  
an d  un d er w hich th e y  hav e  occurred an d  caused  in to x ica tio n s. I t  is described how  lig h t in te n ­
s ity  influences th e ir  re p ro d u c tio n  and  th e  fo rm atio n  of th e ir  p igm ents an d  gasvacoulom s 
during  the  la b o ra to ry  grow ings. The fo rm atio n  of gasvacoulom s is i llu s tra te d  b y  ТЕМ  p h o to ­
g rap h s. The toxic  a n d  n o n-tox ic  fo rm ations o f th e  A phanizom enon  flos-aquae  are su b jec ted  to  
d e ta iled  ex am in atio n  (SEM ) carried  o u t w ith  lig h t m icroscope and  electrom icroscope. T he 
resu lts  seem to  im p ly  t h a t  toxic and  non-tox ic  fo rm ations will be  separab le  m orphologically , too .

The th ird  c h a p te r  com prises five a rtic les ( I I I .  C u ltu ring  m ethods an d  rep o rts  o f th e  
new  toxic species). T he cu ltu rin g  m ethods of th e  Cyanobacteria are described in  deta il. More-
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over, th e  physico-chem ical fac to rs  exerting  a n  in fluence  in  th e  axenic c u ltiv a tio n  of M icro­
cystis aeruginosa  can  be rev ea led . The toxic  effect o f a Synechocystis sp. and  of th e  P andorina  
m orum  is also presen ted .

In  th e  fo u rth  c h a p te r  f iv e  stud ies deal w ith  th e  in fluences of to x ic  Cyanobacteria 
species on  public  h e a lth  (IV . P ub lic  h ea lth  an d  to x ic  Cyanobacteria). T he ten  artic les  o f the  
f if th  c h a p te r  deal w ith  a p ro b lem  scope, sim ilar in  m an y  respec ts. (V. Iso la tio n , physio logy, 
tox ico logy  and  de tectio n  o f Cyanobacteria to x in s .) T he titles  of som e a rtic les o f these  la t te r  
tw o p a r ts  re fer to a w ide ra n g e  of research  re la tin g  to  public  h ea lth :

Cyanobacteria an d  en d o to x in s in  d rink ing  w a te r supplies.
E ffec ts  of a h e p a tic  to x in  from  th e  C y an o p h y te  M icrocystis aeruginosa.
Chem ical stud ies on  to x in s  from  th e  b lue-g reen  alga A phanizom enon  flos-aquae.
I n  add itio n  to  th e  d e ta iled  b ib liog raphy  w hich  every  a rtic le  ends w ith , a  se p a ra te  

b ib lio g rap h y  of th e  su b je c t is g iven  a t  th e  end of th e  volum e (216 works). T he vo lum e ends 
w ith  a  l is t  including of th e  c o n trib u to rs  an d  w ith  a n  su b jec t index . Several s tu d ies  a re  illus­
t r a te d  b y  Т ЕМ , SEM  m ic ro p h o to g rap h s w hich are  p e rfec t in  ty p o g rap h ica l respec ts.

T h is collected w ork  is, in  m an y  respec ts, a s top -gap  an d  also p o in tin g  fo rw ard . I t  can 
be recom m ended  rig h tly  to  researchers w orking in  th e  field  o f b o tan y , m icrobiology, h y d ro ­
b io logy, toxicology, ecology a n d  also to  p rac tica l experts.

К . T. K iss

J .  A. D u k e : H andbook  of Legum es of W orld  E conom ic Im p o rtan ce . P len u m  P ress , N ew  
Y o rk , 1981, 345 pp.

T his long-needed v o lu m e, w hich gives d e ta iled  b u t  th o ro u g h  in fo rm a tio n  on 150 
legum es of world econom ic im p o rtan ce , piecing th e  new est re su lts  o f re sea rch  to g e th e r, re flec ts  
th e  a u th o rs ’ com prehensive special know ledge.

T he p lan ts — th e  m em bers of M im osaceae , Caesalpinaceae an d  Fabaceae fam ilies — 
are  described  in a lp h ab e tica l o rder, according to  th e ir  sc ien tific  nam es, w ith  th e ir  m ore im p o r­
t a n t  synonym s and  nam es in  com m on use being given.

In  th e  f irs t c h ap te r  th e  general u tiliz a tio n  of each p la n t is d ea lt w ith . In  th e  follow­
ing  c h ap te r  special stress is la id  on p o p u la r th e ra p y , giving new  in fo rm a tio n  on  th e  so fa r  
u n ex p lo ited  possibilities. T he use of c e rta in  p la n ts  in  cancer ex p erim en ts  is also re fe rred  to. 
In  a n o th e r  ch ap ter th e  chem ica l com position , th e  c o n te n t of active  agen ts a n d  to x ic  sub ­
stan ces o f p lan ts are described . F u rth e rm o re , an  excellen t, th o ro u g h  desc rip tio n  on p lan ts  is 
g iven  w ith  th e ir m ost im p o r ta n t  taxonom ic  m arks. In  th e  c h ap te r  on g e rm p las t th e  im p o rta n t 
c u ltiv a rs  are listed, w ith  th e ir  m en tioned  re s is tab ility  and  to lerance. T he cen tres o f  orig in  and  
chrom osom e num ber a re  also given.

T he ch ap ter d iscussing  th e  geographical ran g e  affords a good o p p o rtu n ity  for com ­
p a rin g  th e  p resen t and  chronolog ical sp read  of th e  p lan t. In  th e  c h ap te r  on ecology th e  d a ta  
of o p tim a l life space, a n n u a l p rec ip ita tio n  a n d  tem p e ra tu re , soil p H  are lis ted . T h is is follow ed 
b y  questions of c u ltiv a tio n , p lan ta tio n , p o llin a tio n , in te rcro p s , crop p re se rv a tio n  prov id ing  
assis tan ce  and in sp ira tio n  fo r th e  grow er. T his can  be used  ju s t  as well in  co u n tries  w ith  
m echan ized  ag ricu ltu re  as in  th e  ones w ith  co n v en tional, non-m echanized  ag ricu ltu re . In  th e  
c h a p te r  on  harv estin g  th e  m eth o d s an d  co n d itions of h a rv estin g  as well as th e  countries 
m o st su itab le  for th e  g row ing of th e  respec tive  p la n t  are m en tioned . D a ta  on th e  co n v en tional 
crop cap ac ity  and  th e  y ie ld  to  he reached , inc lu d in g  th e  b iom ass p ro d u c tio n , is invaluab le . 
F in a lly , before lis ting  th e  m o st im p o rta n t references re la tin g  to th e  p lan t, th e  p a th o g en s and  
p a ra s ite s  in  the  d iffe ren t grow ing areas a n d  th e  fo rm  of p ro tec tio n  recom m ended  are  listed .

All th e  p lan ts  are  w onderfu lly  i llu s tra te d  m ak ing  th e  m o n o g rap h y  even  m ore useful.
Seven good tab le s  a re  included  in  th e  ap p en d ix , w here th e  co n ten ts  ac tiv e  agen ts o f  

th e  p la n ts , th e ir  eco sy stem atic  a ttr ib u te s , to le ran ces, y ields, cen ters of d iv ers ity  a n d  ecocenters 
a re  also included. The zero -m oistu re  n u trio n a l a nalysis and  th e  am ino-acid  com position  o f va rio u s 
legum es are given in  d e ta iled  tab le . The com parison  of th e  in d iv id u a l p lan ts  is fa c ilita ted  b y  
th e  appendix .

