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PHYTOGEOGRAPHIC SURVEY OF CUBA
I. T H E  P H Y T O G E O G R A P H IC  C H A R A C T E R IS T IC S 

A N D  E V O L U T IO N  O F  T H E  FL O R A  O F C U B A

A. B o r h i d i

INSTITUTE OF ECOLOGY AND BOTANY, HUNGARIAN ACADEMY OF SCIENCES,
2163 VÁCRÁTÓT, HUNGARY

(R eceived: 10 O ctober, 1984)

Some o f th e  m ain  ch arac te ris tics  o f th e  flora of C uba a re  exposed and discussed , 
as th e  dom inance of endem ics, d is ju n c tio n , v icariancy, in v ers io n , m icrophyllia , m ic- 
ra n th ia , re lic t c h a ra c te r  and v u ln e ra b ility . The origin, e v o lu tio n  and p resu m ab le  
m igrations o f th e  f lo ra  are  also d iscussed , based  on th e  re su lts  o f th e  geological up -to - 
d a te  investig a tio n s on  th e  p la te  tec to n ic s . In  th e  process o f th e  flora evo lu tion  th re e  
m ain  phases are d istin g u ish ed , th e  early  p la te  phase, th e  m id d le - te r tia ry  lan d -b rid g e  
phase  and  th e  la te  archipelago phase . As th e  las t im p o r ta n t  period  of the  f lo ra  im ­
m igrations th e  m iddle  te r t ia ry  lan d -b rid g e  phase is d iscussed  w ith  its d ifferen t flo ras , 
as th e  b ro ad-leaved  H on d u ras-flo ra , an d  th e  sclerophyllous M ad ro -T e th y an  flo ra. In  th e  
la te  archipelago p h ase  th e  b road -leav ed  G uyana-flora, th e  sem ideciduous Y u ca tan - 
flo ra  and th e  e x tra tro p ic a l N o rth -A m erican  flora influenced th e  evolution  of th e  flo ra  
and  vegeta tio n  of C uba. A t las t th e  ev o lu tio n  centres of th e  ecologically an d /o r p h y to - 
sociologically a d a p te d  species g roups and  th e ir m ig ra to ry  ro u te s  are designed and  
explained.

The phytogeographic characteristics o f  Cuba

Som e outstanding phytogeographic fea tures o f Cuba

T he floristic  analy sis  and th e  s tu d y  of chorological typ es suggest th a t  
th e  m ost im p o rta n t an d  m ost ty p ica l charac teristics o f  th e  flo ra  of C uba are 
as follow s: 1. D om inance  o f endem ics, 2. D isjunction , 3. V icariancy , 4. In v e r ­
sion , 5. M icrophyllia, 6. M icran th ia , 7. Relics, and 8. V u lnerab ility .

The dominance o f  endem ics

As shown earlier (B o r h id i  1982), th e  endem ics comprise a to ta l  of 51.4%  of th e  n a tiv e  
flo ra . This is o u tstan d in g ly  th e  largest p e rcen tag e  in the  A ntilles. M a r ie -V ic t o r in  (1942 
1944, 1956) a tt irb u te d  th is  to  th e  h igh Mg a n d  Fe concentra tions o f ‘T im onite a reas” . A ccord­
ing to  A l a in ’s (1958 p . 16) hypo thesis , th e  reasons are the  early  iso la tio n  of th e  flo ra  du rin g  
th e  u p p e r Miocene, th e  d iverse  edaphic soil conditions of the  c o u n try  and  the  arid  c lim ate  
of c e rta in  areas.

The ecology o f endem ic spécia tion

In  exam ining th e  ecological b ack g ro u n d  of th e  spéciation  of endem ics M u n iz  (1970) 
found  th a t  eight h a b ita t  ty p es  have  su b s ta n tia l influence on flora develo p m en t. These h a b ita ts  
occur in 25 areas in  C uba. T he h a b ita t  ty p es  w ith  the  num ber o f a rea s  in b rackets are:

1* 4cta Botanica Hungarica 31, 1985 
Akadémiai K iadó, Budapest



4 A. BORHIDI

A. F e rritic  soils a n d  tro p ica l brow n soils deriv ed  from  se rp en tin e  (6)
B. F e rra litic  soils d e riv ed  from  se rpen tine  (5)
C. O ligotrophic q u a rtz -a llitic  yellow soils (2)
D. W hite san d y  h a b ita ts  (2)
E . Young, a rid , c o as ta l lim estone areas (4)
F. Young, m o n tan e , k a rs tic  lim estone a reas (2)
G. Old, m on tane  lim esto n e  k a rs t, “ h a y s ta c k  m o u n ta in s”  ( 1)
H . H igh m o n tan e  a rea s
T he geographic d is tr ib u tio n  of these h a b ita ts  is show n in th e  A tla s  Nációnál of C uba 

p . 60. No doub t th a t  th e  n u m b er of facto rs fa c ilita tin g  th e  sp éc ia tio n  o f endem ics is large. 
T h e  influence and im p o rta n ce  of these facto rs d iffered  w ith  tim e an d  space. F ac to rs  p o ten tia lly  
in flu en cin g  spéciation  are  lis te d  below:

A. In su la rity  a n d  iso la tio n
a. G eographic fa c to rs

— e x te rn a l ( in su la rity )
— in te rn a l (iso la tion )

b. Ecological fa c to rs
ba. O rograph ic  fac to rs

— a lte rn a tio n  of low lands an d  m o u n ta in s
— g re a t re lief-energy

bb. Geological a n d  edaphic  facto rs
— se rp en tin e  and  o th er u ltra b as ic  rocks
— fre q u e n t occurrence of lim estone  k a rs ts  

f re q u e n t occurrence of acid , s la tey  bedrocks
— fre q u e n t occurrence of acid , w h ite  sands 

be. Sociological fac to rs
— c o m m u n ity  m osaics 

co m m u n itie s  as barrie rs o f m ig ra tio n
— in te ra c tio n s  betw een  p lan ts  an d  anim als

B. Clim atic changes
c. A lte rn a tio n  of w e t and  dry  periods
d. A lterna tion  o f cool w et and  w arm  d ry  periods

C. Genetic fac to rs
e. M utagenic sp éc ia tio n
f. H ybridogenic  sp éc ia tio n , in trogression
g. Genetic d rif t

H orizon tal d is tr ib u tio n  of endem ics

T he study  of th e  h o rizo n ta l and v e rtica l d is trib u tio n  of en dem ics yields valuab le  
in fo rm a tio n  on th e  ecological effects in fluencing  spéc ia tion  and g eo g raph ic  range. F igure 1 
show s th e  num ber o f en d em ic  species pe r area . T he in te rtid a l m an g ro v es and m angrove 
sw am p s are the  poorest in  endem ics. The low lands of cen tra l Cuba a n d  th e  sou thern  p a r t  of 
Is la  de Pinos are m o d e ra te ly  poor, hav ing  25-50  endem ic species. M oderate ly  rich  areas 
(50—75) are the  younger c o as ta l lim estone h a b ita ts  (G uanahacab ibes p en in su la , the  so u thern  
c o as t o f Las Villas an d  th e  n o rth w estern  coast o f O riente), the  s la te y  ou tcrops and w hite 
san d s  in  Isla  de P inos, th e  h illy  regions of C en tra l C uba and th e  m ed iu m  altitude  zone of 
S ie rra  M aestra. The rich  a rea s , con ta in ing  76—100 reg ional endem ics, are  th e  slatey ou tcrops 
o f  P in a r  del Rio, th e  a n c ien t serpen tines o f C a ja lb an a , th e  younger se rp en tin e  zones of H ab an a ,
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M atanzas and  M otem bo, th e  ra in forest region of S ierra  E scam b ray , th e  so u th e rn  co ast a t  
S ierra  M aestra an d  th e  n o rth e rn  k a rstic  zone (G u isa -B a ire )  in O riente, and  th e  lim estones o f 
th e  Sagua-B aracoa  m assif. M ost areas very  rich  in  endem ics (100-150) are  on  se rp en tin e , 
th ree  are younger (S an ta  Clara, C am agiiey, H o lgu in ) and  th ree  o thers a re  an c ien t la to so l 
a reas (N ipe, C ristal, M oa-B aracoa). In  resp ec t o f  endem ic richness only th e  an c ien t k a rs ts  
w ith  conical fo rm atio n s in  th e  Sierra de los O rganos, th e  m on tane  zone of S ierra  M aestra  
an d  th e  x e ro th e rm  sem i-deserts of so u th e rn  B araco a  are  com m ensurable  to  th e  above localities. 
O u tstan d ig ly  rich  a reas a re  found only in th e  m o n ta n e  zone of ancien t se rpen tine  m o u n ta in s , 
such  as th e  N ipe M ts., th e  surroundings of P ico del C rista l an d  the  h igh lands of Moa (E l T oldo , 
Ib e ria , etc .), w here  m ore specia tion-inducing  fa c to rs  (age, serpen tine, iso la tion , m o n tan e  
c h arac te r)  are com bined.

V ertica l d is tr ib u tio n  of endem ics

A fter read in g  th e  foregoing one w ould e x p ec t th a t  th e  nu m b er o f endem ics increases 
as a ltitu d e  increases, due to  the  m on tane  effects. H ow ever, as our stud ies in Pico T u rq u in o  
show ed, th e  v e rtica l d is trib u tio n  of endem ics is a  m ore  com plex m a tte r . F igure  2 d e m o n s tra te s  
th a t  th e  n u m b er o f endem ics increase up  to  th e  low er lim it of th e  cloud zone an d  th e n  ra p id ly  
decreases. I ts  reason  is th a t  the  vertica l d is tr ib u tio n  of regional endem ics o f low lands a n d  
m o u n ta in s o f m ed ium  h eigh t differs from  th a t  o f th e  local m on tane  endem ics. T he n u m b er 
o f species from  th e  f irs t  group increases up  to  1000 m , h a rd ly  changes up  to  1500 m  an d  th e n  
falls on a sudden . T he n u m b er of m o n tan e  endem ics, how ever, a b ru p tly  increases b e tw een  
1000 and  1500 m an d  does n o t change an y  m ore. T he d isappearance  of low land  regional en d e­
m ics from  th e  h igh  a ltitu d e  zone causes th e  decrease  o f endem ic species (Fig. 2/A). C o n tra ry  
to  th e  abso lu te  figu res, th e  re la tive  p ro p o rtio n  o f endem ics rap id ly  increases w ith  a lt i tu d e . 
T h a t is, th e  few  endem ics occurring becom e p re d o m in an t a t h igher e levations (Fig. 2/B ).

R ela tio n sh ip  betw een  a rid ity  an d  th e  n u m b er of endem ics

Ste b b in s  (1953) po in ted  ou t th a t  ecological d ro u g h t stim u la tes sp éc ia tio n . T he eco­
logical and  chorological s tu d y  of m any  C uban  endem ics p rov ides evidence for th is  phenom enon . 
T he larg est n u m b er an d  h ighest den sity  o f endem ics m ay  be observed in  th e  a rid  zones (sem i- 
dese rt, coast) and  in th e  physiologically d ry  h a b ita ts  (serpen tines, lim estone k a rs ts , w h ite  
sands). Also, th e  m a jo rity  o f endem ics have  x e ro m o rp h ic  leaves. Table 1, and  Fig. 3 show  th e

Table 1

The leaf-size distribution o f  1115 tree and shrub species occurring 
in 40 native forest com m unities o f  Cuba

Leaf-size Non endemics Endemics Total
category No. % No. % No. %

M acrophyll 6 100 0 0 6 100
M esophyll 58 65 30 35 88 100
N otophyll 96 43 125 57 221 100
M icrophyll 163 33 337 67 500 100
N anophyll 45 22 155 80 200 100
L eptophyll 14 20 56 80 70 100
A phyll 5 18 25 82 30 100

Acta fíotanica Hungarica 31, 1985



A
cta 

H
otanica 

H
ungarica 

31. 
1985

Oi

F ig. 1. N u m b er o f th e  reg ional endem ic species pe r a rea

B
O

R
H

ID
I



PHYTOGEOGRAPHIC SURVEY OF CUBA, I.

leaf-size d is tr ib u tio n  of 1115 tree  and  sh ru b  species occurring  in fo rty  n a tiv e  fo rest com m u n itie s  
o f Cuba. A m ong m acrophylls and m esophy lls th e  w idely d is trib u ted  species d o m in a te , b u t  in  
th e  m icrophy ll, nan o p h y ll, lep tophy ll a n d  ap h y ll categories th e  endem ics o u tn u m b e r th e  
o th ers  and  th e ir  p ro p o rtio n  increases as leaf-size decreases.

/

F ig . 2. V ertica l d is tr ib u tio n  p a tte rn  o f en dem ic  species in  Cuba (A), and  th e ir  re la tiv e  f re ­
qu en cy  in  th e  zo n al vegeta tion  ty p e s  (B ) a long  a  v e rtica l g rad ien t. — a: to ta l  o f endem ics, 

b : local m o n tan e  en d em ics, c: reg ional low land endem ics

Tropical species 
Caribbean species 
Cuban endemics

F ig. 3. T he leaf-size  class p a tte rn  o f  C u b an  tree s  and  shrubs — m g: m egaphylls, m a: m ac ro ­
p h y lls , m s: m esophy lls, n t :  n o to p h y lls , m i: m icrophylls , na: n anophy lls, lp : lep to p h v lls  and

ap h y lls
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D isjunction

A nother choro log ica l charac teris tic  o f  th e  flo ra  is d is ju nc tion , th e  s e p a ra ­
tio n  o f the  geograph ic  range of a g iven  ta x o n  in to  several iso la ted  areas. 
M any  d ifferen t ty p e s  o f  d isjunction , su ch  as b ip o la rity , bi-, tr i- , and  m u lti- 
sec to ria l d is trib u tio n  m a y  be observed in  C uba.

B ipo larity

T he m ost s trik in g  ty p e  of d isjunction  is th e  b ip o la rity  o f th e  geographical range  of 
c e r ta in  genera (Sa m e k  1973) th a t  occur only in  w e ste rn  Cuba an d  Isla  de P inos, and  also in 
th e  m o u n ta inous regions o f  O rien te . This is th e  case w ith  Purdiaea  (F ig . 4), Heptanthus (F ig . 5), 
Sp a th e lia  (Fig. 6), P in u s , Podocarpus and m an y  o th e r  genera. T he reason is th a t  th e  e as te rn  
a n d  w este rn  p a rts  o f C uba h a s  been isolated fo r a  long  period  of tim e from  th e  beg inn ing  of 

t h e  T e rtia ry . In  m ost cases, th e  num ber of species in  th e  d is ju n ct genera  is h igher in  O rien te  
th a n  in  w estern  Cuba. T h e  larg e r area and  m ore  d iversified  landscape  of O riente c an n o t 
ex p la in  th is  o b servation , since  th e  Sierra M aestra  em erged  only a t  th e  end of th e  T e rtia ry , 
an d  w estern  Cuba has m o re  diverse geological co n d itio n s th a n  O riente. A m ore accep tab le  
in te rp re ta tio n  is th a t  O rie n te  and  the co n tinen t h a d  been connected  th ro u g h  H ispaniola  for 
a re la tiv e ly  longer p e rio d  o f  tim e, facilitating  a s te ad ie r  “ gene su p p ly ” for th is p rovince.

E3  Purdiaea nipensis, parvifolia, maestrensis, moaensis, velutina etc;

Fig. 4. T he geographical d is tr ib u tio n  of th e  genus P urdiaea  in  C uba (a fte r  T homas 1960,
Samek  1973 and  B o r h i d i  1973)

▲
Г 1

ranunculoides
brevipes
lobatus

о о 
4 4

X

cordifolius
S h a f e - :
vumuriensis

Fig. 5. T h e  geographical d is tr ib u tio n  of the  genus Heptanthus Griseb. (a fte r  B orhid i  1972)
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G eologists (Ar n d t  1917—1922; Schuchert  1935) p o in ted  o u t th a t  th e  sep ara tio n  of w este rn  
an d  eas te rn  C uba p reced ed  th a t  of O riente  a n d  H ispan io la , a lth o u g h  b o tan is ts , follow ing 
U rban  (1923 p. 52), d isag reed . The p resen t a n a ly s is  o f th e  flo ra , how ever, p rov ides a b o tan ica l 
evidence fo r th e  geological resu lts . I t  is n o ted  t h a t  G. S ilva (1979) a rriv ed  a t  th e  sam e con­
clusion in  his studies on  th e  C hiroptera fau n a  o f Cuba.

A t species level on ly  a few exam ples o f b ip o la r d is tr ib u tio n  exist. These species are  
found  m ain ly  on serpen tin es , e.g., A m yris  linea ta , Vernonia angustissim a , Croton b isp inosus , 
and  Helicteres trapezifolia , b u t  also in lim esto n e  k a rs ts , such  as B yttneria  m icrophylla  an d  
Neoregnellia cubensis.

B isecto ria l geographic  d is tr ib u tio n s

A n o th e r ty p e  of d is ju n c tio n  is re p re se n ted  b y  som e ra in fo re s t  species (M agnolia cuben- 
sis , H edyosm um  grisebachii, Ocotea ekm anii, see F ig . 7) occu rring  b o th  in  th e  m o u n ta in s o f 
O riente an d  th e  G u am u h ay a  m assif. Up to  th e  early  T e rtia ry , th ese  regions were connected  
as still in d ica ted  by  th e  p resence  of th e  re lic t b lo ck -m o u n ta in s o f S ierra  de N a jasa . T his con-

Spathelia

И  S. Brittonii

Fig. 6. T h e  geographical d is tr ib u tio n  of th e  genus Spathelia  in  C uba (a fte r  Ma r i e -Victo rin  
1944, Sam ek  1973, co m p lem en ted  by  B o r i i i d i)

m i n H. Grisebachii A H. subintegrum
H. crassifolium д  H.cubense

я H. Leonis + H. domingense

F ig . 7. G eographical d is tr ib u tio n  of th e  H ed yo sm u m  species in  C uba (a fte r  Ma r ie-Victo rin
1942, m od ified )
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n e c tio n , how ever, m u st hav e  come to  an end in  sh o rt tim e , since m ost com m on e lem ents belong 
to  a n c ien t d ico ty ledonous fam ilies (M agnoliaceae, L auraceae , C h lo ran th aceae , etc.). O th e r 
tw o  ty p es  of th e  b isec to ria l d is tr ib u tio n  hav e  developed  betw een th e  m o u n ta in o u s  reg ion  of 
w e s te rn  Cuba and  th e  G u am u h ay a  m assif:

1. th e  p lan ts  o f k a rs tic  fo rests an d  o th e r  lim estone  areas (S a p iu m  leucogynum  and  
M ico n ia  cubensis), and

2. species on se rp en tin es  in P in a r del Rio an d  th e  E scam b ray  m o u n ta in s  (Coccothrinax 
c r in ita  and  Linodendron venosum).

T risec to ria l d is trib u tio n s

T he occurrence of several ta x a  in  th ree  iso la ted  spo ts (w estern  C uba, G u am u h ay a  
m assif , O rien te) in d ica tes  th a t  these a reas h a d  been  se p a ra ted  for a long period  o f tim e  in th e  
T e r t ia ry  as a resu lt o f shallow -sea tran sg ress io n  of th e  island . T he genera  o f L yo n ia  and  Vacci- 
n iu m ; som e m o n tan e  fo res t species, such  as Tetrazygiopsis laxiflora  and  S a p iu m  pa llen s ; and  
som e acidophilous species, e.g., H ypericum  stypheloides ex h ib it such a tr isec to ria l d is trib u tio n . 
A s a consequence of lo n g er geographic  an d  ecological iso lation  of th e  H yp ericu m  stypheloides 
p o p u la tio n s , th is  species fa lls in to  th ree  subspecies (L ip po l d  1971). Som e ta x a  considered  
e a r lie r  to  have bi- or tr i-sec to ria l d is tr ib u tio n , p ro v ed  to  be tax o n o m ica lly  heterogeneous, such  
as A m y r is  lineata , Croton brittonianus , D itta  m yricoides , L yonia  ellip tica , a n d  V accinium  
cubense.

M ultisecto ria l areas

Several se rp en tin e  species (F igs 8 -9 ) hav e  re la tiv e ly  large geograph ic  range falling 
in to  m an y  iso lated  sp o ts. In  these  cases th e  reaso n  o f d is ju n ctio n  is th e  sc a tte re d  occurrence 
of accep tab le  h a b ita ts , r a th e r  th a n  th e  p reh is to ric  geographic  effects. E x am p les  are P hyllan- 
thus orbicularis, Neobracea valenzuelana , Rondeletia camarioca , an d  Jacaranda  cowellii. T h is 
ty p e  of geographical ran g e  is ch arac te ris tic  of th e  com m on species o f th e  num ero u s iso la ted  
se rp en tin e  areas, as w ell as th e  p lan ts  o f th e  iso la ted  coasta l lim estones (Castela calcicola, 
M achaonia  havanensis , Dendrocereus nu d iflo ru s , an d  Neobracea angustifolia.

V icariancy

T he th ird  c h a rac te ris tic  fea tu re  of th e  flo ra  of Cuba is th e  a b u n d an ce  of 
v ica rio u s  ta x a . All ty p e s  of v ica rian cy  are  w idespread . T h is fa c t in d ica tes  
p re h is to ric  iso lations an d  allows th e  su rv ey o r to  m ake inference  concern ing  
th e  in fluence  of ecological fac to rs on ev o lu tio n  and  th e  d ev e lo p m en t of ce rta in  
re la te d  tax a .

G eographic v icarian cy

M any exam ples ex is t in  Cuba. F ig u re  10 show s th e  range  of tw o endem ic v icarious 
g e n e ra  o f lianes, Lescaillea  a n d  H arnackia. B o th  occur in  pinew oods an d  everg reen  sh ru b lan d s 
on  la to so ls derived fro m  se rp en tin e . T his serves as a n  evidence suggesting  a re la tio n sh ip  no t 
o n ly  be tw een  th e  re ce n t v e g e ta tio n  of th e  C a ja lb an a  an d  N ipe M o un ta ins, b u t  also in  th e  
p a s t  f lo ra  developm en t o f th ese  regions. F u r th e r  exam ples are A n em ia  coriacea (F ig. 11) and  
M oacroton  (Fig. 12), am ong  m any  o thers . T he ran g es o f T hrinax  and  H em ithrinax  also ex ­
em p lify  geographic v ica rian cy  (Fig. 13). T h r in a x  radiata  is a species of ro ck y  a n d  sandy  beaches,
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w hereas Th. m orrisii a n d  Th. drudei occur in  th e  k a rs ts  o f w estern  Cuba replacing  each  o th e r. 
In  cen tra l and e a s te rn  Cuba this genus is su b s ti tu te d  by  H em ithrinax  (H . ekm an iana  and  
H . compacta). T he ecological vicariads o f  th e m , nam ely  H . rivularis  and  H . sa v a n n a ru m , 
occur on the  se rp en tin e s  of Moa. The la t te r  tw o  are  cenological v ica riad s of each o th e r, be ing  
fo rest and  scrub spec ies, respectively.

• Phyllanthus orbicularis СЩ Serpentine areas
_ .  Other species of the The main migratory route
s  sectio Orbicularia of serpentine plants

Fig. 8. G eographical d is trib u tio n  of th e  se rp en tin e  a reas and  th e  Orbicularia section  of th e  
genus Phyllanthus in  C uba (a fte r  W e b s t e r  1958)

Fig. 9. The geog rap h ica l d istribu tion  of th e  genus Neobracea B r itt ,  in Cuba (a fte r  B o r h i d i
1973 a n d  L ip p o l d  1979)

â  Lescaillea equisetiformis ■■ Harnackia bisecta

Fig. 10. T he g eo g rap h ica l d istribu tion  of th e  g en era  Lescaillea W r. in  Sauv. and  Harnackia
U rb. (a fte r  B o r h i d i  1973)
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▲ A. cajalbanica
• A coriacea s.str.
о A. coriacea ssp. moaënsis

F ig . 11. G eographical d is tr ib u tio n  of A n em ia  coriacea Griseb. s.l. (a fte r  B o r h id i  1973 and
D u e k  1975)

sect, glaucifoliae 
■ M. trigonocarpus 
▲ M. revolutus 
• M. lanceolatus

sect. Moacroton 
о M. cristalensis 
Д M. Leonis 
▼ M. tetramerus 
□ M. Ekmanii

F ig . 12. G eographical d is tr ib u tio n  of th e  gen u s M oacroton  Croiz. (a fte r  B o r h id i  1973)

Fig. 13. G eographical d is tr ib u tio n  of th e  g en era  Thrinax and  Hemithrinax in  Cuba (a fte r
B o r h id i  197 3  a n d  R e a d  1 9 7 6 )
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C om binations o f geographic and  ecological v ica rian cy

T he genus Platygyne  (F ig. 14) ex h ib its  b o th  ty p es  o f v icariancy  discussed so far. 
P. hexandra, an  u b iq u ito u s  species fo und  all o ver th e  co u n try , is rep laced  by  P. p a rv iflo ra  on 
se rpen tines in  C am agiiey and H olguin , b y  P . dentata in th e  m o n tan e  zone of S ierra  M aestra , 
and  b y  o th e r  fo u r species in  th e  se rpen tine  m o u n ta in s o f n o r th e a s te rn  O riente. F u rth e rm o re , 
th e  la t te r  four species are also v icarious in  th e ir  geographic  d is tr ib u tio n  w ith in  th e  p ro v in ce .

ПТП P. dentata + P. volubilis
X P. leonis

Fig. 14. G eographical d is tr ib u tio n  of th e  genus P latygyne  M uell. A rg. (a fte r B o r h id i  1972)

This o b se rv a tio n  su p p o rts  th e  view  th a t  spéc ia tion  is m ore in ten siv e  on serpentines th a n  on  
o th e r b ed rocks (B o r h id i  1972a). An in te res tin g  excep tion  is th e  genus Neobracea (F ig . 9) 
w ith  tw o  species on  se rp en tin e , N . ekm an ii endem ic to  M oa a n d  th e  P an-C uban  N . valen- 
zuelana. A lth o u g h  th e  la t te r  occurs on all se rp en tin e  o u tcro p s in  Cuba, th e  m orpholog ical 
v a ria b ility  o f po p u la tio n s liv ing  u n d e r d iffe ren t c lim atic  co nd itions rem ains w ith in  specific  
lim its. C onversely, th e  an cestra l form  of th e  lim estone  species has been  b roken  in to  fo u r 
v icarious species along th e  coasts consisting  o f old and  re ce n t lim estones. These species 
c o n stitu te  m orpholog ically  w ell-separated  sm all po p u latio n s w ith  considerab ly  iso la ted  geo­
g raphic  d istrib u tio n s.

E cological v ica rian cy  a t th e  in fraspecific  level

T he ecological fac to rs  a ffecting  spéc ia tion  m ay  be b es t in v es tig a te d  and  d e m o n s tra ted  
th ro u g h  exam ples o f  in fraspecific  v ica riancy . T his te rm  m eans t h a t  a young species o f  g re a t 
m ig ra to ry  a n d  p e n e tra tiv e  pow er colonizes new  h a b ita ts  w hich  in  tu rn  m odify th e  p o p u la ­
tions. M aytenus buxifo lia  (F ig. 15), a n  A n tillean  species, is a good exam ple. I t  falls in to  five  
v icarious subspecies in  C uba: th e  w idely  sp read  an cesto r, tw o subspecies on serpen tines (ssp. 
cajalbanica  in  w este rn  C uba an d  ssp. serpentin i in  th e  eas t), a n o th e r  a d ap ted  to  m o n ta n e  
b e lt (ssp. monticola), an d  an  ex trem ely  d ro u g h t- to le ra n t subspecies in  th e  sem i-desert b e lt  
(ssp. cochlearifolia). A n endem ic m icrophyllous d ro u g h t- to le ra n t sh ru b , R eynosia mucronata  
(Fig. 16) ex h ib its  sim ilar v icariancy . T he an cesto r occurs in  th e  sh ru b lan d s of c en tra l C uba 
w ith  p reference  in  fa v o u r o f n e ith e r lim estone  n o r serpen tine . H ow ev er, th e  p o p u la tio n s on 
th e  latoso ls o f N ipe M ts. (ssp. nipensis) a n d  th e  s ta n d s  occurring  in  th e  sem i-desert zone of 
so u th e rn  B araco a  (ssp. azu lensis) hav e  been  geograph ica lly  iso la ted  subspecies (cf. B o r h i d i  
and  Mu n iz  1971).
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• ssp. buxifolia
A ssp. cajalbanica A ssp. serpentini
□ ssp. monticola V ssp. cochlearifolius

F ig . 15. T he geographical d is tr ib u tio n  of th e  subspecies of M aytenus buxifo lia  (A. R ich .) 
G riseb. in C uba (a fte r  B o r ii id i  1973)

• ssp. mucronata A  ssp. nipensis ▼ ssp. azulensis

F ig . 16. T he geographical d is tr ib u tio n  of th e  subspecies of Reynosia mucronata  G riseb. in
C uba (a fte r B o r h id i  1973)

G eographic v ica rian cy  a t  th e  in fraspecif ic level

T he infraspecific  geographic  v ica rian cy  in d ica tes  clim atic changes in th e  recen t geo­
log ica l p a s t and  casts lig h t u p o n  th e  role o f p o te n tia l  cenological barrie rs. E x am p les  are  found  
in  th e  se rpen tine  m o u n ta in s of n o rth e a s te rn  O rien te . T he clim ate of th is  region m ig h t h av e  
b een  th a t  of tro p ica l ra in fo rests  in th e  H olocene. Since th en , a g rad u a lly  d ry in g  c lim atic  
g ra d ie n t has developed. As a re su lt of th is  change  som e species, e.g., Casasia nigrescens (F ig. 17), 
A m y r is  strom atophylla  (B o r ii id i  and  Muniz  1973), M a n ilka sa  mayasensis an d  A nem ia  coriacea 
(F ig . 11) fall in to  v icarious subspecies w ith  large  leaves and tall h a b it in M oa and w ith  sm all 
leaves and  bod y  size in  th e  C ristal and  N ipe M oun ta ins.

P hytosocio logical iso la tion  and  v ica rian cy

D evelopm en t  of  geographical ly  v icarious subspecies m ay  o t ten  be  faci l i ta ted  by the  
ex is tence  of spec ies-sa tu rated  com m unit ie s  or v e g e ta t io n  types in different  h a b i t a t s  separa t ing  
th e  d r i f ted  popu la t ions ,  e.g., those  of m o u n ta in s  a l te rn a t in g  w ith  m ore  or less wide valleys. 
H e re ,  on ly  th e  d is t r ib u t io n  of the  tax a  of C alycogonium  rosm arinifolium  s. 1. (Fig. 18) is shown, 
a l th o u g h  the  v icarious subspecies of P hyllan thus erythrinus  (Web s te r  1959) could h a v e  also 
been  selected as a good exam ple .
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Casasia nigrescens •  ssp. nigrescens A ssp. moaënsis

Fig. 17. The geographical d is tr ib u tio n  of th e  subspecies o f Casasia nigrescens (G riseb.) W r. ex
U rb . in  C uba (a fte r B o r h id i  1973)

■ rosmorinifolium •  ssp. brachyphyllum A Calycogonium moanum

F ig. 18. The geographica l d is tr ib u tio n  of th e  tax a  of Calycogonium rosm orin ifo lium  Griseb. s.l.
(a fte r  B orhid i  1973)

Inversion o f  floriS tic  elements

A nother ty p ic a l fe a tu re  o f th e  flo ra , observed  m ain ly  in  w estern  Cuba, 
is inversion  (Sa m e k  1973). C erta in  genera of m o u n ta in s  or te m p e ra te  regions, 
w hich otherw ise occur p o sitiv e ly  in  high m o u n ta in s  a t  s im ilar la titu d e , are 
found  in Cuba a t  low  e lev a tio n . E xam ples are  P in u s , Podocarpus, K alm iella , 
V accinium , L yo n ia , B efaria  cubensis, and Quercus sagraeana, e tc. Inversion  is 
p ro b ab ly  caused b y  tw o fac to rs :

1. One of th e  cool periods during  the  Q u a te rn a ry  w hen these  species or 
th e ir  ancestors reach ed  C uba an d  becam e e s tab lish ed  in  th e  low lands and  
hills, and
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2. The ab u n d an ce  o f  se rp en tin es  and  o th e r rocks an d  soils (e.g ., slate 
an d  q u a rtz  sand) of poor n u tr ie n t  su p p ly , w hich m ig h t h av e  fa c ilita te d  the  
a d a p ta t io n  of coo l-resistan t species to  th e  increasing  m ean  te m p e ra tu re  (such 
inv ersio n s m ay  develop u n d e r th e  sam e conditions even to d a y ).

T he veg e ta tio n  in v ersio n  occurring  on soils derived  from  se rp en tin e  is 
d iscussed  in  B o r h id i  (1973, 1976) and  B o r h id i  and M u n i z  (1980). O f course, 
th is  is accom panied  w ith  th e  in v ersio n  of flo ristic  e lem ents c o n s titu tin g  the  
co rrespond ing  v eg e ta tio n  ty p e . In  a d d itio n  to  th e  above m en tio n ed  ta x a , th is  
p h enom enon  is exem plified  b y  th e  species of M yrica , I le x , Lobelia, Laplacea, 
an d  Baccharis occurring  on se rp en tin e s  or w hite sands.

M icrophyllia

T his is an  im p o r ta n t fe a tu re  ch a rac te ris tic  n o t o n ly  o f  th e  f lo ra  o f Cuba 
b u t  also o f th e  flo ra  o f th e  W est Ind ies. As po in ted  o u t in  earlie r, a r id ity  
m u s t h av e  had an  im p o r ta n t ro le in  in fluencing  spécia tion . T ab le  1 show s th a t  
o f  th e  1115 species ex am ined , 800 (72% ) proved  to  he m icrophy ll, n an ophy ll, 
le p to p h y ll and  aphy ll, m o st o f  th o se  (563 species) being endem ics. T here  are 
n u m ero u s genera rep resen ted  in  C uba and  the  A ntilles b y  h ig h ly  specialized 
m icro p h y ll, sclerophyll or sp in y  sections or species, b u t  th e  co rrespond ing  
ta x a  in  th e  co n tin en t are b ro ad  leav ed . E xam ples are P lin ia , M yrcia , Calyptran- 
thes, E ugen ia , Rondeletia, M achaon ia , Psychotria, P hyllan thus, Croton , Acaly- 
ph a , Jacaranda, Tabebuia , B yrso n im a , M alp igh ia , e tc . T y p ica l W est In d ian  
gen era  are Catesbaea, Scolosanthus, Ottoschmidtia, Acidocroton, P icrodendron, 
K rugiodendron. and  Sarcom phalus, T h e ir abundance  an d  su b s ta n tia l  cover in 
th e  v eg e ta tio n  allow fo r th e  conclusion  th a t  during  th e  m ain  p e rio d  of the 
f lo ra  developm ent in  th e  W est In d ie s  th e re  was a d irec t re la tio n sh ip  to  the  
c o n tin e n ta l flo ra  com posed o f  d ro u g h t- to le ra n t elem ents. T hen , th e  f lo ra  m ust 
h av e  fu r th e r  evolved in  a w arm , a rid  su b trop ica l c lim ate , p ro b a b ly  in  the  
second  h a lf  o f th e  M iocene.

M icran th ia

A strik in g  fea tu re  of th e  f lo ra  o f  th e  A ntilles, and  p a r tic u la r ly  o f Cuba, 
is i ts  richness in  sm all-flow ered  p la n ts , w hereas th e  flo ras o f P a laeo tro p ica l 
and  N eo trop ica l regions in  th e  co n tin en ts  abound  in  show y, b ig-flow ered
species.

A m ong m any  th o u san d s of p la n t  species illu s tra ted  in  B o tan ica l M agazine a n d  G arden- 
flo ra . A n tillean  species only occasionally  occur. (N one o f th e  3000 endem ics in  th e  excep tionally  
rich  f lo ra  o f C uba has big enough  flow ers to  deserve th e  honour o f being  th e  ‘n a tio n a l flow er’, 
so H edych ium  coronarium, an  A sia tic  species, was given th is  title .)
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T he sm all flow ers are  po llina ted  by  endem ic, h igh ly  specialized  m icro­
scopic sized insects th a t  a re  u sua lly  n o t capab le  of long d is tan ce  fly ing . To avoid  
s tro n g  w inds b low ing fro m  th e  sea, th ese  insects s ta y  in  th e  sh e lte r  o f p lan ts . 
T h u s, gene flow  b e tw een  rem ote  p la n t p o pu la tions is occasional, i f  n o t im ­
possib le. This b a rrie r  m u s t have c o n tr ib u te d  sign ifican tly  to  th e  iso la tio n  of 
p o p u la tio n s sub jec ted  to  genetic  d rift, and  resu lted  in  th e  fo rm a tio n  o f n u m e r­
ous v icarious endem ics. T he fac t th a t  m o st v icariads differ v e ry  l i t t le  from  one 
a n o th e r  ind icates th e  in flu en ce  of genetic  d rift. T herefore, som e tax o n o m ists  
consider these  v icariads as sim ple v a rie tie s . H ow ever, th is  v iew  is u n accep tab le  
since th e  m orphology o f th e se  m icrospecies is s tab le , th e  seg rega tion  is com plete  
and  no in te rm ed ia te  fo rm s an d  genetic re la tionsh ips ex ist. M ic ran th ia  m ay  be 
a p a r t ia l  ex p lan a tio n  o f  th e  d iscrepancy  th a t  genera rep re sen ted  b y  on ly  one 
or tw o  w idespread  species in  th e  c o n tin e n t m ay  fall in to  a dozen o f  endem ic 
species w ith  geographic ran g e  re s tr ic te d  to  a single m o u n ta in o u s  reg ion  in  
th e  A ntilles.

Relict character

T he flora of tro p ic a l m oist v e g e ta tio n  ty p es, such as low land  and  su b ­
m o n tan e  rainforests an d  seasonal everg reen  forests in  th e  A n tilles is re la tiv e ly  
y o u n g  an d  contains few  endem ics. I t  is likely  th a t  these  ty p e s  h a d  becom e 
w id esp read  only a t th e  en d  of th e  P liocene an d  during  th e  p lu v ia l periods 
synch ro n o u s w ith th e  P le istocene  g lacials. D uring  th e  P le istocene  th e  flo ra  
rich  in T e rtia ry  xeroph ilous and  sclerophyll elem ents re tre a te d . T his process 
still goes on. In  m y opin ion  th e  recent c lim ate  is far too  m oist for th e  sclero­
p h y ll v eg e ta tio n  ty p es an d  th e  c o n s titu tin g  species. The increase  in  th e  n u m b er 
o f p e rm a n e n tly  e s tab lished  deciduous and  sem i-deciduous species com ing from  
o th e r co m m u n ity  ty p es su p p o rts  th is  view . This d eg rad a tio n  process is sig­
n if ic a n tly  accelerated  b y  h u m an  im p ac t. The form erly  w idespread  d ry  ev e r­
green fo rm atio n s ( th ick e ts , w oodlands, fo rests and  pinew oods) com posed of 
T e r tia ry  sclerophylls are now  restric ted  to  re lic t h a b ita ts , se rp en tin es  and  th e  
slopes an d  cliffs o f conical k a rs ts . The geographic range o f endem ic sclero­
phy lls , w hich account fo r 4 0 %  of th e  flo ra , covers less th a n  20%  o f th e  area  
o f th e  is land . The relic t c h a ra c te r  of th e  flo ra  is clearly  d e m o n s tra te d  b y  the  
presence o f p rim itive , tax o n o m ica lly  iso la ted  groups (M icrocycas, Dracaena, 
Cneorum . Spathelia  sect. B ritto n ii and  sect. Splendentes, an d  H arpalyce  sect. 
Cubenses, e tc .), th e  ab u n d a n c e  of d is ju n c t geographical d is tr ib u tio n  ty p es , 
and  th e  large num ber o f  local endem ics rep resen ted  by  sm all p o p u la tions.

V ulnerability

In  general, island flo ra s  are vu ln erab le  for several reasons:
1. T he popu lations colonizing new  b io topes are selected  from  a reduced  

gene pool,
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2. There has been  no possib ility  o f chang ing  th is  gene pool for m illions 
o f  y ears ,

3. As a consequence  of iso la tion , th e  ecological to le ran ce  and genetic  
flex ib ility  of p o p u la tio n s  decreased , so th a t ,

4. The co m p e titiv en ess  of species genera lly  d im in ished  or even d is­
ap p eared  in all b u t  one respects ,

5. T herefore, th e y  can n o t reac t sa tis fac to rily  up o n  new  ecological im ­
p a c ts , can n o t ta k e  th e  a d v a n ta g e  o f succession, an d  c a n n o t resist to  or force 
b a c k  new co m p etito rs .

T hus, island  flo ra s  are  usually  com posed of ecologically  rigid p o p u la ­
tio n s  n o t qua lified  to  a d a p t to  m a jo r en v iro n m en ta l changes. The social 
recu p erab ility  is red u ced , th e  popu la tio n s an d  com m unities are vu lnerab le  to  
e x te rn a l effects. T h e  v u ln e ra b ility  of th e  flo ra  of C uba is m ore p ronounced  
because

a ) The islan d  flo ra  its e lf  is c o n s titu ted  by set of an c ien t, iso lated  flo ras,
b)  Most endem ics have been ad ap ted  to  th e  ex trem e  ecological cond i­

tio n s  of o ligo trophic  o r b are  areas. T hus, th e  level of m etabolism  becam e low 
in these  organism s, an d  th e ir  com petitiveness d im in ished .

c) The so c iab ility  of m an y  endem ics is low . T here  are  some ra re  ta x a  
rep resen ted  by  few  p o p u la tio n s, and few in d iv id u a ls  th e re in . C onsequently , 
th e  flo ra  of C uba is one o f th e  m ost endangered  island  flo ras of th e  w orld . 
T he lis t of en d an g ered  species of Cuba con ta in s ab o u t a th o u san d  item s w hich 
a m o u n t to  16 .5%  o f th e  en tire  set o f flow ering  species in th e  island. A p p ro x ­
im ate ly  30%  of th e  endem ics are endangered .

The orig in  and  m igra tion  o f the  flo ra  o f Cuba

Palaeobotanical and  geological evidences

O ur know ledge on th e  origin and m ig ra tion  of th e  flora of Cuba is 
insuffic ien t. As few  as th ree  n o tew o rth y  find ings have  been rep o rted , one 
p robab ly  from  th e  E ocene and  an o th e r from  th e  P leistocene of S ierra  de 
Chorrillo, and  th e  th ird  from  th e  M iocene o f Y u m u ri V alley  in M atanzas (see 
G r a h a m  1973). T h e  to ta l  n u m b er of ta x a  com ing from  these  th ree  periods is 
still below f if ty . M oreover, no palynological d a ta  are  available from  the 
Q u a te rn a ry  o f C uba. T hen , th e  only possib ility  to  give a rough  p ic tu re  on p a s t 
changes in th e  f lo ra  is offered by  the  sim u ltan eo u s analysis o f th e  recent 
flo ra , geographical d is tr ib u tio n  ty p es and o f th e  te c to n ic  events revealed  by 
s tru c tu ra l geology.
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F ig. 19. T he geographical position  of th e  G rea te r A ntilles in th e  la te  M iocene accord ing  to 
W e g e n e r ’s c o n tin en ta l d rift th eo ry  in th e  in te rp re ta tio n  of Corral  (1939)

Co r r a l ’s v e rs io n  o f  W e g e n e r ’s th e o r y

T he geological p a s t o f the  A ntilles has been described by  Corral  (1939, 1940) in 
accordance w ith  W e g e n e r ’s th eo ry  (F ig. 19). I t  is conceivable th a t  p o rtio n s o f th e  G reater 
A ntilles used to be connected  to  one a n o th e r and  to  South  A m erica, as Corral  claim s. H ow ­
ever, these lands m u st h av e  s ta r te d  to  becom e sep ara ted  from  th e  co n tin e n t n o t la te r  th an  
th e  U p p er Triassic. D ue to  chronological unreliab ilities and  co n sequen tia l inconsistencies in 
Co rral’s theo ry , it was soon re jected  (A la in  1958) and Sc h u c h e r t ’s (1935) concepts were 
accep ted .