T his handbook  m a y  be of m ost b en efit to  grow ers and  researchers.
G. K osa.

Cl u t t e r , M. E. (ed.): D o rm an cy  and develo p m en ta l a rrest. E x p erim en ta l analysis in  p la n ts  
an d  anim als. Acad. P ress , N ew  Y ork, 1978, 316 pp.

I n  th is  b o o k  th e  e d i to r  (M. E . Cl u t t e r ) h a s  c o lle c te d  th e  m o s t  in te r e s t in g  fe a tu re s  in  
p la n ts  a n d  a n im a ls , n a m e ly  th e  fo rm s o f  v a r io u s  m a n ife s ta t io n s  o f  d o r m a n t  s ta te s  a n d  d e v e lo p ­
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m en ta l a rrests . T hese hav e  occupied  th e  m inds of n o t  on ly  biologists b u t  also o th er scientists* 
religious th in k e rs , ph ilosophers e tc . This m o tiv a te d  th e  calling of an  AAAS sym posium  en ­
title d  “ M echanism s of D o rm an cy  and  D evelopm en ta l A rrest”  held  in  1972. The book, how ­
ever, th ro w s lig h t on th e  phen o m en a  causal re la tio n sh ip s , endogenous a n d  exogenous facto rs, 
an d  re g u la to ry  m echanism s th e re b y  revealing  th e  m echanism s in v o lv ed  in  do rm ancy  an d  
d ev elo p m en ta l a rre s t u n d e r ex p erim en ta l and field  conditions.

T hree  ch ap te rs  of th e  book are devo ted  to  s tu d y in g  th e  v a r ie ty  o f do rm an cy  in an im als, 
four to  th a t  in  p lan ts . T he book  is well illu s tra te d  a n d  has a su b jec t in d ex .

R e n f r e e , M. B. (C h ap te r 1) discusses th e  em b ry o n ic  d iapause  ch arac te ris tic  o f m am ­
m als w hich  m ay  be observed  in  th e  early  d ev elo p m en ta l stages. A su rv ey  is given on th e  
ch arac te ris tic s  of d iapause  an d  th e  taxonom ic  groups of m am m als in w hich  these phenom ena 
are fo u n d  durin g  th e ir  ontogenesis. The ex p erim en ts  on la b o ra to ry  ro d e n ts  are ex ten d ed  to  
include stud ies on  th ree  w ild species cen tered  on th e  b las to cy st-u te rin e , a n d  p itu ita ry -o v a rio n  
in te rac tio n s . T he re g u la to ry  m echanism s de te rm in in g  th e  re ta rd a tio n  of developm en t (p h o to ­
period , n u tr it io n , endocrinological facto rs etc .) are d iscussed  a t  d e p th  focussing on th e  im ­
p o rtan ce  of th e  com plex syn ch ro n iza tio n  of endogenous and  exogenous fac to rs , too.

In  th e  second c h ap te r  in sec t do rm ancy  d u rin g  th e  m orpho- a n d  ontogenesis has been  
s tu d ied  b y  J u n g r e is , A. M. A fte r c la rifica tion  of severa l d e fin itions in sec t dorm ancies th e  
d o rm a n t stages induced  by  lig h t, th e  do rm ancy  m a in ten an ce  an d  te rm in a tio n  are discussed. 
T he n e x t section  is concerned w ith  th e  physio logy of h ib e rn a l d iap au se  in  Lepidoptera  in c lu d ­
ing  th e  various re g u la to ry  fac to rs  (such as cations, u ric  acid , treh a lo se , etc .).

У. W a l b o t  in  C h ap ter 3 is concerned w ith  an  ex p erim en ta l ap p ro ach  to  the  reg u la ­
tio n  of em bryogeny  in  p la n t seeds. T hree develo p m en ta l p rog ram m es are  d istingu ished  th a t  
reg u la te  develo p m en ta l a rrest. T he d ifference b e tw een  d o rm an t, q u iescen t and  v iv ip a ro u s 
em bryos m ay  be a ttr ib u te d  to  th e  tim ing  of d ev elo p m en ta l changes. T h is hypo thesis is su p ­
p o rted  b y  e x p erim en ta l evidence. T he em bryo d ev elo p m en t of v a rio u s ty p ic a l p la n t species 
is d iscussed  in  d e ta il, ch a rac te riz in g  the  d iffe ren t s tages and  processes tak in g  place d u rin g  
th e  developm en t. A com plete  section  is d evo ted  to  th e  reg u la tin g  processes, b o th  endogenous 
a n d  exogenous con tro ls. F ro m  review ing the  ex p erim en ta l evidence su m m arized  in  th is c h ap te r  
th e  a u th o r  reg ard s w a te r  re la tio n s in  em bryo  d ev elo p m en t o f m ajo r im p o rtan ce .

A whole c h ap te r  (C h ap te r 4) is concerned w ith  th e  seed d o rm an cy  of w ild oat. S tu d y in g  
th e  su rv iv a l an d  d o rm an cy  of th is  p lan t species is a  m o st in trin sic  ta s k  because th e  wild o a t 
is a v ita l  w eed in  th e  tem p e ra te  zone. G. M. S im p s o n  applies an  ex p erim en ta l app ro ach  to  
de te rm in e  th e  n a tu re  o f seed do rm an cy , th e  in te rac tio n s  betw een th e  seed and  its  en v iro n ­
m en t. T he prob lem  m ay  also be appro ach ed  by  sy s tem s analysis. T he seed s tru c tu re  has an  
essen tia l role in  d o rm an cy  so th e  evidence for th e  role o f  seed p a rts  is show n in  deta il. F u r th e r ­
m ore ce rta in  essen tia l en v iro n m en ta l facto rs (ligh t, tem p e ra tu re , w a te r , gases) have a de­
te rm in in g  role in  causing  d o rm an cy  (b o th  th e  p r im a ry  an d  secondary  ones), especially those  
en v iro n m en ta l cond itions w hich can  induce secondary  d o rm ancy . A fte r a b rie f  review  of th e  
o rganic an d  ino rgan ic  com pounds in  th e  seed p a r ts  th e  seed — e n v iro n m en t system  is d is­
cussed b y  using  th e  in fo rm atio n  of th e  previous sec tions in  flow  ch arts.

T he f if th  c h ap te r  deals w ith  th e  do rm ancy  of va rio u s types of b u d s in  p lan ts , especially  
in  trees. T he a u th o rs  (L. D. N o o d e n - J .  A. W e b e r ) discuss in  d e ta il th e  m etabolic  processes 
u n d e rly in g  those  genetic  an d  en v iro n m en ta l facto rs w hich  con tro l b u d  d o rm an cy . The im p a c t 
o f c e rta in  e n v iro n m en ta l fac to rs  on do rm an cy  — its  d ev elopm en t, m a in ten an ce  and release 
in  b u d s — is i llu s tra te d  b y  several exam ples. As d o rm an cy  is a rep ressed  or in h ib ited  s ta te  
an d  th e  d o rm an t organs grow  d iffe ren tly  from  th e  n o rm al ones, i t  is w orthw hile  s tu d y in g  
w hich  g ro w th  in h ib ito rs  induce  d o rm an cy  in  b uds, a n d  th e n  a t  th e  te rm in a tio n  of the  d o r­
m a n t s ta te  how  th e  syn thesis o f g ro w th  p rom oters change.