S c h u c h e r t ’s concepts on th e  T e rtia ry  in th e  A ntilles

A ccording to S c h u c h e r t , th e  G rea te r A ntilles had been connected  to  C entra l Am erica 
v ia  a land  s trip  of H o n d u ras from  th e  T riassic  to  th e  L ate  P liocene, a p a r t  from  sh o rt in te rvals 
in th e  U pper C retaceous and  th e  U pper Oligocène. E aste rn  C uba was connected  to  th e  con­
t in e n t  via th e  C aym an R idge and ind irec tly  v ia th e  N icaragua R idge, Ja m a ica  an d  H ispaniola. 
In  ad d itio n , there  was also a connection  to  th e  B aham as and F lo rid a  du rin g  th e  U p p er C reta­
ceous and th e  Eocene. In  th e  U pper O ligocène Cuba becam e se p a ra ted  from  H ispan io la  and 
Y u ca tan , and its  connection  to  th e  c o n tin en t ceased to exist any  longer. A lthough  in  th e  Middle 
M iocene C uba and H ispan io la  had been u n ite d  again for a sh o rt tim e, no link  was form ed 
be tw een  th e  Antilles an d  H onduras. In  th e  U pper Miocene C uba finally  becam e com pletely 
sep a ra ted  from  all th e  o th e r  islands of th e  A ntilles and  the co n tin en t. A ccording to  S c h u c h er t , 
th e  H o n d u ra s-Jam a ic a -H isp an io la  lan d  s tr ip  was finally  b roken  on ly  a t  th e  beg inn ing  of the 
P leistocene. In  m y view s, how ever, th is  b reak  up m ust have been com ple ted  in th e  Miocene, 
as suggested  by  the  very  p rim itive  m am m al fauna  of the  G rea te r A ntilles.

The influence  o f S c h u c h e r t ’s concepts on p h y to g eo g rap h ica l in te r ­
p re ta tio n s

The recen t position  of th e  W est In d ies , w hich are w edged in be tw een  tw o con tinen ts 
an d  are surrounded  b y  n arrow s and closed b ays, m akes th e  im pression  as if th e  W est Indies 
w ere a so rt of appen d ag e  of the  co n tin e n t th a t  becam e se p a ra ted  n o t long before. Some 
b o tan is ts  consider th e  flo ra  of th e  W est In d ies  as a d escendan t of th e  co n tin en ta l flora in  which 
th e  w idespread and h igh ly  variab le  c o n tin en ta l species are rep re sen ted  b y  endem ic subspecies
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Fig. 20. O rigins o f  th e  flo ra  o f C uba (a fte r  A lain  L io gier  1958, stro n g ly  m odified). 1. C on tinen ts and  is lands, 2. Shallow  seas (less th a n  
1000 m  deep), 3. D eep seas (d e p th  m ore th a n  1000 m ), 4. W est-C uban  p h y to g eo g rap h ica l subprov ince, 5. M iddle-C uban phy to g eo g rap h ica l 
su b p rov ince, 6. E as t-C u b an  p h y togeograph ica l su b p rov ince, 7. M ain m ig ra to ry  ro u tes  o f th e  flo ra , s tro n g  flo ris tic  a ffin ities, 8 . Im p o r ta n t  

m ig ra to ry  ro u tes , n o tab le  flo ris tic  re la tions, 9. Less im p o rta n t m ig ra to ry  ro u tes  o f th e  flo ra, recognizable flo ris tic  re la tions
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or varieties. T his is, how ever, an  illusory view  fo rm ed  un d er th e  in fluence of Sc h u c h e r t ’s 
theories discussed above. G iven th is knowledge, th e  f ir s t  fu n d a m e n ta l s ta te m en ts  reg ard in g  
the  origin o f th e  flo ra  o f C uba were m ade by A l a in  (1958 p p . 33-34). He suggests t h a t  th e  
flora is m ain ly  o f N eo tro p ical orig in  and  th e  e lem en ts  im m ig ra ted  fro m  five  d ifferen t d irec ­
tions (Fig. 20). T his p ro b lem  will be considered la te r  in  m ore deta il.

The in fluence  of p la te  tecton ics

The re su lts  o f co n tem p o ra ry  p la te  tec to n ics  gave  an  im p e tu s  to  th e  research  of f lo ra  
evolution . Several new  hy p o th eses were c reated  concern ing  th e  ev o lu tio n  and  m ig ra tio n  of 
p rim itive  flo ras and  th e  ra d ia tio n  of G ondw ana e lem en ts , etc. A t th e  sam e tim e, con troversies 
am ong ex p erts  also rev ived . Several in fluen tia l b io log ists, e.g., T h o r n e  (1973) and van St e e n i s  
(1962) in b o tan y , m a in ta in  th e ir  conservative  view . T h ey  claim  th a t  th e  division and  d r if t  
of con tinen ts need  n o t be assum ed  to  u n d e rs tan d  th e  recen t s ta te  o f flo ras. As van  St e e n i s  
asserts, for exam ple , th e  P ac ific  and th e  In d o n esian  flo ra  m ay have  been  d irectly  o rig in a ted  
from  Asia v ia lan d  bridges t h a t  have  now been co v ered  by  sea. E v en  if th e  lan d  bridge th e o ry  
is applicable to  th e  In d o n esian  flo ra, th ere  are still m an y  paleogeographic  and b iogeographic  
problem s th a t  c an n o t be solved in th is w ay. I t  is th e re fo re  obvious th a t  m ost b o tan is ts  call 
in the  theo re tica l possib ilities offered by p la te  tec to n ic s , even th o u g h  th is field of geology has 
its own unansw ered  questions.

P la te  tec to n ics  o f th e  W est Indies

D espite  m an y  co n tro v ersia l details, m ost geologists agree t h a t  th e  C aribbean region is 
a sep ara te  tec to n ic  u n it. A fte r  I sachs et al. (1968) an d  Morgan  (1958) th e  existence of a 
sep ara te  C aribbean  L ith o sp h ere  P la te  is generally  accep ted . As fa r  as th e  origin and  th e  
ch aracteris tics o f th is  p la te  are  concerned, the  view s are  vary ing . S c h u c h e r t  (1935), W o od rin g  
(1954), E a r d l e y  (1954), B u t t e r l in  (1956).T ik h o m ir o v  (1967), and K h u d o l e y  and  F urrazola  
(1971) th in k  th a t  th e  C aribbean  Sea took th e  p lace o f a lan d  m ass. H. A. Me y e r h o f f  (1954). 
H ess and Ma x w e l l  (1953), W e y l  (1966), A. A. Me y e r h o f f  (1967), D engo  (1968), Molnár  
and  Sy ke s  (1969), an d  MacG illavry  (1970) p resu m e th e  existence of a p e rm anen t basin  in 
th e  ocean su rro u n d ed  by  islan d  bends and  geosynchlinals.

M ost ex p erts  (B all an d  H arrison  1969, D en g o  1969, Molnár  and Sy k e s  1969. 
MacGillavry  1970, Ma lfait  and  D in k e lm a n  1972, Mattson  1973, and  I tu rra ld e  1975, 
1978) exp lain  th e  d ev elo p m en t of th e  C aribbean P la te  on  the  basis o f co n tin en ta l d rif t and , 
in general, o f th e  d ila ta tio n  of ocean floor.

The u n an im o u s view  of the  above a u th o rs  is th a t  the  C arib b ean  P la te  was p rim arily  
oceanic. T hey  exclude th e  possib ility  th a t  th e  A n tille s  were con n ec ted  to  e ither p a r t  o f th e  
A m erican co n tin e n t up  to  th e  M iddle Miocene. In  th e  U pper Ju ra ss ic  th e  C aribbean P la te  
m ay have been  lo ca ted  a t  th e  n o rth w estern  edge o f th e  A fro-A m erican  lan d  m ass in th e  P ac ific  
O cean a t  th e  w este rn  m o u th  of th e  T ethys Sea (w here  N icarag u a  an d  H onduras are  now  
found). In  th e  C retaceous, sim ultaneously  w ith  th e  process sep a ra tin g  Sou th  A m erica an d  
A frica, th e  S o u th  A m erican  c o n tin en t was sig n ifican tly  ro ta te d  causing  th e  C aribbean P la te , 
w hich was con n ec ted  to  th e  G uyana  P la te , to m ove eastw ard . H av in g  m oved ab o u t 8 0 0 - 
1200 k ilom etres, th e  C aribbean  P la te  d rifted  aw ay  in to  th e  T e th y s  Sea. As from  th e  U p p e r 
Miocene th e  A ntilles ex h ib ited  a p latform -like  d ev elo p m en t. A ccord ing  to  I t u r r a l d e , C uba 
has been form ed of six  a rch a ic  isolated blocks, H ispan io la  p ro b a b ly  of th ree  blocks, an d  
Jam aica  and  P u e rto  Rico of one block each. In  th e  U p p e r Miocene s ta r te d  th e  general v e rtica l
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m o v em en t leading to  th e  em ergence of th e  C ay m an  and N icaragua R idge. Thus, th e  a rc h i­
pelago  and C entral A m erica  becam e connected . T h is process was co m ple ted  in th e  P liocene  
a n d  th en  th e  islands s ta r te d  to  get sep a ra ted . F in a lly , th e  recen t sh ap e  of the is lan d s was 
fo rm ed  in  th e  P leistocene.

The theory o f  a three-phase evolution o f  the West Ind ian  flo ra

A lthough C aribbean  P la te  te c to n ics  poses m any  unreso lved  p rob lem s 
( H o w a r d  1980 p . 244) i t  is now a tte m p te d  to  ou tline th e  general h is to ry  o f  
th e  A n tillean  flo ra . T h ree  m ajor periods are  recognized, each co rrespond ing  to  
a g iven  geological s tag e :

1. P la te  phase ,
2. L and  bridge phase , and
3. A rchipelago phase.

P la te  phase

T he nam e of th e  f ir s t  stage in d ica tes th a t  a t  th is tim e th e  C aribbean  P la te  w as an  
in d ep e n d en t land m ass in  th e  sea. I t  is assum ed t h a t  th is period s ta r te d  in  th e  M iddle Ju ra ss ic  
an d  ended  in the  U p p er Oligocène. R e la tiv e ly  few  elem ents of th e  flo ra  m ay  be trac ed  b ack  
w ith  com plete c e rta in ty  to  th is  phase. T hese im p o r ta n t ta x a  are e ith e r p h y to g en e tica lly  old 
re lic ts , or endem ics w ith  d is ta n t re la tions, or genera  w ith  d isjunct geographic  d is tr ib u tio n .

Relict cryptogams

As expected , th e  flo ra  o f th is early  p eriod  is m ain ly  rep resen ted  b y  cry p to g am s in  th e  
recen t flora. Such p lan ts  a re , for in stance, th e  tree  ferns. As m any  as sev en teen  endem ic tree  
fe rn s  occur in th e  A ntilles. I t  is w ell-know n th a t  th e  fam ily C yatheaceae  includes w ide ly  
d is tr ib u te d  species th a t  a re  effic ien tly  d ispersed  th ro u g h  spores. T he fa c t th a t  one of th e  e v o ­
lu tio n a ry  centres of th e  Schizaeaceae fam ily , a n d  its  genus A n em ia , is in  Cuba (12 species of 
w h ich  seven are endem ics) needs sim ilar in te rp re ta tio n . In th is resp ec t, new  b ry ogeograph ic  
re su lts  ( R ey es  1982, B o r h i d i  e t P ócs 1985) deserve  p a rticu la r a tte n tio n  as th ey  in d ic a te  a 
d e fin ite  re la tionsh ip  to  G ondw analand . For in s tan ce , there  are m an y  m ore liverw ort species 
th a n  mosses in Cuba. Such a p a r titio n  of b ry o p h y te s  is known to  be ty p ic a l o f the  islan d s in 
th e  so u th e rn  hem osphere. T he new  stud ies by  PÓCS an d  R eyes  revealed  obvious re la tio n sh ip s 
b e tw een  th e  liverw orth  flo ras  o f th e  G uyana  H ig h lan d  and  of th e  se rp en tin e  p la teau x  in C uba, 
e.g. b y  th e  occurrences of Plagiochila steyerm arkii R obinson and  Calypogeia venezuelana  
F u lfo rd . I t  is w ell-know n th a t  th e  G uyana H ig h lan d  is one of the  o ldest block m o u n ta in s  in 
S o u th  A m erica derived u n d o u b ted ly  from  G ondw analand .

Relict phanerogams

T he m onotyp ical gym nosperm  genus M icrocycas is a “ liv ing  fossil”  rep resen tin g  th e  
p h an ero g am s of th e  p la te  phase . T he a ssu m p tio n  th a t  a t  th a t  tim e th e  C aribbean  P la te  was 
lo ca ted  a t  th e  bo rder of th e  Pacific  Ocean and  th e  T e th y s  Sea has n o t on ly  been ju s tif ie d  by  
fossil C retaceous fau n as (w estern  Cuba, V inales) b u t  has also been d e m o n s tra ted  b y  th e  
close re la tionsh ip  betw een  Colpothrinax , a C u b a n -C en tra l A m erican genus, and  th e  P ac ific  
Pritchardia. These genera p ro b ab ly  have a com m on ancestor.
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P eri-A fro-A m erican elements

T he evolution of th e  specially d is tr ib u te d  peri-A fro-A m erican  e lem en ts  m ay  also be 
d a te d  b ack  to  the p la te  ph ase . Table 2 lis ts  ty p ica l peri-A fro-A m erican  p h an ero g am  genera 
th a t  occur in  the  tro p ica l A m erica, E ast A frica  an d /o r M adagascar b u t  a re  ab sen t from  W est 
an d  C en tra l Africa.

O f th e  fifteen g en era  listed , eleven o ccu r in Cuba, four genera  (C arpodiptera , Savia , 
O plonia , and  S tenandrium )  have  their e v o lu tio n a ry  cen tres in th e  A ntilles (B o rh id i  1982).

A ccording to S t e a r n  (1971) th is d is tr ib u tio n  ty p e  m ay  h av e  b een  developed as a 
re su lt o f d rastic  c lim atic  changes. M any ta x a  becam e e x tin c t in th e  in te r io r  o f th e  “ Afro- 
A m erican ” su p erco n tin en t due  to  the e x trem e  co n tin en ta l c lim ate. T he f lo ra  o f C entral Africa 
becam e re la tively  poor in  species. On th e  c o n tra ry , along th e  coasts o f M adagascar, E ast 
A frica , N o rth  Africa a n d  th e  no rthern  p a r t  o f S o u th  A m erica an  ex ten siv e  coasta l zone was 
fo rm ed  w hich had a te m p e ra te  clim ate. T h e  abu n d an ce  of d iverse  h a b ita ts  in  th is region 
w as advan tageous fo r su rv iv a l so th a t a v e ry  rich  v eg eta tion  developed . B esides th e  M ada­
gascan  P la te , the  M acaronesian  and C aribbean  P la te s  were p ro b ab ly  also p a r ts  o f th is coastal zone.

In  addition  to  th e  genera  m entioned  so fa r, a sim ilarly  close re la tio n sh ip  is ind icated  
fo r Dracaena cubensis f ro m  C uba, D. draco f ro m  M acaronesia and  D. reflexa  fro m  M adagascar. 
T he p rim itiv e  Cneoreaceae fam ily  m ay also b e  m entioned  as a  good ex am p le  (B o rh id i  1982). 
I t  h a s  only three  liv ing  species, one in th e  M ed ite rranean  of E u ro p e , a n o th e r  in the  C anary 
Is la n d s  and the th ird  in  eas te rn  Cuba on  th e  so u thern  slopes o f S ierra  M aestra. F u rth e r  
ev idence confirm ing th e  ex istence of these re la tio n sh ip s is th a t  am o n g st th e  c ryp togam s th ere  
a re  n o t only genera b u t  also some species e x h ib itin g  peri-A fro-A m erican  d is tr ib u tio n  (e.g., 
liverw orts).

T ab le  2

Examples o f peri-A fro -A m erican  genera

Genus, Family
Total

species
S. America, 
W. Indies

W. and 
Central 
Africa

E. Africa, 
Madagascar

Desmanthus (F ab aceae) 22 15 l 6
Echinochlaena (Poaceae) 7 6 — l
Ocotea (L au raceae) 400 380 3 18
Oliganthes (A steraceae) 21 12 — 9
Carpodiptera (T iliaceae) 6 5 — 1
Oplonia (A can thaceae) 18 13 — 5
Phenax (U rticaceae) 28 25 — 3
Piriqueta (T urneraceae) 28 24 l 3
Rheedia (C lusiaceae) 50 37 — 13
Ravenala (M usaceâe) 2 1 1
Savia  (E uphorb iaceae) 25 15 l 9
Stenandrium  (A canthaceae) 25 22 — 3

I t  is assum ed t h a t  som e prim itive  ang iosperm s have also been p re sen t in Cuba since 
th e  p la te  phase. T hese a re  genera w ith bi- o r trisec to ria l d is tr ib u tio n , e.g ., Podocarpus, M agno­
lia , T alaum a , Ocotea, Per sea, Guatteria, O xandra , H edyosm um , D orstenia , B onnetia , Laplacea , 
Freziera , Lagetta, L in o dendron , M yrcia , S p a th e lia , Purdiaea , and  C alophyllum  and  those lis ted  
in T ab le  2.
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L and bridge p h ase

The second p e rio d  w h ich  la s te d  fro m  th e  end of th e  O ligocène up  to  th e  end of th e  
P liocene m ay be te rm ed  th e  lan d  bridge phase . A t th e  beginning o f th e  O ligocène s ta r te d  th e  
C arib b ean  P la te  to em erge. As a re su lt o f th is  process th e  G rea te r A n tilles becam e connected  
to  th e  con tinen t f irs t v ia  H o n d u ra s  an d  th e  Y u c a ta n  peninsula an d  la te r  v ia  th e  new ly em erged 
L esser Antilles. This is th e  period  of th e  larg e  scale im m igration  of species in to  Cuba because 
a p a r t  from  facilita ting  m ig ra tio n , th e  em erged  lands offered e x ten siv e  b a re  areas for th e  
p io n eer vegetation .

The broad-leaved tropical H onduras flo r a

D uring th e  O ligocène an d  th e  L ow er Miocene a tro p ica l f lo ra  consisting  prim arily  of 
b ro ad-leaved  evergreen tre e s  and  sh ru b s m ay  have im m ig ra ted  in to  th e  G reate r Antilles. 
I n  th is  period Cuba h a d  been  d iv ided  up  in to  six isolated blocks: 1. G uane, 2. Isla  de P inos, 
3. V illa  Clara, 4. C arnagüey, 5. S ierra M aestra , and  6. M oa-B aracoa. In  th e  M iddle and U pper 
O ligocène Guane was co n n ec ted  to  th e  Y u c a ta n  peninsula. T he S ierra  M aestra  block and 
H o n d u ra s  were connected  v ia  th e  C aym an R idge. The M oa-B aracoa block jo ined  p ro b ab ly  
w ith  H ispaniola and fo rm ed  a p a r t  o f th e  H o n d u ra s -J a m a ic a -H is p a n io la -P u e r to  Rico range  
w h ich  was the m ain ro u te  o f im m ig ra tio n . O bviously , th e  re la tiv e ly  sm all G uane block, th a t  
becam e separated  earlier fro m  th e  co n tin e n t, accum ula ted  a m ore lim ite d  gene pool th a n  th e  
la rg e r O riente blocks (S ie rra  M aestra  a n d  M oa-B aracoa) w hich h a d  been  connected  to th e  
o th e r  p a r ts  of th e  G rea te r A ntilles for a lo n g er period of tim e. T he p la n ts  of th e  la t te r  blocks 
com prise  the  so-called H o n d u ra s  flo ra  w h ich  m igh t also be te rm ed  th e  Sw ietenia-Trichilia- 
Z a n thoxylum  flora a f te r  i ts  ty p ic a l genera . M ost N eotropical e lem en ts  o f th e  G reate r A ntilles 
h a v e  been orig inated  from  th e  H o n d u ra s  f lo ra . According to m y h y p o th eses , i t  is th e  phase  
w h en  th ree  m ain groups o f tro p ic a l genera  im m ig ra ted . These are :

1. Genera rep re sen ted  by  few b u t  w idely  spread endem ic species in  th e  recen t flora 
(Sw ieten ia , Trichilia , Cedrela, In g a , A lb izz ia , B ursera , D ipholis. P seudolm edia , Chlorophora, 
a n d  Simaruba).

2. Genera w ith seco n d ary  e v o lu tio n ary  cen tres evolved due  to  c lim atic  and geological 
changes in the Antilles. T hese  genera  h av e  m an y  endem ic re p re se n ta tiv e s  in th e  recen t flora  
(Pithecellobium , Cassia, C aesalpin ia , Copernicia, Eugenia, C alyptranthes, Zanthoxylum , P ilea , 
R ondeletia , Psychotria, Guettarda, M iconia , Ossaea, Phyllanthus, e tc .) , an d

3. P resum ably  e x tin c t  genera  t h a t  a re  ancestors of ty p ic a l endem ic  genera or genus 
g ro u p s characteris tic  o f th e  A n tilles, e.g., th e  group P ortlandia-C ubanola-Thogsennia ; th e  
g ro u p  Schm idtottia-Isidorea ; th e  g roup  Phialanthus-C eratopyxis-Shafer ochar i s th e  group A n til-  
lia -U rb a n a n th u s-S p a n io p a p p u s ; th e  g roup  Scolosanthus-Eosanthe ; th e  g roup  P in illo s ia -T d ra ­
per one-Koehneola', and  th e  g ro u p  of Espadaea-Goetzea-Henoonia , e tc .

The sclerophyllous broad-leaved M adro-T ethyan  vegetation

A x e l r o d  (1975) recogn izes th a t  th e  h igh  sim ilarity  be tw een  th e  m ed ite rra n ea n  veg eta ­
tio n  of N orth  A m erica a n d  E u ra s ia -N . A frica  is n o t m erely a  p h ysiognom ic  resem blance 
because  m ost genera o ccu rrin g  are  com m on to  b o th  regions. H e show s th a t  a sclerophyllous 
b ro ad -leav ed  v egeta tion  dev elo p ed  in  th e  E ocene and Oligocène of S ierra  M adre (Mexico) 
an d  th e  southern  U n ited  S ta te s , an d  also in  th e  Oligocène and  M iocene of so u th e rn  E uras ia , 
w ith  m any  species in com m on . T his v e g e ta tio n , qu ite  un iform  in ap p ea ran ce , was nam ed
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th e  M ad ro -T ethyan  v e g e ta tio n  a fte r its  w esternm ost lim it, S ierra  M adre, and  th e  T e th y s  Sea, 
along th e  n o rth e rn  co ast o f w hich th is  v eg e ta tio n  ty p e  was sp read . I t  was w idely sp read , too 

in th e  U pper M iocene of C entral E u ro p e . For exam ple, th e  S a rm a tian  flora described from  
H u n g a ry  (A n d r e á n s z k y  1956, 1962a, b) is also designated  b y  A x e l r o d  as being p a r ts  of 
th e  M ad ro -T ethyan  v eg e ta tio n . T his sc lerophyllous b ro ad-leaved  v eg e ta tio n , w hich was form ed 
b y  p lan ts  h ighly  a d a p te d  to  th e  in creas in g  sum m er d ro u g h ts  in  th e  T e rtia ry , has now been 
sp litte d  in to  rem o te , iso la ted  s ta n d s  liv ing  under v ery  d iffe re n t ecological conditions. In  
California and  E u ro p e  th e  sum m er is d ry  and  th e  w inter is w e t, in  A rizona and  Newr Mexico 
th e re  are tw o d ry  seasons. T his v e g e ta tio n  ty p e  occurs u n d e r th e  d ry  w in ter and ra in y  sum m er 
c lim ate  of Mexico a n d  th e  W est In d ies . M oreover, ex tensive  s ta n d s  are also found  in places 
w here th e  c lim ate is w e t th ro u g h o u t th e  year, b u t  there  are som e su ffic ien tly  d ry  or n u tr ie n t 
poor h a b ita ts  th a n k s  to  edaphic  effects (e.g., w hite  sand , se rp en tin e , g ran ite-gneiss dom es, 
lav a , lim estone d o g -to o th  areas, etc .).

The southern lin k

A x e l r o d  p o in te d  o u t co rrec tly  t h a t  th e  laurel fo rests o f th e  C anary  Is lan d s belong to  
th e  M adro -T ethyan  v eg e ta tio n , rep re se n tin g  its  so u th e rn m o st p o rtio n . H ow ever, he did n o t 
th in k  of th e  sc lerophy llous com m unities o f th e  Antilles w hich  are  also a p a r t  of th a t  section. 
In  th e  Miocene H o n d u ra s , th e  Y u c a ta n  peninsula  and th e  G rea te r A ntilles, w hich were con­
nected  to th e  f irs t  tw o , form ed th e  so u th e rn  coast of th e  T e th y s  Sea in  A m erica. These a reas 
w ere sim ilar in effec t to  th e  n o rth e rn  co ast of Africa an d  th e  C anary  Islan d s on th e  o th er 
side o f th e  T e th y s  Sea. A ccordingly , a special type  of th e  sc lerophyllous M adro -T ethyan  
v eg eta tio n , w hich should  p re fe rab ly  be  te rm ed  th e  P eri-T e th ya n  sclerophyllous veg eta tio n , 
developed in the  G re a te r  A ntilles. In  a d d itio n  to  the  M ad ro -T e th y an  e lem ents, th is A ntillean  
ty p e  is charac te rized  b y  its  richness in  N eo trop ical sc lerophylls an d  p a rticu la rly  in endem ics, 
a n d  also by its iso la tion . No d o u b t t h a t  th e  serpen tine  ch arra sca ls  (d ry  evergreen sh rub lands), 
p ine-oak w oodlands, p ine-lau re l fo res ts , an d  pin e-Dracaena fo res ts  o f C uba are re licts left of 
th e  so u thern  p o rtio n  of th e  M ad ro -T e th y an  vegetation .

The M adro-Tethyan flo ra  in  Cuba

The sclerophyllous b ro ad-leaved  M adro-T ethyan  f lo ra  im m ig ra ted  in to  th e  A ntilles 
p resum ab ly  in th e  L ow er and  M iddle M iocene. I t  was p ro b ab ly  a d irec t co n tin u a tio n  of th e  
fo rm er invasion  of th e  H o n d u ras flo ra . In  th is period an in creasing ly  arid  su b trop ica l c lim ate 
was p re d o m in an t n o t  on ly  in th e  tro p ic a l zone b u t also in m o st p a r ts  o f th e  w arm  tem p e ra te  
zone. More recen tly , th is  un u su a l expansion  of the su b tro p ica l zone is a ttr ib u te d  to  a te m ­
porarily  form ed rin g  a ro u n d  the  E a r th ,  sim ilar to th a t  o f th e  S a tu rn . T his d ry  period  d is­
p layed  a s trong  in fluence  on th e  ev o lu tio n  of th e  C uban flo ra , in w hich th e  sclerophylls are 
still dom inan t. 75%  of th e  endem ic species are micro- or n a n o p h an e ro p h y te s  (2265 species), 
m ost of th em  (86% ) being  m icro-, nan o - and lep tophylls. M any  genera  ty p ic a l of th e  M adro- 
T eth y an  v eg eta tio n  im m ig ra ted  in to  C uba and becam e im p o r ta n t  e lem ents o f th e  flora  su p ­
posedly  in th is period . These genera are : P in u s , J u n ip e ru s , Quercus, Ju g la n s , B u x u s , Лед:, 
L y o n ia , V accin ium , P ieris , K alm iella , Berberis, Се/íis, P ru n u s , M yrica , A cacia , C alliandra , 
E ry th r in a , K a rw in sk ia , Z izyp h u s , R eyn o sia , Colubrina, T h o u in ia , Dodonaea , M yrtu s , P sid iu m , 
E uphorbia , A m y r is , H elietta , Auerodendron , Sarcom phalus, Rhacom a , Forestier a , Sabal, Cocco- 
thrinax. M a ytenus , P aepalanthus , Lachnocaulon , Syngonanthus , E riocaulon , Chaetolepis, Befa- 
ria , and Garrya.
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Neotropical sclerophylls in  the M adro-Tethyan vegetation o f  Cuba

T h e  sou thern  p a r t  o f th e  M ad ro -T e th y an  v eg e ta tio n  has i ts  ow n ty p ic a l features. 
N u m ero u s species of th e  e a rlie r  estab lish ed  tro p ica l b ro ad leaf H o n d u ras f lo ra  becam e ad ap ted  
to  th e  new  arid c lim ate, a n d  several seco n d ary  ev o lu tio n ary  cen tres developed . D ifferent 
N eo tro p ica l fam ilies and  g en era , rep re sen ted  by  m em branous leaved  m acro p h y lls  and meso- 
p h y lls  in th e  co n tin en t, su ffe red  a change so th a t  new  species groups or en tire  sections con­
ta in in g  only sclerophylls a n d  coriaceous leaved  m icrophylls appeared  in  C uba. Such genera 
are , fo r exam ple, Croton, P h ylla n th u s , H arpalyce , M icon ia4 Ossaea, P lu m er ia , Jacquinia  
P lin ia , E ugenia , D iospyros , A n tirh e a , E xostem a , Rondeletia , Guettarda, M achaonia , Melocactus, 
an d  Gesneria , etc. The endem ic  genera  o f th e  A ntilles, H ispan io la  an d  C uba, th a t  are typ ical 
o f th e  sclerophyllous v e g e ta tio n  ty p es , m ay  also be considered as re su lts  o f th is  clim atic 
ch ange . E xam ples are A cro syn a n th u s , P hia lan thus , N eomazaea , A ria d n e , P hyllacanthus , Sar- 
com phalus , Doerpfeldia. P a chyan thus , Scolosanthus, Catesbaea, N otodon , N a sh ia , Sauvallella , 
Leucocroton , Phidiasia , Lescaillea , H arnackia , P h a n ia , Shafera , M oacroton , H e m ith r in a x , Ceutho- 
ca rp u s , Schm idtottia , Roigella , Suberanthus , K odályodendron, H enoonia , Linodendron . Adenoa. 
an d  Tetralix .

Drought resistant ecotypes

T h e  num erous new ly o ccu rred  sc lerophyllous species and  genera  w ere on ly  one ind ica­
tio n  o f th e  ad ap ta tio n  to  th e  d ry  c lim ate  o f th e  Miocene. T he m em b ran o u s leav ed  trees of 
th e  H o n d u ra s  flora becam e also ad ap ted  to a r id ity  by  developing d ro u g h t re s is ta n t  ecotypes. 
A lth o u g h  th ere  are v e ry  l i t t le  m orphological differences betw een  these  eco ty p es and the 
co rresp o n d in g  Central A m erican  p o p u la tio n s  th e  h a b ita ts  o f these species a re  ap p aren tly  
d rie r  in  C uba th a n  in th e  c o n tin e n t. E x am p les are: Ceiba pen tandra , Trichilia  glabra , T. hirta , 
C u p a n ia  macrophylla , Bursera sim aruba , e tc .

A rchipelago phase

T h e  th ird  period is te rm e d  th e  arch ipelago  phase. I t  cam e ab o u t in d iffe ren t poin ts of 
tim e  o v er th e  G reater A ntilles. In  C uba it  s ta r te d  a t  th e  end of th e  M iocene, w hen  th e  B a rtle tt 
T ren c h , th a t  separa tes C uba fro m  Ja m a ica  and  H ispaniola, was form ed. O f these  islands 
J a m a ic a  h ad  been connected  to  th e  c o n tin en t for th e  longest tim e , as c learly  in d ic a te d  by the 
flo ris tic  com position  of th is  is lan d  (A s p r e y  and  R o b b in s  1953, A d a m s  1972). C hanges typ ica l 
of th is  p eriod  are the  ecological spec ia lization  of flo ras iso lated  from  one a n o th e r  and . as a 
consequence  of this, th e  in te rn a l m ig ra tion  of species. In  th is phase th e  f lo ra  an d  fauna of 
C uba w ere  sub jected  to  severe  c lim atic  an d  geological changes. In  th e  P liocene and the  
P le is to cen e  th e  wet c lim ate  f re q u e n tly  a lte rn a te d  w ith  d ry  periods. T he effects o f th is  clim ate 
are  c learly  ind ica ted  by  th e  s tra tif ic a tio n  of fe rr itic  soils in  th e  N ipe M ts. Cooler periods, too. 
w ere fre q u e n t in th e  P le is tocene. L arge scale tec to n ic  even ts took  p lace sim u ltan eo u sly  w ith 
th e  c lim a tic  changes. T he m o st effective  o f th em  was th a t  th e  six, fo rm erly  sep a ra te  land 
b locks em erged and jo ined  to g e th e r  to  form  a single island  w ith  ex tensive  b a re  areas. The 
co lo n iza tio n  of these lands re q u ire d  fu r th e r  d iffe ren tia tio n  and  m ig ra tio n  of th e  f lo ra  and the 
a d a p ta t io n  of species to  th e  new  e n v iro n m en ta l conditions. O th er e x te rn a l effects, inde­
p e n d e n tly  of th e  geological ch anges, also in fluenced  the  flo ra  o f Cuba.
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The broad-leaved rainforest flora o f  Guyana

T he d irect lan d  connections be tw een  C uba an d  C entra l A m erica d isappeared  by th e  
end of th e  M iocene. L a te r , in th e  early  P liocene, th e  c lim ate  becam e w e tte r . In  the  second 
h a lf of th e  Pliocene th e  a rch  of m an y  young  volcanoes, i.e., th e  Lesser A n tilles, em erged an d  
th e  islands of th e  G re a te r  A ntilles also reach ed  th e  m ax im u m  elevation . P resum ab ly , th is  is 
th e  period  when th e  S o u th  A m erican  e lem en ts im m ig ra ted  in to  Cuba v ia  th e  Lesser A ntilles, 
a lth o u g h  a t th a t  tim e  lan d  strip s  no longer ex isted . Y e t, th e  genera C arapa , Ochroma, Coussa- 
rea , Tocoyena, P aratheria , Phinaea , P roustia , Guarea, an d  th e  M yrsine gu ianensis  group m u st 
have  been orig ina ted  in th is  way.

The broad-leaved semi-deciduous Yucatan flo ra

I t  strikes one t h a t  th ere  are n um erous species com m on to th e  sem i-deciduous fo rests 
o f low lands and h ill-countries in  w este rn  C uba and  Y u ca tan . Some of th e m  occur solely in th e  
G uanahacab ibes p en in su la  and Y u ca tan . As exam ples th e  genera H irte lla , Poiretia , Eriosema. 
Belotia , Luehea , Schw enckia , C him arrhis , C alycophyllum , Elaeagia , D eherainia , A teleia , Forch- 
ham m eria , and  N eom acfadya  are w o rth  m ention ing . A lth o u g h  the  p resence  of these e lem ents 
suggests a d irect re la tio n sh ip  betw een  th e  Miocene flo ra  o f Mexico an d  C uba, th ere  are n e ith e r 
geological nor b iogeographical evidences su p p o rtin g  th e  existence o f lan d  connections in 
th a t  period.

Elements fro m  the temperate North Am erica

The n ex t m o st im p o rta n t region influencing th e  flora  of C uba, p a rticu la rly  w este rn  
C uba, is F lorida  an d  th e  so u th eas te rn  U n ited  S ta tes. Several elem ents, su ch  as P in u s , Quercus, 
F ra x in u s , and  m an y  species o f E ricaceae, G ram ineae, and  C yperaceae, e tc ., of the  tem p e ra te  
zone im m igrated  from  th e  n o rth  and becam e p re d o m in an t in som e p a r ts  of w estern Cuba. 
A la in  (1958 p . 19) p resum es th e  ex istence of a fo rm er land  connection  be tw een  w estern  C uba 
and F lo rida, a lth o u g h  according to  geologists th is possib ility  has b een  excluded since th e  
Eocene Epoch. In  m y view , th e  flo ra  from  th e  tem p e ra te  zone in w estern  Cuba developed 
during  th e  glacial periods in th e  P le istocene, th a t  to o k  place sim u ltan eo u sly  in th e  w hole 
co n tin en t as p o in ted  ou t by  van d e r  H ammen  (1961) an d  Ve i l l e u m ie r  (1971). C onsequently , 
in stead  of assum ing  a lan d  strip  i t  is m ore reasonab le  to  trace  b ack  th e  F lo rid a -W este rn  
Cuba re la tionsh ip  to  th e  M adro -T ethyan  flo ra. As a lread y  seen, th is  sclerophyllous evergreen  
flora originally  co n ta in ed  several genera from  th e  fam ilies of the  te m p e ra te  zone. In  ad d itio n , 
th ere  was suffic ien t a m o u n t of tim e  du rin g  th e  M iocene available for a fa irly  uniform  v e g e ta ­
tion  to  develop, f i r s t  on the  coast o f th e  T eth y s Sea an d  la te r, follow ing th e  em ergence of 
C entral A m erica, a long  th e  G ulf o f Mexico. This flo ra  was exposed to  th e  cooler c lim atic  
periods occurring  m an y  tim es in th e  P liocene and  th e  P leistocene. In  p a rticu la r, th e  co asta l 
region of the  G ulf o f Mexico was affec ted , since th e  cold L ab rad o r C u rren t often reached th is  
zone during  th e  P leistocene. T he new en v iro n m en ta l conditions, e.g ., m odified soil ty p es , 
and th e  ad ap tiv e  responses of p la n t p o p u latio n s g enera ted  by th is  cooling process were 
p ro b ab ly  sim ilar on  b o th  sides o f th e  gulf. The s ta n d a rd iza tio n  of th e  flora  m ay have been  
fu rth e red , too , by  th e  strong  n o rth e rly  an d  w esterly  w inds during  th e  glacial periods an d  b y  
th e  m ore in tensive  b ird  m ig ra tion . In  C uba, th e  expan sio n  of th is f lo ra  was also p rom oted  by  
the  newly em erged lands and  w h ite  sands th a t  offered extensive  b a re  a reas for p lan ts. T hus, 
th e  recen t flora e lem en ts com m on to  w estern  C uba an d  F lorida a re  re m n a n ts  o f a P le istocene
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f lo ra  sp read  along th e  en tire  coast of th e  G ulf o f Mexico. T he c o n tin u ity  of th is  f lo ra  was 
b ro k e n  in  th e  postg lacial p e rio d , w hen th e  C en tra l A m erican su b tro p ica l flora  re tre a te d  to  the  
w este rn  coast of th e  gulf, fo rcing  back  th e  re m n a n ts  of th e  M ad ro -T e th y an  flo ra  to  a  n o rth ­
w e ste rn  and  n o rth eas te rn  d irec tion .

Rem arks on the driv ing  forces o f  m igration

In  connection w ith  th e  above d iscussion , it has to  be em phasized  th a t  v e ry  l ittle  is 
k n o w n  ab o u t the  w a ter a n d  aerial d ispersal o f seeds. Seed d ispersal is likely to  be m ore im ­
p o r ta n t  th a n  generally th o u g h t, and th e  ex p la n a tio n  of floristic re la tio n sh ip s does n o t neces­
sa rily  requ ire  a search fo r d isap p eared  lan d  s trip s . Only confirm ed  geological re su lts  m ay  
se rv e  as a basis for h y p o th eses  on th e  d is tr ib u tio n , developm ent an d  m ig ra tion  of th e  flora. 
M oreover, even u n d o u b tfu l la n d  connections m ay  prove to  be o f no help  in p ro m o tin g  d is­
p e rsa l. F o r instance, B efaria  cubensis, M icrocycas calocoma, and  R h u s copallina , d id  n o t  reach  
Is la  de P inos despite th e  d irec t te rre s tr ia l c o n ta c t to  Cuba in th e  P le istocene. A lthough  F raxi- 
n u s  caroliniana  ssp. cubensis p roduces easily fly in g  seeds, it could n o t becom e estab lished  on 
m o o rlan d s  outside th e  Z a p a ta  pen insu la . M any genera (e.g., Victorin ia) and  species (e.g., 
O m phalea commutata) are still re s tr ic te d  to  an  area  along th e  fo rm er con tact line betw een  
C u b a  an d  H ispaniola (Fig. 21) a lth o u g h  th e  ecological conditions w ould allow a la rg e r geo­
g ra p h ic  range on b o th  is lands. M any e lem ents o f the  B aham as, th a t  m anaged  to  ge t across 
th e  w ide and deep B ah am a T ren ch  and  becam e established on th e  reefs a round  n o rth e rn  
C am ag ü ey , T unas and H o lgu in , were unab le  to  p en e tra te  in to  C uba th ro u g h  th e  n a rro w  and 
sh a llo w  bays and even v ia th e  fo rm er land  s tr ip s . C onsequently , a te rre s tr ia l co n tac t m ay  no t 
n ecessa rily  be enough by  itse lf  an d  can n o t be a single ex p lan atio n  for m igration . T he m ig ra to ry  
a c t iv i ty  o f ta x a  does n o t a lw ay s coincide in tim e  w ith  th e  possib ilities. In o th er cases in- 
fa v o u ra b le  ecological and  cenological co n d itio n s, such as th e  sa tu ra t io n  of th e  f lo ra , m ay 
p re v e n t  otherw ise feasible m ig ra tio n .

Flora migration in  the in terior o f  Cuba

T he chorological g ro u p s re flec tin g  th e  origin of th e  C uban flo ra , the  
a p p ro x im a te  tim e of th e ir  m an ife s ta tio n  and th e  p o te n tia l m ig ra to ry  ro u tes  
h a v e  a lread y  been discussed . These are , how ever, only th e  in itia l steps to w ard

F ig . 21. Geographical d is tr ib u tio n  of Omphalea commutata  Muell. A rg. and Petitia U rbanii 
E km . (a fte r  Ala in  1972 and  B orhid i  1973)
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a com plete flo ra  d ev e lo p m en t. T he ac tu a l flo ris tic  com position  is a resu lt of 
fu r th e r  d iffe ren tia tio n , a d a p ta tio n  and  in te rn a l m ig ra tio n . Tw o fundam enta l 
p rinc ip les should be considered  in th is  regard .

Two princip les o f in te rn a l flo ristic  changes in  C uba

A. O riente is th e  earlie st cradle of th e  C uban flo ra , a s ta r tin g  p o in t fo r the  m ost im ­
p o r ta n t  m igrations.

B. The floras o f m o u n ta in s are o lder th a n  those  in  th e  low lands. T he flo ra  and veg eta ­
tio n  of plains are o rig in a ted  from  th e  m ou n ta in o u s regions.

Three stages o f  in te rn a l m ig ra tion

According to  tim e , s ta r tin g  p o in t an d  d irec tion , th re e  s tages o f in te rn a l m igration  can 
be  distinguished.

a. M igrations in  the early  Tertiary  (E ocene to  Miocene E pochs). T he cen tre  of these m ove­
m en ts, th a t  were d irec ted  from  th e  e as t to  th e  w est, w as th e  m o u n ta in s  o f O riente. The low 
d ifferen tia tion  and  sp ec ia lization  level o f th e  flo ra  is ty p ica l o f th is  stage. Several m ig ra to ry  
w aves m ay be recognized , these  are assoc ia ted  w ith  d ifferen t periods. T he rad iu s  of action  was 
de term ined  in each case b y  geological ev en ts, transg ression  and  th e  em ergence of lands, t h a t  
ac tu a lly  happened. T he serpen tine  an d  k a rs t  flora  of w este rn  C uba an d  th e n  th e  m on tane  
flo ra  of the  E scam b ray  M ts were o rig in a ted  in  th is  w ay. L a te r , th e  su b m o n tan e  trop ical flo ra, 
w hich subsequently  colonized th e  rising  p la ins, took  refuge in th e  valleys.

b. M igrations at the end o f the Tertiary and in  the Quaternary  (P liocene and P leistocene 
E pochs). S ta rtin g  fro m  b o th  tip s of th e  islan d  th e  m igra tions w ere d irec ted  to w ard  th e  in terio r. 
As a resu lt, a new  f lo ra  in  th e  c en tra l p lains of Cuba becam e estab lish ed  a t  th e  end of th e  
Pliocene. The m ig ra tio n s o f a lte rn a te  d irec tion  in th e  P le istocene are  also m entioned here. 
D uring  cooler periods these  m ig ra to ry  w aves sw ept over C uba from  th e  w est to  th e  east, 
b u t  in the  w arm  perio d s th e  m ig ra tio n  w as of th e  opposite  d irec tion . T his is th e  tim e of eco­
logical and cenological a d a p ta tio n  and specialization . T he v e g e ta tio n  zones and, am ong 
o th ers , the  fo rm atio n  o f th e  endem ic m o n tan e  flora o f T u rq u in o  m ay  also be d a ted  back  to 
th is stage. F u rth e rm o re , th e  hom ogenization  of th e  flora a n d  v eg e ta tio n , th a t  were o rig inated  
from  different m o u n ta in s , m ay  have been caused b y  th e  re p ea te d  “ shake u p ”  of th e  flo ra  
o f plains.

c. M igrations driven  by anthropogenic forces during the historical ages. T he s ta rtin g  p o in t 
for these m igrations is u su a lly  w estern  C uba, so th e  d irec tio n  is to w a rd  th e  east. The reason  
for th is is th a t  w este rn  C uba was th e  sa n c tu a ry  of m any  sa v a n n a  an d  p ra irie  elem ents in  the  
P leistocene, th a t  fo u n d  refuge p a rticu la rly  in th e  herb  lay e r o f coniferous forests. The m ig ra ­
tion  of these p lan ts  w as m ade possible by  tro p ical d e fo re sta tio n , w hich  is m ainly  responsible 
for secondary  sa v a n n as  an d  th e  recen t landscape  of Cuba. In  ad d itio n  to  th e  m ig ra tion  of n a tiv e  
p lan ts , m any species w ere in tro d u ced  m ost recen tly  by  m an. T hese  e lem ents, too, m igra te  
usually  from  th e  w est to  th e  east.

E volutionary centres and the m igration o f  ecological groups

The e v o lu tio n a ry  cen tres and  th e  m ig ra to ry  ch a rac te ris tic s  of genera, 
fam ilies and sec tio n s m ay be explored  b y  com prehensive  m orphological and 
m icroevo lu tionary  s tu d ies  a t  th e  given taxo n o m ic  level. H ow ever, only a few 
re lev an t works h av e  been pub lished , for in stance , W e b s t e r  (1958) on Phyllan-
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thus, J u d d  (1982) on L y o n ia , D a h l g r e n  and  G la s s m a n  (1963) on Copernicia , 
an d  H o w a r d  (1949) on Coccoloba. O f course, besides th e  analysis  o f taxonom ic  
categories, th e  e v o lu tio n a ry  cen tres  an d  m igra to ry  p a th w a y s  o f life form s or 
v eg e ta tio n  ty p es m ay  also he rev ea led  by  thorough  s tu d ies . F o r exam ple , the  
m angrove com m unities reach  th e  h ighest d iversity  in  th e  In d o n esian  arch i­
pelago , w hich m ay  he considered  th e  evo lu tionary  cen tre  o f th e  m angrove 
v eg e ta tio n  types (A n d r e a n s z k y  1954). T he localization  o f th e  rich es t and  the 
poo rest s tands of each  v eg e ta tio n  ty p e  or p lan t co m m u n ity  in C uba m ay be 
read ily  determ ined  based  on phytosocio logical relevés an d  v e g e ta tio n  m aps. 
In  th e  presen t s tu d y  relevés ta k e n  by  B o r h i d i , M u n i z , D e l  R is c o , Ca p o t e  
an d  Sa m e k  are used  to g e th e r w ith  published ( L e ó n  1936, 1939, M a r i e - 
V i c t o r i n  1942, 1944, 1956, W e b s t e r  1956-58, B o r h i d i  an d  M u n i z  1977, 
K l o tz  1979, and B o r h i d i  1972, 1981) and  unpublished  ( B o r h i d i ) d is tr ib u ­
tio n  m aps.

E v o lu tio n ary  cen tres  and  m ig ra to ry  rou tes of th e  se rp en tin e  v ege ta tion

The d is trib u tio n  of som e ty p ica l e lem en ts  of the  serpen tine  v e g e ta tio n  is show n in  Figs 
8, 9, 11, 22. The e v o lu tio n ary  cen tres an d  p rin c ip a l m ig ra to ry  ro u tes  are  i llu s tra te d  in  Fig. 23. 
T h e  section  Orbicularia o f th e  genus P hyllan thus  is a ty p ica l se rp en tin o p h ilo u s g roup  th a t  in ­
c ludes m an y  species o ccurring  on th e  old fe rr itic  soils of n o rth ea s te rn  O rien te . O f th is  section 
Ph. orbicularis is th e  on ly  species th a t  is fo u n d  on all th e  serp en tin e  o u tc ro p s o f th e  island 
(F ig . 8). L ike Neobracea valenzuelana  (F ig. 9), th is  species m u st have  reach ed  its  su itab le  
h a b ita ts  along the  ro u te  in d ica ted  by  arrow s in th e  figure. L eón  (1946) an d  W e b s t e r  (1958) 
assu m ed  th a t  th is m ig ra tio n  took  p lace a long  a continuous se rp en tin e  “ ax is”  (“ eje scrpen- 
tin o so ” ). Such a serp en tin e  s trip  could n o t hav e  ex isted  la te r  th a n  th e  O ligocène, due to  the  
long  transg ression  of cen tra l Cuba. I t  is d o u b tfu l, how ever, w h e th er such  a large  con tinuous 
se rp en tin e  area could have  been denuded  by  th a t  tim e, a lthough  th e  d is tr ib u tio n s  o f vicarious 
genera  (Fig. 10) and  species (F igs 11-12) o f th e  N ipe Mts and C a ja lb an a  suggest th a t  a direct 
re la tio n sh ip  m ay have ex isted . Y et, acco rd ing  to  our recent geological know ledge, it is more 
likely  th a t  th e  serpen tine  b locks were m ore or less sep ara ted  all th e  tim e. T he serpen tinoph ilous 
species were p resum ab ly  d is tr ib u te d  e ith e r b y  w ind (Neobracea) or by  an im als (P hyllanthus). 
T h ey  m ay have had w ider d is tr ib u tio n  earlie r, b u t  due to the  dep le tion  of h a b ita ts  ( K r ü c k e­
b e r g  1954) they  su rv ived  on ly  on se rp en tin es an d  becam e sub jec ts  of in ten siv e  spéciation. 
I t  seem s th a t  there  w ere several stages o f th e  east-w est m ig ra tion  of th e  se rp en tin e  flora. 
T ax a  w ith  strongly  d is ju n c t geographical ran g e , e.g., A n em ia , M oacroton , Lescaillea , and  
H arnackia , etc ., were d is tr ib u te d  du ring  th e  earlier stages. L a te r , som e serpen tinoph ilous 
species, e.g., Jacaranda cowellii, Coccoloba geniculata , Zanthoxylum  n annophyllum  (Fig. 22), 
a n d  P latygyne parv iflora  (F ig . 14), m ig ra ted  rep lacing  the  above m en tio n ed  ta x a  in  the  plains 
o f eas te rn  Cuba. In  these  stages the  species w ith  continuous d is tr ib u tio n , such  as Neobracea 
valenzuelana  and  P hyllanthus orbicularis, becam e also w idespread. On th e  basis o f all these, 
th ree  evo lu tionary  cen tres o f th e  serp en tin e  flora m ay be d istingu ished  in C uba (Fig. 23). 
T he f ir s t  and the  o ldest is M oa from  w hich th e  serpen tine  flora o f th e  en tire  island , and the  
f lo ra  o f  o th er ferritic  soil a reas in n o rth e a s te rn  O riente, th e  B a raco a-Jau co  zone and  the  
C rista l and  N ipe M ts w ere o rig ina ted . T he second  is Nipe, a m ig ra to ry  cen tre  of a m ore xero- 
p h ilous serpen tine  flora  w hich  was capab le  o f being  established in th e  arid  low lands and  of 
m ig ra tin g  to  the  west. T he th ird  cen tre  is C a ja lb an a  in w estern Cuba. A p a r t  o f its  flo ra  re trea ted
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to  th e  serp en tin e  b locks risen  la te r in c e n tra l  C uba, especially  to H ab an a  an d  M atan zas . 
M any la to so l e lem ents o f  th is  flora becam e a d a p te d  to th e  acidic sla tey  h a b ita ts  o f P in a r  del 
Rio an d  Isla  de P inos. I n  Fig. 23 the d o tte d  line  d irec ted  to  th e  eas t ind icates th e  seco n d ary  
m ig ra tio n  of se rpen tine  e lem ents from  a rea s  w hich  su b seq u en tly  becam e seco n d ary  sav an n as  
u n d e r th e  influence o f m an .

E v o lu tio n a ry  cen tre s  and m ig ra to ry  ro u tes  o f th e  flo ra  of lim estone  cliffs

T h e  flo ra  of lim esto n e  k a rsts has tw o  p r im a ry  ev o lu tio n ary  centres (Fig. 24). O ne of 
th em  is in  th e  conical k a rs ts  of Sierra de los O rganos in  w este rn  Cuba, w hich is considered  to  
be th e  o ld es t geological fo rm ation  on th e  su rface  of th a t  area . T he m ajo rity  of species found  
here rem a in ed  endem ics, a lth o u g h  a p o rtio n  o f th e  flora  sp read  to th e  younger T e r tia ry  k a rs ts  
in th e  H a b a n a  and M a tan zas H eights, e.g., Bombacopsis cubensis, Thrinax  m orrisii (F ig . 14) 
and  P h a n ia  matricarioides (Fig. 25). C erta in  e lem en ts m an ag ed  to  get d ispersed as fa r  as to  
th e  h ig h -a ltitu d e  m ogotes and  to  the  so u th e rn  coast a t  th e  E sc am b ray  Mts. D uring  th e  t r a n s ­
gression , C uba itself w as an  old coastal zone serv ing  as a refuge of th e  vegeta tio n  of coasta l 
k a rs ts . T h is v eg eta tio n  s ta r te d  to spread o v e r th e  recen t co as ta l zone a t  th e  end of th e  T e rtia ry . 
The o th e r  p rim ary  e v o lu tio n ary  centre is th e  m o u n ta in s o f O rien te . H ere, th e  d ev e lo p m en t of 
th e  k a rs tic  flo ra  is n o t as c lear-cu t as in w e s te rn  C uba, since th e  k a rs ts  of O riente a re  y o u n g er 
th a n  th e  serpen tine  fo rm atio n s  and, also, a  p a r t  o f th e  lim estone  flora  is o rig in a ted  from  
p rim a ry  soils derived fro m  serpentine (e.g ., N ipe M ts, M onte L ibano). Of the  m an y  iso lated

ШП Serpentine areas +
• Coccoloba geniculata
A Jacaranda Cowellii

Zanthoxylum nannophyllum 
Limit line of the serpentine flora 
districts within the Central Cuba 
sector

Fig. 22. G eographical d is tr ib u tio n  of Coccoloba geniculata  L in d au , Jacaranda cowellii B r i t t ,  e t 
W ils, and  Zan thoxylum  nannophyllum  (U rb .) A lain  (a fte r  B orhid i  1973)

F ig . 23. E v o lu tio n  cen tres and m ig ra to ry  ro u tes  o f th e  se rpen tine  flora in C uba
(a fte r B o r h i d i  1973)
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b ig . 24. E v o lu tio n  cen tres a n d  p resu m ab le  m ira to ry  ro u te s  of th e  flo ra  o f lim estone  k a rs ts
in  C uba (a fte r B o r h i d i  1973)

F ig . 26. Possible cen tres o f ev o lu tion  and  m ig ra to ry  ro u te s  o f th e  su b d esertic , xero-m ega- 
th erm o p h ilo u s e lem ents o f C uba (a fte r  B o r h i d i  1973)

k a rs tic  regions, the  group  of M onte L ibano  and  M onte V erde appears th e  m o st pecu liar evo lu ­
t io n a ry  cen tre , so m uch  th e  m ore because th is  a rea  w as crossed by m an y  m ig ra to ry  p a th s  of 
v a ry in g  n a tu re  and  d irec tion . F ro m  th is  old co asta l k a rs tic  zone spread  th e  k a rs t  flora over 
th e  c o u n try , f irs t along th e  coastline. In  th e  w este rly  d irec tion  tw o seco n d ary  ev o lu tio n ary  
c e n tre s  developed: th e  k a rs ts  so u th w est o f th e  N ipe M ts, an d  a t  the  n o rth e rn  b o rd e r of S ierra  
M aestra . In  b o th  a reas th e  m o n tan e  e lem ents d escend ing  from  the  m o u n ta in s were m ixed 
w ith  th e  k a rstic  flo ra  sp read  along th e  coast. T he in fluence  of th is flora was ex ten d ed  to th e  
e a s t  as fa r  as th e  Y u m u ri k a rs ts  an d  Y u n q u e  de B araco a , w ith  a seco n d ary  ev o lu tio n ary  
c en tre  developed in th e  la t te r  place. The rise of th e  te rra ce s  in  so u thern  B araco a  m ade possible
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F ig. 25. G eographical d is tr ib u tio n  o f th e  genus Phania  (a fte r B o r h i d i  1973)
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Fig. 27. G eograph ical d is tr ib u tio n  of th e  gen u s Isidorea  A. R ich , (a fte r  B o rh id i  1973 m od ified )

for th e  flora  o f M onte  L ibano to  spread o v er th e  sem i-desert coasta l zone. As a re su lt o f th e  
m ig ra tio n , x e ro -m e g a th e rm  species evolved. Som e e lem ents o f th e  O riente k a rstic  flo ra  m ig ra ted  
along th e  so u th e rn  co as t a t  th e  Sierra M aestra . T he o th ers  sp read  to  th e  w est from  th e  N ipe  
M ts v ia  th e  fo rm er lim estone  block m o u n ta in s  along th e  n o rth w estern  coast o f cen tra l C uba, 
fo rm ing  th e  flo ra  o f th e  C ubitas and  N a ja sa  M ts and , too , th e  flo ra  of coastal shelves. T he 
influence of th is  m ig ra tio n  m ay be seen e v en  in  th e  m ogotes of C aguagas (cf. th e  d is tr ib u tio n  
of H em ithrinax , F ig . 13). This b id irectio n al d is tr ib u tio n  ex h ib ited  by  k a rs tic  e lem ents is a n  
im p o r ta n t c h a ra c te ris tic  o f the  recen t flo ra , to o , so i t  was considered in  th e  d e lim ita tio n  o f th e  
flora regions of c e n tra l  Cuba.

E v o lu tio n a ry  centres and m ig ra to ry  ro u tes  of th e  x e ro -m eg a th erm  
elem ents

Som e sem i-d ese rt xero-m egatherm  e lem en ts  are o rig ina ted  from  cen tra l and  so u th e rn  
H ispan io la  (F ig. 26), to  w hich th e  so u th e as te rn  coast o f C uba was fo rm erly  connected . T h is 
re la tio n sh ip  is p ro v ed  b y  th e  d is trib u tio n  o f several genera and species, e.g., Omphalea com- 
m utata , Petitia urbani (Fig. 21), V ictorin i, a n d  Isidorea  (F ig. 27), now re stric ted  to  th e  
coastline. These e lem en ts , th an k s  to  th e  g ra d u a l rising  of th e  so u th e rn  B aracoa coast, w ere  
in te rm ix ed  w ith  th e  endem ic  flora of k a rs tic  slopes. As a resu lt, several centres o f sp éc ia tio n  
developed, th e  r ich e s t o f th em  being th e  G u a n tan a m o  B asin. The flora  o f M acam bo-Im ias 
and  Maisi, and  th e  D aiqu iri-S iboney-S an tiago  a rea  in  th e  w est are a lm ost as rich  as th a t  o f 
th e  G u an tan am o  B asin , so th ey  can be co n sid ered  as secondary  and  te r tia ry  e v o lu tio n ary  
cen tres , respec tive ly . T h e  nu m b er of x e ro -m eg a th e rm  elem ents on  th e  so u th e rn  coast a t  S ie rra  
M aestra, on th e  co as ts  o f n o rthw estern  O rien te  and  n o rth e rn  C am agiiey, in the so u th e rn  
foo th ills of E sc am b ray  M ts, on th e  n o rth e rn  ro c k y  coast betw een  H ab an a  and  M atanzas an d  
on th e  so u th e rn  lim esto n e  shores of th e  G u an ah acab ib es  pen insu la  descreases in th a t  o rd e r.

E v o lu tio n a ry  cen tres and m ig ra to ry  ro u tes  of th e  m ontane  ra in fo re s t 
e lem ents

T he e v o lu tio n ary  cen tres and m ig ra to ry  ro u tes  o f th e  flo ra  in th e  m on tane  ra in fo re sts  
are show n in Fig. 28. T he d istrib u tio n  of H edyosm um  serves as an  exam ple (Fig. 7). A gain , 
th e  m ain  cen tre  is th e  low er and old m o u n ta in s  in  th e  Sagua-B aracoa  M assif, especially  th e  
M oa-Toa area. A ccord ing  to  m y h ypo thesis , th is  region received its  m on tane  e lem ents v ia  
H ispan io la , and  se rv ed  as a new centre for th e ir  fu r th e r  m ig ra tion  to  C ristal, N ipe, P u ria l,
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Fig. 28. C entres o f e v o lu tio n  a n d  possible m ig ra to ry  ro u te s  o f th e  m o n ta n a  ra in  fo res t e lem ents
in Cuba (a fte r  B o r h i d i  1973)

Im ia s  m o u n ta in s , and , in  p a r tic u la r , to  Sierra M aestra . T he f irs t stage of th is  process took  p lace 
p re su m ab ly  in th e  m o u n ta in -ran g e  connecting  O rie n te  and  E scam bray . T he m ore p e rm a n en t 
ch an g es, how ever, a re  re su lts  of m igrations in  th e  cooler periods du ring  th e  Q u a te rn a ry  
b e tw een  Sierra del C rista l a n d  G ran P ied ra  th ro u g h  th e  C entral V alley area  w hich  subsided  
la te r . A t th a t  tim e th e  low er bo rd er of m o n tan e  ra in fo re s ts  m ay  have ru n  a t  a 2-300 in a ltitu d e . 
T his m o n tan e  flora  w as m ix ed  w ith  Ja m a ica n  a n d  so u th e rn  H ispan io lan  m o n tan e  e lem ents 
an d , d u rin g  th e  cool s tag es in  th e  P leistocene, m ay  h av e  rep ea ted ly  re tre a te d  to  th e  subalp ine- 
a lp ine  zone in the T u rq u in o  group. In  th is p lace  a seco n d ary  cen tre  o f spécia tion  developed. 
I t  is like ly  th a t  even a t  t h a t  tim e some m o n ta n e  e lem ents of Sierra M aestra  go t across to  
th e  E scam b ray  M ts, w h ich  received elem ents fro m  th e  m o n tan e  flora  o f Ja m a ica , too.

D istrib u tio n  c en tre s  and  m ig ra to ry  ro u te s  of th e  sem i-deciduous elem ents

T he origin and  m ig ra tio n  of th e  e lem ents o f sem i-deciduous fo rests and seasonal ra in ­
fo res ts  in  th e  low lands pose  d ifferen t problem s. A l a in  (1958) traces th e  orig in  o f som e elem ents 
b ack  to  Mexico, assum ing  a w est-east m ig ra tion  o f th ese  forests. I t  is m y conviction  th a t  th is  
f lo ra  surv ived  in th e  re fu g e  of valleys a t th e  tim e  of transgression , and  su b seq u en tly  sp read  
o v e r to  every  d irection . E specia lly  th e  m o u n ta in s  o f O riente , n o rth e rn  C am agüey, P in a r  de 
R io  a n d  th e  E scam b ray  M ts should be m en tio n ed  as p o ten tia l refuges. The h igh  sim ila rity  
b e tw een  th e  ch ara c te ris tic  com position of lo w lan d  and  su b m ontane  forest fo rm ations also 
re fe rs  to  th is fact.

F o r cited  re fe rences see th e  second p a r t .
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(R eceived : 2 Ju ly ,  1984)

F ie ld  s tu d ies  w ere co n d u cted  to  exam ine th e  a m o u n t and some chem ical p ro p ­
e rties  o f th e  p re c ip ita tio n  in an  open  p lo t and in a d ja c e n t po p lar and ju n ip e r  fo res t 
s ta n d s  in  one v e g e ta tio n  period  on  th e  G rea t H u n g a rian  P la in .

T h e  d a ta  are  d iscussed, w ith  p a r tic u la r  em phasis on th e  selection o f sam p lin g  
sites an d  periods be tw een  su b seq u en t sam plings. A considerab le  d ifference be tw een  
th e  can o p y  in te rce p tio n  p ro p erties  o f  ju n ip e r  and p o p la r  was found. E xcess a c id ity  
bey o n d  C 0 2 s a tu ra tio n  was fo und  to  be  negligible. C om parison of Cl “ -a m o u n ts  col­
lec ted  on open p lo t and  u n d e r can o p y  in d ica te  in ten siv e  d ry  fallout. F ro m  these  
ob se rv a tio n s, a re la tio n  betw een  can o p y  in te rcep tio n  an d  fo rest floor v e g e ta tio n  p a t ­
te rn s  is expected .

In tro d u c tio n

E x te n siv e  ecological research  has been  u n d e rta k en  by th e  In s t i tu te  of P la n t T ax o n o m y  
and E cology a t  E ö tv ö s  U n iv ersity  in th e  B ugac  b iosphere reserv a tio n  of th e  K isk u n ság  
N a tional P a rk . P a r t  o f th e  research  is an  in v es tig a tio n  of th e  p a tte rn  of co m m unities an d  
vegeta tio n  (S im o n  e t al. ined.). One m ajo r p o in t in the  dev elo p m en t of th e  p a t te rn  is th e  
w ater and  n u tr ie n t  b u d g e t of th e  soil, as is ty p ic a l for arid  an d  sem i-arid  areas.

G enerally , w a te r  supplies to th e  soil are  a tm ospheric  p re c ip ita tio n , surface an d  su b ­
surface in te rflo w  and  g ro u n d w ater. W ater d ra in ag e  of the  soil is controlled by  é v a p o tra n s ­
p ira tio n , surface  and  sub-su rface  in te rflow  a n d  deep  seepage.

As a consequence of its  soil c h a rac te ris tic s , surface  to p o g rap h y  and clim ate, th e  obse rv ed  
area  ex h ib its  a d e lib e ra te ly  sim pler w a te r-b a lan ce  behaviour. T he groundw ater is m u ch  too  
deep to  c o n trib u te  to  th e  w a ter ba lance. (The g ro u n d w a te r level is generally  2-6 m  below  th e  
surface.) T he sand  is ra th e r  porous, so th a t  v ir tu a lly  all in c id en t p recip ita tion  p e rco la te s  
th ro u g h  th e  soil an d  no surface  ru n  of w a te r  w as ev er observed. O nly  a m inor, a lm ost neglig ib le 
dow nhill m o v em en t can  be expected  from  sub-su rface  in terflow . As a result, we can  consider 
a tm ospheric  p re c ip ita tio n  to  be th e  only w a te r  in p u t o f the  resea rch  area , and the  o n ly  o u tp u t  
to  be év ap o tran sp ira tio n .

In  fo res ted  a reas, th e  a m o u n t and  chem ical com position  of th e  ra inw ater reach ing  th e  
soil-surface is q u ite  d iffe ren t from  th a t  in open p lo ts . The m ain  a im  of our in v estig a tio n s is 
to  observe th e  a m o u n t a n d  th e  n u tr ie n t c o n te n t o f th e  ra in w ate r  d u rin g  th e  vegeta tio n  p eriod  
and its v a riab ilitie s  u n d e r th e  fo rest canopy.

T his p a p e r  is a re p o rt  covering th e  m easu rem en ts  on th e  a m o u n t and some chem ical 
aspects o f a tm o sp h eric  p re c ip ita tio n  an d  can o p y  th roughfall in  ju n ip e r  and po p lar fo res ts , 
m ade betw een  M arch an d  O ctober, 1983.
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O u r observations serv ed  as p re lim in ary  te s tin g s  o f th e  sam pling sites and  m ethods, 
th e  cho ices of periods b e tw een  su b seq u en t sam plings an d , finally , th e  electrochem ical m eth - 
odol ogy.

T h e  f irs t p a r t  o f th e  p a p e r  gives de ta ils  of ra in w a te r  investiga tions and  d a ta  processing, 
w hile th e  second p a r t  co n ta in s th e  conclusions o f p re c ip ita tio n  studies.

Site of observation

B u g ac  is one of th e  M AB plo ts in H u n g a ry . T h e  experim en tal a rea  is loca ted  be tw een  
th e  r iv e rs  D anube  and  T isza , ab o u t 30 km  from  K ecsk em é t in a sou th -w est d irec tio n  (Fig. 1).

T h e  average a n n u a l p re c ip ita tio n  in th e  re sea rch  a rea  ranges b e tw een  530-550 m m . 
T h e  1983 y ear was e x trem e ly  d ry , th e  p re c ip ita tio n  a m o u n t was only 368.7 m m  (Fig. 2). 
T h e  reg ion  has a m ean  a n n u a l a ir  tem p e ra tu re  o f 10-11 °C and there  is a w ide range of b o th  
d a ily  a n d  an n u al tem p e ra tu re s .

Soils are m ostly  s lig h tly  hum ous san d y  soil w ith  a th in  organic lay e r (5 .0-10.0  cm ) on 
th e  su rface , w ith  a m ax im u m  hum ous co n te n t of 1.0% .

Sem i-closed sandy  g ra sslan d  ( Festucetum  vaginatae danubiale), ju n ip e r  (Ju n ip eru s com - 
m u n is)  an d  p op lar (Ju n ipero -P opu le tum  albae ligustretosum ) are th e  m o st w idely  occuring  
c o m m u n itie s  in  th e  area.

Sam pling and  analyses

W e used 23 s ta n d a rd  H e llm an n -ty p e  gauges o f 200 ^m3 surface as ra in  collectors, 
w ith  th e ir  openings ab o u t 1 m  above g round . F o u r  o f th em  were loca ted  on an  open p lo t, 
e ig h t u n d e r  the  canopy  of som e Ju n ip eru s  com m unis  (h e rea fte r referred  to  as ju n ip e r), an d  
e leven  u n d e r th e  canopy  of a  fo rest consisting  m ain ly  o f  Populus alba, P opu lus canescens and  
L ig u stru m  vulgare (h e rea fte r referred  to  as p op lar).

Sam pling  was done w eekly  or a fte r  longer perio d s . We often  succeeded in  collecting  
sam p le s a f te r  storm s. On several occasions, we co llected  th e  p rec ip ita tio n  o f one sto rm , im ­
m e d ia te ly  a fte r  it had  ceased. In  Fig. 2, th e  in d iv id u a l sam pling  tim es are m ark ed  on a c lim ate  
d iag ra m  from  the  n ea rb y  K iskunfé legyháza  M eteorology S ta tion .

P re c ip ita tio n  sam ples w ere s to red  in  p o ly e th y len e  flasks. T he co llected  a m o u n t o f 
w a te r  (in  m m ), th e  Cl~ c o n te n t (in ppm ) and  th e  p H -v a lu e  of each of th e  nu m b ered  gauges 
w ere  m easu red  and reco rded . T here  were several reaso n s for choosing th e se  two chem ical 
co m p o n en ts  during  our p re lim in ary  observations.

T h e  f irs t p o in t is th a t  field analysis can  on ly  be m ade by  sim ple  e lectrochem ical 
m e th o d s  using  ion-selective e lectrodes. E v en  so, specia l care m u st be tak e n , because th e  ionic  
s t r e n g th  and  the  co n ce n tra tio n  of d is tu rb in g  (in te rferin g ) ions are d ifficu lt to  control. U sing 
th e  p re se n t analyses as a b asis we w ould like  to  m easu re  N 0 ^ , N H |,  an d  a lkali-ions, as w ell. 
A c id ity  m easu rem en ts a re  o f p rim e  en v iro n m en ta l in te re s t , and th e  change in  H + co n ce n tra ­
tio n  is th e  g rea tes t am ong th e  chem ical com p o n en ts  in te rferin g  w ith  fo res t canopy. On th e  
o th e r  h a n d , C1“ rep re sen ts  n o n -in te rferin g  (or on ly  to  a negligable e x te n t)  chem ical com ­
p o n e n ts .

A R A D E L K IS  O P-C 1-0711P ty p e  AgCl e lec tro d e  was used for th e  Cl~ m easu rem en ts , 
a n d  a n  O P-0718P ty p e  g lass e lectrode fo r th e  p H -m easu rem en ts . An O P-0821 type  double  
ju n c t io n  Ag/AgCl reference e lectrode was used  fo r b o th  m easurem ents, th e  o u ter ch am b er 
filled  w ith  1 M ( N H })2S O j so lu tion . E lectrode  p o te n tia ls  were p re-am plified  by  a self-m ade 
am p lif ie r  w ith  an in p u t im p ed an ce  of 1012 Í2, an d  m easu red  by a MI1NIM ULTI MM 2002 ty p e  
d ig ita l  v o ltm ete r, w ith  an  accu racy  of + 1  mV. T he w hole device o p e ra ted  b y  b a tte ry , com ­
p le te ly  indep en d en t of th e  m ains. V oltages w ere d isp lay ed  and recorded  an d  co n cen tra tio n  
a n d  p H  values were a lw ays calcu la ted . T he 99%  confidence in te rvals fo r Cl “ -co n cen tra tio n  
a n d  p H  w ere m ax. + 2 .8  re l.%  and  + 0 .0 5  p H -u n it ,  respectively . A d e ta iled  d esc rip tion  of 
th e  m easu rem en ts and  c a lib ra tio n s  is rep o rted  elsew here  (K észéi  and  Szabó 1984).

Sum m ary sta tis tics

H ere  we discuss th e  m eans and  v a rian ces (s%) o f d ifferen t v a ria te s  an d  sam ples, an d  
th e  co rre la tio n  m atrices o f th e  v a ria te s . Som e im p o r ta n t  estim ates are sum m arized  in  T ab les 
1 a n d  2.
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F ig. 2. C lim atogram  o f th e  K iskunfélegyháza M eteorology S ta tio n  (17 km  from  B ugac).
A rrow s ind ica te  d a te s  o f  sam pling

T he uniform  s ta n d a rd  dev ia tions o f th e  m ean s (s¿) o f sam ples collected in v arious 
p lo ts  are rem arkab le . A ccording to these, all sam ples m ay  belong to  th e  sam e ty p e  o f d is­
tr ib u tio n  hav ing  th e  sam e v a rian ce  and  only d iffe ren t m eans.

I f  we consider th e  th ro u g h fa ll in re la tio n  to  th e  open p lo t a m o u n t of p rec ip ita tio n , 
th e  m eans for ju n ip e r  and  p o p la r are d ifferen t, a lth o u g h  th e ir  re sp ec tiv e  95%  confidence 
in te rv a ls  overlap . T he sm aller s ta n d a rd  dev ia tion  o f th e  p op lar m ig h t ind ica te  th e  g re a te r  
hom ogeneity  of th e  p o p la r  can o p y  density .

B o th  th e  co n ce n tra tio n  an d  the  am o u n t o f Cl~ ions increases du ring  th ro u g h fa ll, 
a lth o u g h  th e  fo rm er is ex p ec ted  due to th e  e v ap o ra tio n  from  th e  can o p y . The H + c o n te n t 
of th e  th roughfall w a te r  decreases d ram atically  co m p ared  to th e  op en  p lo t p rec ip ita tio n . 
O pen p lo t pH -v a lu es a re  close to  those  of C 0 2-sa tu ra te d  w ater, an d  on ly  a slightly  h ig h er 
ac id ity  can be d e tec ted . B o th  fo rests neu tra lize  th is  a c id ity , p a r tly  th ro u g h  C 0 2-tran sp ira tio n  
and  p a rtly  th ro u g h  th e  ion-exchange and buffer c a p a c ity  o f th e  leaves.

A rem arkab le  fe a tu re  o f th e  corre lation  m a tr ix , show n in T ab le  2, is th a t ,  besides th e  
a m o u n t o f th ro u g h fa ll w a te r , its  cloride co n ten t also  ex h ib its  a g re a t,  positive co rre la tio n  
w ith  th e  am o u n t o f open p lo t p rec ip ita tio n  (r =  0.98 an d  r =  0.93 fo r poplar, respectively).

A cta  B o tán ica  H ungarica 31, 1985
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Table 1

S u m m ary  statistics o f  some o f  the observed variables. Values in brackets are unin form ative , 
though not ignored. C denotes concentration in  the collected raimvater 

and m its quantity  per m 2

Means Standard deviations Number
of

samplesPoplar Juniper Open Open J uniper Poplar

(18 .8) (18.8) 18.8 rainfall, m m 16.8 (16.8) (16.8) 14
12.8 12.0 (18.8) th roughfall, (16.8) 16.8 16.4 14

m m
58.0 48.6 (100) th roughfall,

0/
(89.3) 23.2 15.3 14

6.63 10.1 2.32
/0

C c r  PPm > 0.69 4.8 2.4 9
78.1 100.1 43.7 m c r  m g/m 2* 51.3 128.0 89.0 9

6.41 5.89 5.46 pH 0.84 0.22 0.30 6
0.00068 0.0029 0.0124 CH+ ppm 0.0180 0.0023 0.0008 6
0.0082 0.0240 0.1380 mj-i+ m g/m 2* 0.2170 0.0250 0.0150 6

* 1 kg /ha  =  100 m g/m -

Table 2

Correlation m atrix o f  some o f  the variables. Correlation coefficient values are percentages, 
m m  stands fo r  ra in fa ll in  m m , m ç\- fo r  the C l~-amount o f rainw ater in m g/m 2

1 2 3 4 5 6 7 8

1. O pen, m m 92 98 84 93 - 6 4 - 2 0 - 9 1

2. Ju n ip e r , mm 92 97 78 85 - 6 0 - 1 0 - 8 8

3. P o p la r , m m 98 97 \ 81 89 - 6 7 - 2 0 - 9 0

4. Ju n ip e r , n iQ - 84 78 81 98 - 2 2

Щ
 

1 
CO 69

5. P o p la r, n iQ - 93 85 89 98 - 3 6 14 - 8 0

6. O pen , m Q - - 6 4 - 6 0 - 6 7 - 2 2 - 3 6 65 50

7. O pen , pH - 2 0 - 1 0 - 2 0 35 14 65 74

8. P o p la r , p H -  91 - 8 8 - 9 0 - 6 9 - 8 0 50 74

T h e  o p e n  p lo t pH  va lues e x h ib it low co rre la tio n  v a lu es, b u t  th e ir  in d ependence  is ex p ec ted  
d u e  to  th e  above-m entioned  C 0 2-sa tu ra tio n . T h e  h igh  negative  v a lu es w ith  regard  to  th e  p H  
of th e  w a te r  in po p lar re flec t th e  fa c t th a t ,  th e  g re a te r  th e  a m o u n t o f p re c ip ita tio n , th e  less 
th e  effic iency  of th e  n e u tra liz a tio n  by  leaves.

T o te s t  th e  choice o f th e  sam pling  sites, su m m ary  sta tis tics  o f  th e  n u m b ered  gauges as 
v a r ia b le s  were calcu la ted , w hile  sam pling  tim es se rv ed  as rep licates. Ig n o rin g  th e  re p o rts  of 
th e se  num ero u s tab les of 2 3 x 1 4  d a ta , le t  us on ly  m ake some re m a rk s . I t  tu rn ed  o u t t h a t  
one o f th e  four open p lo t gauges a lw ays reco rd ed  a significantly  sm alle r am o u n t th a n  th e  
o th e rs , so we suspect its u n re liab ility .

Acta Bolanica Hungarica 31, 1985
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T he high  co rre la tio n  be tw een  th e  a m o u n t o f C l-  and th e  a m o u n t o f  p re c ip ita tio n  
(r >  0.95) is in d ep en d en t from  th e  site  o f  th e  gauges. C orrelations in  ju n ip e r  are  sm aller 
th a n  in  p o p la r , excep t for a  single gauge w hich  som etim es even e x h ib ited  neg ativ e  values 
w ith  o th e r  gauges. T his “ o u tly in g ” gauge w as lo ca ted  to o  fa r from  th e  o th e rs  in  po p lar, m ain ly  
u n d e r  L ig ustrum  vulgare , on th e  b o u n d a ry  of p o p la r  area.

B etw een  gauges in p o p la r and  in ju n ip e r , th e re  is a sm all co rre la tio n  (r <  0.6) re g a rd ­
ing chem ical p ro p erties . D ifferen t b e h av io u r in in fluencing  chem ical p ro p e rtie s  o f th roughfall 
w a te r  is th ere fo re  expected  betw een ju n ip e r  a n d  p o p la r  areas.

To te s t  th e  tim e in te rv a ls  be tw een  su b seq u e n t sam plings, we m ade  sim ilar calcu la tions. 
T his tim e  th e  d a te s  o f sam plings were reg ard ed  as v a riab les and the  23 gauges as rep licates. 
W ith  re sp ec t to  th e  collected a m o u n t a n d  th e  Cl~ co n cen tra tio n  of w a te r , sam plings can  be 
a rran g ed  in to  tw o groups w hich ov erlap  slig h tly . T he p H  d a ta  does n o t  c o n tra d ic t th is  
a rra n g e m e n t. One group con ta ins 9 o f th e  14 sam plings, collected w ith in  a  fo r tn ig h t follow ­
ing th e  p rev ious sam pling . The o th er g roup  co n ta in s  sam ples collected in  th re e  to  five w eek 
in te rv a ls  an d  g re a te r  am oun ts o f w a ter, e x cep t fo r one sam ple (17th  Ju ly ) , w hich  con ta ined  
on ly  7.5 m m  w a te r from  a single s to rm  w ith  a r a th e r  s trong  w ind, la s tin g  m ere ly  1.5 hours. 
H ow ever, th e  period  betw een  th e  sam plings m ig h t h av e  had an  in fluence on  th e  chem ical 
p ro p e rtie s  o f th e  ra in w ater.

R elations am ong observed an d  derived variables

Í .  Chemical properties

L et us consider here some of th e  re la tio n sh ip s  a lready  suspected  w ith  regard  to  sum ­
m ary  s ta tis tic s . F irs tly , we will consider th e  close c o rre la tio n  of all th e  Cl~ a m o u n ts  collected 
on  th e  d ifferen t sites. The calcu la ted  sign ificance probab ilities of th e  lin ea r re la tionsh ip  
b e tw een  th e  a m o u n t o f C1“ in  p rec ip ita tio n  w a te r  in  open plots and th e  a m o u n t o f collected 
C l-  u n d e r  canopy  were usually  ab o u t 0 .0001%  fo r ind iv idual gauges, a n d  n ev er less th a n  
0 .01% . F u rth e rm o re , th e  s tra ig h t line th ro u g h  th e  orig in  (i.e. th e  hom ogeneous linear re la ­
tio n ) f its  b e tte r  to  th e  d a ta  th a n  a general s tra ig h t  line  (see e.g. Gr e e n  an d  Ma r g e r iso n  1978).

So th e  gross am o u n t of C l-  in  th ro u g h fa ll w a te r  is directly proportional to  th e  gross 
a m o u n t o f C l-  co n ta ined  in open p lo t p re c ip ita tio n  w a ter. The 95%  confidence  in te rv a l for 
th e  w eighed averages o f th e  p ro p o rtio n a lity  fac to rs  o f respective gauges is 2.4 +  0.2 in  th e  
case o f ju n ip e r  an d  1.75 +  0.14 in th e  case o f p o p la r. I t  should be no ted , ho w ev er, th a t  cor­
re la tio n  coefficients betw een  th e  open p lo t an d  th ro u g h fa ll Cl-  c o n cen tra tio n s  do n o t ex ­
ceed 0.8.

In  T able  2, we see a negative  co rre la tio n  b e tw een  C l-  co n cen tra tio n  a n d  th e  am oun t 
o f p re c ip ita tio n  on th e  open p lo t, b u t th e re  is no ev idence of linear re la tio n sh ip . F igure 5 
show s th e  p lo tte d  d a ta  p o in ts for 6 sam plings w ith  sm all p recip ita tion  a m o u n ts . T his sc a tte r  
d iag ram  does n o t suggest any  functional re la tio n sh ip . H ow ever, on th e  basis o f lite ra ry  d a ta  
in  th is  field  (Madg w ick  and  Ov ington  1959), a s tead ily  decreasing fu n c tio n  is expected . 
T he m ost general form  of th is re la tion  is th e

y  =  a +  b ■ ecR ( 1)

ty p e  ex p o n en tia l, w here y  denotes th e  co n cen tra tio n , a and  b are co n stan ts  o f co n cen tra tio n  
d im ension , R  =  gross p rec ip ita tio n , an d  c is a  dim ensionless constan t. H ow ever, th e  f i t  of 
ty p e  ( 1) fu n c tio n  is ra th e r  poor, as th e  sum  of sq u a red  residuals exceeds th e  to ta l  sum  of 
sq u ares a ro u n d  th e  m ean. N evertheless, th e  t re n d  o f th e  f itte d  line, as tu rn s  o u t from  its 
p a ram e te rs  (a =  1.4 p pm , b =  3.7 ppm , c =  —0.125), in d ica te  re la tive ly  g re a t a tm ospheric  
C l_ -sources, an th ropogen ic  o r n a tu ra l (W olaveh  a n d  L ie t h  1972).
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2 . R a in fa ll interception

A n in te res tin g  re la tio n sh ip  is expected  be tw een  th e  a m o u n t o f open p lo t p re c ip ita tio n  
an d  th e  gross th ro u g h fa ll. T h e  calculated  significance p ro b ab ilities  o f a linear re la tio n sh ip  are 
less th a n  0.0001%  for all gau g es! M any p ap ers  (Skau  1964; Z i n k e  1967; T hompson  1972; 
E t t e h a d  e t al. 1973; an d  Gash  1979) u su a lly  in te rp re t th is  l in e a r re la tionsh ip  b y  co u n tin g  
th e  m in im um  a m o u n t o f  p re c ip ita tio n  necessary  to  s ta r t  th ro u g h fa ll. This am o u n t (u su a lly  
1-2 m m ) is called “ can o p y  sa tu ra tio n ” . I f  we ca lcu la te  th is  ty p e  of canopy  sa tu ra tio n  using  
ou r h ighly  corre lated  d a ta  as a  basis, we genera lly  find  2 +  2.5 fo r th e  95%  confidence in te r ­
vals, includ ing  zero an d  ev en  negative  values. W e n o te  th a t  o th e r  rep o rted  confidence v a lu es 
— if any  ! — agree w ith  o u r  resu lts  (Skau  1964). T here  is also a n o th e r  quibble w ith  th e  lin e a r 
re la tio n sh ip . I f  th e  re la tio n  be tw een  gross p re c ip ita tio n  (R ) a n d  th ro u g h fa ll (T ) is

T  =  a +  bR , (2)

th en  th e  in te rcep tio n  ( I  =  R  — T )  is given b y  tw o in te rsectin g  lines:

I  =  R , if  R <  can o p y  sa tu ra tio n  (3)

I  =  — a +  (1 — b)R , if  R  >  canopy sa tu ra t io n  (4)

H ow ever, th e  change-over fro m  (3) to (4) c a n n o t be as acu te  as th e  above, especially if  we 
ta k e  in to  accoun t th e  fa c t t h a t  in te rcep tio n , free  th ro ughfall, d rip p in g  and  ev ap o ra tio n  fro m  
can o p y  occur s im u ltan eo u sly  from  th e  s ta r t  o f th e  ra in  on.

A more ad eq u a te  ap p ro ac h  to this p rob lem  was p u t  fo rw ard  by Czarnow ski  a n d  
Ols ze w s k i  (1968), who described canopy in te rcep t ion  using

I  = Jmax(l -  e - cR), (5)

w here J max is th e  m ax im u m  possible gross in te rce p tio n  in m m , a n d  c a dim ensionless m easu re  
of th e  in te rcep tio n  ab ility . T h e  solid line in  F ig . 3 shows th is fu n c tio n  f i t te d  to th e  in te rce p tio n  
d a ta  p o in ts  for poplar. T he goodness of th e  f i t  is h igh ligh ted  in th e  R 2 values,* w hich are  0.81 
for th e  s tra ig h t line and  0.96 for th e  ex p o n en tia l curve.

F igu re  4 shows th e  de riv ed  relation  fo r th ro ughfall:

T  =  R -  I max( 1 -  e~cR). (6)

T he R 2 va lue  for th e  b ro k e n  line  is 0.985, w hile, for the  f i t te d  so lid  curve [according to  e q u a ­
tio n  (6 )], it is 0.994. W e n o te  th a t  the  f i t  o f th e  exponen tia l line  to  ou r d a ta  po in ts obse rv ed  
in  p o p la r  is b e tte r  th a n  t h a t  of the  rep o rte d  d a ta  (from  100 gauges) in Czarnow ski  an d  
O l s z e w s k i’s original p ap er. T he f it  of a ty p e  (6) curve to  th e  ju n ip e r  d a ta  po in ts is n o t  as 
good as in th e  case o f p o p la r  (R 2 =  0.36 fo r th e  in te rcep tio n  a n d  R 2 =  0.92 for th ro u g h fa ll). 
H ow ever, th ey  b o th  exceed  th e  R 2 values fo r th e  respective  lin ea r re la tionsh ip . The p a ram e te rs  
of th e  f i t te d  curve fo r p o p la r  a re  J max =  9 m m  an d  c =  0.07, w h ich  is in surprising  acco rdance  
w ith  Czarnow ski  and  O l s z e w s k i’s 10.2 m m  an d  0.06.

* jR2 =  1 — ggrp- ’ w here  SST is th e  to ta l  sum  of th e  sq u a res  a round  th e  m ean  an d

SS R  is th e  sum  of th e  sq u a re d  residuals a ro u n d  th e  f i tte d  cu rve. R 2 is som etim es called  th e  
d e te rm in a tio n  coefficient. F o r  a linear re la tio n sh ip , R 2 equals th e  square  o f th e  co rre la tio n  
coefficient.
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Fig. 3. T he in te rce p ted  w a te r  on canopy  ( J )  v s . open p lo t p re c ip ita tio n  (R). Solid circles d e n o te  
observed d a ta  in  p o p la r  s tan d . T he solid line is th e  f i t te d  ty p e  (5) curve. T he b ro k e n  line

is a f i tte d  ty p e  (3) an d  (4) cu rv e

Fig. 4. C anopy  th ro u g h fa ll (T ) vs. open p lo t p re c ip ita tio n  (R). Solid  circles denote o bserved  d a ta  
in po p lar s ta n d . T he solid  line  is th e  f i tte d  ty p e  (6) curve. T he b ro k en  line is th e  regression  line

Fig. 5. Cl -co n cen tra tio n  o f open p lo t p re c ip ita tio n  vs. its  h e ig h t in  m m . Solid circles d en o te  
o bserved  d a ta . T he e q u a tio n  o f th e  solid line  is c =  1.4 +  3.7 [exp (—0.125 R )] p p m
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W ith  regard  to  T ab le  1, th e re  arises th e  q u estio n  if  th ere  is a s ign ifican t difference 
b e tw een  th e  th roughfall am o u n ts  in ju n ip e r an d  p op lar. As th e  s tan d ard  d ev ia tio n s are the  
sam e, w e m ade  a ra n k -su m  te s t .  U sing th e  M an n -W h itn ey  sta tis tics , th e  d ifference  is no t 
s ig n ifican t (P x =  34% ).