T hree  fo rm s of d o rm an cy  are  generally  d istin g u ish ed  in  m am m als an d  b irds: sleep, 
shallow  to rp o r an d  h y b e rn a tio n . T hese s ta te s  are d iscussed  in  th e  s ix th  c h a p te r  (H . C. H e l l e r -  
G. L. F l o r a n t - S .  F. G l o t z b a c h - J .  M. W a l k e r - P .  J .  B e r g e r ). T h ey  suppose th a t  these  
d iffe ren t form s of d o rm an cy  are  hom ologous a d ap ta tio n s  th a t  have  evo lved  in response to  
selective pressures favoring  energy  conservations. So th e ir  ex am in atio n s a re  focussed on 
co m p ara tiv e  e lectrophysio logical an d  th e rm o reg u la to ry  stud ies.

T he b rie f sev en th  c h a p te r  (w ritte n  b y  I. M. S u s s e x ) is a b o u t th e  role dorm ancy  has 
du rin g  p la n t developm en t, an d  refers to  th e  facto rs re g u la tin g  d o rm an cy  w hich  really  m ay  be 
reg ard ed  as an  a d ap tiv e  stra teg y .

T he book f irs t  o f all was w ritte n  for specialists in  th is  field.
E. M o l n á r
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H ic k e y , M.—K in g , C.: 100 F am ilies  of F low ering  P la n ts . Cam bridge U n iv e rsity  P ress , 1981, 
567 pp .

S ystem atics biology fo r m o st people is ex trem e ly  dull and  to  popu larize  i t  has a lw ays 
seem ed  to  be one of th e  h a rd e s t ta sk s  of ex p erts  an d  p a rticu la rly  w hen  i t  is in ten d ed  to  reach  
a  la rg e r inqu iring  public. T h is co llab o ra tio n  by  these  au th o rs  from  C am bridge has p ro v ed  to  
b e  m o st w orthw hile as in d ic a te d  b y  th e ir  p a s t  w orks (Cu l l is - D a v is : T he Id e n tif ic a tio n  of 
F lo w ering  P la n t Fam ilies. R ecens.: A c ta  B ot. A cad. Sei. H ung. 26/1980). T heir p re se n t book 
is a k in d  of enlarged lec tu re  n o tes , w hich has been  prepared  m ain ly  fo r senior s tu d e n ts  
specia liz ing  in  biology to  c a r ry  o u t th e ir  b o tan ica l p rac tica l w ork w ith  g re a te r  success a n d  to  
b ro a d en  th e ir  knowledge. I t  is a im ed  to  d raw  a d is tin c tio n  betw een  th e  m o st im p o r ta n t  p la n t 
fam ilies on th e  basis of th e ir  c h a rac te ris tic  fea tu res . The a u th o rs ’ m e th o d  of d istingu ish ing  
b e tw een  th e  m ost im p o r ta n t p la n t  fam ilies, in  accordance w ith  th e  w idesp read  p rac tice  is to  
in tro d u c e  th e  chosen fam ilies accom pan ied  b y  a d e ta iled  ex am in atio n  of a few  ch ara c te ris tic  
ty p e s  o f species. A ccording to  D r. W a l t e r s , S. M., D irector of th e  B o tan ic  G arden  of C am ­
brid g e  th e  p a rticu la r va lue  of th is  w ork com pared  to  o th er sim ilar ones, is th a t  i t  a llocates 
th e  re le v a n t d a ta  sca tte red  a n d  h a rd  to  be found  in  th e  lite ra tu re  in to  one place, fu r th e rm o re  
i t  d raw s th e  read er’s a tte n tio n  to  observe special fea tu res  im p o r ta n t fro m  th e  p o in t o f view  
of sy s tem atiza tio n . In  th is  w ay  th e  whole m ethodo logy  of com parison can  be acqu ired  w ith  ease.

I t  was a d ifficu lt ta s k  fo r th e  au th o rs  to  choose the  sam ple p la n ts  o u t of m an y  th o u ­
san d s  of species of a lm ost 400 fam ilies of p lan ts  so th a t  the  100 fam ilies considered  to be th e  
m o st im p o r ta n t  ones shou ld  be  rep resen ted  b y  th e ir  one or tw o m o st ty p ica l species, th e  
sam ples o f w hich can  be eas ily  o b ta in ed  a t  th e  sam e tim e. The a u th o rs  wish to p re sen t th e  
sim ila rities  and differences b e tw een  th e  fam ilies th ro u g h  an  analysis o f these  ty p ica l species 
a n d  th u s , a fte r all, to  re a c h  th e ir  m o st im p o r ta n t  aim , nam ely  t h a t  th e  c h a rac te ris tic  d is­
t in c tiv e  featu res of the  in d iv id u a l fam ilies should  becom e clear to  th e  reader. The c o n s tra in ts  
im p o sed  by  a w ork of th is  size an d  th e  n u m b er of ty p ica l species, how ever, enable o n ly  th e  
m o st fu n d am en ta l of these  ch arac te ris tic s  to  be p resen ted  in sp ite  o f th e  fa c t th a t  th e  a u th o rs  
e v id e n tly  strove to a tta in  a  re la tiv e  com pleteness. T h a t is w hy m a jo r tro p ic  fam ilies h a d  to 
be le ft o u t (Melastomataceae, e tc .). A fter a m orphologic in tro d u c tio n  accom panied  by  m an y  
fig u res a general ch a ra c te riz a tio n  is given of th e  chosen fam ilies, th e ir  range, econom ical 
a n d  o rn am en ta l im po rtan ce , th e  nam es of th e  m ore im p o rta n t genera , th e n  th e  sy s tem  w ith in  
th e  fam ily  is outlined, descend ing  to  subfam ilies, trib es and m ain  genera . T hen  th e  ty p ic a l 
p la n t  is analysed  in d e ta il, a n d  a few  c h arac te ris tic  featu res of som e re la ted  species, w hich  
c an  be easily  confounded w ith  th e  ty p ica l p la n t, are also referred  to . T he s tu d y  of each  ty p ic a l 
p la n t  is facilita ted  b y  a series o f figures of a w hole page show ing th e  flow er s tru c tu re  in  all 
its  de ta ils , p rovided w ith  se p a ra te  com m ents on figures giving th e  a c tu a l size of th e  in d iv id u a l 
o rg an  p a r ts  others.