Results and discussion

T h e sum  of th e  co llec ted  p re c ip ita tio n  d u rin g  th e  observ a tio n  period  is 
as fo llow s:

open  p lo t: 263 m m ,
u n d e r  ju n ip e r : 168 m m ,
u n d e r  po p la r: 179 m m .

T o ta l gross in te rcep tio n s  over th e  sam e p e rio d  are :
in  ju n ip e r : 95 m m ,
in  p o p la r: 84 m m .

F ro m  ty p e  (5) a n d  (6) fu nc tions, i.e. th e  f i t te d  curve, we can  conclude 
th a t  th e re  is a basic  difference in in te rc e p tio n  betw een  ju n ip e r an d  poplar. 
F ir s t ,  th e  m ax im u m  possib le in te rc e p tio n  c a p a c ity  of 6.5 m m  in  ju n ip e r  is 
less th a n  th e  re spec tive  9 m m  in  p o p la r. O n th e  o th e r hand , th e  c o n s ta n t c, 
w h ich  charac terizes th e  slope of th e  cu rv e , is 0.16 in  ju n ip e r, i.e. m ore th a n  
tw ice  th e  value o f p o p la r  (0.07). T he consequence  of th is is th a t ,  in  th e  case 
o f sm alle r sto rm s (less th a n  ab o u t 15 m m  p rec ip ita tio n ), ju n ip e r  in te rcep ts  
m ore  w a te r  th a n  p o p la r  does, w hile in  th e  case o f g rea te r s to rm s—because of 
its  g re a te r  m ax im um  c a p a c ity -p o p la r  is less tra n s p a re n t for th e  gross th ro u g h - 
fa ll th a n  ju n ip e r is. T h is is p ro b ab ly  a consequence  of th e  d ifferen t shapes and  
su rfaces  of th e  re sp ec tiv e  leaves.

H ow ever, th is  s itu a tio n  can be ch an g ed  b y  som e m eteoro logical fac to rs. 
W ind  velo c ity  seem s to  p lay  a p a ra m o u n t role in  th is  change, m a in ly  due to  
its  d ire c t “ shak ing  o ff”  o f w a te r from  th e  can o p y . W ind d irec tion  also has a 
g re a t in fluence  on b o u n d a ry  positioned  gauges. As ju n ip e r p lo ts are  re la tiv e ly  
sm all (and  ra th e r  s tin g in g  !), th e re  a re  m ore b o u n d a ry  positioned  gauges in  
ju n ip e r  th a n  in  p o p la r. T his m akes th e  s ta n d a rd  errors g rea ter, an d  th e  f i t  of 
ty p e  (1) and  (6) cu rves less re liab le , fo r ju n ip e r . W e will p u t som e m ore gauges 
w ith in  ju n ip e r  p lo ts  to  avoid  th is  w ind  sen sib ility .

T he above d ifference in  th e  in te rc e p tio n  of the  tw o fo re s t-ty p es  has a 
d ire c t in fluence  on th e  fo rest f loo r v e g e ta tio n . S torm s y ie ld ing  less th a n  
6—8 m m  p re c ip ita tio n  fall th ro u g h  th e  ju n ip e r  canopy  in  only  a v e ry  sm all 
a m o u n t, w hile th e  n e t  p rec ip ita tio n  u n d e r  a p o p la r canopy is considerab ly  
m ore . This could h av e  an  im p o r ta n t effect on th e  v eg e ta tio n  p a tte rn .

As th e  o b se rv a tio n  period  was re la tiv e ly  d ry , we observed g rea te r  to ta l 
th ro u g h fa ll values in  p o p la r ra th e r  th a n  in  ju n ip e r. In  periods of g rea te r 
p re c ip ita tio n , th is  re la tio n  often  reversed .
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The resu lts o f  th e  C l-  m easu rem en ts are su rp ris in g . T he dependence of 
th e  co n cen tra tio n  o f C l-  on th e  am o u n t of p re c ip ita tio n  in an  open p lo t in ­
d ica tes a b u n d a n t C1“ sources in  th e  a tm o sp h ere , w hile th e  C l-  a m o u n t in  
th e  th roughfall w a te r  is d irec tly  p ro p o rtio n a l to  th e  Cl~ a m o u n t of open p lo t 
p rec ip ita tio n  w a te r . T he la t te r  fa c t can  only be u n d ers to o d  if  we suggest th a t  
th e  m a jo rity  o f th e  Cl~ observed in  th e  sam ples o rig in a tes , no t from  ra in , 
b u t  from  dry  fa llo u t. Aerosols fa ll free ly  in to  th e  gauges in  an  open p lo t, b u t  
accu m u la te  in  can o p y . T heir C1“ c o n te n t will o n ly  be d ilu ted  w ith in  th e  gauges 
in  an  open p lo t b u t  th e  fa llou t in te rcep ted  in  can o p y  will be washed in to  th e  
gauges under th e  canopy  b y  p rec ip ita tio n . T h is is th e  reason  beh ind  th e  
observed  close re la tio n sh ip , a lth o u g h  th ere  is m ore ev idence supp o rtin g  th is  
idea . F igure 6 show s th e  C l-  a m o u n t fo r some sm alle r sam plings in  th e  th ro u g h - 
fall w a te r versus th e  C l-  am o u n t in  th e  open p lo t p rec ip ita tio n . D ata  po in ts  
o f sam ples co llected  a fte r longer periods are lo c a te d  above th e  regression line, 
w hile those co llec ted  a fte r sh o rte r periods are  below  th is  line. (G reater p re ­
c ip ita tio n  sam ples co n ta in  w a te r from  m ore ra in fa lls  a f te r  rain less periods of 
d iffe ren t d u ra tio n , so th e y  are average  va lu es  fa lling  v e ry  m uch closer to  
th e  line.)

Some a u th o rs  also suspect, or even in d ic a te , th e  im portance  o f d ry  
fa llo u t (B o r m a n n  e t  al. 1977, W h i t e  and  T u r n e r  1970, W im a n  1981). W e 
w ould  like to  in s ta ll tw o  gauges in  an  open p lo t, one w hich is open only d u rin g  
ra in fa ll, and  an  o th e r  w hich is open  on ly  d u rin g  rain less periods, th u s m ak ing  
i t  possible to  d is tin g u ish  betw een  th e  in p u t o f chem icals w ith  d ry  fallou t and  
w ith  ra inw ater.

T he average p H  value of th e  ra in w a te r  is 5.46, w hich is in  accordance 
w ith  th a t  of C 0 2 sa tu ra te d  w ater, an d  excess ac id ity  can  be neglected . T his 
slig h tly  acid ra in w a te r  is n eu tra lized  to  a lesser degree b y  ju n ip e r, and  to  a

PR O PE R T IE S OF R A IN FA LL AND TH R O U G H FA LL W A TER 4 3

Fig. 6. Collected C l~ -am o u n ts  (m g/m 2) in  p o p la r s ta n d  vs. co llected  C l- -am o u n ts (m g/m 2) 
in open  p lo t. Circles d e n o te  observed d a ta . N um bers in side  th e  circles denote  tim e periods 
be tw een  ac tu a l and  p rev io u s sam plings. T he solid line is th e  regression  line th ro u g h  th e  orig in
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g re a te r  degree by p o p la r. T he to ta l  acid in p u t during  th e  o b se rv a tio n  period 
w as 30 m g/ha H + in th e  open  p lo t, 8 g /h a  in ju n ip e r and  only  2.5 g /h a  in 
p o p la r , to ta ls  w hich are  o f no p rac tica l en v iro n m en ta l im p o rtan ce .

As to  our sam pling  tech n iq u es  we concluded  th a t  all o f th e  gauges were 
lo ca ted  on the  righ t p laces, ex cep t one. T h is was located  on th e  p o p la r  forest 
b o u n d a ry , far from  th e  o th e r  po p la r gauges, an d  its record ings are  o ften  no t 
in  acco rdance  w ith  th e  o th e rs . T his w ill be rep laced . One o f th e  fo u r open  plo t 
gauges sig n ifican tly  co llects a b o u t 7%  less w a te r  th a n  th e  o th e rs . T h is w ill be 
ch an g ed , a lthough we also suspect s im ila r ou tly ing  gauges. F u r th e r  gauges 
w ill be p laced  in  th e  in n e r  areas of ju n ip e r  p lo ts .

F ro m  our o b se rv a tio n s , it seem s th a t  th e  op tim u m  periods b e tw een  
su b seq u en t sam plings is n o t m ore th a n  a fo rtn ig h t. F u rth e rm o re , fre sh  sam ­
p lings a f te r  in d iv idua l s to rm s  p rov ide  v a lu ab le  in fo rm atio n , especia lly  con­
cern in g  th e  in fluence o f m eteoro logical fac to rs  in w a te r an d  n u tr ie n t  in p u t. 
D u rin g  subsequen t o b se rv a tio n s , sam ples collected  on a p lo t (open, ju n ip e r  or 
p o p la r) can  be regarded  as un ifo rm , especially  w ith respect to  th e ir  chem ical 
c o n te n ts . H ow ever, we w ould  like to  po in t ou t th a t,  before decid ing  so, it is 
ad v isab le  to  record  th e  in d iv id u a l d a ta  from  each gauges an d  check  th e ir  
h o m o g en e ity  using s ta tis t ic a l  m ethods.
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LICHENS AS INDICATORS OF AIR POLLUTION 
IN THE RUDAPEST AGGLOMERATION

I. A IR  P O L L U T IO N  M A P B A SED  ON F L O R IS T IC  DATA 
A N D  H E A V Y  M E T A L  C O N C EN TR A TIO N  M E A S U R E M E N T S

E d i t  F a r k a s , 1 L. L ő k ö s ,2 K lá ra  V e r s e g h y 2

‘ INSTITUTE OF ECOLOGY AND BOTANY, HUNGARIAN ACADEMY OF SCIENCES, VÁCRÁTÓT; 

■ BOTANICAL DEPARTMENT OF THE HUNGARIAN NATURAL HISTORY MUSEUM, BUDAPEST;

T h e  r e c e n t  d is tr ib u tio n  o f  lichens in  B u d ap es t was ex am in ed  and h eav y  m e ta l 
co n cen tra tio n s in  two lichen  species were m easu red  to  in d ic a te  a ir  po llu tion  zones o f 
B udapest. A  lichen  zone m ap  w as d raw n accord ing  to  th e  d is tr ib u tio n  of ep ip h y tic  
lichen species. T h is m ap w as com p ared  to  a  su lp h u r d iox ide  zone m ap, to  th e  d is ­
tr ib u tio n  m a p  o f lichens co m p iled  ab o u t 70 y ears ago an d  to  old an d  recen t m ap s  of 
th e  b u ilt-u p  a reas. The e ffec t o f c lim ate  an d  su b s tra te  ty p e  u p o n  lichens w as also 
in v estig a ted . B ecause of th e  absence  of e p ip h y tic  lichens in  th e  ex tensive  d ese rt zone 
(dow ntow n B u d ap es t), tra n s p la n te d  H ypogym nia  physodes a n d  Cladonia convoluta  
sam ples w ere  ta k e n  a t  50 p o in ts  in  o rder to  d e te rm in e  th e  c o n ce n tra tio n  of a cc u m u la ted  
heavy  m eta ls  (P b , Cd, Mn, Zn).

In troduc tion

M any in v es tig a tio n s  have b een  carried  o u t th ro u g h o u t th e  w o rld  to  reveal causes o f 
d am age and ch an g ed  d is tr ib u tio n  o f lichens in  cities an d  big in d u s tr ia l  centres. The ea rlie s t 
s tu d ies  m ay  be d a te d  b ack  to th e  m id d le  o f th e  la s t  c en tu ry  (G r i n d o n  1859, N y l a n d e r  
1866). Our s tu d ies s ta r te d  in 1979 w ith in  th e  fram ew o rk  of th e  E n v iro n m e n ta l B io log ical 
R esearch  P rogram  o f B u d ap es t A gg lo m era tio n  e lab o ra ted  in  1976 ( B ercz ik  and B o r h i d i  
1979). L ichen m ap s o f num erous c ities an d  in d u s tr ia l cen tres  hav e  b e en  m ade  in  E urope  a n d  
elsew here, in clud ing  d a ta  from  fie ld  a n d  la b o ra to ry  ex p erim en ts  c o n n ec ted  w ith th is  p ro b ­
lem , e.g., t r a n s p la n ta t io n  studies (see rev iew s b y  Gi l b e r t  1973, a n d  F e r r y , B a d d e l e y  a n d  
H a w k sw o rt h  1973). I n  H u n gary , h o w ev er, on ly  early  a tte m p ts  w ere m ad e  in  th is field ; th e  
lich en  m ap of D eb recen  w as draw n b y  F e l f ö l d y  (1942) in  a  m an n e r desc rib ed  by  Se r n a n d e r  
(1926) and th a t  o f  Szeged by  Ga l l é  (1979) who com pared  his m ap  to  su lp h u r dioxide co n ­
c e n tra tio n  values m ea su re d  in  th e  a ir. I n  w este rn  H u n g a ry  K iss  (1983) exam ined  lichens as 
p o te n tia l in d ica to r p la n ts  and em p h asized  th e  im p o rtan ce  of a b n o rm a l succession in  lich en  
assem blages.

In  B u d ap es t no  such  stud ies h a v e  been  perfo rm ed  as y e t,  e x c e p t a  recen t tr a n s p la n ta ­
tio n  experim en t b y  S o lymosi  (1982) w hose sca tte red  records (3 s ites o n ly ) do n o t su p p ly  a  
com prehensive p ic tu re  on  th e  air p o llu tio n  of th e  cap ita l. T herefore, o u r  m ain  objective is to  
d raw  an  air p o llu tio n  m ap  of B u d ap es t on  th e  basis o f th e  presence a n d  abu n d an ce  of lichens 
as in d ica to rs . In  a d d itio n , factors in flu en cin g  th e  recen t lichen  d is tr ib u tio n  w ere exam ined b y  
co m paring  th e  m ap  to  chem ical a ir p o llu tio n  d a ta  an d  lichen  reco rd s f ro m  th e  beginning o f 
th is  cen tu ry . F in a lly , th e  effects of o th e r  fac to rs  (u rb an  c lim ate , su b s tra te  effects, e tc .) w ere 
also inv estig a ted . S ince no  precise d a ta  on  th e  m eta l co n ta m in a tio n  o f th e  a ir were av ailab le , 
a  s tu d y  of heavy  m e ta l po llu tion  b y  lic h e n  tran sp la n ts  w as designed.
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P o rtio n s  of th is  p a p e r  a re  e x tra c te d  fro m  tw o  M. Sc. theses in  b io logy  (F arkas  1982, 
L ő kös  1983) p repared  u n d e r  th e  superv ision  of th e  th ird  au thor. T he f i r s t  a u th o r  collected 
th e  d a ta  in  th e  m apping  p ro je c t,  w hile th e  second  a u th o r  of this p a p e r  is responsib le  fo r th e  
t r a n s p la n ta t io n  ex p erim en ts a n d  h eav y  m eta l co n ce n tra tio n  m easu rem en ts.

B rie f c h a rac te riza tio n  o f  the  study a rea

B u d ap es t, th e  cap ita l o f  H u n g a ry  is s i tu a te d  on th e  D an u b e  r iv e r , a t  th e  co n tac t 
p o in t  o f th e  G reat H u n g a ria n  P la in  and  th e  m o u n ta in s . I ts  area is 525 k m 2, 352 k m 2 on  th e  
le f t  b a n k  an d  173 km 2 on th e  r ig h t. P est, on  th e  le f t  b a n k  is largely  f l a t  a t  ab o u t 100 m  a.s.l., 
w h e reas  B u d a  on th e  r ig h t b a n k  is h illy  ( th e  h ig h es t p o in t being  529 m ). R elief, c lim ate, 
n a tu r a l  v eg eta tio n  of th e  tw o  p a r ts  are d iffe re n t. As a resu lt o f u rb a n iz a tio n  th e  n a tu ra l 
v e g e ta t io n  d isappeared  tu rn in g  in to  a seco n d ary  vegeta tio n  (Zó ly o m i  1958). M uch of th e  
B u d a  H ills area is still co v ered  b y  w oodland , a lth o u g h  land d e te r io ra tio n  b y  co n stru ctio n  
w o rk  h as  been  rapid.

I .  M apping
M aterials an d  m ethods

T he lichen m ate ria l (1374 specim ens) w as co llected  betw een O c to b er 1979 an d  M arch 
1982 a t  55 poin ts in B u d a p es t (T able  1) an d  w as id en tif ie d  by th e  f i r s t  a u th o r . In  o rd er to  find  
d is tr ib u tio n  zones th e  reco rd s  w ere in d ica ted  in  m ap s a t  a scale o f 1 : 200 000. W e p rep ared  
m a p  o f su lp h u r dioxide p o llu tio n  based on av a ilab le  m easurem ents. M aps show ing b u ilt-u p  
a re a s  an d  th e  tra ffic  sy s tem  w ere also ta k e n  in to  consideration  (F ig . 1).

F ig . 1. F ifty -five  p o in ts  o f  collection , m ap  o f su lp h u r dioxide p o llu tio n  considered  in  draw ing 
lich en  zones. Sym bols a n d  lines in d ica te  su lp h u r  dioxide po llu tion  leve l in w in ter: • :  0—0.09
m g /m 3, ...............0 .10 -0 .14  m g /m 3, ------------ m ore  th a n  0.15 m g/m 3; ..............b o u n d a ry  of bu ilt-u p

areas, c ity  lim its
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Table 1

Collecting sites

Number Site
Number of 
collected 
species

Zone

l K a m a ra  F orest (T étényi P la teau ) 14 I

2 Csíki H ills (Budaörs) 4 N

3 F a rk a s  Valley 10 О

4 I rh á s  V alley 5 О

5 Csillebérc 31 N

6 M agas-К б  Hill 7 N

7 M akkosm ária 32 N

8 S zabadság  Hill 12 О

9 T ü n d ér Hill 22 О

10 Já n o s  H ill 15 О

11 B u d akeszi Forest (B u d ap es t) 7 N

12 V a d asp a rk  (H ársbokor H ill, Budakeszi) 16 N

13 H osszúerdo  Hill 17 N

14 R em ete  Hill 51 N

15 B u d a lig e t 7 N

16 A lsó-Jegenye Valley 35 N

17 F első -p a tak  Hill 17 N

18 Szarvas H ill 8 I

19 Csúcs H ill 12 I

20 V ihar H ill 17 N

21 H á rm a sh a tá r  Hill 28 О

22 Ú jlak i H ill 7 N

23 V ad ask ert (Hűvösvölgy) 30 N

24 Szépvölgy 9 I

25 K ecske H ill 3 N

26 L átó  H ill 43 N

27 A p á th y  Cliff 18 N

28 P asa ré t 4 I

29 T örökvész 12 О

30 Ferenc НШ (Zöldmái) 20 I

31 V érhalom 11 О

32 M argaret Island 3 I

33 X I. K oszto lány i D. Square 2 I

34 Gellert H ill 5 I

35 Telki (village) 1 N

36 Telki H ill 35 N

37 Fekete  H ills (Budakeszi) 4 N
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Table 1 (  cont'd  )

Number Site
Number of 
collected 
species

Zone

38 X V III. P estlő rin c , H alm i F o rest 16 N

39 X V III. P estlő rin c , Ságvári E . S tree t — I

40 X . V adszőlő S tre e t — D

41 X V II. R ák o scsab a , A kadém ia Ú jtelep — I

42 X V II. R ák o scsab a , Zrínyi S tree t — D

43 X V II. R áko slig e t, M icsurin S tree t — D

44 XV I. M átyásfö ld , P e tő fik é rt — D

45 X V I. C inko ta i Cem etery 6 I

46 XV I. Sashalom , Thököly  R oad — D

47 X X . P é te rim a jo r — I

48 Gyál R a ilw ay  S ta tio n — D

49 X V III . P estlő rin c , old cem etery 3 I

50 V. B elg rád  E m b a n k m en t (Lánchíd- (diáin Bridge) — D

51 V. B ajcsy-Z silinszky  R oad — D

52 V I. R u d as L. S tree t (N y u g a ti R ailw ay  S ta tion ) — D

53 V I. K o d á ly  Circus — D

54 Lövölde S q u are — D

55 V II. G orkij A venue — D

D =  desert zone, I  =  inner struggle zone, О =  ou ter struggle  zone, N  =  norm al zone.

F ig . 2. F ifty  sites o f tra n s p la n ta t io n  ex p erim en ts  and th e  m o st im p o r ta n t  th o ro u g h fare s  in
B u d ap est
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Tabic 2

Transp lan ta tion  sites

Description

Number Sites Protection
from

pollution

Distance in metres 
from the nearest Exposition of 

H yp o g ym n ia

thorough­
fare siide road

physodes
samples

0 Control

w o “ W ashed”  co n tro l (soaked in  d istilled  
w ater for 24 hours)

1 V. Belgrád E m b an k m en t — 40 l S s w
2 X III . M argaret Island + 60 3 S SE
3 X IV . Kassai Square -J- 440 60 s NW
4 X . Pongrác R o ad  X  S algó tarján i R oad + 1000 1 s N E
5 IX . K én S tree t — 60 1 s NW
6 X I. Á rasztó S tre e t — 20 I t s w
7 X I. K ôérbereki R oad  X  K étvö lgy i R oad - f 250 2 s SE
8/1 X II. Farkasvö lgy i R oad X R ege S tre e t — 8 s NW
8/ I I a The same site  as 8/1, b u t w ithout

washing
8/ I lb different d a te  (20 th  Oct. 1982) and washed
8/I Ic exposure tim e  (4 m onths) soaked
9 II . Nagy L ajo s Square - f 300 5 s, t SW

10 II. M artos F ló ra  R oad  X  Géza R o a d — 2 t SE
11 IV. Baross R o ad  X  Izzó Road 1100 80 SW
12 XV. M ogyoród R oad  X  Páskom lige t + 1000 1000 s SW
13 X V I. Hangos Square 1400 1 s NE
14 Túzok S treet X  R ákos S tream -j- 700 20 t S
15 X V III. P estlő rin c , Railw ay S ta tio n — 1 t s
16 X X . M ártírok R o ad  X  Erzsébet S quare 500 400 s SE
17 X X . Molnár Is lan d - f 300 20 — w
18 X X L  Csepeli R o a d  X  8653rd S tre e t 3 t w
19 X X II . N a g y té tén y i R o a d x S a lla i  R oad — 2 2 t NW
20 Village Diósd, Szabadság  R oad + 1100 100 t S
21 Village B udakeszi, glider land ing  p lace 2 s w
22 I I . Rézsű S tre e t 250 2 s s
23 I I I .  Solym ár L an e , B p .-Üröm R a ilw ay

Station + 60 20 t N E
24 X V II. Ú jtelepi S tre e t + 400 4 s NW
25 Betw een F erihegy  A irport and v illage

Vecsés — 800 4 s NW
26 X V III. Igric S tre e t + 150 — s NE
27/1 X I. B udaörsi S tre e t X  H ighw ay M7 — 3 — t SE
2 7 /IIa The same site  as 27/1, bu t w ithout

washing
27/111. different da te  (2 0 th  Oct. 1982) a n d washed
2 7 /IIc exposure tim e (4 m onths) soaked
28 X II . Szilágyi E . A venue X  B udakeszi

Road — 1 — t N E
29 II . N agykovácsi R oad , A dy-liget — 2 — t NE
30 111. Bécsi R oad , B p .-Üröm R ailw ay  St. 2 t N E
31 I I I .  H egym ászó R oad + 700 30 t, s SE
32 IV. Váci R oad — 3 — t NE
33 XV. Régi F ó ti R o a d x S z ila s  S tre am — 3 t SE
34 X . Kerepesi R o a d  X  Pillangó R oad — 1 t N
35 X V I. B orotvás S tre e t X  Veres P é te r

Street — 2 t NW
36 X V I. H avashalom  S treet X  Jen o h a lo m

Street 4- 800 3 s N E
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Table 2 ( coni'd )

N u m b e r S ites P ro tec tio n
from

p o llu tio n

D e sc rip tio n

D is ta n c e  in  m e tre s  
f ro m  th e  n e a re s t

th o ro u g h ­
fa re  Blf*e roa<l

E x p o sitio n  o f  
H ypogym nia  

physodes 
sam ples

37 XVI. Id a  S tre e t X  Csallóközi S tree t + 1600 100 s NW
38 XV I. Id a  S tre e t X  S arkad  S tree t + 1500 30 --- ---
3 9 /0 XV I. K olozsvári S tree t + 700 1 s SW
39/1 XV I. K olozsvári S tree t + 700 1 N E
40 XV I. Szabadfö ld  R o ad  X  A kácos R oad — 2 — t  SW
41 X V III. V öröshadsereg  R oad X  M ikszáth  

К . R oad 2 t  SW
42 X V III. S te in m etz  M onum ent — 3 — t SW
43 IX . Soroksári R o a d  X  Illa tos R oad — 60 t  N E
4 4 /0 X X II . Szakiskola  S tree t X  B ala ton i 

Street + 15 t  SE
44/1 X X II . Szakiskola  S tree t X  B alaton i 

S treet + 15 NW
45 X X II. B a la to n i R oad — 2 — t S
46 X X II . 888 th  S tre e t X  M átra  S tree t + 100 20 t s
47 X X I. H o lland i R o ad  X  K orm ányos R oad _I_ 500 5 t, s N E
48 X X . M arx K á ro ly  R oad — 2 — t  N E
49 X . Üllői R o ad  X  B ihari R oad — 10 20 t  SW
50 II. E ndrődi S án d o r S treet + 900 30 t ,  s SW

X  =  Crossing, s =  to w ard s side road , t  =  tow ards th o ro u g h fare , О =  on th e  ou ter side 
o f th e  tree  (tow ards th e  s tre e t) , I — on th e  inner side of th e  tree .

I I .  T ran sp lan ta tio n

H ypogym nia physodes  (L .) N y l., an  ep ip h y tic  species, an d  Cladonia convoluta (L am .) 
P . C out., an epigeic lich en , w ere used  in  th e  tra n sp la n ta tio n  e x p erim en ts . T he m ate ria l was 
co llected  in a con tro l a rea  40 km  SE  of B u d a p es t supposed  to  be free o f im m ission. T ra n s­
p la n te d  II. physodes sam p les consisted  of a b o u t 6—8 th a lli sew n on a piece of fe lt ( 8 x 8  cm 2), 
Cl. convoluta sam ples w ere p laced  on lit t le  boxes filled  w ith  san d  a n d  w ere sew n on, too. T h ey  
w ere  tran sp lan ted  a t  50 p o in ts  of B u d a p es t (F ig . 2, T ab le  2).

I I I .  D ete rm in a tio n  o f h eav y  m e ta l co n ten t

A fter 3 m o n th s  ex p o su re  tim e d igestion  was carried  o u t  in  10 cm 3 of c cH N 0 3 and  
im m ed ia te ly  in  1.5 cm 3 o f 30%  H 20 2 using  1 g air dried lichen m ate ria l. H e av y  m eta l co n ten ts  
(PI), Cd, Mn, Zn) w ere m easu red  by  Pye  U n icam  SP 9 a to m ic  ab so rp tio n  sp ec tro p h o to m eter.

R esults and  discussion

I. T he air po llu tio n  zones of B u d a p e s t estab lished  on th e  basis of ep ip h y tic  
lichen d is tr ib u tio n

Four d ifferen t zones o f lichen d is tr ib u tio n  were recogn ized  (F ig . 3). Species occurring  
in  a n  in n er zone are also p re sen t in  all o u te r  zones. The species o f th e  a rea  are listed  b y  V e r ­
s e g h y  and  F arkas (1984).
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Fig. 3. A ir pollu tion  zones o f B udapest b a se d  on th e  d is tr ib u tio n  of ep ip h y tic  lichens (1 =  
d e se rt zone, 2 =  in n e r  struggle zone, 3 =  o u te r  struggle  zone, 4 =  no rm al zone)

7. Desert zone

T h e  bu ilt-up  a rea  o f B udapest is in  fa c t  a lichen d ese rt w ith o u t a n y  lichens. T he 
b o u n d a ry  of th is zone corresponds a p p ro x im a te ly  to  th e  b o u n d a ry  of b u ilt-u p  areas. T here  
was o n ly  a sm all p o rtio n  of th e  bu ilt-up  a re a , n o rth e rn  B u d a , in  w hich lichens w ere found . 
S u lp h u r d ioxide co n ce n tra tio n  is more th a n  0 .10  m g /m 3 (even 0.30 m g/m 3 in  w in ter) in  th is  zone.

2. Struggle zones

T w o struggle zones a re  s ituated  in  th e  o u te r  a reas o f B u d ap est. L ichens are p re sen t 
b u t  o n ly  a few c h a ra c te ris tic  species occu r. T he m o st re s is ta n t crustose  e p ip h y tic  lichen  
species, Scoliciosporum chlorococcum (S ten h .) V ëzda , Lecanora conizaeoides N yl. ex Crom bie, 
L. varia  (H offin .) Ach. a n d  Buellia  puncta ta  (H offm .) Mass, are recorded  in  b o th  struggle  
zones. W e found  only l i t t le  th a lli (1—2 cm 2) o f th e  foliose lichens, H ypogym nia  physodes (L .) 
N yl. a n d  Parmelia sulcata  T ay l.
(a) In n e r  struggle zone

T h is  zone su rro u n d s  th e  bu ilt-up  a re a s  of B u d ap es t an d  form s som e p a tch es  w ith in  
th e  d e se rt zone (a t p o in ts  32 and 33—34, see T ab le  1) as well. T his zone e x ten d in g  to  th e  
b o u n d a ry  of P est can  be characterized  b y  th e  occurrence of Lecanora p in ip erd a  K o erb . 
and  L . hageni (Ach.) A ch.
(b) Outer struggle zone

T his is tran s itio n a l be tw een  the  in n e r  stru g g le  zone a n d  the  norm al zone, an d  is m ain ly  
re p re se n ted  by  th e  h ig h er and  ou ter reg io n s o f B uda. T he b o u n d a ry  of th is  zone is d raw n  
accord ing  to  th e  p resence of Lecanora sarcopis  (A ch.) A ch., L. subintricata  (N y l.) Th. F r. 
and  Lecidea lucida (A ch.) Ach.
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3. N o rm a l zone

T his is th e  zone w here  m ore of less n a tu ra l lichen  f lo ra  is found. I ts  a rea  is re s tr ic te d  
to  a  sm all p a r t  o f B u d a  n e a r  th e  w este rn  b o u n d a ry  of B u d ap es t. The b o u n d a ry  of n o rm al 
zone is d e te rm in ed  b y  th e  p resence of P arm elia  glabratula (L am y ) Nyl. va r. ftiliginosa  (F r. ex  
D u b y ) G rum  in.

I I .  F  ac to rs  in fluencing  t he recen t d is tr ib u tio n  o f lichens 

7. U rbanization

U rb an iza tio n  is th e  process of co n ce n tra tin g  p o p u la tio n  and  in d u str ia l p lan ts  in  b ig  
c ities . I n  B u d ap es t th is  p rocess was described  b y  P r e i s i c h  (1969).

A n  in tensive  d ev elo p m en t s ta r te d  in  1867 (a fte r  th e  A u s tro -H u n g a rian  C om prom ise). 
W hile  P e s t, from  th e  M iddle Ages th ro u g h  th e  m o d ern  tim es has been an  in d u s tr ia l and com ­
m erc ia l c en tre , B uda w as a fo rtified  royal se a t, and  a to w n  o f stra teg ic  im p o rtan ce . Ó buda , 
to th e  n o rth  o f i t ,  was a m a rk e t tow n  w ith  an  a g ricu ltu ra l ch a rac te r. These th ree  tow ns w ere 
in d e p e n d e n t and  sep a ra te  fro m  one a n o th e r  u n til th e y  w ere m erged as th e  c ity  of B u d ap est 
in  1873. O ur cap ita l h a d  becom e a m etropo lis b y  th e  tim e  of th e  F irs t  W orld W ar.

Now it  h as m ore th a n  2 m illion in h a b ita n ts  (one f if th  o f th e  p o p u la tio n  of H u n g ary ). 
In  a d d itio n , B u d ap es t is a  considerab le  in d u s tr ia l  cen tre  w ith  a tra ff ic  system  stead ily  in c reas­
ing. T h e  dow ntow n su rro u n d e d  fo rm erly  b y  w alls lies d irec tly  on th e  D an u b e. T he s tre e t 
p a t te rn  resem bles to  a sp id e r’s web.

T h e  bu ild ings occu p y  large , o rig ina lly  w ooded areas, so th ere  are in  th e  c ity  m u ch  
less tree s  as p o ten tia l su b s tra te  for lichens. A ir po llu tion  is also a resu lt of u rb an iza tio n . A ir 
p o llu ta n ts  have  been d e riv ed  from  th e  h e a tin g  of a p a r tm e n t build ings, th e  o p era tin g  of 
in d u s tr ia l  p lan ts  and  n o w ad ay s m ore an d  m ore from  th e  tra ff ic  (Vá r k o n y i  1982).

T h e  earlie st lichen  reco rds we fo u n d  in  th e  l ite ra tu re  are  rep o rted  from  th e  beg inn ing  
of th is  c en tu ry . Sá ntiia  (1910) and  T imko  [(1915) 1925] described th e  lichen f lo ra  of B u d a  
H ills o n ly . T heir d a ta  (species n u m b er) (F ig . 4) com pared  to  th e  recen t d a ta  (F ig . 5) show  
th e  a rea  “ in h ab ited ”  b y  lichens to  be decreased  co nsiderab ly . On b o th  m ap s th e  lichen- 
in h a b ite d  a rea  ex ten d s to  th e  b o u n d a ry  o f b u ilt-u p  areas. As seen, considerab le  a rea  w ith  
n a tu ra l  lichen  v eg e ta tio n  a t th e  beg inn ing  of th e  c en tu ry  h as becom e a lichen d ese rt by  now .

2. A ir  pollu tion

(a) General picture o f  a ir po llu tion  in  B udapest

A ir po llu tion  in  B u d a p e s t as co m p ared  w ith  o th e r m etropolises is o f average  degree 
(Vá r k o n y i  1982).

I n  th e  n in e te en th  c e n tu ry  d u st w as th e  m ost im p o r ta n t  a ir p o llu ta n t in  H u n g ary . 
F irs t ,  F odo r  (1879, c ited  in  P ró báld  1974) exam in ed  d u s t an d  carbon  m onoxide p o llu tio n  
in  B u d a p e s t. K oguto wicz  (1913) p re p are d  th e  f ir s t  air po llu tio n  m ap  of B u d a p es t tak in g  
sources o f p o llu tio n  and  d irec tio n  of w ind  in to  considera tion . F ro m  th e  1930s su lp h u r com ­
p o u n d s cam e in to  p ro m in en ce  to  be responsib le  for air p o llu tio n  (Sciieff  an d  D abis  1932, 
W a l d b a u e r  1938, Mó rik  1961, 1967, F e h é r  1970, Á rvái 1971).

N o w ad ay s lead , c a rb o n  m onoxide an d  n itro g en  m onoxide po llu tion  deriv ing  from  th e  
tra ff ic  te n d s  to becom e m ore  and  m ore severe  (Vá r k o n y i  1982). These are m ore dangerous 
th a n  th e  p o llu ta n ts  de riv in g  from  h ea tin g  because  lead , carbon  m onoxide and n itro g en  m onox­
ide g e t to  th e  a tm o sp h ere  close to  th e  g round  and  im m ed ia te ly  are inhaled  by  m an.
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Fig. 4. L ichen species num bers rep o rted  b y  S á ntha  (1910) an d  T imkó (1915/1925) from  B u d a ­
pest and the  b u ilt-u p  areas (s trip p ed ) in 1920

Fig. 5. N um bers o f lichen  species co llected  be tw een  1979-1982 and  th e  recen t b u ilt-u p  a rea s
(s trip p ed )
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F ig. 6. D am aging  effec ts o f  th e  air on the  H y p o g y in n ia  physodes sam ple of site  5 n ea r a 
su lp h u ric  acid factory . C om pare  w ith  th e  con tro l (0)

Fig. 7. D am aged  H y p o g ym n ia  physodes sam ple fro m  site  27/11 n ear a thoroughfare . C om pare
w ith  th e  c o n tro l (0)
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Fig. 8. D am ag ed  H ypo g ym n ia  physodés sam p le  fro m  site 7 n e a r  a  side s tree t. C om pare w ith
th e  c o n tro l (0)

F ig . 9. Ffypogym iiia physodes  sam ples tra n s p la n te d  to tw o sides o f a tree : n e a r th e  s tre e t
Heft) and on th e  o p p o site  side (rig h t)

A da Bolanica Hungarica 31, 1985



56 E. FARKAS—L. LŐKÖS—К. VERSEGHY

In d u s tr ia l p o llu ta n ts  on  th e  one h an d  are h e a tin g  d e riv a tiv es, i.e ., su lp h u r and carb o n  
co m p o u n d s and  soot an d , on  th e  o th e r  h a n d , are h eav y  m eta ls  (e.g., Zn, Cd, Cu, Mil, Cr, F e , 
e tc .)  a n d  organic com pounds and  so lven ts.

T he m ost im p o r ta n t reaso n  fo r th e  im p o v e rish m en t o f th e  lichen f lo ra  in  B u d a p es t 
m a y  be a ir po llu tion  in clud ing  su lp h u r d ioxide p o llu tio n  orig ina ting  fro m  u rb an iza tio n  a n d  
lead  a n d  o th e r h eav y  m eta l po llu tion  deriv ing  fro m  in creased  tra ffic  an d  in d u s tr ia l a c tiv ity .

(b ) J o in t influence o f  po llu tan ts on the exterior o f  lichens

T he effect of each  p o llu ta n t m en tio n ed  in  th e  p rev ious p a rag ra p h  is severe by  i ts e lf  
b u t  th e  in d iv id u a l effects c an n o t be d istin g u ish ed  in  a field  exp erim en t, like  tra n s p la n ta tio n  
w h en  th e  p o llu tan ts  a ffec t jo in tly . T he sum  of th e  in d iv id u a l effects is n o t iden tica l w ith  th e  
jo in t  e ffec t because of th e  in te rac tio n  of p o llu ta n ts .

As a re su lt o f th e  a ir po llu tion  of B u d a p es t d iffe ren t ex te rn a l tran sfo rm a tio n s  to o k  
p lace  on  th a lli  of H . physodes and  Cl. convoluta  (F igs 6—9).

L ichens tra n sp la n te d  to  p o in t 5 (cf. T ab le  2) show  th e  dam aging  effects o f air n e a r a 
su lp h u ric  acid  fac to ry  (F ig . 6). T he m arg in  of lobes is yellow ish  or red d ish , in  co n tra s t w ith  
th e  co n tro l. D isco louration  m ay  be exp la in ed  b y  d e h y d ra tio n  or o x id a tio n  of some lich en  
su b s ta n c e , since lichen sam ples h e a ted  to  105 °C w ere also observed to  becom e reddish .

D am age of ch lo rophy ll in lich en -p h y co b io n ts caused  b y  air p o llu ta n ts  is seen in sp ec i­
m en s w hich  lost th e ir  co lour. L e B lanc an d  R ao (1973), I k o n e n  and  K ä r e n l a m p i  (1976), 
K a u p p i  an d  K a u p p i  (1976, 1978) accuse su lp h u r d iox ide of ch lorophyll d eg rad a tio n  a n d  
d isco lo u ra tio n  b u t  lead  also can  cause i t  since lead  p re v en ts  chlorophyll sy n th esis and th is  
also leads to  d isco lou ra tion  ( R ao e t al. 1977). L ichens tra n sp la n te d  close to  a  m ain  road  su f­
fe red  m ore serious dam ages th a n  lichens n ear a q u ie t s tre e t (F igs 7 and  8).

O f th e  H . physodes sam ples tra n sp la n te d  to  tw o sides o f a tree , th o se  n ea r the  s tre e t  
w ere m ore  severely d am aged  th a n  th e  sam ples on th e  opposite  side (Fig. 9).

(c) S u lp h u r  dioxide po llu tion  m aps and the lichen m ap

S u lp h u r com pounds hav e  an  im p o r ta n t  role, am ong p o llu tan ts . S u lp h u r d ioxide is 
th o u g h t  to  be  th e  in d ic a to r o f u rb a n  a ir p o llu tio n  (Mó rik  1967, F e h é r  1970, Á rvái 1971).

On th e  basis of m ap s (F igs 10 and  11) o f to ta l  su lp h u r po llu tion  (S rng/100 h o u r)  
m easu red  b y  th e  L iesegang-m ethod  in  th e  h ea tin g  periods and  in  th e  sum m ers (M ay—O ctober) 
of 1963—68 P róbáld  (1974) concluded th a t  p o llu tio n  was h igher in  w in te r w hen  p o llu ta n ts  
d e riv ed  m ain ly  from  h ea tin g  of f la ts  an d  from  in d u s try . T he m ost p o llu ted  areas are th e  
to w n -c en tre  and  in d u s tr ia l a reas in  d is tr ic ts  X I I I  an d  IX , and  also in Csepel (d is tr ic t X X I)  
in  th e  so u th . In  th e  sum m er m ap  th e  m o st po llu ted  areas are  a lm ost iden tica l w ith  the  fo rm er 
ones, b u t  th e  centre is loaded  w ith  less su lp h u r and  each  p o llu tio n  level is low er th a n  in w in ter. 
P o llu tio n  derives m ain ly  fro m  in d u s try  in  th is  case. On th e  sum m er m ap  th e  h igh ly  p o llu ted  
a rea  se p a ra ted  on th e  n o r th  corresponds to  a n  in d u s tr ia l c en tre  o f d is tric t X I I I  and  the  b igger 
p a tc h  show s all o th er in d u s tra l  centres.

O n th e  basis o f su lp h u r d ioxide co n cen tra tio n s (T able 3) m easured  b y  th e  In s t i tu te  fo r 
P u b lic  H e a lth  and E pidem io logy  of th e  C ity  of B u d a p es t a su lp h u r d ioxide zone m ap w as 
m ad e  (see Fig. 1) w hich s tro n g ly  corre la tes w ith  th e  lichen d is trib u tio n . P e rm itte d  co n ce n tra ­
tio n  o f su lp h u r dioxide in  p ro tec ted  areas is 0.15 m g /m 3. T he cen tre  rep re sen ts  a zone w ith  
su lp h u r  d ioxide co n cen tra tio n  h igher th a n  0.15 ing /m 3. T he n e x t lower p o llu ted  zone (betw een  
0.10 a n d  0.14 m g S 0 2/m 3) ex ten d s  to  th e  so u th e as t because  of th e  n o rth w e ste rn  p revailing  
w inds a n d  th e  s itu a tio n  of b u ilt-u p  areas. L ow er values are too  scarce to recognize fu r th e r  zones.
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L ichens h av e  d isap p eared  from  b o th  p o llu ted  areas. W hile in  B u d a  u n d e r 0.10 m g  
S 0 2/m 3 lichens (even  P . glabratula va r. fu lig in o sa , a foliose lichen) occur, in  P e s t th e y  a re  
ab sen t from  these  low  p o llu ted  areas. T h a t  is w h y  we m u st in v es tig a te  effects of o th e r p o l lu t ­
ing fa c to rs , m o stly  e x h a u s t gas po llu tion , a n d  c lim ate  a n d  su b s tra te  ty pe.

F ig . 10. T o ta l  su lphur  pollution (S m g/100 hour)  in w in ter  ( P róbáld  1974)

Fig. 11. T o ta l  su lp h u r po llu tion  (S m g/100 hour) in  sum m er ( P r ó b á l d  1974)
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T able  3

S u lp h u r  dioxide concentrations ( ing/m3)  in  the air 
o f Budapest in  1975

S ite  N o .

W in te r
m o n th ly  average 

(O c to b e r-  
M arch)

J a n u a r y

S u m m er
m o n th ly  av erag e  

(A p ril-  
N o v em b er)

J u ly

l 0.19 0.30 0.03 0.01

2 0.30 0.33 0.07 —

3 0.21 0.21 0.03 0.01

4 0.11 0.18 0.02 0.01

5 0.12 0.21 0.01 0.00

6 0.15 0.25 0.03 0.01

7 0.11 0.22 0.02 0.01

10 0.26 0.40 0.04 0.02

11 0.17 0.02 0.01

13 0.23 — 0.04 0.03

17 0.19 0.33 0.04 0.02

18 0.16 — 0.05 0.05

19 0.17 0.23 0.04 0.02

20 0.16 0.35 0.03 0.01

21 0.17 0.26 0.04 0.02

22 0.09 — 0.03 0.00

23 0.12 — 0.03 0.02

24 0.09 — 0.04 0.03

25 0.13 — 0.04 0.02

31 0.08 0.11 0.02 0.01

32 0.28 0.29 0.02 0.01

33 0.07 — 0.03 0.02

34 0.17 0.28 0.05 0.03

35 0.16 0.36 0.03 0.00

39 0.18 — 0.05 0.03

40 0.11 — 0.03 0.01

48 0.11 0.16 0.03 0.01

49 0.14 0.26 0.05 0.04

51 0.11 — 0.02 0.01

52 0.12 — 0.03 0.02

53 0.21 0.25 0.04 0.02

54 0.16 0.29 0.04 0.04

56 0.08 0.15 0.01 0.01

U npublished d a ta  o b ta in e d  from  the  I n s t i tu te  for Public  H ealth  and Epidem iology of 
th e  C ity  of B udapest.
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Table 4

H eavy m etal concentrations in  transplanted lichen samples 
( l l g / g )

H ypogym nia  physodes Cladonia convoluta

C d Mn Z n P b  Cd M n Zn

a b a b a b a b a b b a b

1.6
1.5

2.6 1.0

22
21
70 48

168 67

60

1.0
1.0

31

24

100

- 32 10 — — — — — — — — —

1.7 0.1 64 42 — — — — — — — — — —

2.4 0.8 98 76 — — — — — — — —

2.1 0.5 35 13 —

2.3 0.7 42 20 — — — — — — — — — —

1.5 34 12 — — — — — — — — —

2.7 1.1 39 17 —

1.6 0.0 32 10 — - - — — — — — — —
1.5 30 8 — — — — — — — — — —
1.9 0.3 35 13 — —

1.8 0.2 28 6
1.8 0.2 45 23

— — — — — —

1.7 0.1 43 21 —

1.8 0.2 80 58 — — — — — — 120 89 — —

3.5 1.9 48 26 — — — — — — — — —

2.3 0.7 21 — — — — — — — — —

1.9 0.3 48 26

1.8 0.2 50 28 — — — — — — — — — —

2.2 0.6 60 38 — — 151 84 1.4 0.4 109 78 — —

2.5 0.9 55 33 — — 131 64 2.8 1.8 — — — —

2.3 0.7 44 22 — — — — — — — — — —

1.8 0.2 34 12 — —

2.1 0.5 43 21
1.9 0.3 42 20
— — 48 26 — — — — — — — — — —

1.8 0.2 53 31

1.7 0.1 48 26 212 44 — — — — — — — —

1.9 0.3 30 8 —

2.5 0.9 63 41

— — 49 27

3.1 1.5 49 27
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Table 4 ( coal'd)

H y p o g y m n ia  ph ystd es  C ladonia  convoluta

N u m b e r  P b  Cd Mn Z n  P b  Cd M n Zn

a b a b b a b a b « b a b a b

28 77 23 1.6 0.0 41 19 __ __ 132 65 1.3 0.3 69 38 _ _
29 71 17 1.5 46 24 — — — — — — — — —

30 131 77 1.8 0.2 56 34 196 28 — — — — — — — —

31 59 5 1.9 0.3 27 5 — — — — — — — — —

32 102 48 1.8 0.2 52 30 — — 117 50 2.8 1.8 133 102 — —

33

34

35

298 244 — — — — — — — — — — — — — —

325 271 — — — — — — __ — — — __ -- - —

36 69 15 1.9 0.3 39 17 — — — — — — — — — —

37

38

39 /0

112 58 3.3 1.7 58 36 187 19 — — - — — — — —

81 27 1.8 0.2 21 __ — __ — — — — — — —

39/1 68 14 1.7 0.1 53 31 — — — — — — — — — —

40 115 61 4.1 2.5 71 49 193 25 — — — — — — - —

41 75 21 5.2 3.6 43 21 — — —■ — — — — —  ' — —

42 131 77 — — 65 43 219 51 — — — — — — - —

43 78 24 1.6 0.0 133 111 — — 200 123 2.1 1.1 - — — —

4 4 /0 102 48 2.6 1.0 55 33 — — — — — — — — — —

44/1 76 22 2.1 0.5 58 36 — — — — — — — — — —
45 107 53 1.6 0.0 46 24 — — 371 304 1.1 0.1 135 104 219 119

46 75 21 1.9 0.3 32 10 — — — — — — — — — —

47 67 13 1.8 0.2 47 25 — — 119 52 1.9 0.9 107 76 — —
48 109 55 1.5 50 28 — — — — — — — — — —

49 93 39 1.8 0.2 132 110 — — 167 100 1.7 0.7 63 32 — —

50 71 17 3.4 1.8 42 20 _ — _ _ _ _ _ — _ —

a =  actual m easu rem en t, 1) =  a —a0 =  difference from  th e  contro l.

(d) Lead and other heavy m etals accumulated in  lichens and their relation to the lichen map

M easured c o n ce n tra tio n s  of heavy  m eta ls  a re  found  in T ab le  4. V alues in  co lum n “ a ” 
are  a c tu a l values d irec tly  m easu red  in th a lli, v a lu es in  colum n “ b ”  are  a c tu a l accu m u la ted  
a m o u n ts  (difference bew een a c tu a l and co n tro l values).

H e a v y  m eta l co n ten t in  H . physodes sam ples

Lead
L ead  values v a ry  b e tw ee n  0 and  271 /ig/g (F ig . 12). The co n tro l v a lue  (54 /zg/g) ap p ro x ­

im a tes  th a t  m easured b y  D e r u e l l e  and  P e t i t  (1983 — 65 ^g/g) in  F ra n c e  and  is h igher th a n  
o th e r  va lues in  th e  l ite ra tu re  (10 //.g/g — P a k a r i n e n  and  Mä k in e n  1976, 35 ^g /g  — M a k i n e n
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and  P a k a r in e n  1977, 15 ц g/g — T a ka la  an d  Olkk on en  1981) because  o u r a rea  th o u g h t to 
be free of im m ission has a c tu a lly  been  p o llu te d  a t  a very low level.

T here  was only a  s lig h t d ifference be tw een  washed an d  u n w ash ed  sam ples in  case of 
sam ples 8 and  27. T he tre a tm e n ts  w ere e ith e r  fa st washing w ith  d istilled  w a te r  or soaking in 
d istilled  w a ter for 24 hours.

V alues in  th e  sam ples p laced facing  to  th e  road  were h ig h er th a n  those  in  th e  sam ples 
on th e  opposite  side of th e  tree .

Sam ples near ro ad s (10, 19, 27, 28, 29, 30, 35, 42, 45, 48) a cc u m u la ted  m ore lead th a n  
those  ta k e n  fa r a p art (7, 9, 13, 17, 20, 22, 23, 25, 31, 36, 37, 39, 44, 46, 47) in ev ery  case (F ig. 
13) sim ilarly  to  the  m easu rem en ts  o f B u r k i t t  e t al. (1972), Sm it h  (1976), R ao e t al. (1977), 
T akala  and  Ol k k o n e n  (1981) th o u g h  th e ir  values are h ig h er th a n  ours. A possible in te r ­
p re ta tio n  is th a t  our c o n tin e n ta l c lim ate  ra re ly  supplies su ffic ien t a m o u n t o f m oistu re  for 
lichen  g row th  and so th e y  can  a ccu m u la te  p o llu tan ts  for sh o rte r  tim e  in  c o n tra s t  w ith  those 
of, for in stan ce , the  S can d in av ian  co u n trie s . Lower values m easu red  fa r th e r  from  roads are 
due to  th e  d ifferen t p ro tec tiv e  covers (e .g ., buildings, rows of tree s , bushes or else th a t  are 
b a rrie rs  o f air po llu tion). D ifferen t p ro te c tiv e  covers resu lt in  d ifferences in  m easurem ents.

A long some tra n se c ts  th ro u g h  th e  c ity  lead  co n cen tra tio n  increases to w ard s th e  cen tre  
(F ig . 14). V alues for N o rth -B u d a  are  low er th a n  those in d ica ted  in  P e s t. T hese  a re  in accor­
dance  w ith  th e  lichen d is tr ib u tio n .
C adm ium

C adm ium  c o n cen tra tio n  varies b e tw ee n  0.1 and 3.6 /ig/g (F ig . 15). T he con tro l value, 
1.6 /ig/g, is too high if  co m pared  to  th a t  ob ta in ed  by P il e g a a r d  (1979 0.58 [ig/g). The
con tro l va lue  only s lig h tly  differs fro m  th e  w ashed control (1.5 /ig/g).

C adm ium  co n cen tra tio n s p ro b a b ly  do no t re la te  to  th e  tra ff ic  because som e values 
were h igher for N -B uda, fa r  from  m ain  ro a d s , where lead c o n te n ts  are low, and  elsew here low 
cad m iu m  c o n ten t b u t  h igh  lead  v a lu es w ere  ob tained, especially  n e a r m ain  roads. The two 
h ighest va lues were o b ta in e d  a t  tw o m ain  ro ad s  in B udapest.

LICHENS AS INDICATORS OF Al R POLLUTION, I.

Fig. 12. Lead accu m u la tio n  (/ig/g) in  Hypogymnia physodes t ra n s p la n te d  sam ples
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I t  is conceivable t h a t  cad m iu m  p o llu tio n  is o f in d u s tr ia l orig in , o r th e re  is a negative 
in te ra c tio n  betw een lead  a n d  cad m iu m  accum ula tion .
M anganese

V alues of m anganese  c o n te n t v a ry  be tw een  5 and  111 ^g /g  (F ig . 16). O ur control value  
(22 //g/g) alm ost equals th e  one o b ta in ed  b y  P ilega a rd  (1979 24 //g/g). T h e  contro l value
is 1 //g/g h igher th an  th e  w ash ed  co n tro l va lue  (21 //g/g).

T he m anganese p o llu tio n  of B u d a  is less th a n  th a t  in  P es t. V alues h ig h er th a n  50 //g/g 
o ccu r on ly  in  Pest.

T he dependence u p o n  th e  closeness o f roads is h ig h er th a n  in  th e  case of cadm ium  
(co m p are  sam ple pairs 10—31, 29—22, 19—46, 42—25, 30—23, 28—9, 43—5), b u t  i t  is supposed th a t  
m an g an ese  pollution d e riv e s r a th e r  from  th e  steel p a r ts  of engines th a n  from  th e  fuel (like lead). 
Z in c

O ur possibilities w ere  lim ite d  in  case o f zinc con ten ts. T he v a lu es m easured  provide 
o n ly  p relim inary  in fo rm a tio n .

T he values v a ry  b e tw e e n  17 an d  51 //g/g. T he con tro l v a lu e  (168 //g/g) is close to the  
v a lu e  (160 //g/g) m easu red  b y  L aak sov irta  and  Ol k k o n e n  (1979) a n d  is tw ice as high as 
t h a t  given by P ilegaard  (1979 — 85 //g/g).

F ig. 13. L ead con ten t o f H y p o g ym n ia  physodes sam ples n e a r th o ro u g h fa re s  (w hite) and side
s tre e ts  (b lack)

F ig. 14. Change of lead  c o n te n t  o f H ypogym nia  physodes sam ples in  tw o d ifferen t directions. 
N u m b e rs  in d ic a te  d istan ce  from  th e  c ity  cen tre
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Fig. 15. C adm ium  accu m u la tio n  (/ig/g) in H ypogym nia  physodés t ra n sp la n te d  sam ples

Fig. 16. M anganese accum ula tion  (^ig/g) in  Hypogymnia phy sodés tra n sp la n te d  sam ples
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□ i i I
1 2  3  4

Fig. 17. H eav y  m eta l a cc u m u la tio n  in Cladonia convoluta  tra n sp la n te d  sam ples. C o n cen tra ­
tio n s  re la te  to  d ry  m a tte r . O ne u n it  in  th e  h is to g ram  corresponds to  50 fig/g for lead  (1), 

m anganese  (3), a n d  zinc (4), an d  0.5 fig /g  for cadm ium  (2)

C ladonia convoluta
O nly few m easu rem en ts  in  Cl. convoluta a re  availab le  because  several tra n sp la n te d  

sam ples w ere no t found  in  th e  site.
V alues m easured  are : lead  — 50-304 //g /g , cad m iu m  — 0 .1 -1 .8 /fg/g, m anganese  — 

32—104 ^g /g , zinc — 119 [Xg/g (F ig . 17). All v a lu es are  h igher th a n  those  for H . physodes 
Cl. convoluta  accum ula tes m u ch  m ore heavy  m eta ls  th a n  H . physodes. T h is fa c t is in  accor­
d an ce  w ith  th e  ob se rv a tio n  b y  K a u p p i  (1976) w hereas epigeic fru ticose  lichens are m ore su itab le  
fo r sh o rt- te rm  in d ica tio n  th a n  th e  corticolous species. Since Cl. convoluta is a xerophy lous 
species, i t  is su itab le  fo r in d ic a tio n  of air po llu tion  u n d e r  th e  u rb a n  c ircum stances in  H u n g a ry .

3. Urban climate

T o d ay  th e  c lim ate  o f B u d a p e s t is a special an th ro p o g en o u s m esoclim ate , nam ely  u rb a n  
c lim ate  ( P róbáld  1974). T he c lim ates  of th e  tw o p a r ts  o f B u d ap est w ere orig inally  d iffe ren t, 
ju s t  like  th e  n a tu ra l v eg e ta tio n . T hese  differences can  be seen in  th e  changed  u rb a n  c lim ate , too.

L im itin g  c lim atic  fa c to rs  o f n a tu ra l d is tr ib u tio n  of lichens are h u m id ity , p re c ip ita tio n , 
te m p e ra tu re  and  w ind. T he change  of these fac to rs  a ffec ts lichens u n fav o u rab ly .

T he d ifference b e tw een  th e  an n u al m ean of re la tiv e  h u m id ity  (expressed  as p e rcen tag e) 
in  K ita ib e l Pál s tree t, B u d a  a n d  in  P estlő rinc , P e s t is ab o u t 3.9. R e la tiv e  h u m id ity  is low er 
in  c ities th a n  a round  th e m  becau se  of h igher te m p e ra tu re  and th e  lack  of n a tu ra l e v ap o ra tin g
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surface . D espite  th is  fa c t, th e  p re c ip ita tio n  in c ities  is m ore because of a ir p o llu tio n  (co n d en sa ­
tio n  cores, e tc .) b u t  g re a te r  a m o u n t of p re c ip ita tio n  flows aw ay im m ed ia te ly  th ro u g h  d ra in  
p ipes and  th e  residue e v ap o ra te s  qu ick ly  as a re su lt of the h igher tem p e ra tu re .

B uda  H ills h av e  m ore p re c ip ita tio n  (675 m m ) th a n  dow ntow n P e s t (525 m m ). A t th e  
sam e tim e  th e  m ean  te m p e ra tu re  is a b o u t 2 °C h ig h er in  the  cen tre  th a n  in  th e  su rro u n d in g s. 
T he c ity  cen tre  is m ore a rid  th a n  th e  d ries t a n d  m o st d rough ty  a reas o f th e  c o u n try  in  te rm s 
of B o r h i d Ts in d ex  of se m ia rid ity  an d  in c lim a tic  w a te r  deficiency (B e r c z ik  an d  B o r h i d i  1979).

A fte r p rep arin g  W a l t e r ’s c lim atic  d iag ra m s for 6 p o in ts in  B u d a p es t, th e  c lim ate  of 
M adách  Square  in  th e  c ity  c en tre  tu rn e d  o u t to  be th e  m ost a rid  an d  th a t  o f S zab ad ság  Hill 
in  th e  B u d a  H ills to  be th e  m ost h u m id  (see F ig . 5 in  Ve r s e g h y  a n d  F arkas  1984). The 
sem ia rid  period  is sh o r t  (A ugust—S ep tem b er) in  Szabadság H ill a n d  longer (from  J u ly  to  
O ctober) a t  th e  o th e r  p o in ts . D u rin g  th is  p e rio d  lichens are a lm o st e n tire ly  in a c tiv e , th ey  
assim ila te  only if  som e m o is tu re  is av ailab le . T h e  a ir  po llu tion  level is low  (0—0.07 m g S 0 2/m 3) 
as co m p ared  to  th e  w in te r  m o n th s (0—0.40 m g /m 3), w hen lichens a re  active .

U rb a n  w ind sy s tem  m akes lichens d r ie r  an d  spreads air p o llu ta n ts  o ver th e  whole 
cap ita l. T he d is tr ib u tio n  of lichens in  B u d a p e s t corresponds to  th e  d irec tio n  of p rev ailin g  
w inds (N W ). In  th e  n o rth w e s te rn  p a r t  o f B u d a p e s t lichens occur even  in  th e  b u ilt-u p  area , 
w hile to w ard s SE  lichens g rad u a lly  d isa p p ea r fro m  trees and stones. T he m ore p o llu te d  area  
show n in th e  su lp h u r d ioxide p o llu tio n  m ap  o f B u d a p es t ex tends also to  th e  so u th e as t.

A ccording to  V á r k o n y i (1982) acc u m u la tio n  of po llu tan ts  m ay  be increased  b y  some 
c lim atic  facto rs, e.g., h igh  re la tiv e  h u m id ity  (w hich  is favourable  for lichens).

T he u rb a n  c lim ate , a lth o u g h  no t th e  o n ly  lim iting  facto r, can  considerab ly  in fluence 
th e  d is tr ib u tio n  of lichens. ‘

4. Substrate effects

E x am in in g  th e  e ffects o f u rb a n iz a tio n  we concluded th a t  in  ad d itio n  to  in creas in g  air 
p o llu tio n  and  c lim atic  changes, th e  large b u ilt-u p  areas are responsib le for th e  d isap p earan ce  
of th e  n a tu ra l vegeta tio n . D ecrease in fo res ted  a n d  wooded areas im plies a decrease in  availab le  
s u b s tra te  a p p ro p ria te  for ep ip h y tic  lichens.

In  collecting lichens in te re s t  was focussed  upon  the  ep ip h y tic  species, because  th e ir  
sen sitiv ity  to  air p o llu tio n  is h igher th a n  th a t  o f epilith ic  and epigeic lichens ( B ro do  1966, 
Sk y e  1968, Ga llé  1979). T he lichen assem blages on  tru n k s  are in fluenced  by  th ree  im p o r ta n t  
fac to rs  ( F e l f ö l d y  1941):

— th e  age of th e  tree ,
— th e  q u a lity  of th e  b a rk ,
— th e  h a b ita t  of th e  tree  (m ic ro c lim atic  effects).
O f course, th e  lichen assem blages o f y o u n g  and  old trees are d ifferen t. T he d ifference 

m ay  be accounted  m ain ly  fo r th e  p h y sical s ta te  o f th e  bark  (sm oo thness, chasm s, scaling, 
h a rd n ess) w hich is affec ted  b y  age. In  som e p laces (e.g., points 32 and  38 in  T able  1) we found  
lichens on ly  on th e  b a rk  of old trees (of a b o u t 3—4 m  tru n k  circum ference) o r on fa llen , decayed  
trees , b u t  we did n o t f in d  lichens on young  tre e s  a t  th e  same site.

T he q u a lity  o f th e  b a rk  varies by  species. T rees na tive  to  E u ro p e  (e.g., Quercus spp .) 
hav e  a rich er lichen cover th a n  those  o rig in a ted  from  o th er co n tin en ts  (e.g ., Sophora japonica  
P la ta n u s hybrida). A long b u sy  s tree ts  or in  sm all parks of b u ilt-u p  areas n a tiv e  trees  are 
seldom  p lan ted .

M icroclim ate is o f increased  im p o rtan ce  because in m any  cases lichens are fo u n d  only 
a t  th e  fo o t of trees. N ear th e  soil surface  th e  a ir  is  w e tte r and th e  d ry in g  effects o f th e  wind 
is less in ten siv e  th a n  in  th e  u p p e r region.
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Table 5

N um ber o f  taxa fro m  different substrate types

Bark and 
wood

(epiphytic)
Soil

(epigeic)
Rock

(epilithic)

1910-1915 64 56 120
1979-1982 81 44 55

T he localization o f th e  h o st trees w ith in  th e  c ity  is im p o rta n t. In  th e  hills the  species 
n u m b er is higher th a n  in  th e  neighbouring  f la t  areas. In  B u d a p es t lichens were found on ly  in  
a rea s covered by n a tu ra l v e g e ta tio n  or p lan ted  w ith  n a tiv e  trees  b u t  n o t in  th e  cen tral b u ilt-u p  
a reas. Lichens are a b se n t e v en  from  th e  parks th a t  a re  usu a lly  n o t big enough to p ro tec t 
lichens from  lead p o llu tio n . T h e  ex tensive  p a rk s (.e .g ., V árosliget, N épliget) are in  zones 
h ig h ly  po llu ted  w ith su lp h u r  d ioxide.

T here was no site  w ith  ep ilith ic  lichens p re sen t b u t  ep ip h y tic  ones absen t. The m o st 
f req u e n tly  occurring e p ilith ic  species are  Squamaria albomarginata  (N y l.) R äs., Lecanora d is­
persa  (Pers.) Röhl, w hich  w ere  also found  hy Gallé in Szeged, and  Candelariella vitellina  (E h rh .)  
M üll. Arg. while Gallé h a s  fo u n d  C. aurella (H ffm .) A. Z. (G a l l é  1979).

E xam ining th e  n u m b e r  o f ta x a  on d ifferent su b s tra te s  a t  d ifferen t tim es (Table 5), 
th e  d a ta  m ay ap p ear c o n tra d ic to ry . The decrease in  th e  n u m b er o f ta x a  on stones a n d  
soils is an  existing tre n d . T h e  increasing  num ber o f ep ip h y tic  species m ay  be due to th e  fa c t 
t h a t  on ly  the  more co lou rfu l ep ilith ic  and epigeic ta x a  w ere collected  a t  th e  beginning of th e  
c e n tu ry , and the  ep ip h y te s  w ere large ly  overlooked. In  ou r s tu d y , how ever, m ainly th e  less 
v isib le  epiphytic  lichens w ere  exam ined .

Summary

The area of B u d a p e s t is m ostly  a lichen desert. As a tran s itio n  to w ard  
th e  norm al zone tw o  s tru g g le  zones can be d istin g u ish ed . T he norm al zone 
ru n s  a t best along th e  b o u n d a ry  of B udapest, b u t  m ostly  beyond  th a t.

The m ost r e s is ta n t  ep ip h y tic  lichen species found  in  b o th  struggle zones 
are  Scoliciosporum chlorococcum, Lecanora conizaeoides, L . varia, Buellia p u n c ­
tata, H ypogym nia physodes  an d  Parmelia sulcata.

The inner s tru g g le  zone is ch arac terized  b y  th e  occurrence of L. p in i-  
perda  and L. hageni a n d  the o u te r one b y  L . sarcopis, L . subintricata  an d  
Lecidea lucida.

B eyond th e  b o u n d a ry  o f norm al zone occurs P . glabratula  var. fu lig inosa .
H eavy m eta l (P b , Cd, Mn, Zn) co n cen tra tio n s  w ere m easured in  th e  

ep ip h y tic  H. physodes an d  th e  epigeic Cladonia convoluta tra n sp la n te d  to  50 
s tu d y  sites w ith in  th e  c ity  lim its. The a to m ic  a b so rp tio n  sp ec tro p h o to m e try  
ca rried  out a fte r ex p o su re  tim e  of th ree  m o n th s  show ed th a t  lead  con ten t is 
u su a lly  higher n ea r th e  ro ad s th a n  far a p a r t.

Along some tra n s e c ts  th ro u g h  th e  c ity  lead  co n te n t increases to w a rd  
th e  centre.
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In  a sh o rt period of tim e Cl. convoluta , an  epigeic fru ticose lichen , a c ­
cum ulâtes m ore h eav y  m etals th a n  th e  co rtico lous H . physodes.

E x te n s iv e  areas w hich were w ith in  th e  no rm al zone in 1910-15 h av e  
tu rn e d  in to  a lichen  desert b y  now.

P o te n tia l  reasons for th e  im p o v erish m en t o f lichen  flo ra  are th e  lead  
po llu tion  caused  b y  increased tra ff ic , su lp h u r d iox ide po llu tion  o rig in a te d  
from  h ea tin g , th e  decrease of area covered b y  n a tu ra l o f sem in a tu ra l v e g e ta ­
tion , th e  increase  of b u ilt-u p  areas, th e  w a rm er and  d rie r u rb an  c lim ate  a n d , 
fina lly , su b s tra te  effects.

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

W e are  g ra te fu l to  Dr. I. K iss , d irec to r, an d  to  D r. T . V á r k o n y i , d e p u ty  d irec to r
of th e  In s t i tu te  fo r E n v iro n m en ta l P ro tec tio n , B u d ap es t. M any th a n k s  are due to  D r. Z.
B o nn y ai  fo r m ak in g  possible th e  m easu rem en t o f h e av y  m eta l co n cen tra tio n s in  th e  C en tra l
L ab o ra to ry  of th e  above In s t i tu te  and  to  D r. E . L áng  (D e p a rtm en t o f P la n t T ax o n o m y  an d
E cology of th e  E ö tv ö s  L oránd  U n iversity , B u d ap es t)  fo r discussions.

R E F E R E N C E S

Á rvái, J .  (1971): A levegőtisztaságvédelem  (P ro tec tio n  of a ir-p u rity ) . ( In  H ungarian .) T ech n ika , 
sup  p l. 15/5.

Bérezik, A., B o rh id i, A. (1979): A B u d ap esti A gglom eráció kö rnyezetfe jlesztésének  ökológ iai 
p ro b lém ái és környezetb io lógia i k u ta tá s i  te rv e  (E cological problem s an d  e n v iro n ­
m en ta l b io logical research  p lan  fo r th e  en v iro n m en t dev elo p m en t of B u d ap est A gglom e­
ra tio n ). ( In  H u n g arian .) M T A  Biol. Oszt. K özi. 22: 367-390.

B rodo, I. M. (1966): L ichen grow th  and  cities: A s tu d y  on L ong Is lan d , New Y ork. B ryologist 
69: 427-449 .

B u rk itt, A., L este r, P ., N ickless, G. (1972): D is tr ib u tio n  of h eav y  m eta ls  in th e  v ic in ity  o f an  
in d u s tr ia l com plex. N ature  238: 327-328.

D eruelle, S., P e t it ,  P . J .  X . (1983): P re lim in ary  s tu d ies  on  th e  n e t p h o tosyn theses an d  re sp ira ­
tio n  responses of some lichens to  au tom obile  po llu tio n . Cryptogamie. Bryol. Lichénol. 4: 
269-278.

F ark as, E . (1982): Légszennyezôdési v izsgála tok  B u d a p e s t te rü le té n  zuzin ó -b io in d ik á to ro k k a l 
(A ir p o llu tio n  investiga tions in B u d ap es t b y  lich en  b io ind icato rs). M.Sc. th es is , B u d a - 
pest.

Fehér, Y. (1970): B u d ap est levegôszennyezôdése a F őv áro si K Ö JÁ L  1963-68. év ek b en  v é g ­
z e tt  ü lepedő  por és összkén m érései a la p ján  (A ir p o llu tio n  of B udapest m easu red  on 
th e  d u s t  sed im en ta tio n  and to ta l  su lp h u r co n cen tra tio n s b y  th e  M unicipal I n s t i tu te  
fo r P u b lic  H e a lth  and Epidem iology in 1963-68). ( In  H un g arian .) B udapesti K öz- 
egészségügy 2 : 18-23.

Felfö ldy , L. (1941): A debreceni N agyerdő e p ip h y ta  v eg etác ió ja  (D ie E p ip h y ten  V eg e ta tio n  
des W aldes “ N agyerdő”  bei D ebrecen). ^4cta Geobot. H ung. 4: 35-70.

Felfö ldy , L. (1942): A városi levegő h a tá sa  az ep ip h y ton-zuzm óvegetác ió ra  D eb recen b en  
(Ü ber d en  E in fluss der S ta d tlu f t  au f die F lech ten v eg e ta tio n  de r B äum e in D ebrecen). 
A cta  Geobot. H ung. 4: 332-349.

F erry , В. W ., B ad d eley , M. S., H aw ksw orth , D. L. (eds) (1973): A ir  Pollution and  lichens 
T he A th lo n e  P ress of th e  U n iv ersity  of L ondon , L ondon , 1-389.

Gallé, L. (1979): W irkung  der L u ftv e runrein igung  a u f  die V erarm ung  der F lech ten v eg e ta tio n  
der S ta d t  Szeged u n d  ih rer U m gebung. A cta  B iologica , Szeged 25: 3-15.

G ilbert, O. L. (1973): L ichens and  air p o llu tion . In : A h m ad jian , V ., H ale, M. E . (eds): The  
Lichens. A cadem ic Press, New Y ork , 443-472.

G rindon, L. H . (1859): The Manchester Flora. Ik o n en , S., L ondon.
K ären lam p i, L . (1976): Physiological a n d  s tru c tu ra l changes in re indeer lichens tra n s p la n te d  

a ro u n d  a su lp h ite  pu lp  mill. In : K ä ren lam p i, L . (ed.): Proceedings o f the K uopio  M eeting  
on P lan t Damages Caused by A ir  Pollution. K uop io , 37-45.

K aupp i, M. (1976): F ru ticose  lichen tra n s p la n t tech n iq u e  for a ir  po llu tion  experim en ts. Flora 
165: 407-414 .

Acta Bolanica Hungarica 31, 1985



6 8 E. FARKAS—L. LŐKÖS—K. VERSEGHY

K a u p p i, M., K a u p p i, A. (1976): In fra red  colour p h o to g rap h y  and fluorescence m icroscopy  in 
th e  s tu d y  of p o llu ted  lichens. In : K ä re n la m p i, L. (ed.): Proceedings o f  the K uopio  
M eeting on P lan t Damages Caused by A ir  P ollu tion . K uopio, 137.

K a u p p i, M., K au p p i, A. (1978): In frared  colour p h o to g rap h y  for th e  ex am in atio n  o f lichens 
used in p o llu tio n  dam age experim ents. J .  B io l. Phot. Assoc. 46: 105-107.

K iss , T . (1983): Zuzm ószukcesszió Castanea sativa  M ill, törzseken (Succession of lichens on 
Castanea sativa  Mill, boles). Bot. Köziem . 70: 71-82.

K ogutow icz, К . (1913): B u d ap es t fejlődése és a szél (D evelopm ent of B u d a p es t and  th e  w ind). 
(In  H u n g arian .) Földr. Közi. 41: 132-137.

L aa k so v irta , K ., O lkkonen , H . (1979): E ffec t o f a ir  po llu tion  on ep ip h y tic  lichen v e g e ta tio n  
and e lem ent co n te n ts  o f a lichen and  p ine  need les a t  Y alkeakoski, S F in lan d . A n n . Bot. 
Fennici 16: 285-296.

L e B lanc, F ., R ao, D. N . (1973): E ffec ts of su lfu r d ioxide on lichen an d  m oss tra n sp la n ts . 
Ecology 54: 612-617.

L őkös, L. (1983): T ra n sz p la n tá lt  zu zm óm in ták  a to m abszorpc iós nehézfém analízise B u d a p es t 
te rü le tén  (A tom ic a b so rp tio n  analysis o f h e a v y  m eta l co n ten ts o f lichens tra n s p la n te d  
a t  B udapest). M.Sc. thesis , B u d ap est.

M äk inen , A ., P a k a rin en , P . (1977): C om parison o f som e fo rest and  bog p la n ts  in  h e av y  m eta l 
surveys. Y m päristö  j a  Terveys 8 : 170—180.

M órik , J .  (1961): B u d ap es t levegőjének szenn y ezettség e  (Po llu tion  of th e  a ir of B u d ap es t). 
(In  H u n g arian .) Településtudom ányi K özi. 13: 33-49.

M órik , J .  (1967): A városi levegő szennyezettsége (P o llu tio n  of tow n-air). ( In  H u n g a rian .)  
Időjárás 71: 220-226.

N y lan d er, W . (1866): Les lichenes du  Ja rd in  du  L u x em b o u rg . Bull. Soc. Bot. Fr. 13: 364-372.
P a k a rin e n , P ., M äkinen, A. (1976): C om parison o f lead , zinc and  m anganese  co n te n ts  of 

m osses, lichens an d  p ine  needles in ra ised  bog. Suo  27 (4-5): 77—83.
P ileg a a rd , K . (1979): H eav y  m eta ls in bu lk  p re c ip ita tio n  and tra n sp la n te d  H ypogym nia  

physodes and  Dicranoweisia cirrata in th e  v ic in ity  of a D anish  steelw ork . W ater, A ir  
and Soil Pollution  11: 77-92.

P re is ich , G. (1969): B udapest Városépítésének Története  1919-1969 (H is to ry  of C ity -p lann ing  
of B udapest). ( In  H u n g a rian .) M űszaki K ö n y v k ia d ó , B udapest. 1-310.

P ró b á ld , F . (1974): B udapest Városklím ája  (C ity -c lim ate  of B udapest). ( In  H u n g a rian .)  
A kadém iai K iadó , B u d ap es t. 1-126.

R a o , D . N ., R ob ita ille , G., Le B lanc, F . (1977): In flu en c e  of heavy m eta l po llu tio n  on  lichens 
and b ry o p h y tes . J . H attori Bot. Lab. 42: 213-239.

S á n th a , L. (1910): A d a to k  a B udai-hegység zu zm ó fló rá ján ak  ism erte téséhez (D a ta  to  th e  
know ledge of th e  lichen  flo ra  of B uda H ills). ( In  H ungarian .) Bot. Közi. 9: 1-33.

Scheff-D ahis, L. (1932): B u d ap es t levegőjének szennyeződése a fű tési időszakban  (P o llu tio n  
of th e  a ir of B u d ap es t du ring  th e  h ea tin g  p e riod ). (In  H u n garian .) Városi Szemle  18: 
343-495.

S e rn an d er, R. (1926): 44Stockholm ’’s N ature” . A lm q v is t a n d  W iksells, U ppsala .
S k y e , E . (1968): L ichens and  air po llu tion . A cta  Phytogeogr. Suec. 52: 1-123.
S m ith , W. H. (1976): L ead co n tam in a tio n  of th e  ro ad sid e  ecosystem . A ir  Pollution Control 

Association Jo urna l 26: 754-766.
Solym osi, P. (1982): B io ind iká lás zu zm ó -tra n sz p lan tá tu m o k k a l B u d ap esten  (B io in d ik a tio n  

m it F le c h te n -tra n sp la n ta te n  in B udapest). Abstracta Botanica 7: 1—6.
T a k a la , K ., O lkkonen, H . (1981): L ead con ten ts o f a n  ep ip h y tic  liehen in u rb a n  area  o f K uopio , 

eas t cen tra l F in lan d . A n n . Bot. Fennici 18: 85-91 .
T im k ó , Gy. (1925): Új a d a to k  a B udai és S zen ten d re-V iseg rád i hegyvidék zuzm óvegetáció já- 

n ak  ism eretéhez (N ew  d a ta  to the  know ledge o f lichen v egeta tion  of B uda and  Szent- 
endre-V isegrád  H ills). (In  H ungarian .) (M eeting  of H ungarian  B otan ical Socie ty  on 
11 M arch 1915.) Bot. Közi. 22: 81-104.

Y árk o n y i, T. (ed.) (1982): A  levegőszennyeződés (A ir pollu tion). (In  H u n g a rian .) M űszaki 
K ö n yvk iadó , B u d ap est, 1-142.

V erseghy , К ., F a rk as , E . (1984): U n te rsu ch u n g en  d e r L uftverunrein igung  im  G eb iet von 
B u dapest m it H ilfe der F le ch ten k artie ru n g  als In d ik a to ren . A n n . U niv. Sei. B udapest. 
Sect. Biol. ( In  press).

W a ld b au e r, 0 .  (1938): B u d ap es t levegőjének k o ro m ta r ta lm a  (Soot co n ten t o f th e  a ir o f B u d a ­
pest). ( In  H u n g a rian .)  Egészség 165-174.

Z ólyom i, В. (1958): B u d a p es t és k ö rn y eze tének  te rm észe tes  n ö v én y tak aró ja . In : Pécsi, M. 
(ed.): B udapest Természeti K épe  (N a tu ra l V eg e ta tio n  of B udapest an d  its  su rround ings. 
In : Pécsi, M. (ed.): N a tu ra l H isto ry  of B u d a p es t) . (In  H u n garian .) A kadém iai K iadó , 
B udapest, 511—642.

Acta Botanica Ilungarica 31, 1985



Acta Botanica Hungarica 31 (1-4), pp. 69-88 (1985)

MONOSULCATE POLLEN GRAINS OF ANGIOSPERMS 
FROM HUNGARIAN ALBIAN SEDIMENTS, II

F .  G ó c z á n 1 a n d  M . J u h á s z 2

1 H U N G A R IA N  G E O L O G IC A L  IN S T IT U T E , B U D A P E S T  
2 D E P A R T M E N T  O F  B O T A N Y , A. J Ó Z S E F  U N IV E R S IT Y , S Z E G E D

(R eceived: 1 D ecem ber, 1984)

W hile stu d y in g  th e  A lb ian  deposits  of th e  T ran sd an u b ian  C entral R ange, th e  
a u th o rs  fo u n d  a n u m b er o f new  species of early  m onosu lca te  angiosperm  pollen  gra ins 
w hich th e y  assigned, in  1984, to  th e  new  form  genera  described  by  them . In  th e  p re sen t 
w ork  th e y  co n tin u e  th e  d escrip tion  of these  new  species, assigning 7 new  species to  
th e  genus Crassipollis, 2 ones each  to  Transitoripollis  an d  Oroszlanyipollis and  1 to  th e  
genus Sim ilipo llis .

K eyw ords: P a lynology , M iddle C retaceous, ang iosperm  pollen.

Introduction

D uring  th e ir  s tu d y  of early  m onosu lca te  pollen  gra ins th e  au th o rs  f irs t  described 
species as nom ina n u d a  ( J u h á s z  and  G ó c z á n  1976), b u t  th e  descrip tion  of new  genera  and  
species began  only in th e ir  la te s t  w ork ( G ó c z á n  and  J u h á s z  1984), when th ey  described 
th e  m onosu lca te  genera  C rassipollis, Transitoripollis  and  S im ilipo llis  and  the  tr ich o to m o su lca te  
genus O roszlanyipollis and  iden tified  12 new  species as re p re sen ta tiv es  of these new  genera. 
S ta r te d  in th e  f irs t  p ap er, th e  descrip tion  of species is con tinued  in th is one w ith  p re sen ta tio n  
of th e  species left o u t of th e  f irs t  descrip tion  and  references are m ade to  th e  valid  genera  and 
species a lread y  described.

SY STEM A TIC  P A R T  

G enus: Crassipollis G óczán e t Ju h á sz  1984

Crassipollis inagniis nov. sp.
P la te  I, F igs 1-12

D erivatio  nom in is: if te r  its big size 
Locus ty p icu s: P u sz ta  vám , borehole P tv -2
S tra tu m  ty p icu m : 120.0-121.20 m, d a rk  grey  arg illaceous m arl, Tés Clay F o rm atio n , M iddle 

A lbian

H o lo ty p e : Slide 13948. Coord.: 9 .5 -123 .0 , P la te  I ,  Figs 1-12.

Diagnosis : Pollen  gra in  oval in E -view , o f g rea t size, o b la te  spheroidal, th ick -ex ined , 
te c ta te -p e rfo ra te , m onosu lcate  w ith  a lo n g itu d in a l axis id en tica l in size w ith, o r ju s t  a little  
b i t  sh o rte r  th a n , th e  E -axis. Sulcus ex ten d in g  a lm o st from  wall to  wall along P-ax is. In  th e  
th in  sexine th e re  is a sim ple sp lit growing w ider along b o th  ends. In  th e  th ick  nex ine, i t  form s 
a rad ia l d issolving field  accom panying  th e  su lcus, being  ju s t  a few m icrons w ider th a n  th e
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o p en in g  of th e  sulcus. E x in e  5.0 p m  th ic k , te c ta te -p e rfo ra te . I t  gets n a rrow  along th e  sulcus. 
S tru c tu ra lly , it consists o f a th ick er, sm o o th  nex ine  an d  a th in n er, s tru c tu re d  sexine. N exine 
a b o u t 3 //m  th ick , sm o o th , being finely  g ra n u la te  on ly  in th e  dissolu tion  field of th e  sulcus. 
Sex ine  1.8 to  2.0 //m  th ic k , c lavate , te c ta te -p e rfo ra te . The colum ella and  th e  tec tu m  are of 
n e a r ly  th e  sam e th ick n ess. T he colum ella lay e r consists o f dense, closely spaced , w ell-arranged  
row s of th e  bacu la  o f th e  clavae, th e  te c tu m  being  com posed of a p e rfo ra ted  lay er resu lting  
fro m  coalescence of th e  heads s ittin g  a t  th e  tip s  o f th e  bacula. The tu b u les  re p re sen tin g  th e  
p e rfo ra tio n  a tta in  scarcely  0.2 to  0.3 //m  in d iam ete r.

Size range: len g th  44 /m i , w id th  45 /m i, w all th ick n ess 5 /m i, P  : E  =  0.97 : 1.

D ifferentia l diagnosis : C rassipollis m agnus  nov. sp. differs from  th e  o th e r 
C rassipollis  form -species b y  its  size and  b y  th e  tec tum -co lum ella  th ickness 
ra tio s .

O ccurrence: Tés C lay F o rm a tio n  (M iddle A lbian).

Crassipollis noszkyi nov. sp.
P la te  I I ,  F igs 1-12 an d  13-16

D e riv a tio  nom inis: d ed ica ted  to th e  m em o ry  of D r. Jen ő  N oszky , fo rm er d irec to r of th e  
H u n g a rian  Geological In s ti tu te , d is tin g u ish ed  resea rch er of H u n g a ry ’s L ow er C retaceous 
deposits

L ocus ty p ic u s: P u sz ta v ám : borehole P tv -2
S tra tu m  ty p icu m : 120.0-121.2 m, d a rk  grey  arg illaceous m arl, Tés Clay F o rm a tio n , M iddle 

A lb ian

H o lo ty p e : Slide 13948/2. Coord.: 5 .0 -115 .5 , P la te  I I ,  Figs 1-12.

D iagnosis : T h ick-ex ined , m onosu lca te  pollen  gra in , elliptical in shape w hen view ed in 
th e  E -p la n e , of m edium  size, ob late  an d  te c ta te -p e rfo ra te , having a len g th  of p o lar axis by  
8 to  9 /m i sh o rte r th a n  th e  eq u ato ria l d iam ete r.

T he sulcus in th e  lo n g itud inal ax is ex ten d s  from  pole to  pole. In  th e  th in  exine th ere  
is a sim ple  sp lit grow ing progressively w ider to w ard s  one of th e  poles. P e n e tra tin g  deep in to  
th e  th ic k  nex ine, i t  fo rm s a wide d issolving field  there .

T he exine is 4.5 to  5.5 /on  th ick . T he sulcus is f la tten e d  a t  b o th  ends, being  o ften  a 
lit t le  b i t  th in n e r  th a t  along th e  E -axis.

T he nexine is 3 to  4 tim es as th ick  as th e  sexine. I t  is sm ooth , ex cep t for th e  d issolving 
fie ld  sp lit in form  of a w edge, often  3-5  / ш  long, perpen d icu la r to  th e  sulcus, in  th e  cen tra l 
a rea . F in e ly  g ran u la te  in th e  dissolving field , its  in n er surface is covered by a 0.2- to  0.3-//m- 
th ic k  lay er.

T he sexine is th in , o f c lavate  s tru c tu re . T he bacu la  form ing th e  colum ella lay e r are 
a b o u t 0.6 to  0.7 //m  h igh , regu larly  a rra n g e d , an d  closely spaced. R esu ltin g  from  coalescence 
o f th e  h ead s of th e  b acu la , th e  tec tu m  is 0.3 to  0.4 /m i th ick . The tu b u le s  p ierc ing  th e  sexine

Plate I

F igs 1—12. Crassipollis m agnus nov. sp. (h o lo type). P u sz ta v ám , borehole P tv -2 , 120.0-121.20 m , 
M u n ie ria -b earin g  arg illaceous m arl facies. Tés Clay F o rm a tio n , M iddle A lbian . G rain  in slide

No. 13948, coord.': 9 .5-123.0
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h av e  a lum en of 0.2 to  0.3 /m i w id th  and th u s  th e  sexine seems to  be  o f negative  re ticu la te  
s tru c tu re .

Size range; la rg es t d ia m e te r  along th e  E -ax is: betw een  27 a n d  29 fim , wall th ickness 
b e tw een  4.5 and 6.0 /tm .