I t  is a m ost com prehensive , w ork c o n trib u tin g  tow ards an  u n d e rs tan d in g  of th e  m ost 
ch a ra c te ris tic  regularities a n d  connections. P e rh ap s an  insufficiency could  be m en tio n ed . The 
s tru c tu re  o f the rep ro d u c tiv e  organs c o n stitu tes  th e  basis of u p -to -d a te  sy s tem atiza tio n  even 
to d a y , hence these are show n a lm o st exclusively  in  th e  published illu s tra tio n s . T he v eg e ta tiv e  
s tru c tu re  o f the  organ or a ce rta in  p a r t  o f it ,  how ever, is v e ry  ch ara c te ris tic  o f m ore fam ilies 
a n d  i t  is o f the  sam e im p o rta n ce , m oreover, som etim es i t  is o f exclusive tax o n o m ica l v a lue  (Urn- 
belliferae , Leguminosae , lea f  bases of Grnmineae , e tc.). In  cases like  these  the  illu s tra tio n s , 
to o , o u g h t to  have been en larged  accordingly . T he te x t  o f the  book is unnecessarily  verbose 
a n d  som etim es oversim plified  (Page 2, p a rag ra p h : “ A flow er . . .” ). The selection  of th e  
fig u res of th e  m orphologic in tro d u c tio n  seem s to be ra th e r  a rb itra ry . Some im p o r ta n t  and  
fre q u e n t ones are left o u t o f th e  form s of corolla. (Pages 4 and  5: pap ilionaceous flow er, tu b i- 
fe rous flow er of Compositae.) T he in d ica tio n  an d  p resen ta tio n  of lig u la  as well as t h a t  o f  th e  
sim ila rly  im p o rta n t au ricu la  a re  no t to  be fo und  in th e  figure  show ing th e  leaf sh e a th  (p . 548). 
L i n n é ’s classification of s ta m e n  seems to be o u t-o f-d ate , th o u g h  i t  can  be accep ted  from  a 
m orpholog ical respect a n d  i t  is m ost su itab le  for teach ing  pu rposes (p . 9). O therw ise, such 
a  large  division of th e  i llu s tra tio n s  of th e  sam e n a tu re  in to  tw o p a r ts  is u n w a rran te d  h a lf  of 
th e m  is on pages 3 to  16, w hile the  o th er h a lf  is on pages 544 to  553 ! I t  ap p ears as if  th e  
a u th o rs  w anted  to p re sen t th e  p lan t w orld n o t exclusively  from  m orphologic, physio logic or 
sy s tem atics  view points, b u t  p e rh ap s to  achieve a certa in  co m p lex ity , w hich, accord ing  to  m y 
feeling, w ould require  a longer and  m ore ex p lic it m orphological in tro d u c tio n . In  th e  preface 
(X V .) th e  au tho rs refer to  th e  Cu l l e n  and  D a w is  as the  basic w ork  used  in  th e ir  sy s te m a tiz a ­
tio n . B u t i t  does n o t com e to  lig h t whose sy s tem  is followed by  th em . T he tax o n o m ica l nam es 
an d  th e  b ib liography lead  us to  believe th a t  we face a k ind  of m odified  E n g l e r  system . (Cp. 
E n g l e r ’s Syllabus 1964. 202 Caesalpinioideae, e tc .) I  suppose th a t ,  i t  w ould be p re m a tu re  to 
m ak e  th e  stu d en ts  fam ilia r w ith  th e  problem s of taxonom ic  th eo ry  arising  again  now adays.
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N evertheless, in th e  sy s tem atics  of th e  fam ilies th e  sy s te m a tis ts  a re  referred  to b y  n a m e , 
hence th e  exposition  o f th e  taxonom ic concep tion , w hich w ould  becom e com plete w ith  th e  
taxonom ic  tab le  o f th e  d iv is ion  of fam ilies to  be fo u n d  in the  beg inn ing  of the  book , w ou ld  
be necessary  for th is reaso n , too.

W h at seems to be m ost tack ing  is th e  m en tio n  of ev o lu tio n  in  the  te x t an d  i l lu s t ra ­
tio n s , w hich o therw ise a re  excellent. B ut if  th e  increasing ly  ev o lu tio n ary  g rounding  o f  th e  
public  ed ucation  of th e  la s t  ten  years is ta k e n  in to  co n sid era tio n , th is  developm ent m u s t of 
necessity  be d e m o n s tra ted  in b o tan y , too, even  if  ou r p re sen t know ledge on the  su b je c t  is 
frag m e n ta ry . In  a special book devoted  to  u p -to -d a te  p h y logenetic  sy s tem atiza tio n  one c a n ­
n o t ignore a t  least th e  m ain  stages of d ev elopm en t, especially , if  we consider th a t  th e  u p -to -  
d a te  system s are based  ju s t  on the  ev o lu tio n ary  va lue  of th e  m orphologic features. M ost o f 
th e  chosen fam ilies an d  ty p ica l p lan ts serve th e ir  req u ired  p u rpose  well. W ith  g re a t fam ilies 
i t  w ould have  been usefu l for th e  considerable subfam ilies, too , to  be  represen ted  by  a se p a ra te  
species, he reb y  th e  d ev elo p m en t w ith in  the  fam ily , could  have  been  presen ted  too. T he sh o rt ,  
b rie f  ch arac te riza tio n s, w hich  are re g re ttab ly  le f t o u t ju s t  a t  th e  Compositae tribes (p. 419), 
fa c ilita tin g  th e  se p a ra tio n  of th e  taxons u n d e r th e  fam ilies, are  excellent. In  th e  d e v ia tin g  
d a ta  of sm aller tax o n s , th e  exclusiveness o u g h t to  hav e  been in d ic a te d  in  some w ay or o th e r , 
w hereby  th e  in te rp re ta tio n  of the  dispersions cou ld  be m ore e x ac t an d  definite  (e.g. a t  Scilla  
sp . th e  in d ica tio n  of th re e  F a r-E as te rn  species is left o u t; p. 492). The excellent a n d  v e ry  
d e ta iled  draw ings of flow er s tru c tu re  and  th e  com m ents on th e m  in  them selves, s t im u la te  a 
th o ro u g h  ex am in atio n  an d , com plem ented  w ith  th e  te x t, th ey  p rov ide  a m ost am ple m a te ria l  
for acqu isition  of know ledge. I t  is a p ity  th a t  th e  h an d lin g  of th e  book  is m ade cu m b erso m e 
b y  th e  freq u e n t changes o f th e  place of the  page n u m b ers  (18 to  22, 23 to 25). The 27 e m p ty  
pages, w hich  are n u m b ered  in  sp ite  of i t  (17, 37, 41, e tc .), are n o t econom ical a t all fo r b y  th e  
u tiliza tio n  of these  pages th e  above-m entioned  en larg ings could hav e  been carried  o u t w ith o u t 
len g th en in g  th e  book. T h e  special bo tan ic  d ic tio n ary  of 19 pages is v e ry  useful an d  i t  w ould  
hav e  been  of full sc ien tific  va lue  if  th e  L a tin  te rm s h ad  been g iven, too. The sh o rt d e sc rip ­
tion  of th e  fo rm atio n  of th e  L a tin  plural n u m b er is w itty  (p . 543). The 4 tab les p ro v id e  a 
com parison  of th e  re la tiv e  fam ilies w hich was th e  a im  of th e  a u th o rs ; th ey  also fa c ilita te  th e  
d is tin c tio n  betw een  3 v e ry  sim ilar families each. More tab les o f th is  k in d  ought to h av e  b een  
c o n stru c ted  : Chenopodiaceae-A  maranthaceae-Polygonaceae  ; Tiliaceae— Ulmaceae-M oraceae ; L yth -  
raceae-Thym eleaceae-M yrtaceae , etc ., in  w hich th e  m o st im p o r ta n t  p roperties re la tin g  to  th e  
th eo ry  of evo lu tion  cou ld  have  been a ccen tu a ted  by  d iffe ren t ty p e-se ttin g . The tab le  o f th e  
flow ering  period  of th e  pu b lish ed  typ ica l p lan ts  is a good guide fo r th e  collection of th e  liv in g  
p lan ts . F am ily  an d  genus indexes facilita te  th e  a v a ilab ility  o f p a r t  inform ation .