L eng th  of h o lo ty p e : 21 /tm , w id th  of h o lo ty p e : 29 /tm , w all th ic k n e ss  along the  poles: 
3.5 /tm , along the  E -ax is: 5.5 /tm , P  : E  == 0.7 : 1.

D ifferential d iagnosis : Crassipollis noszkyi n. sp. d iffers  by  its ellip tical 
sh ap e  from  b o th  C rassipollis pusztavam ensis  G óczán e t J u h á s z  of irregu larly  
sq u a re  form  and from  th e  ro u n d  Crassipollis urkutensis  n . sp . F rom  Crassipollis 
deakae Góczán et J u h á s z ,  a species of sim ila rly , h u t  m ore s lig h tly , oval ou tline , 
i t  dev ia tes w ith its  sm a lle r  size and , a t  th e  sam e tim e , its  perforation  o f 
la rg e r  lum en.

O ccurrence: Tés C lay  F o rm atio n  (M iddle A lhian) a n d  Pénzeskút Marl 
F o rm a tio n  (U pper A lb ia n  substuderi Zone).

Crassipollis urkutensis nov. f. sp.
P la te  I I ,  F igs 17-24; P la te  I I I ,  F igs 1 -18

D criv a tio  nom inis: a fte r  th e  ty p e  locality  
L ocus typ icus: Ú rk ú t, b o reh o le  U-4
S tra tu m  typicum : 4 4 .4 -45 .0  m , grey m arl, P é n z esk ú t M arl F o rm a tio n , U pper Albian, S to- 

liczkaia d isp a r-Z o n e

H o lo ty p e : Slide 1/2-2. C oord .: 8 .2-102.8 , P la te  I I ,  F igs 17 -24 .

Diagnosis: T h ick -ex in ed , m onosulcate pollen  grain , u su a lly  v a ry in g  from  the  form  o f 
a  s lig h tly  fla tten ed  circle u p  to  an  alm ost reg u la r one, w hen view ed in  th e  E -p lane, of m edium  
size, suboblate , te c ta te -p e rfo ra te  having a len g th  of po lar axis b y  1 to  2 /tm  shorter th a n  
th e  eq u ato ria l d iam eter.

The sulcus e x te n d s  fro m  wall to wall along th e  lo n g itu d in a l ax is . In  the th in  sexine 
th e re  is usually a n a rrow  sp lit  w hich form s a d issolv ing field grow ing ra d ia lly  wider and hav in g  
a in eq u a lly  jagged edge in  th e  th ic k  nexine.

E xine 4.5 to 5.5 /o n  th ic k , tec ta te -p e rfo ra te . N exine ab o u t 3 to  4 /on th ick , sm o o th  
o v er th e  larger p a r t  o f th e  g ra in , being v e rru ca te  a n d  g ran u la te  in  th e  dissolving field along 
th e  sulcus. I ts  inner su rface  is covered by a sm o o th  l-/tm -th iek  layer.

Sexine c lavate , 1.0 to  1.5 /on  th ick . T he colum ella is fo rm ed  o f a lay e r of the  bacu la  
o f th e  clavae a rranged  b y  th e  4 to  5 in a c ircu la r p a tte rn  ten d in g , in  th e  final analysis, to  
fo rm  dense, closely sp aced  row s.

Plate II

F igs 1 1 2 .  Crassipollis n o szky i  n ov . sp. (ho lo type). P u sz ta v ám , bo reh o le  P v t-2 , 120.0-121.2 m .
Tés Clay F o rm a tio n , M iddle A lbian. Slide No. 13948/2, co o rd .: 5.0—115.5 

F igs 13-16. Crassipollis n o szky i  nov. sp. (p a ra ty p e ) . V értessom ló, borehole  Vst-5, 4 6 .7 5 - 
47.75 m , Vértessom ló S ilts to n e  Fm ., m am illa tum -Z one, Low er A lb ian . Slide No. 46.75/1,

coord.: 35.8—105.1
F igs 17-24. Crassipollis u rku ten sis  nov. sp. (ho lo type). Ú rk ú t, b o reh o le  U-4, 44.4-45.0 m , 

P énzeskú t M arl F m ., dispar-Zone, bergeri-Subzone, U p p e r  A lbian
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T he bacu la  are 0.6 to  0.8 fim  h igh. T he tec tu m  is a p e rfo ra te  lay e r resu lting  fro m  
coalescence of th e  0.4- to  0.7-^tm -high heads o f th e  clavae. The surface  lum ina  of th e  tu b u le s  
p ierc in g  th e  sexine are a b o u t 0.3 to  0.4 ц т  w ide and , fo r th is  reaso n , th e  surface ap p ea rs  to  
be n eg a tiv e ly  m ic ro reticu la te .

Size range: la rg est d iam e te r  23 to  26 /(m , wall th ickness v a ry in g  be tw een  4 and  5.5 ц т .
Size range  of th e  h o lo ty p e : along th e  P -ax is: 24 fim , along th e  E -ax is: 25 fim , h e ig h t 

a b o u t  7 -8  ц п i , wall th ick n ess 5.5 fim , P  : E  =  0.9.

D ifferentia l diagnosis : C rassipollis urkutensis  n. sp. d iffers by  its  m ore or 
less ro u n d  shape, b y  its  size range  an d  th e  la rger lu m in a  o f its  p erfo ra tio n s, 
from  Crassipollis deakae G óczán et Ju h á sz  of la rg e r size an d  m ore oval sh ap e , 
its  d ivergence from  C rassipollis pusztavam ensis  G óczán et Ju h á sz , species m ost 
closely re la ted  to  i t ,  consisting  p rim a rily  in  its  coarser perfo ra tio n s and  th e  
o u tlin e  in  th e  E -p lane . T he E -c o n to u r o f Crassipollis pusztavam ensis  G óczán e t 
Ju h á sz  is a square  w ith  ro u n d ed  angles an d  convex  sides, t h a t  of C rassipollis 
urku tensis  n. sp. being  an  a lm o st reg u la r  circle.

R em ark : On th e  SEM Gs o f th e  g ra in  p resen ted  in  P la te  I I I ,  in  sp ite  of 
th e  w orn  surface, th e  p e rfo ra tio n s of th e  te c tu m  are q u ite  d is tin c t and  th e  size 
and  spacing  of th e  lu m in a  are m easu rab le .

O ccurrence: F ro m  th e  u p p er p a r t  of th e  Tés C lay F o rm a tio n  up  to  th e  
su b s tu d e ri— an d  d isp a r-Z o n es of th e  P én zesk ú t M arl F o rm a tio n  (U pper A lb ian ).

Crassipollis longisulcatus nov. sp.
P la te  IV , F igs 1-6

S yn .: Crassipollis longisulcatus Ju h á sz  e t G óczán 1976, p . 38. Pl. 1 : 9 (nom en n udum )
D eriv a tio  nom inis: a fte r its sulcus
L ocus ty p icu s: P u sz tav ám , borehole P v t-2
S tra tu m  ty p icu m : 120.0-121.2 m , d a rk  grey  argillaceous m arl, Tés C lay F o rm ation , M iddle

A lbian

H o lo ty p e : Slide 13948/1. C oord.: 9 .1 -122 .0 , P la te  IV , F igs 1-6

D iagnosis : T h ick-ex ined , su b p ro la te , te c ta te -p e rfo ra te , m onosu lca te  pollen gra in , ova l 
w hen  view ed in  th e  E -p lan e, hav ing  a p o lar axis by  4 fim  longer th a n  th e  eq u ato ria l d iam e te r.

T he sulcus ex ten d s from  wall to  w all along th e  po lar axis, fo rm ing  a sim ple, n a rro w  
sp lit in  th e  v e ry  th in  sexine an d  an  ab o u t 5- to  6-^m -w ide, s lig h tly  jag g ed  dissolving fie ld  
in th e  nexine.

Plate III

F igs 1 -8 . Crassipollis urkutensis  nov . sp. (p a ra ty p e ). In  g lycerine d ro p le t slide, p h o to g rap h ed  
from  one side. Ú rk ú t, borehole  U -5, 71 .2-73.2  m , M unieria-bearing  arg illaceous m arl facies,

Tés Clay F m ., M iddle A lbian
Figs 9 -12 . T he sam e g ra in , p h o to g rap h ed  from  th e  o th e r  side 

F igs 13—18. T he sam e gra in , SEM gs: 13, 17, in  nearly  th e  E -p lan e  (13 =  X  1000, 17 =  X  3000) 
14, 16 =  from  th e  c racked  a p e rtu re  o f th e  sulcus (14 =  X  1000, 16 =  X  3000) — 15 =  h a lf ­
side view  ( X1800); 17 =  E -p lan e  ( X  3000) — 18 =  d e ta il of surface  o f p rox im al side, su rface  

of g ra in  s tro n g ly  affected  by  te a r  an d  w ear in  th e  E -p lan e  ( X  10 000)
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E x in e  2.0 to 2.2 p m  th ick , being  a l it t le  b i t  th ic k e r  along th e  P -ax is th a n  in th e  E -ax is , 
s lig h tly  com pressed  a t  one of its  ends. N exine 1.6 to  1.7 //m  th ick , sm oo th , s tru c tu re le ss , on ly  
th e  in n e r  cover-lam ella of ab o u t 0.3 //m  th ick n ess  seem s to  be scu lp tu red  an d , in th e  d isso lv ­
ing  fie ld  o f th e  sulcus, p u n c ta te .

T h e  sexine is 0.4 to  0.5 p m  th ic k , th e  th ick n ess o f the  tec tum  a n d  th e  colum ella being  
im m e asu rab le  b y  th e  lig h t m icroscope. T he tu b u la te  perforations visible on its  surface h a v e  a 
lu m en  of a b o u t 0.1 /im  size.

Size range: leng th : 21 / ш ,  w id th : 16 /u n , w all thickness: 2 .0 -2 .2  p m .  P : E  in d ex : 
1.23, P  : e =  10.5 (e =  exine th ickness).

D ifferen tia l diagnosis : W ith  its  d iffe ren t shape, size ran g e  and  sex ine 
s t ru c tu re ,  Crassipollis longisulcatus n ov . sp. differs qu ite  d is tin c tly  from  th e  
o th e r  s im ila r Crassipollis species. F ro m  Crassipollis p y r ifo rm is  nov. sp ., a 
s im ila rly  su b p ro la te  form  s ta n d in g  closest to  i t ,  Crassipollis longisulcatus nov . 
sp . is m ad e  d is tin c t p rim arily  b y  th e  d ifference in  the p e rfo ra tio n  of th e  sexine. 
T h e  p e rfo ra tio n s  of Crassipollis p y r ifo rm is  n. sp. have lu m in a  o f 0.7 to  0.8 /mi 
size, th o se  of Crassipollis longisulcatus n . sp. being below 0.1 //m .

O ccurrence: Tés Clay F o rm a tio n  (M iddle Albian).

Crassipollis m inim us nov. sp.
P la te  IV , F igs 7-19

S yn .: C rassipollis m in im us  Ju h á sz  e t G óczán 1976, p. 38, Pl. 1 : 7 (nom en n u d u m )
D e riv a tio  nom inis: a fte r its  size
L ocus ty p ic u s : O roszlány, borehole 0-1825
S tra tu m  ty p ic u m : 211.0 m , g ray  g laucon itic  m arl, P én zesk ú t Marl F o rm a tio n , U pper A lb ian , 

L ow er V raconian  substuderi-Z one

H o lo ty p e : Slide 17344/1. C oord.: 29 .4 -108 .8 , P la te  IV, Figs 7 -19 .

D iagnosis : T hick-exined, te c ta te -p e rfo ra te , m onosulcate pollen g ra in  of sm all size, 
ro u n d  o r sligh tly  oval, ob la te -sphero ida l w hen  v iew ed in the  E -plane, h av in g  a polar ax is by  
1-2  p m  sh o rte r  th a n  th e  eq u ato ria l d iam eter.

T h e  sulcus is s tra ig h t, ex tend ing  from  pole to  pole, w ith  a 2 /m i w ide sp lit in th e  sexine, 
g row ing  all o f a sudden  wide a t  one of th e  poles. In  th e  th ick  nexine i t  fo rm s a sligh tly  d is­
in te g ra te d , th o u g h  scu lp tu red , d issolving field .

Plate IV

F igs 1—6. Crassipollis longisulcatus nov. sp. (h o lo type). P usztavám , boreho le  P v t-2 , 120 .0- 
121.2 m, Tés Clay Fm ., M iddle A lb ian . Slide No. 13948/1, coord .: 9 .8-122.0 

F igs 7—19. Crassipollis m in im u s  nov. sp. (h o lo type). Oroszlány, borehole  0 -1825 , 211.0 m. 
P é n z e sk ú t M arl Fm ., b lancheti-S ubzone, U p p e r A lb ian . Slide 211/3, coord .: 8.2—102.9 
F igs 2 0 -2 1 . Crassipollis tesensis nov. sp. (p a ra ty p e ) . Pénzesgyőr, borehole  Pgy-4, 69.7 m . 
P é n z e sk ú t M arl F m ., substuderi-Z one , U p p e r A lb ian . Slide No. 69.7/9, coord .: 38 .8-102.2  
F igs 22—31. Crassipollis tesensis nov. sp. (h o lo type). T és, borehole T t-2 7 , 50.5 m. T és C lay 

Fm ., M iddle A lbian. Slide No. T / l - 2 ,  coord.: 20.8-105.2 
F igs 3 2 -3 6 . Crassipollis pyrifo rm is  nov. sp. (h o lo type). Pusztavám , borehole  P v t-2 , 121 .20- 

124.7 m. Tés Clay Fm ., M iddle A lb ian . Slide 13952/3, coord.: 10.0 116.4
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T he exine is a b o u t 3 /a n  wide, narrow ing  sligh tly  along the  sulcus. T he nexine is 2.6 to  
2.7 /a n  wide, sm ooth , s tru c tu re le ss , only along th e  sulcus are there  a few narrow , ra d ia lly  
o rien ted  cracks. The in n er surface  is covered by  a sm o o th  lam ella, 0.3 to  0.4 /an  th ick . T h e  
sexine is 0.3 to  0.4 /a n  th ic k , th e  th ickness o f th e  co lum ella an d  the  tec tu m  being im m easurab le , 
th o u g h  of seem ingly id en tica l size. The p e rfo ra tio n  of th e  tec tu m  is a t  th e  lim it of the  re so lu ­
tio n  pow er of the  lig h t m icroscope, hav ing  a  lum en  below  ab o u t 0.1 /an .

Size range: len g th  17 p m ,  w id th  19 /a n , wall th ick n ess 3 /an , P  : E  index: 0.89. P  : e 
in d ex  =  5.6.

D ifferen tia l diagnosis : W ith  its  size, sh ap e  and  p ro p o rtio n s and th e  p a t ­
te rn  o f  th e  sulcus, C rassipollis m in im u s  nov . sp. differs q u ite  d is tin c tly  from  
an y  Crassipollis species o f  sm all size.

R em ark : In  te rm s  of its  size, shape  an d  exine s tru c tu re , Crassipollis 
m in im u s  nov. sp. seem s to  be a tra n s itio n  be tw een  th e  genera Transitoripollis  
an d  Crassipollis. O n th e  basis o f its  P  : e in d ex  and  th e  p a tte rn  of th e  su lcus, 
how ever, th e  a u th o r  ju d g es  it  to  belong to  th e  genus Crassipollis.

O ccurrence: L ow er p a r t o f th e  P én zesk ű t M arl F o rm a tio n  (Low er V raco- 
n ia n , U pper A lbian).

Crassipollis tesensis nov. sp.
P la te  IV , F igs 20-31

S y n .: Transitoripollis vulgaris  Ju h ász  e t G óczán 1976, p. 38, Pl. 1 : 6 (nom en nudum ) 
D e riv a tio  nom inis: a f te r  i ts  ty p e  locality  
L ocus ty p icu s: Tés, boreho le  T-27
S tra tu m  typ icum : 50.0 m , d a rk  grey argillaceous m arl, Tés Clay F o rm a tio n , Middle A lb ian

H o lo ty p e : Slide 1 /1 -2 . C oord.: 20 .8 -105 .2 , P la te  IV , Figs 22-31 .

Diagnosis : T h ick -ex in ed , te c ta te -p e rfo ra te , m o n osu lca te  pollen gra in , elliptical in sh ap e , 
p ro la te-sp h ero id a l w hen  v iew ed  along th e  E -axis.

I ts  sulcus ex te n d s  from  wall to  w all along th e  P-ax is. In  th e  th in  sexine th ere  is a 
sim ple  sp lit w hich grow s w ider in its  m ed ian  line. In  th e  th ic k  nexine it form s a rad ia lly  w ide, 
ov a l, p u n c ta te -g ra n u la te  d issolving field.

E xine  2.0 to  2.2 p m  th ick . I t  consists o f an  u n scu lp tu red , th ic k  in n er layer a n d  a 
scu lp tu red  and th in  o u te r  one. T he shape a t  th e  ends o f th e  sulcus grows gradually  co n v ex  
ra th e r  th a n  concave. T he nexine is ab o u t 1.8 /tm  th ic k , being  p u n c ta te -g ra n u la te  in th e  d is ­
so lv ing  field  along th e  su lcus and sm oo th  over th e  la rg e r p a r t  of the  surface. I ts  inner su rface  
is covered  by a sm oo th  lam ella  0.2 to 0.3 p m  th ick . T he sexine is 0.4 to  0.5 p m  th ick , seem ingly  
te c ta te -p e rfo ra te  (foveo la te  ?), being im possible to  d e te rm in e  for sure w ith  the  light m ic ro ­
scope. T he lum ina of p e rfo ra tio n s (? ) are a ro u n d  0 .1 -0 .2  p m  in d iam eter.

Size range: len g th  22 p m , w id th  20 p m ,  wall th ickness 2.2 pin , P  : E  index =  1.1, 
P  : e index  9.1

D ifferential diagnosis : Crassipollis tesensis n o v . sp. resem bles to  C rassipol­
lis d iss im ilis  G óczán e t Ju h ász , C rassipollis p yrifo rm is  n. sp. and C rassipollis 
m in o r Góczán e t J u h á sz , by  its  shape , and size range. H ow ever, it d iffers
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from  all th ree  by th e  fa c t th a t  th e  ex ine is no t com pressed  a t  a n y  o f th e  ends 
o f th e  po lar axis an d  th a t  n e ith e r  end  o f th e  sulcus is w idened . T he circum ­
s tan ce  th a t  th e  sulcus is w idened  a t its  m edian  ra th e r  th a n  a t th e  poles shows 
its  being  ak in  to  som e re p re se n ta tiv e s  of th e  genus T ransitoripo llis ; how ever, 
its  p u n c ta te -g ran u la te  d issolving fie ld  in  th e  exine m akes i t  q u ite  d is tin c t 
even  from  these.

R em ark : B ecause o f our in c e r titu d e  abou t th e  te c ta te -p e rfo ra te  s tru c tu re  
o f th e  sexine of C rassipollis tesensis nov . sp. and of th e  d ev ia tio n  o f th e  ch a r­
a c te r  o f its  sulcus in th is  lay e r from  th e  o th e r Crassipollis no v . sp ., we have 
o n ly  prov isionally  assigned  i t  to  th is  genus. T h a t i t  m ay  derive from  C ycadinae 
ra th e r  th a n  A ngiosperm e is no t im p lau sib le  e ither.

O ccurrence: Tés C lay F o rm a tio n  (M iddle A lbian).

Crassipollis pyriformis nov. sp.
P la te  IY , Figs 32-36

S yn .: Crassipollis p yrifo rm is  Ju h á sz  e t G óczán 1976, p. 38, P l. 1 : 10 (n o m en  n u d u m )
D eriv a tio  nom inis: a fte r  its  shape
Locus ty p icu s: P u sz tav ám , borehole P tv -2
S tra tu m  typ icum : 121.2-124.7 m , d a rk  g rey  argillaceous m arl. Tés Clay F o rm a tio n , Middle

A lbian

H o lo ty p e : Slide 13952/3. C oord.: 10 .0-116.4 , P la te  IV , F igs 32-36 .

D iagnosis: T h ick-ex ined , su b p ro la te , te c ta te -p e rfo ra te , m onosu lca te  pollen  grain  of 
m ed iu m  size, ellipsoidal, s tro n g ly  f la tte n e d  a t  one of its poles, w hen view ed in  th e  E -plane, 
along th e  long itud inal axis.

T he sulcus ex ten d s from  wall to  w all along th e  P-axis. In  th e  th in  sex ine  th ere  is a 
sim ple , n a rrow  sp lit; in  th e  th ic k  nex ine, i t  form s, rad ia lly , on b o th  sides o f th e  a p e rtu re  and 
a long  i t ,  a 3 to  4 p m  w ide d issolving field.

T he exine is ab o u t 4 p m  th ick , becom ing th in n e r along th e  sulcus a n d  a t  its  tips. 
I t  consists qu ite  d is tin c tly  o f a th ick er, sm o o th  inner lay e r and a th in n e r  an d  s tru c tu red  
o u te r  one.

T he nexine is a b o u t 3.4 p m  th ick . I t  is sm oo th  and stru c tu re le ss , e x cep t fo r th e  dissolv­
ing field  along th e  sulcus, w here i t  ap p ears  to  be verruca te . I ts  in n er surface  is covered  quite  
d is tin c tly  by  an  ab o u t 0.5-^am-thick, an d  sm o o th  in n er layer.

T he sexine is a b o u t 0.6 p m  th ick  a n d  c lavate . The bacu la  fo rm ing  th e  colum ella layer 
are  a rran g ed  in to  sh o rt, b u t  w idely spaced  an d  qu ite  d is tin c t rows. F o rm ed  as a resu lt of 
coalescence of th e  heads s ittin g  a t  th e ir  tip s , th e  pe rfo ra te  tec tu m  seem s to  be  m ic ro reticu la te . 
T he colum ella and  th e  te c tu m  ap p ear to  be  o f nearly  id en tica l he igh t. T he lu m en  of tubules 
a t  th e ir  reaching the  surface  has a d iam e te r  o f 0.7 and  0.8 p m ,  being  la rg e r th a n  th e  in te rv al 
in -betw een .

Size range: len g th  24 p m ,  w id th  20 pin , w all th ickness 4 ^m , P  : E  1.2.

D ifferentia l d ia g n o sis: T he d ifference of Crassipollis p y r ifo rm is  n. sp. 
from  th e  o th e r Crassipollis f. sp . consists in its  pecu lia r e llip tica l shape and 
th e  re la tiv e ly  large lu m in a  of th e  p erfo ra tio n s. This holds tru e  o f th e  case of
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Crassipollis longisulcatus n. sp ., a form  s tan d in g  v e ry  close to  th e  fo rm er and  
s im ila rly  subpro la te  in  w hich  th e  lu m in a  of th e  tu b u le s  are  below  0.1 p m  so 
t h a t  th e  tec tu m  a p p e a rs  to  be im p erfo ra te . T he d ifference from  Crassipollis 
d iss im ilis  Góczán e t  J u h á s z ,  a n o th e r  sim ilar fo rm , lies in  its  m ore slender 
sh a p e  and its p e rfo ra tio n  hav in g  an  ab o u t tw ice so large d iam e te r  o f lum en.

R em ark: As o b se rv ab le  q u ite  c learly  on th e  ty p e  specim en , th e  p e rfo ra ­
tio n  is arranged in to  row s n o t o n ly  along th e  E -ax is, b u t  p a ra lle l to  th e  su l­
cus as well.

O ccurrence: Tés C lay F o rm a tio n  (M iddle A lb ian).

Crassipollis chaloneri (Brenner 1963) nov. comb.
P la te  V I, Figs 35-39

T y p e  and  diagnosis: B re n n e r 1963, p. 73, PI. 24, F igs 9—11.
R em ark : M onosulcites chaloneri B renner is s im ila r to  th e  Crassipollis 

species described b y  th e  p re sen t w rite r  as fa r as i ts  s tru c tu re  o f th e  sulcus, 
its  size p roportions an d  its  w all s tru c tu re  are concerned .

G enus: Transitoripo llis  Góczán e t Ju h á sz  1984

Transitoripollis vulgaris nov. sp.
P la te  V, Figs 1—19; P la te  V I, F igs 1-10

L ocus typ icus: P u sz ta v ám , borehole P v t-2
S tra tu m  typicum : 120.0-121.2  m , grey arg illaceous m arl, Tés C lay F o rm a tio n , M iddle A lbian

H o lo ty p e : Slide 13948/1. C oord.: 9 .1-109.8 , P la te  V. F igs 1-19.

Diagnosis : T h in -ex in ed , in te c ta te  by  ligh t m icroscope, m on o su lca te  pollen g rain  of 
sm all size, ob la te -sphero ida l, less freq u e n tly  sub p ro la te  o r p ro la te , ro u n d  or sligh tly  oval in 
o u tlin e , when viewed in th e  E -plane.

I ts  sulcus ex ten d s  a long  th e  lo n g itu d in a l axis, rep re se n tin g  a sim ple sp lit u sua lly  a 
fewr m icrons shorter th a n  th a t ,  being  o ften  w idely open, in  th e  sam e w ay , b o th  in  th e  sexine 
a n d  th e  nexine.

Plate V

Transitoripo llis vulgaris nov. sp. (ho lo ty p e)
F ig s 1 -6 . Single g ra in  p re p a ra tio n , lig h t m icrographs, p h o to g rap h e d  w ith  an  ob jective  of 
100/1.40 ( X 1000). P u s z ta v á m , borehole  P tv -2 , 120.0-121.20 m , M unieria -bearing  grey arg il­
laceous m arl facies, Tés C lay  F m ., M iddle A lbian. 1-4 =  b e tw een  tw o  co v er-p la tes, as p h o to ­

graphed from  th e  one side, 5 -6  as pho to g rap h ed  from  th e  o th e r  side 
F igs 7-19. The sam e g ra in , SEM gs (7—11 == XlOOO; 12, 14 =  хЗООО; 13, 16, 17 =  x 4 0 0 0 ; 
18 =  X  10 000; 15, 19 =  X 20 000). On th e  m icrographs o f a  m ag n ifica tio n  o f x lO  000 and 
X 20 000 the  m ic ro v erru ea te  u ltra sc u lp tu re  is qu ite  d is tin c t. T h e  v e rru cae  are  arranged  in a 

c irc u la r  p a tte rn  by  th e  fo u r and  five, sim ilarly  to th e  case o f C rassipollis and , arranged  in 
row s on th e  surface, th e y  e x te n d  to w ard s th e  sulcus. In  F igs 12 an d  13 one can  see on  the  
su rface  th e  sulcus p e n e tra t in g  deep in to  th e  nexine and  p ierc in g  i t  as well as a few coarse

alien grains
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T he exine is 1.0 to  1.5 p m  th ic k , consists o f tw o m ore or less eq u ally  th ic k  layers.
T he nexine is 0.5 to  0.8 /tm  th ic k , sm ooth , u n scu lp tu red , h av in g  no dissolving field 

a lo n g  th e  sulcus.
T he sexine is m ore or less eq u al in  th ickness to  th e  nexine. In te c ta te ,  i ts  surface seems 

to  b e  ch ag ren ate  w hen  v iew ed  b y  th e  aid of lig h t m icroscope. W hen  exam ined  by  SEM 
tec h n iq u es , its  u ltra sc u lp tu re  is m ic ro v erru ca te . T he m icroverrucae  are  ab o u t 0.1 / ш  in 
d ia m e te r , being so lita ry  o r in te rg ro w n  in tw os along th e  base. T h ey  cover th e  en tire  surface 
u n ifo rm ly . T heir a rra n g e m e n t resem bles to  th e  case o f Crassipollis.

Size range: len g th  18-21 p m ,  w id th  16.5-20 //m , w all th ickness 1 .0 -1 .5  fim .
T he holotype is 18—19 fin i  long , 19 p m  w ide, its wall th ick n ess being  ab o u t 1.2 ^m , 

P  : E  =  0.95, P  : e =  15.

D ifferentia l diagnosis : I t  is in  th e  f irs t  place its  g re a te r  size and lower 
in d ex -n u m b ers  th a t  d is tin g u ish  Transitoripollis vulgaris nov . sp . from  T. s im i­
lis  G óczán  et Ju h á sz , species show ing th e  g rea te s t resem blance  to  it. T. vu l­
g aris  h as  an average size o f 19 g m  (as m easured  for 10 g ra in s), its  P  : e index  
b e in g  15, while in  th e  case o f T . s im ilis , th e  sam e figu re  is 16.5 g m  and 16, 
re sp ec tiv e ly . I t  is q u ite  possib le  th a t  th e re  will be no need  in  th e  fu tu re  to  
d if fe re n tia te  th e  tw o  species, inasm uch  as fu rth e r  re sea rch  m ay  lead con­
s is te n tly  to  th e  d isco v ery  o f  tra n s itio n a l specim ens. U n til th is  is achieved, 
we p ropose , how ever, to  re ta in  th e  tw o  categories.

O ccurrence: Tés C lay F o rm a tio n  to  P énzeskú t M arl F o rm a tio n , dispar- 
Z one (M iddle and U p p e r A lb ian).

Transitoripollis ovális nov. f. sp.
P la te  Y I, Figs 11-34

D e riv a tio  nom inis: a fte r  it^  E -co n to u r 
L ocus ty p icu s: O roszlány, boreho le  0-1891
S tra tu m  typ icum : 529.1-532.0  m , d a rk  grey argillaceous m arl, Tés C lay F o rm a tio n , Middle 

A lbian

Plate VI

F ig s 1—5. Transitoripollis vulgaris n ov . sp. (p a ra ty p e). P u sz ta v ám , b o reh o le  P v t-2 , 120.0- 
121.20 m. Tés C lay F m ., M iddle A lbian. Slide No. 13948/1, coord .: 19.7-112.5 

F igs 6—10. Transitoripollis vulgaris  n o v . sp. (p a ra ty p e). P u sz ta v ám , boreho le  P v t-2 , 120.0-
121.2 m , Tés C lay F m ., M iddle A lbian. Slide No. 13948/1, coord .: 6.6—115.0 

F ig s 11 -16 . Transitoripollis ovális n o v . sp. (holo type). O roszlány, b o reho le  0-1891, 529.1— 
532.0 m, Tés C lay F m ., M iddle A lbian. Slide No. 529.1/2, coord .: 24.0-115.6 

F ig s 17—22. Transitoripollis ovális n ov . sp. (p a ra ty p e). P u sz tav ám , boreho le  P v t-2 , 120.0-
121.2 m , T és C lay F m ., Slide No. 13948/1, coord.: 21 .9-107 .8  

F igs 23—27. Transitoripollis ovális nov . sp. (p a ra ty p e). Tés, borehole T t-2 7 , 50.5 m. Tés Clay 
F m ., M iddle A lb ian , Slide No. T /5-3, coord.: 2 .8 -96 .0  

F igs 28 -34 . Transitoripollis ovális n ov . sp. (p a ra ty p e). P u sz tav ám , boreho le  P v t-2 , 120.0-
121.2 m , Tés Clay Fm ., M iddle A lbian

Figs 35 -37 . Crassipollis chaloneri (B ren n er 1963) nov. com b. O roszlány , borehole 0-1825, 
213 m , Pénzeskú t M arl F m ., b lan c h e ti-S u b z o n e , U p p er A lbian. Slide N o. 213/2; coord.: 9.8-11.0 
F igs 38 -39 . Crassipollis chaloneri (B ren n er 1963) nov. comb. P u sz ta v á m , borehole Pv t-2 , 

120-121.2 m. Tés C lay F m ., M iddle A lbian, Slide No. 13948/1, coord .: 15.0-102.0

A d a  Botanica Hungarica 31, 1985



6 * Acta Bolanica Hungarica 31, 1985



84 F. GÓCZÁN—M. JUHÁSZ

H o lo ty p e : Slide 529/3. C oord.: 24.0—115.6, P la te  V I, Figs 11—16.

D iagnosis:  T h in -ex ined , in te c ta te  b y  lig h t m icroscope, m onosu lcate  po llen  g rain  of 
sm all size, p ro la te  and oval in ou tline , w hen  view ed in  th e  E -p lane. I ts  sulcus ex te n d s  along 
th e  lo n g itu d in a l axis, u su a lly  from  w all to  w all, rep re sen tin g  a sim ple sp lit, p ierc ing  b o th  
lay ers  o f  th e  exine in  th e  sam e w ay an d  fo rm ing  no d isso lu tion  field in  th e  nexine.

T h e  exine is 1.2 to  1.6 fim  th ic k , consisting  o f tw o m ore or less equally  th ic k  layers 
a d h erin g  closely to  each o th er. T he nex ine  is a b o u t 0.6 to  0.8 fim  in th ickness, sm o o th , s tru c ­
tu re less , b earin g  no d issolving field  along th e  sulcus. T he sexine is of m ore or less equal th ic k ­
ness as th e  nexine. W hen view ed by  th e  a id  o f a lig h t m icroscope, its surface  ap p ea rs  to  be 
c h ag re n a te . W hen exam ined  by  SEM  tech n iq u es, i t  is te c ta te  and  m ic ro v erru ca te  in  te rm s of 
u ltra sc u lp tu re .

T h e  verrucae  are a b o u t 0.1 /a n  in  size, being  in te rg ro w n , u sua lly  in  tw os or th rees, 
a long  th e ir  base, s tan d in g  som etim es alone, densely  ju x ta p o se d . T hey cover th e  en tire  surface 
u n ifo rm ly .

Size range: leng th  16-21 fim , w id th  13-19 /m i, w all th ickness 1.2-1.6 /an .
Size range  of th e  ho lo ty p e : len g th  18 /a n , w id th  15 /a n , w all th ickness 1.2, P  : E  =  1.2,

P : e =  15.

D ifferen tia l d iagnosis: W ith  i ts  oval shape  an d  ch arac te ris tic  sulcus and  
P  : E  in d e x , Transitoripollis ovális nov . sp. read ily  dev iates from  th e  o th e r 
T ransito ripo llis  species o f sim ilar size. So does i t ,  w ith  its  E -co n to u r an d  its  
su lcu s, fro m  Transitoripollis s im ilis  an d , w ith  its  sulcus and P  : E  in d ex , from  
T ransito ripo llis  anulisulcatus  G óczán e t Ju h á sz , a n o th e r sim ilar species.

O ccurrence: Tés Clay F o rm a tio n  (M iddle A lbian).

G enus: O roszlanyipollis G óczán e t Ju h ász  1984

Oroszlanyipollis baconicus n. sp.
P la te  V II , F igs 1-13

D e riv a tio  nom inis: a fte r th e  m ain  facies a rea  o f th e  s tr a tu m  ty p icu m  
L ocus ty p ic u s : Ú rk ú t, borehole U-5
S tr a tu m  ty p ic u m : 71.2-73.2 m , grey  arg illaceous m arl, Tés Clay F o rm atio n , M iddle A lb ian

H o lo ty p e : Slide 71.2/5. C oord.: 15 .3-114.2 . P la te  V II . Figs 1-13.

D iagnosis : T h ick-ex ined , te c ta te ,  m ic ro re ticu la te , tricho tom osu lcate  p o llen  g ra in  of 
m ed iu m  size, subob la te , tr ia n g u la r  in shape  w ith  ro u n d e d  angles and convex  sides w hen 
v iew ed  in  th e  E -plane. I ts  Y -shaped  sulcus be tw een  th e  poles ex tend ing  from  w all to  w all, 
b e in g  o p en , piercing, in  th e  sam e w ay , b o th  th e  sexine an d  th e  nexine. I ts  ex ine is 5 /o n  th ick ,

Plate VII

F igs 1 -1 3 . Oroszlanyipollis baconicus nov . sp. (ho lo type). Ú rk ú t, borehole U -5, 71.2-73.2 m, 
M unie ria -b earin g  grey arg illaceous m arl facies; Tés C lay F m ., M iddle A lbian. S lide No. 71.2/5,

coord .: 15.3-114.2
F igs 1 4 -2 8 . Oroszlanyipollis saparensis nov . sp. (ho lo type). Borehole Szápár-42, 119.1-121.1 m , 
T u rrilite s-b ea rin g  grey m arl facies; P én zesk ú t S ilts to n e  F m ., Lower C enom anian , m antelli- 

Zone. Slide N o. 8028/1, coord .: 20.4-124.2
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g e ttin g  th in  a t  th e  poles, a t  th e  ends of th e  su lcus a n d  consisting  of a th ick , sm o o th  in n er 
lay e r a n d  a th in , s tru c tu re d  o u ter one. I ts  n ex in e  is 3.5 f im  th ick , sm ooth, c o m p a c t and  
s tru c tu re le ss ; only along th e  lum en  of the  su lcus does i t  b e a r a m icroverrucate  sc u lp tu re  o f 
seco n d ary  origin.

T h e  sexine is a b o u t 1.5 fu n  th ick , c lav a te  a n d  tec ta te -m ic ro re ticu la te .
T h e  colum ella la y e r  is com posed of a b o u t 1 fijn  h igh  b acu la  of th e  clavae, th e  te c tu m  

consisting  o. 0 .5-//m -high head s of th e  clavae a n d  o f th e  m u ri connecting  them . T he re tic u lu m  
is id en tica l w ith  th e  d iam e te r o f th e  lum en, covering  u n ifo rm ly  and  evenly th e  w hole g ra in  
surface.

Size range: len g th  25 fim , w id th  28 ftm , w all th ick n ess  5 /um, lum en d iam e te r a b o u t 
0.3 to  0.5 /m i, P  : E  =  0.89, P  : e =  5.

D ifferen tia l diagnosis : I t  is b y  its  size, sh ap e  and  th e  m akeup  o f  th e  
re tic u lu m  th a t  O roszlanyipollis baconicus d iffers from  0 . grandis G óczán  e t 
J u h á sz , a species o f m uch  g reater size an d  re ticu lu m . I ts  difference from
0 . saparensis  n . sp. o f  sim ilar size lies, in  tu r n ,  in  add itio n  to  its  sh ap e , in  its  
th ic k e r  exine and  its  f in e r  re ticu lum  o f sm alle r d iam e te r o f lum en.

O ccurrence: Tés C lay F o rm atio n  (M iddle A lb ian).

Oroszlanyipollis saparensis nov. sp.
P la te  V II , F igs 14-28

D eriv a tio  nom inis: a f te r  its  ty p e  locality  
Locus ty p icu s: Szápár, borehole  Sz-42
S tra tu m  ty p icu m : 119-121 m , grey m arl, P é n z esk ú t S ilts to n e  F o rm ation . Lower C enom an ian , 

m a n te lli—Zone

H o lo ty p e : Slide 8028/1. Coord.: 20 .4-124 .2 , P la te  V II , Figs 14-28.

D iagnosis: T h ick -ex in ed , te c ta te -m ic ro re tic u la te , tricho tom osu lcate  pollen  g ra in  o f 
m ed iu m  size, rou n d ed  to  ob late -sphero ida l in  o u tlin e  w hen  view ed in the  E -plane.

I t s  sulcus ex ten d s  from  wall to w all, o pen ing  in  th e  form  of a narrow  sp lit in  b o th  
lay ers o f th e  exine.

I t s  exine is 4 ^ m  th ic k , consisting of a th in n e r , s tru c tu re d  ou ter layer an d  a th ic k e r, 
s tru c tu re le ss , inner one. T he adhesion of th e  tw o  lay ers  to  each  o th er is less tig h t. T h e  nexine 
is a b o u t 2.7 to  2.8 / ш  th ic k , sm ooth , stru c tu re le ss , b ecom ing  th in  along th e  sulcus, b u t  h av in g  
no d isso lv ing  field. T he sexine is 1.2 to  1,3 ^ m  th ic k , c la v a te , tec ta te -re ticu la te .

T he colum ella consists of 1 to 1.1 ^ m  h igh  an d  0.2 to  0.3 /tm  th ick  bacu la, th e  te c tu m  
being  com posed of v e rru cae  of 0.2 to 0.3 fim  size fo rm in g  th e  heads of the  bacu la  an d , respec­
tiv e ly , o f a web of m uri, 0.3 to  0.5 p m  th ick , co n n ec tin g  th ese  in a netw ork  p a tte rn .

Plate VIII

F igs 1—9. S im ilipo llis  orbiculatus nov. sp. (h o lo type). B a k o n y n án a , surface exposure , Sam ple  
I I / l —2; P én zesk ú t S ilts to n e  F m ., U pper V raco n ian , d ispar-Z one , bergeri-Subzone. S lide No.

II6 1 -3 , coord.: 15.1-11.3, a p p ro x im a te ly  in th e  E -plane 
F igs 10-19 . S im ilip o llis  orbiculatus nov. sp. (p a ra ty p e ) . H á r s k ú t ,  borehole H k -4 , 127 .9 - 
130.6 m , T u rrilite s-b earin g  m arl facies, P é n z esk ú t S ilts to n e  F m ., U pper V racon ian , d ispar- 

Zone, bergeri-Subzone. Slide No. 45/3, coord .: 16.0-115.4, side view
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T he d iam eter of lu m en  of th e  re ticu lu m  is th e  sam e th ro u g h o u t th e  surface, being 
a ro u n d  0.5 pm .

Size range: len g th  23 / ш ,  w id th  24 p m ,  wall th ick n ess 4 p m ,  P  : E  0.96, P  : e =  5.7.

D ifferentia l diagnosis : I t  is b y  its  m uch sm aller size, b y  its  p roportions 
an d  shape th a t  O roszlanyipollis saparensis n . sp. differs from  O. grandis . 
W ith  its  shape and its  th in n e r  w all an d  coarser re ticu lu m , it  d ev ia te s , in tu rn , 
from  0 . baconicus n . sp . as well.

O ccurrence: P é n z e sk ú t S ilts tone  F o rm a tio n , m an te lli — Zone (Low er 
C enom anian).

G enus: S im ilip o llis  G óczán e t Ju h á sz  1984

Siniilipollis orbiculatus nov. f. sp.
P la te  V I I I ,  Figs 1-19

D e riv a tio  nom inis: a f te r  its  ro u n d  E -co n to u r (o rb icu la tus =  ro u n d  in L a tin )
L ocus ty p icu s: H á rsk ú t, borehole H k-4
S tra tu m  typ icum : 44 .4 -45 .0  m , grey m arl, P én zeskú t S ilts to n e  F o rm a tio n , U p p e r V raconian, 

d isp a r —Zone, bergeri-subzone

H o lo ty p e : Slide 467/3. C oord.: 43 .5-102.0 , P la te  V I I I ,  F igs 1 -19 .

D iagnosis: T h ick -ex ined , te c ta te -re tic u la te , m onosu lca te  pollen g ra in  o f m edium  size, 
ro u n d  or slightly  oval in  o u tlin e  in  th e  E -p lan e, su b o b la te  an d  o b la te -sphero ida l.

I t s  sulcus ex ten d s fro m  w all to  w all, m ostly  tap e r in g  a t  its  ends, rep re sen tin g  a sim ple 
sp lit sligh tly  w idening a long  th e  m ed ian  line and  p ierc ing , in  th e  sam e w ay , b o th  exine layers 
a n d  form ing  no scu lp tu red  d issolving field  in th e  nexine.

T he exine is 4 -^m  th ic k , consisting  of a sm ooth , u n scu lp tu red , th ic k e r  inner layer and 
a sc u lp tu re d  and th in n e r  o u te r  one.

T he nexine is 3 / /m  th ick , sm oo th , com pact, u n scu lp tu red , th e  sexine being ab o u t 
1 p m  th ick , te c ta te -re tic u la te . T he colum ella consist o f sq u a t, 0.5- to  0 .6 -^m -h igh  and  th ick  
b a cu la  em erging from  th e  nex ine , th e  te c tu m  being com posed of a web of m uri connecting  
th e  t ip s  of th e  bacula. T hese  are sh o rte r  an d  m ore closely spaced on th e  one side th a n  on 
th e  o th er.

T he d iam eter o f lu m en  of th e  re ticu lu m  is on th e  side hav ing  a su lcus sm aller th a n  it 
is on th e  opposite side.

Size range: len g th  28 to  32 //m , w id th  28 to  32 p m ,  w all th ick n ess 4 p m ,  P  : E  =  1—1.1, 
P  : e =  7-8 . Length  of ho lo ty p e : 30 p m ,  its  w id th  30 p m ,  wall th ick n ess 4 p m ,  P  : E  =  1, 
P  : e =  7.5, sexine : nex ine  =  1 : 3 .

D ifferential d iagnosis: I t  is by  its  sm aller size and  m ore sq u a t re ticu lu m  
an d  its  sexine : nex in e  ra tio  th a t  S im ilipo llis  orbiculatus nov . fsp . differs from  
S im ilip o llis  varireticulatus  G óczán et Ju h ász , species s ta n d in g  nearest to  it.

O ccurrence: P én zesk ú t S ilts tone  F o rm a tio n , U pper V racon ian . d ispar- 
Z one, bergeri-subzone.
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A WORKING KEY TO THE SPECIES 
OF P H Y T O P H T H O R A  DE BARY

L. Ge r r e t t s o n -Co rnell

FORESTRY COMMISSION OF NEW SOUTH WALES, SYDNEY, AUSTRALIA

(Received: 15 M ay 1983)

T his p a p e r  p resen ts a key  fo r th e  id en tif ic a tio n  of th ir ty -n in e  species o f P hyto­
phthora. T h ey  w ere d ivided in to  e ig h t groups m ain ly  on  th e  basis of th e  a b ili ty  to 
form  sexual o rgans, surface m o rpho logy  of th e  oogonium , ty p e  of a n th e rid iu m  and  
sporangial fo rm a tio n  on solid m edia.

A new  key fo r th e  id en tificatio n  of th ir ty -n in e  species o f  Phytophthora  w hich  are  p re ­
d o m in a n tly  te rre s tr ia l  is p resen ted . T hose species w hich  are m o stly  a q u a tic  and  those  kno w n  
on th e  h o st alone w ere n o t included. T his w ork  com bines th e  in fo rm a tio n  derived  from  o th e r  
schem es ( F rezzi  1950, W a terh o use  1963, N e w h o o k  e t al. 1978, Н о 1981, Sh e p h e r d  e t  al. 
1984) orig inal d esc rip tio n s of ta x a  and a u th o r ’s experience. I t  w as fo u n d  to be p ra c tic a l an d  
th ere fo re  w o rth  rep o rtin g .

a )  L is t of species

T he species o f Phytophthora  of th e  p re se n t key  are lis ted  he reu n d er.
1. Phytophthora arecae (Colem an) P e th y b rid g e
2. P . boehmeriae Saw ada
3. P . botryosa Chee
4. P . cactorum  (L eb e rt & Cohn) S chroeter
5. P . cajani A m in, B a ld ev , and  W illiam s
6. P .  cambivora (P e tr i)  B u ism an
7. P . capsici L eonian
8. P .  cinnam om i R a n d s
9. P . citricola Saw ada

10. P . citrophthora (S m ith  & Sm ith) L eonian
11. P .  colocasiae R ac ib o rsk i
12. P . cryptogea P e th y b rid g e  & L afferty
13. P . drechsleri T u ck er
14. P . erythroseptica P e th y b rid g e
15. P .fra g a r ia e  H ick m an
16. P . heveae T hom pson
17. P . hibernalis Carne
18. P . ilic is  B u d d en h ag en  & Y oung
19. P .  infestons (M ontagne) de Вагу
20. P . in fla ta  Caroselli & T ucker
21. P .  iranica  E rsh ad
22. P . insolita  A nn  & Ko
23. P . katsurae  Ko & C hang
24. P . lateralis T ucker & M ilb rath
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25. P . m eadii M cRae
26. P .  megakarya  B rasier & Griffin
27. P .  megasperma  D rech sle r, sensu, T o m p k in s  e t  al.
28. P .  m exicana  H o tso n  & H artge
29. P .  M P 4  B rasier & G riffin
30. P .  nicotianae  B red a  de H aan
31. P .  palm ivora  (B u tle r)  B u tle r, sensu, B ra s ie r  & G riffin
32. P .  phaseoli T h a x te r
33. P .  p o rri  F o iste r
34. P .  p rim u lá é  T om linson
35. P .  quin inea  C randall
36. P .  richardiae  B u ism an
37. P .  sinensis  Y ongn ian  & W enying
38. P .  syringae  (K leb ah n ) K lebahn
39. P .  vignae  P urss

b) C r i te r ia  a n d  e x p e r im e n ta l  c o n d it io n s  re q u ir e d  fo r th e  u se  o f  th e  k e y

T h e  above species o f Phytophthora  w ere  su b d iv id ed  in to  e ig h t g ro u p s on  th e  basis o f 
(a ) a b il i ty  to  p roduce sex u a l organs, (b) ty p e  o f a n th e rid iu m , (c) m orpho logy  of th e  oogonium  
w all a n d /o r  (d) ab ility  to  produce sp o ran g ia  d irec tly  on  solid m edia. O th e r c h ara c te rs  ta k e n  
in to  co n sid era tio n  fo r fu r th e r  d iffe re n tia tio n  w ere th e  average  size o f th e  p a p illa  and  th e  e x it 
p o re  o f  th e  spo rang ium , th e  presence o f sw ellings a n d  ch lam ydospores, th e ir  size an d  po sitio n  
on  th e  bearin g  h y p h a  an d  th e  card inal te m p e ra tu re s .

W ith  reg ard  to  th e  conditions o f e x p e rim e n t req u ired  in  th e  use o f th e  p re sen t key , 
th e  follow ing needs to  be  p o in ted  ou t. T h e  schem e is  based  on organic ra th e r  th a n  chem ically  
d e fin e d  c u ltu ra l m edia . W ith  th e  ex ce p tio n  of H ohl  (1975) who rep o rte d  on  th e  g ro w th  of 
s ix te e n  species on a sy n th e tic  m ed ium , th e  m a jo r ity  of in v estig a to rs  u su a lly  used  organic  
m ed ia . T herefore a  ran g e  of conditions as w ide  as possib le is suggested , inc lu d in g  d iffe ren t 
te m p e ra tu re s  o f in cu b a tio n  (15 to 35 °C) a n d  th e  use  o f m edia  such  as co rn m eal agar, D ifco 
(17 g /lt) , c a rro t ag ar ( P e t r i  1925, B r a s i e r  1972), Ca m p bel l  V-8 ju ice  a g a r accord ing  to  
M i l l e r  (1955), Ze n t m y e r  e t al. (1974), G e r r e t t s o n -Co rnell  (1980) a n d  lim a  b ean  agar, 
D ifco  (23 g /lt). F o r th e  s tu d y  of sp o rang ial fo rm a tio n  th e  tech n iq u e  of Ch e n  a n d  Ze n t m y e r  
(1970) an d  th e  co ty led o n  m ethod  (Ge r r e t t s o n -Co r n e ll  1980) are recom m ended . F in a lly  
c u ltu re s  of th e  iso late(s) to  be id en tified  sho u ld  be ex am ined  every  2—3 d ay s o ver a period  of 
2—4 w eeks. B o th  th e  to p  and  th e  b o tto m  o f th e  cu ltu re  in  th e  P e tr i d ish  shou ld  be ex am ined , 
since i t  w as observed  th a t  p ro d u c tio n  of oogonia  on V-8 agar by  an  iso la te  o f P. citricola 
o c cu rre d  only on th e  b o tto m  of th e  p la te  (G e r r e t t s o n -Corne ll  1982).

K E Y

G R O U P  1: H om otha llic , oogonium  w all sm oo th , a n th e rid iu m  p arag y n o u s (a 
few  a in ph igynous an th e rid ia  m ay be  occasionally  observed in  P . syringae  and  
P . citricola).

(A) S porang ia  p ro d u ced  on solid m ed ia , e ith e r  p rofusely  or sparse ly .
(a ^  S porang ia  u sua lly  p a p illa te  ( > 3 .5  /im ), ex it pore n a rro w  ( < 7  /im ). 

A n th e rid iu m  som etim e o bscu red  in  a k no t o f h y p h ae . C h lam ydo­
spores occasionally  fo rm ed . No h y p h a l swellings. P . cactorum
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(a2) S porangia sparse , non  p a p illa te  ( < 3 .5  ,м т), e x it pore n a rro w  ( < 7  
/.im). C hlam ydospores n o t fo rm ed .
(a.^) In te rc a la ry  h y p h a l sw ellings rare in  som e iso la tes, com m on in 

o thers. A few am p h ig y n o u s an th erid ia  m ay  be observed  in 
some iso lates. P . syringae

(a.„2) H y p h a l swellings m ay  be produced. S p o ran g ia  v e ry  v a riab le  in 
shape and  size (x =  75 -80  p ) ,  often co m p o u n d  and  even in  
chains. P . p rim u láé

(B) S porang ia  no t form ed or ra re  on solid m edia, p ro fu se  in  liquid,* non 
p a p illa te  (< 3 .5  p m ),  ex it po re  n arro w  ( < 7  p m ).  No ch lam ydospores 
form ed.
(b2) A n therid ium  in fla te d , lobed  o r b ranched , o ften  tw is tin g  a ro u n d  the 
oogonial s ta lk , average  len g th  o v er 20 p m . P . in fla ta
(b2) A n th erid iu m  n o t as above. A few am phigynous a n th e rid ia  m ay  be 

observed  in  som e iso lates. Sym podial b ran ch in g  of th e  sporophore  
usually  at som e d istance  fro m  th e  base of th e  sp o ran g iu m . Swellings 
often  a t  po in ts o f b ran ch in g  o f th e  sporangiophore. P. citricola

(C) S porang ia  n o t form ed on solid m ed ia , profuse in liq u id , non  p ap illa te  
( < 3 .5  /ш ) ,  ex it pore w id e (> 7 /rm ) .  C hlam ydospores a b u n d a n tly  form ed, 
te rm in a l and /o r in te rc a la ry  or ev en  double sta lked  in  ap p earan ce , u sua lly  
large  (x /> 45 ^m ).
(cj) No grow th above 26 °C, o p tim u m  below 20 °C. P. lateralis
(c2) O p tim um  te m p e ra tu re  for g ro w th  20-25 °C, m ax im u m  30-35 °C.

P. quininea

G R O U P 2: H om othallic , oogonium  w all sm ooth , a n th e r id iu m  am ph igynous.

(A) S porang ia  p roduced  on solid m ed ia , ex it pore n arro w  ( < 7  p m ).
(ax) Sporang ia  p ap illa te  (/>3.5 p m ) ,  chlam ydospores f re q u e n tly  observed , 

te rm in a l. In te rc a la ry  h y p h a l swellings occasionally  p roduced .
P . boehmeriae

(a2) Sporang ia  non p ap illa te  ( < 3 .5  p m );  ch lam ydospores n o t fo rm ed  or 
rare .
(a2,x) Sporangiophore in f la te d , o ften  w ith a sw elling below  each 

sporang ium . Slow grow ing. O ptim um  g ro w th  te m p e ra tu re  below  
20 °C, m ax im um  30 °C. P . phaseoli

(a2,2) O p tim um  grow th  a t 20 °C, no grow th above 25—27 °C.
P . ilicis

(a3) S porangia  u sua lly  p ap illa te  (/> 3 .5  ^m ); ch lam ydospores n o t form ed. 
A n therid ium  v e ry  sm all (c. 9 x 1 1  p m ). P . heveae

* I.e . on agar m edia flooded  w ith  liqu id .
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(В) Sporangia no t fo rm ed  on solid m edia b u t  only in liq u id ; non papilla te  
(< 3 .5  ^m ), ex it p o re  u su a lly  wide ( > 7  /jm ). C h lam ydospores no t form ed, 
(b,) Term inal a n d /o r  in te rca la ry  h y p h a l swellings w ith  tu b e  like p ro jec­

tions a b u n d a n t a t 15-20 °C. O p tim u m  te m p e ra tu re  for sporangia 
production  30 °C. P . cajani

Fig. 1. P. erythroseptica: Oogonium  w ith  th ree  a n th e r id ia . X710

(b2) In te rc a la ry  h y p h a l  swellings a b u n d a n t, especially  in  liquid, a t 2 4 -  
26 °C. O ccasio n a lly  tw o or th ree  a n th e rid ia  to  a single oogonium m ay  
he observed (F ig . 1). P. erythroseptica

(b3) H yphal sw ellings te rm in a l or sessile. O p tim u m  g ro w th  a t 29 to  32 °C.
A n therid ium  occasionally  b icellu lar. P . sinensis

(b4) H yphal sw ellings te rm in a l or in te rca la ry . O p tim u m  grow th te m p e r­
ature  a ro u n d  30 °C. P . vignae

G R O U P 3: H o m otha llic , oogonium  wall sm o o th , an th e rid iu m  paragynous and 
am phigynous in v a r ia b le  p roportions.

(A) Sporangia fo rm ed  on  solid m edia.
(ax) Sporangia te rm in a l  or in te rca la ry , non  p ap illa te  ( < 3 .5  pm ). I n te r ­

calary  h y p h a l swellings form ed. C hlam ydospores n o t form ed or ra re . 
Oogonium  w all som etim es u n ev en ly  th ick en ed . Occasionally, tw o 
an therid ia  to  a single oogonium . P . porri
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(a2) S porang ia  non  pap illa te  ( < 3 .5  p m ),  ex it pore narro w  ( < 7  p m ). 
A n th e rid iu m  p red o m in an tly  am p h ig y n o u s in fresh cu ltu re s , p re ­
d o m in an tly  paragynous in  o lder cu ltu res. C hlam ydospores no t form ed. 
O p tim u m  grow th below 20 °C, no g row th  above 25 °C.

P. hibernalis
(a3) S porang ia  pap illa te  (]>3.5 //m ). C hlam ydospores form ed sparse ly , 

te rm in a l or in te rca la ry , c. 30 p m  in  d iam ete r. Two a n th e r id ia  to  a 
single oogonium  m ay be observed . P . iranien

(B) S p orang ia  n o t form ed or ra re  on solid m edia , p rofuse in liq u id . N on 
p a p illa te  ( < 3 .5  p m ),  ex it pore w ide ( > 7  p ) .
(bj) A n th e rid iu m  p red o m in an tly  p a rag y n o u s . C hlam ydospores n o t  fo rm ed  

or ra re  (in te rca lary ). In te rc a la ry  an d  te rm in a l swellings fo rm ed .
P . m egasperma

(b2) A n th e rid iu m  p red o m in an tly  am p h ig y n o u s, ch lam ydospores n o t 
form ed.
(b2,i) Sporang ia  large (x =  57 X 36 ^m ). A n th e rid iu m  occasionally  

p rov ided  w ith a sh o rt liy p h a l p ro jec tio n . P . fragariae
(b2,2) In te rc a la ry  swellings a b u n d a n t, especially  in  w ater. S p o rang ia  

v e ry  variab le  in  shape. A n th e rid ia  w ith  a h y p h a l p ro tu b e ra n c e  
m ay  be observed. P . richardiae

G RO U P 4: H om otha llic , oogonium  wall sm o o th , an th e rid iu m  u n k n o w n .
S porang ia  n o t fo rm ed  d irec tly  on solid m ed ia  b u t  p ro fuse  in  liq u id . H y p h a l
sw ellings a n d  ch lam ydospores form ed. O p tim u m  g ro w th  a t  32 °C.

P . insolita

G RO U P 5: H  om othallic , a n th e rid iu m  am p h ig y n o u s, oogonial w all v errucose
(Fig. 2). P. katsurae

G R O U P 6: H e te ro th a llic , oogonium  w all sm o o th , a n th e rid iu m  am p h ig y n o u s,
sp o rang ia  pro fuse on solid m edia.

(A) C hlam ydospores n o t form ed. S p orang ia  non  p ap illa te  (< 3 .5  ^m ). S poran-
g iophore b ran ch ed  in  a m onochasial sy m p o d iu m  w ith  a sw elling below  
each  spo rang ium . P . in festans

(B) C hlam ydospores sparse  or in  som e iso la tes only , te rm in a l or in te rc a la ry , 
av . 30 p m  d iam eter.
(bx) S p orang ia  p ap illa te  ()>3.5 p m ), occasionally  w ith  tw o or th re e  p a p il­

lae , m ostly  obpyrifo rm , p a r tia lly  deciduous, average pedicel 12 ^ m  
long. P. m egakarya

(b2) S porang ia  p ap illa te  (> 3 .5  p m ), e x it pore n a rro w  ( < 7  p m ), dec iduous, 
average  pedicel over 20 p m  in  len g th . P . M F 4
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Fig. 2. P . ka tsurae: O ogonia w ith  “ v erru co se”  wall. x 7 7 0

(C) C hlam ydospores u sua lly  a b u n d a n t.
(с,) Sporangia  te rm in a l or in te rc a la ry , p ap illa te  (]>3.5 p m ), o ften  w ith  

tw o or th re e  pap illae , ex it pore n a rro w  (<[7 /um), v acu o la te . Sporangio- 
phore sim ple or irreg u la rly  b ran ch ed , o ften  w ith  sw ellings a t  b ra n c h ­
ing p o in ts . C hlam ydospores p ro fuse ly  form ed by  som e iso lates, a few 
or no t b y  o th e rs . O ogonia ra re ly  observed  in in tra  an d  in te rspec ific  
pairings. P . citrophthora

(c.,) C hlam ydospores hyaline  to  golden b row n, m ean up to  40 p m  d iam ­
eter. S p o rang ia  p ap illa te  (^>3.5 p in ) , ex it pore narro w  (<^7 /tin ), 
deciduous, o ften  w ith  tw o or th re e  pap illae . P . pa lm ivora

G R O U P 7: H e te ro th a llic , a n th e rid iu m  am p h ig y n o u s. S porang ia  usually* no t
fo rm ed  on solid m ed ia , p rofuse in  liq u id , n o n  p ap illa te  (< 3 .5  pm ), ex it pore
W'ide ( > 7  pm ).

(A) M ycelium  ty p ic a lly  corallo id  on corn  m eal agar. “ B o try o se”  sw ellings
and  ch lam ydospores p roduced  on v a rio u s m edia. O ogonium  w all sm o o th , 
a n th e rid iu m  un ice llu la r an d /o r b ice llu lar. P . cinnam om i

(B) N either b o try o se  swellings n o r ch lam ydospores form ed.
(bj) In te rc a la ry  h y p h a l sw ellings a b u n d a n t in  cu ltu re  or in  liqu id . O ogo­

nium  w all sm ooth . P . cryptogea, P. drechsleri

* A few sporan g ia  m ay  be fo rm ed  on solid m ed ia  by  P. cryptogea an d  P. drechsleri.
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3
Fig. 3. P. cambivora : “ B u lla te”  oogonium . X 1500

(b2) In te rc a la ry  h y p h a l sw ellings m ay  be form ed in liqu id . O ogonium  wall 
“ b u lla te ”  (F ig . 3) as well as sm ooth  or u n d u la te . A n th erid iu m  u n i­
cellu lar an d /o r bicellu lar. P . cambivora

G R O U P 8: B o th  h e te ro th a llic  a n d  hom othallic  iso lates observed , oogonium  
wall sm ooth  to  w rink led , a n th e rid iu m  am phigynous. S p o ran g ia  form ed on 
solid m edia.

(A) P rev a len tly  h o m otha llic , oogonium  wall sm ooth . S p o ran g ia  deciduous,
non  p ap illa te  ( < 3 .5  fim ), ex it po re  narrow  (< /7  ,м т); b ran ch in g  o f  th e  
sporophore sy m p o d ia l to  irreg u la r  w ith  (often) a sw elling a t  b ranch ing  
p o in t. C hlam ydospores usually  form ed (x =  c. 27 /um), te rm in a l or in te r ­
ca la ry . P. colocasiae

(B) P rev a len tly  h e te ro th a llic .
(bj) O ogonium  w all sm ooth .

(bln ) S p orang ia  in conspicuous, yellow ish-brow nish  c lum p s,d ec id u o u s, 
non  p ap illa te  (<^3.5 ^m ). C hlam ydospores ra re , av. 19 /um 
d iam ete r. P . botryosa

(b ,,2) S p o ran g ia  very  irreg u la r in  shape, p ap illa te  ( > 3 .5  /tm ), often 
w ith  tw o  papillae , e x it pore narrow  (< /7  /um), non  deciduous. 
C hlam ydospores sparse , in te rca la ry , av . 33 /um d iam eter.

P . mexicana
(bj,3) S porang ia  te rm in a l, occasionally  in te rc a la ry , p ap illa te  (]>3.5 

/urn), ex it pore n a rro w  (< /7  /um), deciduous. C hlam ydospores 
no t form ed or ra re , av . 32 /um d iam eter. P. arecae
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(b2) Oogonium  w all sm o o th  or w rinkled .
(b24) Sporang ia  deciduous, p ap illa te  (> 3 .5  //m ) or n o t, som etim es 

b ip a p illa te , ex it po re  narro w  (<[7 /tm ). C hlam ydospores no t 
form ed o r ra re , av . 32 /jm  d iam eter. P . meadii

(b2,2) S porang ia  n o t a lw ays form ed or sparse  on solid m edia, very  
va riab le  a n d  irreg u la r in  shape, often  v a c u o la te d , u sua lly  p ap il­
la te  (^>3.5 /im ), o ften  w ith  tw o or th re e  pap illae . C hlam ydo­
spores n o t form ed or ra re . P . capsici

(h2,3) S porang ia  te rm in a l or in te rca la ry , ro u n d ed  a t  base, pap illa te  
(> 3 .5  /jm ) or n o t, ex it pore narrow  (<C7 /um). C hlam ydospores 
often  fo rm ed , te rm in a l or in te rca la ry , av- 30—35 ^ m  d iam eter.

P . nicotianae

Discussion

T he presen t s tu d y  has h ig h ligh ted  th e  d ifficu lty  in v o lv ed  in  classifying 
th e  genus Phytophthora. T h is is m a in ly  because of th e  h igh  v a r ia b ility  exh ib ited  
b y  ce rta in  species w ith  re g a rd  to  ce rta in  charac teris tics . F o r exam ple, P . nico­
tianae  th a t  th is w rite r a lw ays found  to  be he te ro th a llic  on У-8 ag ar and  corn- 
m eal agar, often p ro d u ced  a b u n d a n t oogonia on lim a b ean  agar. P . katsurae 
y ie ld ed  ab u n d an t sp o ran g ia  on S c h m i t t h e n n e r ’s m ed iu m  ( R o b e r t s o n  1980), 
a t  23 °C b u t did n o t fo rm  th em  d irec tly  on various o th e r  m ed ia  (G e r r e t t s o n - 
C o r n e l l : unpub lished  d a ta ) . A gain  th e  presence of in te rc a la ry  swellings in  
c lu ste rs  of the n e t like  ty p e  of con figu ra tion  was o bserved  in  cu ltu res of 
P . boehmeriae on У-8 a g a r w hereas on cornm eal ag ar th ese  w ere n o t form ed 
(G e r r e t t s o n -Co r n e l l : u n p u b lish ed  d a ta ). These fac ts  em phasize th e  neces­
s ity  o f using a w ide ra n g e  o f ex p erim en ta l conditions in  th e  id en tifica tio n  of 
an  unknow n isolate o f Phytophthora.

On th e  basis o f  th e  c rite ria  for id en tifica tio n  a d o p te d  i t  was n o t possible 
to  sep ara te  P . cryptogea  from  P . drechsleri. This concurs w ith  th e  find ings of 
B u m b ie r is  (1974). T h e  m ycelium  of P . drechsleri ap p ea rs  to  be form ed of 
reg u la r, tu b u la r  h y p h a e , w hereas P . cryptogea can  also be en tire ly  coralloid. 
O n th e  o ther h an d , P .  cryptogea m a y  p resen t a w ide ran g e  o f m ycelia, closer to  
e ith e r  species. B o th  P . cryptogea an d  P . drechsleri b u t  especially  th e  la t te r  
m ay  form  some sp o ran g ia  d irec tly  on solid m edia. H ow ever, th e  frequency  of 
occurrence of th is  p h en o m en o n  is e rra tic . A gain, P . drechsleri u sually  shows 
m ark ed  sporangial po ly m o rp h ism . Y et, th e  sam e shap es m ay  be found in  
P . cryptogea and th e re  are  iso lates o f th is  species w hich c a n n o t be d istingu ished  
from  P . drechsleri on  th e  basis o f th is  charac teristic . W ith  reg a rd  to  th e  ab ility  
to  grow  a t 34-36 °C th a t  P . drechsleri is supposed  to  show  (W a t e r h o u s e  
1963), it  has p ro v ed  to  be too  v a riab le  to  be of any  tax o n o m ic  value. S im ilarly
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the  w idening  of th e  sporangiophore below  th e  spo ran g iu m , although  m ore o ften  
observed  in P . drechsleri th a n  in P. cryptogea , is n o t a c o n s ta n t fea tu re  a n d  is 
there fo re  of no v a lu e  in  id en tifica tion . N o real d ifferences also ex is t in  th e  
sexual o rgans of th e se  tw o fungi, n o r in th e  in te rc a la ry  swellings an d  o th e r  
m inor m orpho log ical characteristics.

F in a lly  in th is  s tu d y , the  te rm  P. nicotianae  B reda de H a a n  sensu  
Shepherd  (S h e p h e r d  e t al. 1984) has b een  used to  inc lude  th e  tw o v a rie tie s  
P . nicotianae v a r. nicotianae  and P . nicotianae  v a r. parasitica  as a m a tte r  o f 
p rio rity  and  sim plic ity .
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SEVEN SPECIES OF USTILAGINALES, 
NEW FOR HUNGARY

K . V á n k y 1, S. T ó t h 2, J .  G ö n c z ö l 3, Ágnes R é v a y 3 and K ata lin  I m r e 4

1T E G E L B R U K S V Ä G E N  1, S-780 41 G A G N E F , S W E D E N  
2 U N IV E R S IT Y  F O R  A G R IC U L T U R A L  S C IE N C E S , B O T A N IC A L  D E P A R T M E N T ,

H -2103 G Ö D Ö L L Ő , H U N G A R Y
3 H U N G A R IA N  N A T U R A L  H IS T O R Y  M U SE U M , B O T A N IC A L  D E P A R T M E N T ,

P f. 222, H -1476 B U D A P E S T , H U N G A R Y
* U N IV E R S IT Y  O F  H O R T IC U L T U R E , P L A N T  P R O T E C T IO N  D E P A R T M E N T ,

V IL L Á N Y I Ú T  3 5 -4 3 , H -1118  B U D A P E S T , H U N G A R Y

(R eceived : 27 Ju n e , 1984)

T he follow ing seven species o f U stilaginales a re  re p o rte d  for th e  f i r s t  tim e 
from  H u n g a ry : Anthracoidea inter cedens on Car ex lasiocarpa , Tilletia  olida on B r achy- 
pod ium  p in n a tu m , Urocystis agrostidis on Agrostis cap illa ris , U. alopecuri on A lopecu- 
rus pra tensis , U. ulei on Festuca heterophylla  and F . valesiaca , Ustilago thlaspeos on 
Arabia h irsu ta , a n d  Ustilentyloma f lu i ta n s  on Glyceria f lu i ta n s .

The progresses in  th e  know ledge of H u ngarian  U stilag in a les  were sy n th e tized  by 
Moesz (1950), U b r izsy  (1967), and Vá n k y , Gönczöl and T óth  (1982). T hrough sy s tem atic  
collections, during  th e  la s t  years, several sm u t species were reco rd ed  as new  for H u n g ary . 
A t p re sen t I m re (in  p ress) is publish ing E n ty lom a  linariae  on L in a r ia  vulgaris. F u rth e rm o re , 
th e  following seven species have  been reco rd ed : 1. Anthracoidea inter cedens in ovaries o f Car ex 
lasiocarpa , 2. Tilletia  olida  in leaves o f B rachypodium  p in n a tu m , 3. Urocystis agrostidis in 
leaves and culm s of Agrostis capillaris, 4. U. alopecuri in leaves an d  culm s of Alopecurus 
pra tensis , 5. U. ulei in  leaves of Festuca heterophylla  and F. valesiaca , 6. Ustilago thlaspeos 
in  seeds of Arabis h irsu ta , an d  7. U stilentylom a flu ita n s  in leaves o f Glyceria flu ita n s .

On Carex, subgen . Carex, sectio  Paludosae sensu la t. [trea ted  by  Ch a t e r  
(1980) as four sec tions: Carex, Paludosae, Pseudocyperae, Vesicariae], th e re  are 
four Anthracoidea  species possessing sm all and  ech ina te  spores: A . am ericana,
A . in d u sa , A . intercedens, and A . subinclusa. A ccord ing  to  N a n n f e l d t  
(1979: 9) th ey  m ay  be  d iffe ren tia ted  as follows:

1 Spore wall w ith  v e ry  d is tin c t in te rn a l swellings .....................  A . americana
—  Spore wall w ith o u t in te rn a l sw ellings .................................................................  2

2 Spines s to u t, up  to  2 p m high an d  apical f la tte n in g s  up  to  2 pm  across,
w idely  spaced an d  easily  b roken . P rincipal hosts C. riparia  and C. vesi- 
caria  ............................................................................................................ A . subinclusa

—  Spines m ore slender an d  low er, m ore closely set, less easily  broken . . .  3
3 Spines often  reach in g  1.5 p m  in  h e ig h t. Spore su rface  w rinkled betw een

th e  spines. On C. lasiocarpa  and  its  hyb rid s only ..............  A . intercedens
—  Spines only ra re ly  exceeding 1.0 p m  in  height. Spore surface sm ooth  be­

tw een  th e  spines. P rinc ipa l host C. rostrata ...................................  A . in d u sa

1* A c ta  B o lan ica  H ungarica 31, 1985  
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Anthracoidea intercedens N an n fe ld t 

S y m b . B ot. U psal. 22 (3): 22, 1979

S o ri (Fig. 1) in sc a tte re d  o varies form ing ro u n d ed , h a rd , b lack  bodies o f a few m m  in 
d iam e te r, f irs t  covered by  a th in , silvery  m em brane  of fungal origin, w hen  ripe  broken up

F ig . 1. Anthracoidea intercedens on Carex lasiocarpa
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F ig. 2. Spores o f Anthracoidea intercedens, A) in LM , B ) in SEM

in to  sm all pieces form ed by ag g lu tin a ted  spore m asses. Spores (Fig. 2) globose, b road ly  e llip ­
soidal to m o d era te ly  ro u n d ed -an g u lar, 1 1 -1 9 x 1 3 -2 3  p m ;  wall 1 1.5 /on  th ick , w ith o u t 
in te rn a l sw ellings; surface  ech in u la te  and s tria te -rugu lose  be tw een  th e  spines. Spines 1—1.5 p m  
h igh , apically  f la tte n e d  and  sligh tly  enlarged, irregu larly , ra th e r  closely spaced, m ore easily  
de tach in g  th a n  in  A . subinclrsa .

I t  is know n on Carex lasiocarpa  E hr. and  its  h y b rid s from  E u ro p e  (E n g lan d ? , F in lan d , 
N orw ay , Polen ?, Soviet U nion , Sw eden), on C. rhynchophysa  F isch er, C. A. Meyer & Avé- 
Lall, and  on C. sordida  Cham , ex v an  H eurck  & Muell. from  A sia (S o v ie t Union).

In  H u n g a ry  i t  was collected  on C. lasiocarpa , Som ogy Co, n e a r  th e  village D a rán y , 
14. V I. 1983, coll. Gy. Szollát (B P , HUV).

T here are c. 100 know n species of Tilletia . T he g re a t m a jo rity  of th em  
develop th e ir  sori in  th e  ovaries of G ram ineae, b u t  a few species have sori in  
th e  leaves and  culm s fo rm ing  s treaks. Such a species, T . olida , was recen tly  
d iscovered in  H u n g ary .

Tilletia olida (Kiess) S ch rö te r

in Co h n , B eiträge  zur Biologie der P flan zen  2: 366, 1877

Sori (F ig. 3) in leaves and  culm s form ing long striae  betw een th e  veins, o ften  confluen t, 
a t  f irs t  lead-coloured , la te r  brow n. W ith  age th e  epiderm is sp lit up , th e  b lades fray  and shred , 
an d  th e  b lack ish-brow n, ag g lu tin a ted  to sem i-pow dery, foetid  spore m ass becom es exposed. 
A ttack ed  shoots are usu a lly  sh o rten ed  and sterile. Spores (Fig. 4) globose to  ovoid, 18-24 X 
19-25 /o n , ligh t go lden-brow n; w all 0 .5-1  (-2 ) p m  th ick , re ticu la te  to  cerebrifo rm , 7—10 m eshes
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F ig. 3. T ille tia  olida on  B rachypodium  p in n a tu m

p e r  spore d iam eter, a reo lae  0 .5 -1 .5  p m  h ig h  a n d  1.5-2.5 p m  w ide. Sterile cells am ong the  
spo res few, round  and  sm alle r th a n  th e  spores (11 -18  pm ), hyaline to  yellow ish  tin te d , sm ooth . 
G erm in a tio n  (ZoGC 1967) b y  u n se p ta te  p ro m y ce liu m  apically  b earin g  fo u r e longated  basi- 
d iospores.

I t  is know n on B rachypodium  spp . fro m  E u ro p e  and Asia. I n  H u n g a ry  i t  was found 
on Brachypodium  p in n a tu m  (L .) B eauv ., H eves Co, n ear th e  v illage K erecsend , “ K erecsendi 
e rd ő ” , 160 m . 12. V I. 1981, coll. J .  Gönczöl an d  Á. R évay  (B P . H U V ).

The species of Urocystis are  ch arac terized  hy  p e rs is te n t spore balls 
fo rm ed  of one to  n u m ero u s , d a rk , fe rtile  spores, su rro u n d ed  b y  a few  to  
n u m ero u s, pa ler s te rile  cells. T he d e lim ita tio n  of th e  species is o ften  d ifficu lt 
because of th e  s c a n ty  m orpho log ical ch a rac te rs  of th e  spore balls, spores and
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Fig. 4. Spores of Tilletia  olida, A) in  LM, B ) in  SEM

s te rile  cells. The n u m b er o f spores in  th e  balls, the  colour an d  size of th e  balls, 
spores an d  sterile  cells, th e  th ickness o f  th e  spore w all, as well as th e  con­
t in u i ty  or d isco n tin u ity  o f th e  o u te r  la y e r  of sterile cells a re  useful ch a rac te rs  
b u t  o ften  in te rf lu en t.

Urocystis agrostidis (L avrov) Zundel

T h e  U stilag ina les of th e  W orld . —  P e n n sy lv an ia  S ta te  Coll. School. A gric. D ep t. B ot. C ontrib .
176: 307, 1953

Sori (Fig. 5) in  leaves, sh ea th s  and  culm s form ing long s tre ak s  be tw een  th e  v e ins, a t 
f i r s t  lead-coloured  and  covered b y  th e  ep iderm is w hich  rup tu res  lo n g itu d in a lly  and  th e  b lack , 
p o w d ery  m ass of spore balls becom e sca tte re d . Spore balls (Fig. 6) globose to  ovoid , 20— 
36 (—40) X  24-48 (-56) p m  in d iam e te r, com posed of 1-4 (-5 ) cen tra l spores and  a con tin u o u s 
la y e r  o f p e rip h era l sterile  cells. Spores subglobose to  ovoid, 1 2 -1 6 x 1 3 .5 —20 p m , o livaceous- 
b ro w n , sm ooth . Sterile cells subglobose, ovoid  or hem ispherical, 5—14 p m  long, lig h t yellow ish- 
b row n , sm ooth .

On d ifferen t Agrostis species in E u ro p e , A sia, N. and S. A m erica. In  H u n g a ry  i t  is 
re p o rte d  on  Agrostis capillaris L. ( =  A . tenu is  S ib th .) , Heves Co, M ts. B ü k k , n ea r th e  village 
S z ilv ásv árad , 700 m, 24. V I. 1982, coll. J .  G önczöl, Á. R év a y , S. T óth  and  K . V á n k y  
(B P , H U V ).
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F ig. 5. Urocystis agrostidis on Agrostis capillar is

F ig . 6. Spore balls of Urocystis agrostidis
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Urocystis alopecuri F ran k

Die K ra n k h e iten  der Pflanzen , P ilze. B reslau . 1880: 440.

I t  resem bles Urocystis agrostidis (Fig. 7). Spore balls (F ig. 8) globose to  ovoid , 15- 
35 (-42) p m  long, com posed of 1-3 cen tra l spores m o stly  com plete ly  su rrounded  by  ste rile  
cells. Spores globose, ovoid  or rounded  p o lyangu lar, 1 2 -1 7 x 1 4 .5 -2 0  p m ,  ligh t b row n; wall 
sm ooth , c. 0.8 p m  th ick . Sterile cells globose, ovoid to  irreg u lar. 6 .5 -12  p m  long, sm ooth , yellow .

Fig. 7. Urocystis alopecuri on Alopecurus pratensis
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Fig. 8. Spore balls o f Urocystis alopecuri

On Alopecurus spp . in  E u ro p e  an d  A sia. In  H u n g ary  i t  w as collected  on  A . pra ten ­
sis  L ., P e s t Co, M ts. B örzsöny , m o u n ta in  K e lem en-hegy  n ear th e  village K óspallag , 300 m, 
1. V I. 1983, coll. Á. R év  a y  an d  J .  Gönczöl (B P , H U V ).

Urocystis tilei P . M agnus

B ot. Z eitung  36: 119, 1878

Syn. Ustilago macrospora  Desm . (nom en am biguum ).
I t  ap p ears like o th e r Urocystis species on  G ram ineae, fo rm ing  streak s on  th e  leaves 

(F ig . 9). Spore balls (Fig. 10) globose, ovoid to  s lig h tly  irreg u lar, 2 3 -3 3 x 2 5 -4 0  /m i, com posed 
o f 1—2 (-3 ) spores su rro u n d ed  b y  a w ell-developed, con tinuous, or n e a rly  con tin u o u s lay e r of 
ste rile  cells. Spores globose, ovo id , rou n d ed  p o ly an g u la rly  irreg u la r to  e longated , 11—14.5 X 
13—19 /u n , d a rk  red d ish -b row n , sm ooth . Sterile cells globose, ovoid to  e longated , 5 -6  Х б -1 4  /un , 
yellow  to  lig h t ye llow ish-brow n, th ick -w alled  (c. 2 /im ) on th e  c o n ta c t sides, th in n e r  on  the  
free surface  w hich collapses w ith  age g iving a ridged  ap p earance  to  the  spore ball profile.

On Fesluca spp . in E u ro p e , A sia an d  N . A m erica. In  H u n g a ry  i t  was fo u n d  on  Festuca 
heterophylla  L am ., K o m áro m  Co, M ts. P ilis , “ K is V adállókövek” , 475 m , 23. V I. 1983, coll. 
K . Y á n k y  (B P , H U V ). On F . valesiaca Schleicher ex G audin , B orsod-A baú j-Z em plén  Со, 
M ts. B ü k k , “ N agym ező” , 790 m , 25. V I. 1982, coll. .1 . Gönczöl, Á. R év a y , S. T óth  and  
K. V á n k y  (B P . HUV).

T he sm u t genus m o st rich  in  species is Ustilago (over 350 species). I t  is 
ch a rac te rized  b y  sori in  v a rio u s p a r ts  o f th e  hosts, a t m a tu r ity  b u rs tin g  and 
ex posing  usually  po w d ery , b lack ish -b ro w n , pu rp lish -b ro w n , o livaceous, m ore 
se ldom  pale spore m ass; spores single; s terile  cells ab sen t. Spore g erm ina tion  
b y  m eans of se p ta te  p ro m y celiu m  b ea rin g  basid iospores (sporid ia) or in fec tion  
th re a d s  la te ra lly  an d  te rm in a lly .
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Fig. 9. Urocystis ulei on  F estuca heterophylla
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F ig. 10. Spore balls o f Urocystis ulei, A) on Festuca heterophylla , B) on F. valesiaca

U stilago thlaspeos (G. Heck) L agerheim

in  Sydow, U stilag ina les No. 118, 1897

Sori (Fig. 11) rep lac in g  the  seeds, lig h t b row n , d u sty , lib e ra ted  when the siliquae are  
opened, ra th e r  inconsp icuous. Spores (Fig. 12) globose, subglobose, ovoid to  irregu larly  ro u n d , 
10-16 X  11 — 18 /o n , yellow  to  lig h t yellow ish-brow n, p rov ided  w ith  m o dera te ly  densely s itu a te d , 
irreg u lar, 0.5—1 p m  h igh  w a rts  which on one side o f th e  spore are  m ore dense and e lo n g a ted  
(1 .5-2 .5  p m );  in  SEM  even  finely  and densely  verrucu lose  be tw een  th e  irregular w a rts  or 
tubercles. In fec tion  system ic .

On d ifferen t C ruciferae: A rabis , C ardam ine , C ardam inopsis , Draba, Thlaspi sp p . in 
E u ro p e . In H u n g a ry  i t  w as discovered on Arabis h irsu ta  (L .) Scop., P e s t Co, Mt. H uszonnégy- 
ökrös-hegy n ear th e  tow n B udaörs, 280 m , 29. X . 1982, coll. S. T óth  (B P , HUV).

T he genus U  stilentylom a  was erec ted  by  S a v il e  (in Sa v il e  and P a r m e l e e  
1964: 708). Sori fo rm in g  lea f spots. Spores single or in m ore or less co m p ac t 
g roups, em bedded  in  th e  host tissue. R esem bles E ntylom a  b u t germ in a tio n  is 
o f Ustilago and  n o t T ille tia  type . O nly  tw o  species are  know n, bo th  on G ra- 
m ineae: U stilentylom a pleuropogonis Sav ile , on Pleuropogon sabinei R . R r. 
from  C anada, and U .f lu i ta n s  on d iffe ren t Glyceria species from  E urope.

Acta Botanica Hungarica 31, 1985



USTILAGINAI.ES NEW FOU HUNGARY 109

Fig. 11. Ustilago thlaspeos on Arabis hirsuta
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Fig. 12. Spores o f Ustilago thlaspeos, A) in LM, B ) in  SEM

U stilen ty lom a f lu ita n s  (Liro) V ánky

M icrobiol. B u cu res ti 1: 328, 1970

Sori (Fig. 13) in leaves a n d  lea f-sh ea th s, fo rm ing  a t first lig h t yellow , la te r  d a rk  brow n, 
lin ea r o r ovoid, 1-10 m m  long  sp o ts, o ften  co n flu e n t, usually  w ith  in d efin ite  or lig h te r coloured 
m arg in s. Spores (Fig. 14) g lobose, ovoid or s lig h tly  angularly  irreg u la r , (7 .5 -) 8 .5-14 X 8 .5- 
15.5 (-1 7 )  //m , hyaline o r l ig h t yellow , w ith  sm o o th , с. 1 p m  th ick  w all. G erm ination  in situ , 
in th e  leaves im m ersed in  w a te r , by  m eans o f a four-celled p rom ycelium  on w hich th e  basi- 
d iospores are produced  la te ra lly  and  te rm in a lly . Basidiospores ovoid , hya lin e , 2 - 3 x 8 - 1 2  p m , 
2 a n d  2 copulate by  a  th in , sh o rt copu la tin g -b rid g e  (Vánky  1970: 329).

K now n h ith e rto  on  Glyceria f lu i ta n s  (L .) R . Br. (F in land , R o m an ia  an d  Sweden), and 
on G. plicata  F r. (C zechoslovakia and  R om an ia ). In  H ungary  it w as co llected  on G. f lu i ta n s , 
V as Co, n ear the  village Szoce, 180 m , 22. V I. 1983, coll. J . Gönczöl, К . I m r e , S. T óth and 
K . VÁNKY (B P, HUV).
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Fig. 13. V stilen ty lom a f lu i ta n s  on G lyceria flu itans
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F ig . 14. Spores of U stilentylom a f lu ita n s
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EAST AFRICAN BRYOPHYTES, VII
T H E  H E P A T IC A E  O F T H E  U SAM BA RA R A IN  F O R E S T  P R O JE C T  

E X P E D IT IO N , 1982*

T . PÓCS

INSTITUTE OF ECOLOGY AND BOTANY, HUNGARIAN ACADEMY OF SCIENCES, VÁCRÁTÓT

(R eceived : 13 Ja n u a ry , 1984)

F rom  th e  94 liverw ort spec ies listed  72 w ere co llected  in  th e  U sam b ara , 42 in 
th e  U luguru  M ts. 18 ta x a  p ro v e d  to  be new  for th e  U sam b ara s  w hile on ly  2 fo r th e  
U lugurus. F o u r o f th em  are new  fo r  th e  whole o f E a s t  A frica , as Pycnolejeunea angusti- 
flo ra  S teph ., L ejeunea  fla vovirens  J .  Á ngstr., Cololejeunea apiculata  (E . W . Jones) 
Schust. and  Cololejeunea elegáns S te p h . Cladolejeunea aberrans (S tep h .)  Zwickel w as th e  
f irs t  tim e co llected  since its d e sc rip tio n  and  its  M assu la  ty p e  oil bodies a re  described. 
Cololejeunea am an iensis  Poes a n d  Cololejeunea tanneri Poes a re  described  as new  to  
science. A b r ie f  p h y to g eo g rap h ica l ev a luation  of species collected is added .