In  m y opinion, th e  chief value of th is  boo k  can  be fo u n d  in  its  com prehensiveness, 
ran g in g  over several b ran ch es of science and  is in  its  com pactness. T he great e fforts in  o u r 
days to  reach  u n ity  are well re flected  in it. I t  is a basic  y e t sy n th e tic  work, serving also as 
m ethodological p a tte rn  to  be followed. H ence, i t  can  be of g re a t help  m ainly  to in s titu tio n s  
dealing w ith  b o tan y  a t  a n y  level, as well as, to  teach e rs  of b io logy, m oreover i t  w ould  also 
be useful as a h an d b o o k  for p ractica l work. E v e ry  p la n t  lover can  f in d  i t  rew ard ing , w hile  
ex p erts  m ay  fin d  i t  u sefu l m ain ly  in th e ir p re p a ra to ry  and  sc ien tific  work for th e  genera l 
public . T he everw idening  m ate ria l of know ledge, new er sc ien tific  re su lts , necessarily  lead  to  
th e  m od ification  of th e  cu rricu lu m  from  tim e to  tim e. I t  is e ssen tia l how  the  new in fo rm a tio n  
reaches th e  reader. H ence every  effort, endeavoring  to  form  a  un ifo rm , thorough  a n d  co m ­
prehensive  o b se rv atio n  of n a tu re  by  u p -to -d a te  m eans, accep ting  th e  concom itan t slips in  
pioneering w ork , is m o st welcome.

Z. K e r e s z t y

F . W e b e r l in g : M orphologie der B lü ten  u n d  de r B lü ten stän d e . E u g en  U lm er V erlag, S t u t t ­
g a r t, 1981, 391 pp.

T his is a new  m o n o g rap h y  on the m ost fa sc in a tin g  su b jec t o f p lan t m orphology, t h a t  
o f th e  rep ro d u c tiv e  o rgans, o f m ainly  th e  flow ers a n d  inflorescences. The au th o r is d iscip le 
o f th e  classical school o f p la n t  m orphology, th a t  o f P rof. W. T r o l l ’s , a successor and in te g ra to r  
o f th is p a rticu la r  discip line o f G erm an p la n t science, fro m  th e  earlie st da te , 1790, w hen J .  W . 
G o e t h e ’s “ A tte m p t o f ex p la in in g  the  m etam orphose  of p la n ts”  appeared . In  the file o f  b asic  
stud ies E ic h l e r : “ B lü ten d iag ram m e” and  G o e b e l : “ O rganograph ie  der P flanzen”  b o th  
d a tin g  from  th e  end of th e  la s t  cen tu ry , several books of W. T r o l l  give th e  m ain  p a tte rn s ,  
am ong o th ers  of his f i r s t  m o nograph  of 1928, a n d  th e  “ P ra c tica l in tro d u c tio n  to  p la n t  m o r­
phology” p a r t  I I ,  “ The flow ering  p lan t”  of 1957. T hose w orks are  n o t only h isto rical p rece ­
d en ts  of th is  book, b u t  also sources of ideas borrow ed  an d  co n tin u ed  in  the  p resen t tre a tis e .
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T h o u g h  a d m itte d ly , on ly  a frac tio n  of th e  am ple  se lec tion  of studies, n e a rly  800 of them ,, 
has been  c ited , i t  is claim ed to  be ex h au stiv e  in  th e  sy s tem atic  p re sen ta tio n  of th e  sub jec t. 
S u rp ris in g ly , m ost o f th e  s tu d ies have  a p p ea red  since th e  m iddle of th is  c e n tu ry , a b o u t 2/8 
of th e  c ited  item s, and  an  increasing  p ro p o rtio n , m ore  th a n  1/3, rep resen ts  n o n  G erm an i.e. 
m a in ly  E nglish , F rench , A m erican , e tc . papers on  p la n t  m orphology.

W h a t could be th e  reason  for th is renew ed  in te rn a tio n a l in te res t in  d esc rip tive  p la n t  
m o rp h o lo g y ?  M ost likely , th e  claim  of co n stru c tin g  tax o n o m ica l system s on a b iological basi& 
c a n n o t ignore  m orphological a rg u m en ts  to  follow  u p  phases of on togenetic  processes, w hich  
in  tu r n ,  give im p o rta n t prem ises to  phylogenetic  conclusions.

T h e  volum e is d iv ided  in to  th ree  p a rts . T h e  m o s t volum inous (211 pages) p resen ts  th e  
m o rp h o lo g y  of th e  flow er. T he second p a r t  (110 pages) is devoted  to  inflorescences, an d  o n ly  
th e  sm all th ird  p a r t  (33 pages) explains th e  m orpho log ical aspects o f th e  fu n c tio n  o f th e  
flow er. I t s  m orphology could  be analysed  an d  ex p la in ed  also from  th e  p o in t o f view  of m a tin g  
sy s tem s a n d  d ispersion  of seeds. T his has re lev an ce  to  ap p lica tio n  especially  th e  c h a ra c te riz a ­
tio n  of p o llin a tio n  m echanism s, an d  a t  th e  end , d ispersion  m echanism s.

T he las t 10 pages th u s  deal w ith  th e  fru its  as s tru c tu re s  of dispersion. F low er an d  f ru i t  
are o n to gen ically  con n ec ted , b u t  th e  la t te r ,  c e r ta in ly , m ay  deserve a n o th e r, th o u g h  less 
v o lu m in o u s book. T he th ird  p a r t,  a lth o u g h  sh o rt a n d  n o t  m entioned in  th e  t it le  co n sid erab ly  
increases th e  value  of th is  book.

As a m onograph , th e  book is an  a t te m p t  to  p re se n t m orphology th eo re tica lly . R eferences 
to  a n a to m y , flow ering b io logy or to  an y  p ra c tic a l im p lica tio n  are o f seco n d ary  im p o rtan ce , 
e x ce p t w here those are re flec ted  in  m orpholog ical phenom ena, e.g. in  th e  s tru c tu re  o f th e  
in flo rescence of w ild an d  c u ltiv a ted  species an d  v a r ie tie s  o f th e  genus Ficus. I t  is a  m orphology  
in  a  classical sense, th e  on ly  w ay  to  a tta in  a h ig h  degree  of com prehension w ith in  th e  l im its  
o f one vo lum e. A n a to m y  and  flow ering b io logy e tc . are  fa r less developed to  be assoc ia ted  
w ith  each  m orphological s tru c tu re  th is book.

T h e re  a re  m a n y  d ra w in g s  o f  e x te rn a l  a p p e a r a n c e  o n  g row ing  a p ic e s  a n d  lo n g i tu d in a l  
s e c tio n s  a s  w ell as d ia g ra m s , in  som e cases s c a n n in g  e le c tro n m ic ro sc o p ic  p h o to g ra p h s  a n d  
h a b i tu s  p ic tu re s  o f  e x c e lle n t  q u a l i ty ,  s u p p o r t in g  th e  th e o re t ic a l  a sp e c ts . T h e  r e a d e r  m a y  th u s  
r e c o g n iz e  th e  c o n t in u i ty  o f  th e  T r o l l  school.

Less space has been  given to  th e  a lte rn a tiv e  th eo ries of the  orig in  o f th e  flow er, th e  
polem ic o f E u a n th iu m  an d  P seu d an th iu m , o ccu p y in g  on ly  one and a h a lf  pages, w hereas 
specia l a tte n tio n  has been p a id  to  th e  d iag ra m m a tic  rep resen ta tions, m o reover th e  w hole 
G reco -L a tin  term ino logy  for th e  descrip tion  of b ra n ch in g , th e  flower p a r ts , an d  th e ir  n u m e r­
ical a n d  topological re la tions.

T h e  read er accu sto m ed  to  th e  school o f m o rp h o lo g y  developed b y  T r o l l  is ab le to 
a p p rec ia te  th e  m eticu lous care  given to  th e  sy s te m a tic  p resen ta tion . T he a b u n d a n t L a tin  
species nam es re fe rred  to  as exam ples — d iff ic u lt to  recognize for those  w ho are  n o t ex p erts  
in  ta x o n o m y  of exo tic  p lan ts  — are lis ted  a t  th e  en d  of th e  volum e, w hereas th e  G erm an  
d esig n atio n s are com bined w ith  a n o th e r S u b je c t in d ex . T he la tte r  includes also th e  p ro life ra t­
ing  te rm in o lo g y  of th e  G erm an m orphological school.

T h is volum e p rov id ing  a good su m m ary  of in fo rm a tio n  on a science h av in g  a rich  t r a d i ­
tio n  m a y  be a useful guide fo r teach ers , as well as, s tu d en ts  and a m a teu rs  o f d esc rip tive  
b o ta n y . M oreover those  in te re s ted  in th e  ap p lied  disciplines of b o tan y  m ay  f in d  th is  w ork  
in v alu ab le .

A . A n d r á s f a l v y

A c t a  B o t a n i c a  A c a d e m i a e  S c i e n t i a r u m  H u n g a r i c a e  2 8 ,  1 9 8 2

M T A  K ö n y v tá ra  
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ACTA BOTANICA

А К Т И В Н О С Т Ь  Ф О Т О С И Н Т Е З А  Н А  Р А З Н Ы Х  С Т А Д И Я Х  П Е С Ч А Н О Й  С У К Ц Е С С И И

Г. Ф ЕК .ЕТЕ, 3. ТУБА

А в т о р ы  и з м е р я л и  а к т и в н о с т ь  ф о т о с и н т е з а  у  в и д о в ,  в х о д я щ и х  в  с о с т а в  м н о г о д е т ­
н о г о  с о о б щ е с т в а  н а  к а р б о н а т н ы х  п е с к а х  ( Festucetum vaginalae danubiale) в  т р ё х  с т а д и я х  
с у к ц е с с и и .  Д о м и н и р у ю щ и й  в и д  F estuca vaginata  в  п и о н е р н о й  с т а д и и  р а з в и т и я  р а с т и т е л ь ­
н о с т и  х а р а к т е р и з у е т с я  в ы с о к о й  а к т и в н о с т ь ю  ф о т о с и н т е з а .  П о  м е р е  п р о г р е с с и р о в а н и я  
с у к ц е с с и и  ( с м ы к а н и я  д е р н и н ы )  э т а  и н т е н с и в н о с т ь  п а д а л а .  В о з м о ж н о ,  ч т о  п р и ч и н о й  э т о г о  
я в л я е т с я  р а з н о в о з р а с т н о с т ь  о с о б е й ,  и х  с т а р е н и е .  В  х о д е  с у к ц е с с и и  у м е н ь ш а е т с я  ф о т о -  
с и н т е т и ч е с к а я  а к т и в н о с т ь ,  п р и х о д я щ а я с я  н а  е д и н и ц у  п л о щ а д и  ц е н о з а .  Т о ч н о  т а к  ж е  
у м е н ь ш а е т с я  ф о т о с и н т е т и ч е с к а я  п р о д у к ц и я ,  п р и х о д я щ а я с я  н а  е д и н и ц у  з е л ё н о й  ф и т о ­
м а с с ы .  В  э т о м  п л а н е  р а з л и ч и я  м е ж д у  т р е м я  у ч а с т к а м и  я в л я ю т с я  с и г н и ф и к а н т н ы м и .

Х И М И Ч Е С К И Й  С О С Т А В  У З К О Л И С Т Н О Г О  Р О Г О З А  T Y P  Н А  A N G U S T I  F O L IA
О З Е Р А  Б А Л А Т О Н

М АРГИТ КОВАЧ

В  б е р е г о в о й  з о н е  о з е р а  Б а л а т о н  п о д  д е й с т в и е м  э у т р о ф и з а ц и и  в с ё  б о л ь ш е  р а с п р о ­
с т р а н я е т с я  у з к о л и с т н ы й  р о г о з ,  в ы т е с н я я  т е м  с а м ы м  к а м ы ш .  В  р а з н ы х  о р г а н а х  р о г о з а  
( л и с т ,  с т е б е л ь ,  к о р н е в и щ е ,  к о р е н ь ,  к о р н е н ы е  в о л о с к и )  о п р е д е л я л и  с о д е р ж а н и е  N ,  Р ,  С а ,  
Mg, К , N a ,  S r ,  F e ,  M n, Zn, Pb , Cu, а  т а к ж е  м и к р о -  и  у л ь т р а м и к р о э л е м е н т о в .  Д и ф ф е р е н ц и я  
э л е м е н т о в  в  р а з н ы х  о р г а н а х  р о г о з а  о к а з а л а с ь  м е н ь ш е й ,  ч е м  у  к а м ы ш а .

В и д о в о й  о с о б е н н о с т ь ю  у з к о л и с т н о г о  р о г о з а  я в л я е т с я  н а к о п л е н и е  N a  и  С 1 ,  п р и ч ё м  
р а с т е н и е  с п о с о б н о  к  б о л ь ш е й  а к к у м у л я ц и и  э т и х  э л е м е н т о в ,  ч е м  Phragmites com m unis. 
У з к о л и с т н ы й  р о г о з  с п о с о б е н  а к к у м у л и р о в а т ь  в  б о л ь ш и х  к о л и ч е с т в а х  в  п е р в у ю  о ч е р е д ь  
щ е л о ч н ы е  м е т а л л ы  ( К ,  N a ) ,  щ е л о ч н о з е м е л ь н ы е  ( C a ,  M g ,  S r ) ,  а  т а к ж е  С 1  и  Z n .

С  п о м о щ ь ю  и с к р о в ы х  м а с с - с п е к т р о г р а ф и ч е с к и х  и с с л е д о в а н и й  в  р а з н ы х  о р г а н а х  
р о г о з а  о б н а р у ж е н о  3 4  м и к р о -  и  у л ь т р а м и к р о э л е м е н т а .

В  п о с л е д н и е  д е с я т и л е т и я  п о  в с е й  д л и н е  б е р е г о в о й  з о н ы  в  с е в е р н о й  ч а с т и  о з е р а  н а б ­
л ю д а е т с я  д в а  т а к и х  в и д а ,  к о т о р ы е  с п о с о б н ы  а к к у м у л и р о в а т ь  щ е л о ч н ы е  е  щ е л о ч н о з е м е л ь ­
н ы е  м е т а л л ы  ( Stratiotes abides, Турка angustifo lia). П р е в р а щ е н и е  э т и х  в и д о в  в  м а с с о в ы е  
п о з в о л я е т  с у д и т ь  о б  и з м е н е н и я х ,  п р о и с х о д я щ и х  в  с р е д е  Б а л а т о н а  ( в о д а  и  д о н н ы е  о т л о ­
ж е н и я ) .

К А Т А Л О Г  П А Л Ь М  К У Б Ы

О. М У Н И З, А. БОРХИ ДИ

Н о в ы й  к а т а л о г  п а л ь м  К у б ы ,  у ч и т ы в а я  р е з у л ь т а т ы  с а м ы х  с о в р е м е н н ы х  о т к р ы т и й  
и  и с с л е д о в а н и й ,  п р и в о д и т  1 8  р о д о в ,  8 5  в и д о в  и  1 2  с и с т е м а т и ч е с к и х  е д и н и ц  б о л е е  н и з к о г о  
р а н г а .  А в т о р ы  п р и в о д я т  т а к с о н ы  п о  н о в о й  ф и л о г е н е т и ч е с к о й  с и с т е м е  ( Н .  Е .  M o o r e  j r . ) .  
с  н о в ы м и  о п р е д е л и т е л ь н ы м и  к л ю ч а м и  и  с и н о н и м а м и .  К р о м е  э т о г о ,  а в т о р ы  п р и в о д я т  
н е с к о л ь к о  н о в ы х  т а к с о н о в ,  к о м б и н а ц и и  И с т а т у с :  H em ithrinax  s e c t .  M acrocarpae  ( L e ó n )
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Muiïiz s ta t .  n ., H em ilhrinax r ivu la r is  va r. savannarum  (L eó n ) M uniz comb. e t s ta t .  n ., Cocco- 
ihrinax  sec t. Longispadiceae  (L eó n ) M uniz s ta t. n ., Coccothrinax  subsect. M ulliram osae  (León) 
M uniz s ta t .  n ., Pauciramosae (L eón) Muiïiz s ta t.  n ., Coccothrinax clarensis ssp. brevifolia 
(León) B o rh id i e t Muniz s ta t .  n .,  Coccothrinax subsec t. H aitiella  (B ailey) M uniz com b. e t 
s ta t.  n .,  Copernicia  sect. E km a n ia n a e  Muiïiz sect, n ., sec t. Albae  B orhidi e t M uiïiz sect, n ., 
C opernicia  subsect. Fallaenses M uiïiz e t Borhidi subsec t, n .,  subsec t. Roigianae  M uiïiz e t  B or­
hid i su b sec t, n ., Copernicia X B u rre tia n a  (León) Muiïiz e t  B o rh id i s ta t.  n ., Copernicia X occiden- 
talis (L eó n ) Muiïiz e t B o rh id i s ta t .  n ., Copernicia glabrescens va r. ram osissim a  (B u rre t) 
Muiïiz e t  B o rh id i comb. e t  s ta t .  n ., Calyptronoma Clem enlis ssp. orientensis M uiïiz e t  B orh id i 
ssp. n.

Х А Р А К Т Е Р И С Т И К А  Р О С Т А  И  Б И О Л О Г И И  Ц В Е Т Е Н И Я  В И Д О В  И  
К У Л Ь Т У Р Н Ы Х  С О Р Т О В  Я Б Л О Н И

Й. НЕКИ, А. ТЕРПО, М. ТОТ, Ф. ДЮРО, М. ШОЛТЕС

В  1 9 7 7  г о д у  м ы  п р и с т у п и л и  к  р а з р а б о т к е  « С и с т е м ы  о п ы л е н и я  я б л о н и » .  В  1 9 7 7 г .  
н а  1 7 ,  в  1 9 7 8 г .  н а  1 9  я б л о н е в ы х  д е р е в ь я х  и з у ч а л и  б и о л о г и ю  ц в е т е н и я .  П р и н и м а я  в о  
в н и м а н и е  в р е м я  о с н о в н о г о  ц в е т е н и я  и  и н т е н с и в н о с т ь  о д н о в р е м е н н о г о  ц в е т е н и я  я б л о н ь ,  
и з у ч а м ы е  р а с т е н и я  р а з д е л и л и  н а  4  г р у п п ы ,  с о г л а с н о  в р е м е н и  и х  ц в е т е н и я .  В ы я в и л и  в и д ы  
я б л о н ь ,  ц в е т у щ и х  о д н о в р е м е н н о  с  п р о м ы ш л е н н ы м и  с о р т а м и .

Н е с к о л ь к о  ( н е  м е н ь ш е  2 - х )  в и д о в  я б л о н ь  о б н а р у ж и в а е т  т о л ь к о  г а р а н т и р о в а н н о е  
( в ы ш е  5 0 % )  п е р е к р ы т и е  п о  в р е м е н и  ц в е т е н и я  с  п р о м ы ш л е н н ы м и  с о р т а м и .  Д л я  и н т е н с и в ­
н ы х  п о с а д о к  м о ж н о  и с п о л ь з о в а т ь  я б л о н и ,  и м е ю щ и е  с р е д н ю ю  и н т е н с и в н о с т ь  р о с т а  и  
в ы г о д н ы й  в  э т и х  у с л о в и я х  г а б и т у с .

В О С Т О Ч Н О А Ф Р И К А Н С К И Е  М Х И ,  V I  П О Л Ь С К И Е  С Б О Р Ы

Р. ОХИРА, Т. ПОЧ

В  1 9 7 5 — 7 6  г г .  ч л е н ы  П о л ь с к о й  э к с п е д и ц и и  в  В о с т о ч н у ю  А ф р и к у  с о б р а л и  м н о г о ­
ч и с л е н н у ю  к о л л е к ц и ю  м х о в  н а  т е р р и т о р и и  К е н и и ,  Т а н з а н и и ,  У г а н д ы ,  С у д а н а  и  Ц е н т р а л ь ­
н о а ф р и к а н с к о й  р е с п у б л и к и .  К  э т о й  к о л л е к ц и и  п р и б а в и л и с ь  и  д р у г и е  п о л ь с к и е  с б о р ы ,  в  
п е р в у ю  о ч е р е д ь  и з  З а м б и и .  П е р е ч е н ь  м х о в  с о д е р ж и т  1 7 6  в и д о в ,  и з  н и х  4 8  в и д о в  п е ч е н о ч ­
н ы х  м х о в  и  1 2 8  в и д о в  л и с т о с т е б е л ь н ы х  м х о в  с о  с п и с к о м  м е с т о н а х о ж д е н и й ,  д а н н ы м и  п о  э к о ­
л о г и и  и  г е о г р а ф и и  м х о в  и  з а м е ч а н и я м и  т а к с о н о м и ч е с к о г о  х а р а к т е р а .  Д л я  в о с ь м и  в и д о в  с о ­
с т а в л е н а  п о д р о б н а я  к а р т а  а р е а л а .  М н о г и е  в и д ы  я в л я ю т с я  н о в ы м и  д л я  т е р р и т о р и и  с б о р а ,  а  
д а н н ы е  п о  A m blystegium  serpens я в л я ю т с я  н о в ы м и  д л я  в с е й  т р о п и ч е с к о й  А ф р и к и .  Д л я  и з ­
в е с т н ы х  в  А ф р и к е  в и д о в  Callicostella а в т о р ы  у к а з ы в а ю т  2 9  н о в ы х  к о м б и н а ц и й  п о д  р о д о в ы м  
н а з в а н и е м  Schizom itrium . Д р у г и е  н о в ы е  н а з в а н и я :  S ch is tid iu m  perichaetiale ( P. V arde) O chyra  
com b. n o v .; Schistidium  cribrodontium  (H erz) O chyra  com b. n o v .; Homalothecium afro-slriacum  
(C. M üll.) O chyra  s ta t. e t  com b. n o v .; Kindbergia africana  (H erz .) O chyra  com b. n o v .; Kindbergia  
africana  v a r . latifolia (D em ar. e t  Leroy) O chyra com b. n o v .; H yp n u m  africanum  (P . V arde) 
O ch y ra  com b. nov. G rim m ia abyssin ica  C. Müll, о к а з а л а с ь  с и н о н и м о м  G. apiculata.

И З М Е Н Е Н И Е  С О Д Е Р Ж А Н И Я  А Л К А Л О И Д А  В  К У Л Ь Т У Р Е  Т К А Н Е Й  D A T U R A  
IN N O X I A  M IL L . В  З А В И С И М О С Т И  О Т  У С Л О В И Й  К И Л Ь Т И В А Ц И И

Е. СЕК.Е, Г. ВЕРЗАР-ПЕТРИ, Н. Н. ДУНГ, А. ПОТОЦКИ

А в т о р ы  и с с л е д о в а л и  с о д е р ж а н и е  а л к а л о и д а  в  к а л л у с а х  р а з л и ч н о г о  п р о и с х о ж д е н и я  
( и з  к о р н я ,  л и с т а ,  в е н ч и к а  и  з а в я з и )  в  п р о ц е с с е  к у л ь т и в а ц и и -  п а р а л е л ь н о  с  о б р а з о в а н и е м  
б и о м а с с ы .  Б ы л о  о п р е д е л е н о ,  ч т о  в  п е р в ы е  д в е  н е д е л и  к у л ь т и в а ц и и  с о д е р ж а н и е  а л к а л о и д а  
б ы л о  в ы с о к и м ,  н о  в  д а л ь н е й ш е м  с  и н т е н с и в н ы м  р о с т о м  т к а н е й  с о д е р ж а н и е  а л к а л о и д а  
в н о в ь  п о в ы с и л о с ь .  А в т о р ы ,  и с с л е д у я  в л и я н и е  к о н ц е н т р а ц и и  р е г у л и р у ю щ и х  р о с т  в е щ е с т в ,  
о п р е д е л и л и ,  ч т о  в ы с о к а я  к о н ц е н т р а ц и я  к и н е т и н а  п р е п я т с т в у е т  о б р а з о в а н и ю  а л к а л о и д а .  
П о д  в л и я н и е м  5 м г / л  2 , 4 - д  о б р а з о в а н и е  а л к а л о и д а  в н е з а п н о  п о в ы ш а е т с я .  В  к а л л у с а х  к о р н е ­
в о г о  п р о и с х о ж д е н и я  к о л и ч е с т в о  а л к а л о и д а  д о с т и г л о  т а к о й  ж е  в е л и ч и н ы  к а к  и  в  и н т а к т ­
н ы х  к о р н я х .  П о д  в л и я н и е м  с в е т а  с о д е р ж а н и е  а л к а л о и д а  в  к а л л у с а х  к о р н е в о г о  и  л и с т о ­
в о г о  п р о и с х о ж д е н и я  б ы л о  в  д в а  р а з а  б о л ь ш е  п о  с р а в н е н и ю  с  с о д е р ж а н и е м  а л к а л о и д а  в  
к у л ь т у р а х ,  р а с т у щ и х  в  т е м н о т е .



П Р О Д У К Т И В Н О С Т Ь  И  Т У Р Н О В Е Р  К С Е Р О Т Е Р М О Ф И Л Ь Н Х  в и д о в  л и ш а й н и к а

Р. К. ВЕРШЕГИ

А в т о р  и з у ч а л  п р о д у к т и в н о с т ь  в с е х  л и ш а й н и к о в  н а  м н о г о л е т н и х  д е р н а х  F estucetum  
vaginatae и  о д н о л е т н и х  д е р н а х  B ro m elu m  lectorum, а  т а к ж е  п р о д у к т и в н о с т ь  д в у х  в и д о в  
л и ш а й н и к а  Cladonia furcata  и  С .  m agyarica  п р е и м у щ е с т в е н н о  р а с п о с т р а н е н н ы х  н а  э т и х  
д е р н а х ,  и н т е н с и в н о с т ь  и  с к о р о с т ь  о б м е н а  ф и т о м а с с ы  л и ш а й н и к о в  и  к р у г о в о р о т  о б м е н а  
м и н е р а л ь н ы х  в е щ е с т в  ( t u r n o v e r  r a t e  и  t i m e ) .  В е л и ч и н ы  и н т е н с и в н о с т и  и  с к о р о с т и  н а  
м н о г о л е т н е м  д е р н е  б о л ь ш е  а  в  о д н о л е т н е м  м е н ь ш е .  В  н е к о т о р ы х  п е р и о д а х  ( в е г е т а ц и о н н о м  
и  з и м н е м )  н а  и з м е н е н и е  ф и т о м а с с ы  и  н а  и н т е н с и в н о с т ь  м и н е р а л ь н о г о  о б м е н а  в е щ е с т в  
в л и я ю т  н е  о т д е л ь н ы е  п е р и о д ы  г о д а ,  а  и з м е н е н и е  ф а к т о р о в  п о г о д ы .  П е р и о д  о б м е н а  ф и т о ­
м а с с ы  л и ш а й н и к о в  г о р а з д о  д л и н н е е  ч е м  п е р и о д  о б м е н а  м и н е р а л ь н ы х  в е щ е с т в .

И С С Л Е Д О В А Н И Я  Д И Н А М И К И  В Ы З В А Н Н О Й  Д Е Й С Т В И Е М  Г Е Р Б И Ц И Д О В  
С У К Ц Е С С И И  М Н О Г О Л Е Т Н Е Г О  Т Р А В Я Н И С Т О Г О  С О О Б Щ Е С Т В А  I

КЛАРА ВИРАГ

Э т о ,  и м е ю щ е е  в в о д н ы й  х а р а к т е р  с о о б щ е н и е  з н а к о м и т  с  п р е д п о с ы л к а м и  и  п л а н и р о ­
в а н и е м  т а к о г о  о п ы т а ,  в  х о д е  к о т о р о г о ,  в о з д е й с т в у я  н а  о д н о д о л ь н ы е  и  д в у д о л ь н ы е  р а с т е н и я  
г е р б и ц и д а м и  с е л е к т и в н о г о  д е й с т в и я  ( г а б о н и л ,  д а л а п о н )  и  р а з н о г о  м е х а н и з м а  о б щ е г о  
д е й с т в и я  ( г р а м о к с о н ,  г л и а л к а ) ,  в ы з ы в а ю т с я  б ы с т р ы е  д и н а м и к о - в е г е т а ц и о н н ы е  п р о ц е с с ы .

В  с т а т ь е  п о д р о б н о  а н а л и з и р у ю т с я  ц е л и  н а у ч н о й  п р о г р а м м ы .  И с с л е д о в а н и я  н а п р а в ­
л е н ы ,  с  о д н о й  с т о р о н ы ,  н а  и з у ч е н и е  с т р у к т у р ы ,  м е н я ю щ е й с я  в  х о д е  в ы з в а н н о й  г е р б и ц и ­
д а м и  с у к ц е с с и и  и  д е г р а д а ц и и ,  с  д р у г о й  с т о р о н ы ,  н а  в ы я в л е н и е  в ы з в а н н ы х  в н е ш н и м  в о з ­
д е й с т в и е м  д и н а м и к о - в е г е т а ц и о н н ы х  п р о ц е с с о в  и  р е г у л и р у ю щ и х  и х  м е х а н и з м о в ,  а  т а к ж е  
н а  п о з н а н и е  р е г е н е р а ц и о н н о й  с п о с о б н о с т и  т р а в я н и с т о г о  с о о б щ е с т в а  Pulsatilla-F estucetum  
rupicolae.
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