Keywords: H e p a tica e , U sam b ara , U lu g u ru , T an zan ia , A frica

In tro d u c tio n

W ith in  th e  fram e  of the  p re lim in a ry  works o f th e  jo in t T an z an ia n -S w e d ish -H u n - 
g a rian  U sam bara  R a in  F o re st R esearch  P ro jec t in early  1982 Professors J .  B. H a ll , O. 
H e d b e r g , A. B o r h id i a n d  th e  A u th o r p a id  a sho rt v isit in  th e  E a s t an d  W est U sam b ara  and 
in th e  U luguru  M o u n ta in s , accom panied  b y  Mr. M. Msho o , s ta f f  m em ber o f th e  T an zan ian  
S ilv icu ltu ra l R esearch  S ta tio n  (L u sh o to ). W hile th e  o th e r  p a r tic ip a n ts  co n cen tra ted  on 
phanerogam s, the  A u th o r  collected th e  c ry p to g am ie  p lan ts  a n d  in  th is  p a p e r  gives an  acco u n t 
on his d e term inations o f th e  liverw orts co llected  and adds a few  records also from  his p revious 
g a therings . In  th e  e n u m e ra tio n  of th e  co llected  species th e  follow ing a b b rev ia tio n s  are used:

E U S: E ast U sam b a ra  Mts., W U S: W est U sam bara  M ts., U L U : U lu g u ru  Mts.
I f  th e  tax o n  is new  for the  f lo ra  o f  th e  area concerned , a sign of * s tan d s before th e  

ab b rev ia tio n . The sp ec im en  num bers (a f te r  th e  geographical a b b rev ia tio n s an d  th e  ind ica tion  
of su b s tra tes )  consist o f  a locality  n u m b er a n d  a le tte r  acco rd ing  to  th e  d iffe ren t species w ith in  
th e  sam e locality. T h e  localities and o th e r  collecting d a ta  a re , as follows:

E ast U sam bara M ounta ins

6946. A m ani W est F o re s t  Reserve b e h in d  th e  “ F o rest H ouses”  o f A m ani. S ub m o n tan e  ra in  
fo rest rich  in  ep ip h y llo u s liv e rw o rts  a t  950 m a lt. 19. F eb . 1982.

6947. Am ani-Sigi F o re s t  R eserve a t  t h e  Sigi headw aters a rea  S of A m ani, n ea r K w am koro 
Sawmills. S u b m o n tan e  ra in  fo res t w ith  rock o u tcrops a t  900-1000 m  a lt., rich  in  ep i­
phyllous liv e rw o rts . 19. Feb. 1982.

6948. Bom ole H ill 1.5 k m  W  of A m ani. P a r t ly  secondary  su b m o n tan e  fo res ts  a t  960—1060 m 
a lt ., no ep iphy llous b ry o p h y tes . 20. F eb . 1982.

* U sam bara  R a in  F o re s t P ro jec t P u b lica tio n s , No. 1.
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W est Usambara M ountains

6205. Shum e-M agam ba F o re s t  R eserve. “ K an d ele  K am p ala”  sadd le  be tw een  M agam ba and 
M abweni sum m its. M o n tan e  ra in  fo res t a t  1900 m  a lt. Coll. T ., T . and  S. P o e s , 23. Ju n e  
1970.

6950. Shuine N a tu re  F o re s t  R ese rv e , m esic m o n tan e  evergreen fo res t d o m in a ted  b y  Ocotea and 
Podocarpus. No e p ip h y llo u s  b ry o p h y tes . 21. Feb . 1982.

6951. D ry , sc lerophyllous fo re s t on  rock  o u tcro p s , w ith  sc a tte re d  J u n ip e ru s  excelsa trees and 
w ith  m any  su ccu len ts  N E  o f Shum e village, a t  1850 m  a lt. 21. F eb . 1982.

6953. Shum e-M agam ba F o re s t  R eserve, N of L ushoto . NW  slopes o f M agam ba sum m it. 
Mesic evergreen m o n ta n e  fo res t b e tw een  2000-2150 m  a lt. No ep iphy llous liverw orts.
21. Feb. 1982.

6954. Shum e-M agam ba F o re s t  R eserve, N  of L ushoto . N  su m m it o f M agam ba. R ela tive ly  
d ry  elfin w oodland  w ith o u t  ep iphyllous b ry o p h y tes , a t  2200 m  a lt. 21. F eb . 1982.

6955. R aga I I  F o re st R ese rv e  W  of M azum bai village. E  slope o f K w agoro to  above K am bi 
F a lls , m on tane  ev erg reen  fo res t a t  1750—1900 m. 23. F eb . 1982.

6956. B aga II . F o rest R ese rv e , E  su m m it o f K w agoro to , ericaceous (P h ilip p ia )  h e a th  and 
d ry  elfin fo rest a t  1900 in . 23. Feb . 1982.

6957 . B aga  II . F o rest R ese rv e , W  of M azum bai, E  facing  h a lf  sh a d y  cliff o f siliciferous rocks 
a t  1700-1900 m  a lt .  23. F eb . 1982.

6371. M azum bai, D ar es S a laa m  U n iv e rs ity  F o re st R eserve, E  slope of Sagara  ridge. M ontane 
evergreen fo res t a t  1600—1750 m  a lt. Coll. T . P o es an d  E . W . J o n e s , 7. J a n .  1971.

6372. an d  6959. M azu m b ai, DSM  U n iv e rsity  F o re st R eserve. E  slope of S agara  ridge a 
1700—1850 m  a lt. M o n tan e  ra in  fo res t (p a rtly  m ossy fo res t) rich  in ep ip h y tes . Coll. 
T . Poes and E . W . J o n e s  (6372). 7. J a n .  1971 and 23. Feb . 1982.

6960. M azum bai, DSM U n iv e rs ity  F o re s t R eserve, on th e  sh a rp , ro ck y  Sagara  ridge a t  1850— 
1980 m a lt. M osaic o f  m ossy  fo res t, e lfin  w oodland  and  P h ilip p ia  h ea th . 23. Feb . 1982.

6962. M azum bai, SE  co rn er o f DSM  U n iv e rs ity  F o rest R eserve, su b m o n tan e  ra in  forest a t 
1400-1500 m a lt. (“ L u n d g r e n ’s p lo t” .) 24. Feb . 1982.

6963. M azum bai, S end  o f D SM  U n iv e rs ity  F o re st R eserve, su b m o n tan e  ra in  fo rest a t the 
W  side of th e  ro a d , in  a  d am p  gu lly , ep iphylls on M ara ttia  fra x in ea  fe rn  leafle ts, a t 
1550 m. Coll. T . P ó c s  a n d  A. B o r h id i. 24. F eb . 1982.

6964. N ear Mgwashi v illage  N  o f M azum bai, on  ro ck y  e a r th  b an k s , su rro u n d ed  b y  d ry  th ick e t, 
a t  1500 m . 24. F e b . 1982.

U lu g u ru  ̂ M ountains S o f  M orogoro tow n

6966. M were valley, v e ry  w e t su b m o n tan e  ra in  fo rests a t  1450—1500 m  a lt ,  w ith  m an y  epi­
phyllous liverw orts especia lly  on  M ara ttia  leafle ts. 28. Feb . 1982.

6967. W  slope of P a la ta , m o n ta n e  ra in  fo res t a t  1600—1800 m  a lt .,  rich  in ep ip h y llo u s liver­
w orts. 28. Feb. 1982.

6968. P a la ta  ridge, m o n ta n e  m ossy  fo res t and  e lfin  fo res t a t  1800-1900 m  a lt .  28. F eb . 1982.
6969. T he rocky N end  o f  P a la ta  ridge. P h ilip p ia  h e a th  a t  1650 m  a lt. on g ra n itic  ground- 

s to n e , w ith  shallow , acid ic  soil. 28. F eb . 1982.
6970. R o ck y  stream b ed  r ig h t  above M orningside, 1200—1300 m . 1. M arch 1982.
6971. N  slope of B ondw a, a t  th e  low er edge of th e  fo rest reserve above M orningside. Sub­

m o ntane  ra in  fo res t a t  1320 m  alt. 1. M arch 1982.
6972. E  of M orningside, n e a r  th e  “ Schlesien M ission” , Cupressus lusitanica  p la n ta tio n  a t  

1250 m alt. 1. M arch  1982.
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A fter the  loca lities a  sh o rt in d ic a tio n  of d is trib u tio n  is g iven  or a  reference to  p rev ious 
p a r ts  o f th e  sam e E a s t  A frican  B ry o p h y te s  (“ E A B ” ) series, w here d is tr ib u tio n a l records were 
g iven. T he specim ens e n u m era ted  are d eposited  in DSM, U P S  an d  in  V B I. T he en u m eratio n  
is  follow ed by  a sh o rt p h y to g eo g rap h ica l ev a lu a tio n  and b y  th e  d esc rip tio n  of tw o new species.

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

T he A uthor is in d e b te d  to  th e  T an z an ia  N a tional Scientific  R esearch  Council (U T A F IT I), 
to  th e  Sw edish A gency fo r R esearch  C ooperation  w ith  D evelop ing  C ountries (SA R EC ) an d  to  
th e  H u n g a rian  A cadem y o f Sciences for su p p o rtin g  and sponsoring  th is  research . H e is g ra te fu l 
to  h is accom panying colleagues as w ell, w ho  p a rtic ip a te d  in  th e  co llecting  w ork. F in a lly  th e  
A u th o r  w an ts to  ex p ress his g ra titu d es  to w ard s Mrs. L. a n d  M r. J .  T a n n e r  fo r th e ir  k in d  
help  an d  hosp ita lity  d u rin g  our s ta y  in  th e  W est U sam baras.

L IS T  O F S P E C IE S  C O L L E C T E D

I Lepidoziaceae

1. Lepidozia cupressina (Sw .) L indenb . ssp . cupressina — C orticolous. *W U S: 6954/E 1, 695 4 /J , 
6960/O1, 6960/Y. A fro -A m erican  species, d is trib u tio n  cf. Gr a d s t e in , P ócs, V ána  1984: 
159-160, new to  th e  U sam b aras.

2. Bazzania borbonira (S tep h .) S teph . — Corticolous. U L U : 6967/L. L em u rian  species, 
E A B  I, I I I .

3. Bazzania decrescens (L ehm , e t L in d en b .) T rev . — C orticolous. W U S: 6953/A, 6955/W , 
6960/H ; U LU : 6969/E . W idesp read  in  tro p ical Africa an d  A u s tra las ia , E A B  I, I I ,  I I I .

4. Bazzania nitida (W eb .) G rolle T errico lous and  corticolous. W U S: 6953/C, 6955/E , 6959/F , 
6960/C, L ; U L U : 6967/K . W id esp read  in  th e  m oun ta ins o f tro p ic a l an d  S o u th  A frica , in  
S o u th  A m erica a n d  A u s tra lia . EA B  I ,  I I I .

Jungermanniaceae

5. Chandonanthus hirtellus (W eb.) M itt. On h a lf shady  rocks. U L U : 6969/D. Palaeo- 
tro p ica l species, E A B  I , m ap  by P ó c s , 1971: 852.

Geocalycaceae

6. Lophorolea concreta M ont. — T errico lous and  lignicolous. W U S: 6955/FA ; *U LU : 6972/C. 
W idespread  in tro p ic a l an d  in  S o u th  A frica , EA B  I, I I I ,  IV.

7. Lophoeolea fragrans (M oris et De N o t.)  G o tt., L indenb. e t N ees — L ignicolous. W US: 
6955/FC. A tlan tic  a n d  S E u rope, A frica , EA B  I, I I I .

8. Lophoeolea lucida (Spreng , ex L eh m .) M ont. — Lignicolous. W U S: 6962/B . T rop ical 
A frican , EA B I , I I I .

9. Lophoeolea martiaua N ees — Lignicolous. W US: 6955/FB . T rop ical A fro-A m erican, p re ­
v iously  know n in  A frica  u n d e r th e  sy n o n y m  of L . congoana S tep h ., E A B  I I I ,  see m ap  in  
Gr a d s t e in , P ócs, V á n a  1984: 135.

1 Form s ap p ro ach in g  ssp. p in n a ta  (H o o k .) Pócs
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Plagiochilaceae

10. Plagiochila angustitexta S te p h . — On sh ad y  rocks. W U S: 6960/K . K n o w n  only from  the  
W es t U sam bara  M ts. a n d  seem s to  be endem ic (cf. E . W . J ones 1962: 297).

11. Plagiochila cambuena S te p h . Corticolous. *W US: 6950/E . P u b lish ed  on ly  from  M ada­
g asca r (cf. Vand en  B e b g h e n  1981: 76), how ever, E . W . J ones id en tified  m an y  specim ens 
o f o u r jo in t collectings fro m  th e  S o u th ern  H igh lands of T an zan ia , as P . cambuena Steph. 
(unpub lished). New fo r th e  U sam b aras.

12. Plagiochila divergens S te p h . v a r. myriocarpa (P ears .) E . W. Jo n es  — E p iphyllous. U LU : 
6966/B A . W idespread a fro in o n tan e  species, E A B  I, I I I .  IV , V I.

13. Plagiochila drepanophylla S an d e  L acoste  — Corticolous and  ram ico lous. W US: 6953/L 
6954/C. L em urian  species reco rd ed  th e  f ir s t  tim e from  th e  m ain lan d  b y  E . W. J ones 
(1980: 315-317) from  o u r jo in t  collection. As th is  lo ca lity  is a t  30 k m  d istan ce  from  the  
a b o v e , th e  species seem s to  be  w idespread  in  th e  U sam b aras, b u t  n o t kno w n  elsewhere in 
co n tin e n ta l Africa.

14. Plagiochila effusa Steph . — C orticolous. W U S: 6955/A. W idesp read  a fro m o n tan e  species, 
E A B  I , V I.

15. Plagiochila fusifera T ay l. — C orticolous. W U S: 6950/H . W id esp read  in  tro p ical Africa, 
E A B  I , IV , VI.

16. Plagiochila lastii M itt. — C orticolous. W U S: 6953/N. E a s t  A frican  m o n tan e , EA B I I ,  
IV , V I.

17. Plagiochila squamulosa M itt.  v a r . sinuosa (M itt.) V anden  B erghen  — R am icolous. W US: 
6951/M , P . E ast A frican  m o n ta n e , E A B  I, I I I ,  V I.

18. Plagiochila terebrans L in d en b . ex  Nees e t M ont. - C orticolous. W U S: 6953/G, K , 6954/G; 
U L U : 6966/G. W id esp read  a fro in o n tan e  species, EA B  I, V I.

Schistochilaceae

19. Gottschea englerana (S te p h .)  Grolle & Z ijlstra  — Corticolous. W U S: 6953/B , 6954/D, K. 
C rysta lline  block m o u n ta in s  o f  E a s t A frica +  M adagascar, see E . W . J ones 1976: 39 
a n d  E A B  I I I ,  for sy n o n y m y  see Gro lle  & Zijl s t r a  (1984: 89).

Radulaceae

20. Radula flaccida L in d en b . e t  G o tt. — E p iphyllous. E U S : 6947/B R . W id esp read  trop ical 
A fro-A m erican  species, E A B  I , G r a d s t e in , P ó cs, Vána  1984: 137.

21. Radula holstiana S tep h . — O n stream b ed  rocks. E U S: 6947/AB. W id esp read  afrom ontane 
species, see m ap in O c h y r a , P ó cs  1982: 366.

22. Radula recurvifolia S te p h . — On b a rk  an d  on ram icolous b ry o p h y tes . W U S: 6951/Q, 
5 9 5 5 /0 . W idespread a fro m o n tan e  species, EA B  I, IV , V I.

23. Radula stenocalyx M ont. — E p ip hy llous. U L U : 6966/A J, 6967/AH. T rop ical A fro-A m er­
ica n  species, see m ap  in  G r a d s t e in , P ó cs, Vána  1984: 142.

24. Rafula stipatiflora S tep h . — On sh ad y  rocks. *W US: 6957/N . A fro m o n tan e  species, 
E A B  IV.

Porellaceae

25. Porella hoehnelii Steph . — R am icolous. *U L U : 6967/0 . A fro m o n tan e  species new to th e  
U lu g u ru s, EAB I, IV , V , V I.

26. Porella subdentata (M itt.)  E . W . Jo n es  v a r. subdentata — C orticolous. *W U S: 6950/G. 
W idesp read  trop ical A frican  species, new  to  th e  U sam b aras, EA B  I, IV , V I.
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Frullaniaceae

27. Frullania apicalis M itt. — On b a rk , ro ck s  a n d  epiphyllous. E U S : 6947/B K , 6946/F  p .p .;  
W U S: 6957/G; U L U : 6969/D. W id esp read  a fro m o n tan e  species, E A B  I I I ,  IV.

28. Frullania arecae (Spreng .) G o tt. — C ortico lous. W US: 6951/0 . W id esp read  p a n tro p ic a l
species, EA B I , I I ,  V I.

29. Frullania capensis G ott. — On e ricaceous b a rk . W US: 6960/Q. S o u th eas t A frican  — 
L em u rian  species, E A B  IV.

30. Frullania diptera (L ehm , e t L in d en b .) G o tt. Corticolous. *W U S: 6955/K . T ro p ica l 
A frican , EA B  I, I I I ,  uncom m on.

31. Frullania ericoides (Nees) M ont. C orticolous. W US: 6951/N. V ery  w idesp read  p an - 
tro p ica l species.

32. Frullania lindenbergii Lehm . — C orticolous. E U S : 6946/F. SE  A frican  — L em u rian  species, 
E A B  I I I .

33. Frullania obscurifolia M itt. — C orticolous. W U S: 6955/N. T rop ical A frican  species, E A B  
I , IV. U L U : 6972/K .

34. Frullania serrata G o tt. — C orticolous. U L U : 6969/L. W idespread p a laeo tro p ica l m o n ta n e  
species EA B I, I I ,  I I I ,  IV.

Lejeuneaceae

35. Caudalejeunea lewallei V anden B erg h en  — E p iphyllous. *EUS: 6947/B V ; U L U : 6966/A Z. 
E a s t A frican m o n tan e , from  E th io p ia  to  B u ru n d i and  to Z im babw e, new fo r th e  U sam - 
b a ras.

36. Mastigolejeunea nigra (S teph .) S tep h . — C orticolous. E U S : 6946/K . T rop ical A frican  
low land  species, fro m  G uinea to  th e  Z aire , sp o rad ica lly  in  th e  U sam b aras.

37. Schniffneriolejeunea polyearpa (Nees) G ra d s t. — Corticolous. WUS: 6 9 5 5 /X ;U L U : 6972/E . 
W idespread  tro p ic a l A frican  species, E A B  I , I I I .

38. Marchesinia moelleriana Pears. — On b a rk  a n d  on rocks, also ep iphy llous. W U S: 6950/F , 
6955/A, 6957/H , 6960/AA, 6372/DS. E a s t  A frican  m ontane species, E A B  I.

39. Odontolejeunea tortuosa (Lehm , e t L in d e n b .)  S teph . — E p ip h y llo u s. *EU S: 6946/AC; 
*W U S: 6947/B J, 6374/B S; U L U : 6966/AS. T rop ical A frican species, re la te d  to th e  tro p ic a l 
A m erican  0 . lunu la ta  (W eb.) Schiffn ., new  to  th e  U sam baras, E A B  I , V.

40. Ceratolejeunea calabariensis Steph . — E p ip h y llo u s  and on b a rk . E U S : 6947/B U , 6948/D ; 
*U LU : 6966/AQ. T ropical A frican , new  to  th e  U lugurus, EA B  I , IV .

41. Leucolejeunea unciloba (L indenb .) E v a n s . — O n bark . W U S: 6955/Z. A fro-A m erican  
species, in  th e  A frican  co n tin en t k n o w n  o n ly  fro m  th e  W US: M azum bai, B u m buli-S on i 
a n d  from  th e  S o u th e rn  H igh lands o f T an z an ia : M ufindi, a t  1500—1750 m  a lt .,  th e n  in  
S-A frica. (Cf. E . W . J ones 1973: 547 a n d  m ap  in  Gr a d ste in , P ócs, Vána  1984: 135).

42. Cheilolcjeunea (Cheilolejeunea) decursiva (Sde-L ac .) Schust. O n b a rk . *W US: 6955/U . 
P a laeo tro p ic  species, new to th e  U sa m b a ra s , E A B  I I I ,  V (m ap on  pag e  62).

43. Cheilolejeunea (Cheilolejeunea) surrepens (M itt.)  E . W. Jo n es — E p iphy llous. W US: 
6371/BA. E a s t A frican  — L em urian  species, E A B  I , I I I ,  IV, u n d e r th e  synonym  of Cheilo­
lejeunea silvestris (G o tt.)  E . W . Jo n es  v a r . silvestris.

44. Cheilolejeunea (Euosmolejeunea) brachytoma (G o tt.)  Schust. On b ark . E U S: 6946/A. 
T rop ical A frican , E A B  I. IV.

45. Cheilolejeunea (Strepsilejeunea) brevifissa (G o tt.)  Schust. E p ip h y llo u s. W US: 6371/B F. 
E a s t  an d  S o u th  A frican  m o n tan e  species, E A B  I I I ,  IV.

46. Taxilejeunea conformis (M ont.) S tep h . E p iphy llous. U L U : 6966/B B , 6967/AF. W ide­
sp read  a fro m o n tan e  species, E A B  I , I I I ,  IV.
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47. Pycnolejeunea angustiflora Steph . On P h ilip p ia  (E ricaceae) b a rk . *W US: 6960/DA. 
V ery  ra re  a fro m o n tan e  species described from  F ern an d o -P o o , new  fo r E a s t Africa.

48. Lejeunea (Hygrolejeunea) acuta M itt. — E p ip h y llo u s. U L U : 6967/W . A from ontane , 
E A B  I , I I I .

49. Lejeunea alata M itt. S y n .: T a x ile jeunea m itrica lyx  E ifrig . — E p ip h y llo u s on leaves of 
H ym enophyllaceae. U L U : 6966/BD. 2nd reco rd  from  c o n tin e n ta l A frica, palaeo trop ic , 
E A B  I I I .

50. Lejeunea caespitosa L in d en b . ex G., L. e t  N . On b ark . W U S: 6950/J. W idespread  
tro p ica l A fro-A m erican  species, EA B I, V I.

51. Lejeunea flavovirens J .  Á n g str. — C orticolous. *W U S: 6953/H . N ew  to  th e  U sam b aras, 
p rev iously  know n o n ly  fro m  U ganda: M uhaw ura  volcano.

52. Lejeunea (Mierolejeunea) kamerunensis (S tep h .) V an d en  B erghen  E piphyllous. *W U S: 
6372/D K . A fro m o n tan e  species, new  to th e  U sam b ara s , E A B  I.

53. Lejeunea (Hygrolejeunea) lyratiflora (S tep h .) S te p h . 1892, H edw ig ia  31: X IV . — E p i­
phyllous. U L U : 6966/A R . A from ontane  species, E A B  I I I .

54. Lejeunea (Mierolejeunea) ulicina (Tayl.) T ay l. ex  G o tt. ssp. ocellifera (S. Arnell) Schust.
W US: 6205/J, 6 371 /B D ; U L U : 6966/AU. T ro p ica l A frican subspecies, cf. G r a d s t e in , 

P ó c s , Vána 1984: 161, E A B  I, I I ,  I I I ,  IV , V I.
55. Drepanolejeunea cultrella (M itt.) S teph . E p ip h y llo u s. E U S 6947/B N ; U LU : 6966/A P. 

6967/AA, 6968/D. W id esp read  a fro m o n tan e  species, E A B  I, V.
56. Drepanolejeunea physaefolia (G o tt.) S teph . — C orticolous (especially  on ericaceous b a rk ) 

a n d  on o ther b ry o p h y te s , also epiphyllous. *W U S: 6953/0 , 6957/V, 6361/DU, 6960/Z; 
U L U : 6969/D. M o n tan e  species know n from  E a s t  A frica u n d e r th e  nam e of D. fr ie s ii  
V and . Berg, and  from  M ad agascar and  th e  M ascarenes, EA B  I, V. N ew  for th e  U sam b aras.

57. Drepanolejeunea pocsii Grolle — E p iphy llous. U L U : 6966/AT, n e a r  th e  ty p e  loca lity . 
E a s t  A frican m o n tan e  species, from  S o u th  K e n y a  to  Z im babw e, E A B  V.

58. Drepanolejeunea trematodes (Nees) B ischl. — E p ip hy llous. U L U : 6968/K . E as t A frican — 
L em urian  m o n tane  spec ies, E A B  V.

59. Leptolejeunea maculata (M itt.) Schiffn. — E p ip h y llo u s. E U S: 6946/A B , 6947/BE; *W U S: 
6371/AY; U L U : 6966/A F. E A B  I, I I I .

60. Prionolejeunea grata (G o tt.)  Schiffn. E p ip h y llo u s on leaves o f H ym enophyllaceae. 
U L U : 6966/BC. W id esp read  tro p ical A frican  species, EA B I, I I I ,  th e  earlier synonym  of 
P .  serrula (M itt.) S te p h . fid e  Grolle 1978: 14.

61. Cladolejeunea aberrans (S tep h .) Zwickel — E p ip h y llo u s on Trichom anes rigida leaves. 
E U S : 6947/BB, n o t fa r  fro m  th e  ty p e  loca lity . T h e  only record  of th is  m onotypic genus 
since its  descrip tion  fro m  A m ani. E . W . J o n e s  (1974: 89) discusses th is  in te resting  ta x o n  
supplem enting  S t e p h a n i’s an d  Z w ic k e l ’s d esc rip tio n  in  con n ec tio n  w ith  a re la ted  group  
o f species called b y  h im , as Lejeunea eckloniana  com plex. He suspec ts its  oil bodies to  be 
sim ple, hom ogenous, in  w hich  case th e  Lejeunea  eckloniana  com plex  and  Cladolejeunea 
w ould  be congeneric. S c h u s t e r  (1980: 985) considers to  be possib le , th a t  this com plex 
should  be sep a ra ted , as a section  of Lejeunea, J o n e s  (l.c.) even co u n ts  w ith  the  p o ssib ility  
to  p lace them  in  a se p a ra te  genus. B oth  of th e m  m en tio n  th e  n am e Ciliolejeunea S. A rnell 
as a  possible nam e fo r th e  new section or of th e  genus including th e  w hole complex.

The A u th o r co u ld  exam ine  m ate ria ls fro m  th is  tax o n  fresh  enough  to see its  sm all, 
hom ogeneous, M assu la  ty p e  oil bodies. T h is fa c t  seem s to  su p p o rt J o n e s ’ a n tic ip a tio n  of 
Cladolejeunea aberrans belonging to th e  “ L ejeu n ea  eckloniana com plex” . In  th is  case 
th e  group a t  a n y  leve l should  b ear th e  nam e of Cladolejeunea  Zw ickel 1933, n o t Cilio- 
lejeunea  S. Arnell 1953.

62. Diplasiolejeunea cavifolia (S teph .) S teph. — E p iphy llous. U L U : 6966/AH. P a n tro p ica l 
species, EAB I, I I I .
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63. Diplasiolejeunea cornuta Steph . E p ip h y llo u s. E U S : 6947/BM. E a s t  A frican  — L em u rian  
species, E A B  I , I I I .

64. Diplasiolejeunea kraussiana (L in d en b .) Spr. E p iphyllous. *E U S: 6947/B H . S o u th e as t 
A frican  species, new to  th e  U sam b ara s , E A B  I I I ,  V.

65. Diplasiolejeunea symoensii V and. B ergh. E p ip h y llo u s. *EUS: 6946/A D ; *W US: 6371/B G , 
6372/D N  (coll, e t de t. E . W . J o n e s  e t T . P o e s). E a s t  A frican  m o n ta n e  species, new  to  th e  
U sam b aras, E A B  I I I .

66. Diplasiolejeunea villaumei Steph . E p ip h y llo u s. E U S : 6947/BO; W U S: 637J/A E , 63 7 2 /D J. 
E a s t  A frican  — L em u rian  species p rev io u s ly  k n o w n  from  E a s t A frica  u n d e r th e  n am e  of
D . runssorensis v a r . australis E . W . J o n e s , synonym ized  recen tly  b y  P . T i x i e r  (1984: 21).

67. C olura calyp trifo lia  (H ook.) D u m . ssp. calyp trifo lia  — On P h ilip p ia  (E ricaceae) b a rk . 
*W U S: 6960/E . C. calyptrifolia  s. s tr .  is a n  o cean ic -tem p era te  A fro -A m erican  ( +  E u ro p ea n ) 
species a n d  is v e ry  r a re  in  tro p ic a l A frica , k n o w n  on ly  from  R w a n d a , T ran sv aa l, M au ritiu s  
a n d  new  to  th e  U sam baras (cf. G r a d s t e in , P ó c s , V á n a  1984: 159), while th e  re la te d  
C. tenuicornis E v an s  is m ore w id esp read .

68 . Colura digitalis (M itt.) S teph. — E p ip h y llo u s. *E U S : 6946/AE, 6947/B G ; W U S: 6371 /B K ; 
U L U : 6966/A X , 6967/AC, 6968/H ; tro p ica l A frican , EA B  I I I .

69. Colura dusenii (M itt.) S teph. -  E p ip h y llo u s. W U S: 6955/P; U L U : 6967/AD. A fro m o n tan e : 
fro m  C am eroun  to  E a s t A frica (cf. J o v e t -A st  1976: 911).

70. Cololejeunea afrieana (S teph .) S ch u st. — E p ip h y llo u s. *W US: 6963/D , 6265/G, 6372/D R ; 
U L U : 6966/A W . T ropical A frican  species, E A B  I , I I I .

71. Cololejeunea apieulata (E . W . Jo n e s) S ch u ste r  — E piphyllous. *U L U : 6966/AA. A fro ­
m o n tan e  species, new  for E a s t  A frica , h ith e r to  kno w n  only fro m  i ts  ty p e  lo ca lity  on  M t. 
C am eroon a t  1300 m alt.

72. Cololejeunea appressa (E vans) B en. — E p ip h y llo u s  on  Trichomanes rig idum  leaves. *E U S : 
6947/B D ; U L U : 6966/AV. P a n tro p ic a l re p re se n ta tiv e  of Subgenus Taeniolejeunea  (Z w ickel) 
B ened ix , q u ite  ra re  in A frica p rev io u s ly  k n o w n  on ly  from  B udongo  F o re st in  U g an d a , 
th e  K asigau  H ill in  K enya an d  from  th e  U lu g u ru  M ts. in  T an zan ia , E A B  I , I I I .

73. Cololejeunea bolombensis (S tep h .) V an d en  B erghen  E p ip h y llo u s. U L U : 6966/A L. 
P a laeo tro p ica l species, EA B  I , I I I .

74. Cololejeunea eardioearpa (M ont.) E v a n s  - E p ip hy llous. *EU S: 6946/A A ; W US: 6371/A Z, 
6205/F ; U L U : 6966/AO. W id esp read  p a n tro p ic a l species, EA B  I, I I I ,  V.

75. Cololejeunea crenatiflora Steph . E p ip h y llo u s. E U S: 6947/BQ; U L U : 6966/AN. T ro p ical 
A frican  species E A B  I I I .

76. Cololejeunea distalopapillata (E . W . Jo n es) S ch u st. — E piphyllous. E U S : 6947/B L; *W U S: 
6963/H . E a s t A frican  m o n tane , E A B  I ,  I I I .

77. Cololejeunea duvignaudii E. W . Jo n e s  — E p ip h y llo u s. U L U : 6966/AG. T ropical A frican , 
E A B  I, I I I .

78. Cololejeunea elegáns S teph. — E p ip h y llo u s. *W U S: 6372/CS, coll, e t  det. b y  T . Pócs 
a n d  E . W . J o n e s . New fo r th e  U sam b ara s , p rev iously  know n o n ly  fro m  C am eroun  a n d  
fro m  th e  K asigau  Hills in  K en y a .

79. Cololejeunea harrisii Pócs — E p ip h y llo u s. U L U : 6966/AB. E a s t A frican  m o n tan e  species, 
E A B  I I I .

80. Cololejeunea hyalino-marginata (N ees ex M ont.) Grolle E U S: 6947/B F ; U L U : 6966/A K , 
6968/G. W idesp read  tro p ical A frican  species p rev iously  know n, as C. leloutrei (E . W . Jo n e s)  
S chu st., cf. E A B  I, I I I .

81. Cololejeunea malanjac Steph. E p ip h y llo u s. *W U S: 6205/H ; U L U : 6967/AE. SE  A frican  
m o n tan e  species, new from  th e  U sam b ara s , E A B  I, I I I .

82. Cololejeunea minutissima (S m ith ) Schiffn. ssp. myriocarpa (N ees e t M ont.) S ch u ste r; 
Syn .: C. myriocarpa  (Nees e t M ont.) E v a n s  — Corticolous. *E U S : A m ani, on  p la n te d
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tree s  near th e  G o v e rn m en t R est H ouse, coll. T . P oes e t E . W . J o n e s , 6381/K. W ith  
squarrose , open leaves, th e  lobule no t being  c losed to  th e  lobe, ty p ic a l  to  ssp. m yriocarpa. 
A  subspecies (or a cc o rd in g  to  previous v iew s, a  species) h ith e r to  kno w n  only fro m  th e  
C aribbean  region o f t ro p ic a l A m erica, new  to  A frica . W ith  re sp ec t to  th e  “ w eedy”  c h a r ­
a c te r  of th is ta x o n  a n d  to  i ts  occurrence on  a p la n te d  tree  in  a b o tan ic a l garden , its  o c cu r­
rence m igh t be  also a  r e c e n t  in tro d u c tio n .

83. Cololejeunea mocambiquensis S. A rn. — E p ip h y llo u s. *W U S: 6962/E . SE  A frican  
L em u rian  species, E A B  I I I .

84. Cololejeunea pusilla S te p h . v a r. obtusifolia E . W . Jo n es  E p ip h y llo u s. *EU S: 6947/BS. 
W idespread  tro p ic a l A frica n  species, EA B  I, I I I ,  IV.

85. Cololejeunea tanzaniae P o es — E piphyllous. *E U S : 6947/BT; W U S: 6371/AZ, 6372 /D P ; 
U L U : 6966/BD, 6 967 /A E , 6968/J. E as t A frican  — L em urian  species, EA B  V.

86. Cololejeunea usambariea E . W . Jones — E p ip h y llo u s. U L U : 6966/AM , 6967/AG. E a s t  
A frican  — L em u rian  species, EA B  I I I .

87. Aphanolejeunea exigua E v a n s  va r. africana Poes E p iphy llous. *W U S: 6372/DT. E a s t  
A frican  v a rie ty  o f a n  A fro-A m erican  species (cf. Poes 1983, 1984, P o es, G r a d s t e in , 
Vána 1984), new  to  th e  U sam b aras.

88. Aphanolejeunea moraniangae P . T ixier — E p iphy llous. *W U S: 6371/B B . E a s t A frican  
m o n tan e  — L em u rian  species (cf. T ix ie r  1979, P o es  1984), new  fo r th e  U sam b ara s.

Metzgeriaeeae

89. Metzgeria agnewii K u w ah . -  E piphyllous. *W U S: 6371/B J. E a s t A frican  m on tane  species, 
new  to  th e  U sam b ara s, E A B  I I I ,  IV, V I, see m ap  in  O c h y r a , P o e s  1982: 369.

90. Metzgeria leptoneura S p ru ce  — U LU : 6967/U ; 6966/AY, 6967/AK. O ceanic subcosm opolite , 
E A B  I , I I I .

91. Metzgeria limbato-setosa S tep h . — *W US: 6953 /J. E a s t A frican  m o n tane , EA B  I , I I I ,  
IV , V I.

92. Metzgeria thomeensis S te p h . — Corticolous a n d  ep iphyllous. *E U S : 6947/A E; W U S 
6372/D O ; U L U : 6967/B , Q, R ,T .  W idespread  tro p ic a l A frican  species, E A B  I, I I I ,  IV , V I

New tax a

93. C ololejeunea an ian iensis Poes, species nova 
(P la tes  I —II- F igs 1-17, 41)

Cololejeuneae liarrisii Poes af f in is. sed bene differt statura et cellulis m inoribus fo li is  
aureoviridibus, rhizoidis rubellis perianthiisque cordiform ibus non auricula tis.

This species is r e la te d  to  Cololejeunea harrisii Poes (1976: 357), b u t  defin itely  d is tin c t. 
Sm all, goldengreen p la n t  c reep ing  on film y fern  leaves. Shoot p seudo-d ichotom ously  b ra n c h ­
ing , u p  to  2 m m  long, w ith  leaves 0.6-0.8 m m  b ro ad . S tem  d iam e te r a b o u t 50 p m . A  con­
sp icuous feature  no t k n o w n  b y  an y  o ther A frican Cololejeunea species is th e  vine red  colour 
o f th e  rhizoids. T hey are  s lig h tly  b ranch ing , co n n ate  a t  th e ir  base, fo rm in g  a secondary  rh izo id  
p la te . L eaves d is tan t to  s lig h tly  im bricate, 0.4—0.6 m m  long, 0.25—0.4 m m  broad , w idest n e a r 
th e  m iddle, w ith  b ro a d ly  ro u n d e d  apex. M arginal cells of lobi are e longated  paralle l to  th e  
m arg in , like by  C. h a rris ii, b u t  th e  ou term o st w alls are in crassate . O th e r cell walls th in , 
w ith o u t trigones or in te rm e d ia te  th ickenings. C en tra l lobe cells 20-25 fin l in  d iam eter (up  to  
50 p m  b y  C. harrisii), iso d iam e tric  pen ta- or hexagonal. B asal an d  m arg in a l cells are longer,
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Cololejeunea am aniensis  Poes sp. n. Figs 1 -2 .  S h o o t apices. F ig. 3. P a r t  of shoot w ith  p e r ia n th s  
and  m ale  sp ikelets. F ig s 4 -5 . Lobules. F ig . 6. M ale sp ike le t. A ll d raw n  from  th e  ty p e . Scale

bars re p re se n t alw ays 50 ftm
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Cololejeunea am aniensis  Pócs sp. n . Fig. 7. Cells o f  th e  a n tic a l m arg in ; Fig. 8 o f lobe cen ter; 
F ig . 9  o f lobe apex ; F ig. 10 o f postical m arg in ; F ig. 11 o f lobule apex. Fig. 12. R hizo id  disc.

All d raw n  from  th e  ty p e
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Cololejeunea am aniensis  Poes sp. n. (Figs 13—17) an d  C. harrisii Poes ( Figs 18-20). F igs 1 3 -1 4 , 
P e r ia n th , dorsal and  v e n tra l  view. Fig. 15. P e r ia n th  in ap ical view . Figs 16-17. P e r ia n th  
apex . F ig. 18. P e r ia n th , v e n tra l view. F ig s 19—20. P e r ia n th  m o u th . Figs 13-17. A re d raw n  
from  th e  ty p e  of C. am aniensis. Figs 1 8 -2 0  from  C. harris ii collected  by  D e  Slo o v er  in

R w anda, R u g eg e  F o rest, E G R
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Fig. 41. D is tr ib u tio n  of Cololejeunea am aniensis  P oes sp. n. (dot) and of Cololejeunea harris ii
Poes (open  rings)

reach in g  50 /an  in len g th , b u t  only 10-15 (-2 0 ) /a n  b ro ad . Shape of th e  lobuli a n d  th e  p osition  
of th e  hyaline  p ap illa  on  th e  two-celled ap ical to o th  is v e ry  sim ilar to  those  of C. harrisii. 
P ro x im al to o th  b lu n t, inconsp icuous or lack ing . G em m ae n o t seen.

A utoicous. P e r ia n th s  develop on b ran ch es o r on th e  m ain  shoot, h e a r t  shaped , ab o u t 
0.5 X  0.5 m m  in size, com pressed , th e ir c en tra l p a r t  m uch  less in fla ted  th a n  by  C. harrisii
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and  th e ir  w ings are n o t a u ricu la te  an d  c ren u la te . U p p er edges o f  th e  p e ria n th  ha lves are  n o t 
co n nate , leav in g  th e  p e r ia n th  open even in  ju v en ile  stage. Cells o f th e  m o u th  are m u ch  less 
p ro tru d in g , th a n  those o f C. harrisii. Fem ale  b rac ts  b ro ad ly  sp a th u la te  w ith  sm oo th , en tire  
m arg in , reach ing  h a lf th e  len g th  o f th e  p e r ia n th . Male sp ike le ts b o rn  on th e  m ain  shoo t, 
pendulous, consisting  of 2 -3  pa irs o f b racts.

Acta Botanica Hungarica 31, 1985
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T y p e : E a s t  A frica , T an zan ia , T an g a  R egion, E a s t U sa m b a ra  M ts. 
A m ani-S ig i F o re s t R eserve. Sigi h e ad w a te rs  area  S of A m ani, n e a r  K w am k o ro  
saw m ills. E p ip h y llo u s  on Trichom anes r ig idum  leaves in  su b m o n ta n e  ra in  
fo re s t a t  1000 m a lt., accom pan ied  b y  Cladolejeunea aberrans (S tep h .) Zwickel. 
C ollected  b y  T. P o e s , N o. 6947/BC, on 19. F eb . 1982. H o lo type  d ep o sited  in 
V B I, iso ty p e  in  th e  m icroscopic slide co llection .

Cololejeunea am aniensis  and  C. harrisii seem  to  fo rm  a n a tu ra l group of A frican  species, 
m ay b e  a t  th e  section  level. T he affin ities to  o th e r  species are  discussed b y  Poes (1976, l.c.)

94. Cololejeunea tanneri Poes, species nova
(P la tes  IV —V I, F igs 21—40, 42, 43)

Cololejeuneae m alanjae  S teph . s im ilis , sed d iffert cellulis lobi distincte p a p illo sis , p ap illa  
h ya lin a  basi dentis apicalis disposita , atque carin is p eria n th ii et bracteis fem in in is  mam illate  
crenulatis.

E p ip h y llo u s, i t  develops in  v iv id  g reen  p a tc h es  o f 3 -5  m m  in d iam ete r. S tem s of 2-4  
m m  len g th , 50 /o n  in d iam e te r, irreg u larly  b ran ch in g , shoo t w ith  leaves 0 .6 -0 .9  m m  broad , 
s lig h tly  ap pressed  to  th e  su b s tra te . R hizo ids fo rm  seco n d ary  p la tes, colourless. L eaves con­
tig u o u s  or d is ta n t, 0 .4 -0 .6 x 0 .1 6 -0 .2 7  m m  in size, w ith  o ften  strongly , irreg u larly  d e n ta te  
m arg in . M arginal te e th  u n i- or p lu ricellu la r, b ro ad  tr ian g u la r . Lobule in fla ted , u n id en ta te  
w ith  ap ical te e th  o f 2 cells long. H yaline  pap illa  a t  th e  inner base of th e  ap ical to o th , in 
c e n tra l  position . Lobe an d  lobule cells m ore or less iso d iam etric , in th e  cen tre  p e n ta -  or sex- 
a n g u la r , 10—15 itm , a t th e  m arg in  and  ap ex  m ore q u a d ran g u la r , 8-12 p m  in  d iam e te r. E ach  
lobe cell tip p ed  w ith  a large  hem isphaeric  o r conical pap illa  on th e  dorsal side of th e  lo b e7 
e x c e p t its  low erm ost p a r t.  Cell walls even ly  th ick en ed  a t  th e  lobe m arg in , w ith  tr ia n g u la r  
th ick en in g s  in  th e  cen tre  a n d  w ith o u t th ick en in g  a t  th e  base  of th e  lobe an d  in th e  lobule. 
D isco id  gem m ae 20 celled, develop on th e  v e n tra l  lobe surface , up  to  80 x 6 0  p m  size.

A uto icous, th e  p e r ia n th s  and m ale b ra c ts  b o rn  on b ranches. P e rian th  o b o v a te , 5 keeled, 
0.5 x 0 .3 5  m m . C arinae w ith  conically  p ro tru d in g  cells. No beak. Fem ale b ra c ts  w ith  crenu late  
m arg in  an d  keel due to  th e  conical m am illa te  cells, equalling  th e  p e r ia n th  in  leng th . Male 
b ra c ts  sim ilar to  leaves, sep a ra te  sp ikele ts n o t being  observed.

T he new  species is d ed icated  to  L ucy  and  J o h n  T a n n e r , who d o n a ted  th e  M azum bai 
F o re s t  R eserve an d  R esearch  S ta tio n  to  th e  U n iv e rs ity  o f D ar es Salaam , fo r th e  b enefit of 
science an d  of th e  T an z an ia n  people.

T y p e : E a s t A frica, T an zan ia , T an g a  R egion, W est U sam b ara  M ts. 
M azu m b ai U n iv e rs ity  F o rest R eserve, n e a r  its  S end, in su b m o n tan e  ra in  
fo re s t a t  1500 m a lti tu d e , in  a dam p  gully . E p iphy llous on M arattia  fra x in ea  
le a f le ts , associa ted  w ith  Cololejeunea mocam biquensis S. A rn. Coll. T . P ó cs  and  
A. B orhidi 6963/F . H o lo ty p u s deposited  in  V B I, iso types in DSM , G, U PS . 
P a ra ty p e :  6962/F , on film y  fern  leaves (m icroslide in  V BI).

Cololejeunea tanneri obviously  belongs to  a g roup  of m ostly  A frican  Cololejeunea 
species discussed by  E . W . J ones (1953), as “Cololejeunea and  Leptocolea w ith  d e n ta te  leaves”  
w here  he en u m era ted  C. grossidens S tep h ., C. m alanjae  S tep h ., Leptocolea dentata  E . W . Jones 
fro m  A frica, C. pentagona  (M itt.) E . W . Jo n es  from  Sam oa and  C. decliviloba (S tep h .) E . W.
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Plate IV

Cololejeunea tanneri Poes sp. n. F ig . 21. V en tra l v iew  of a  shoo t ap ex , show ing th e  d o rsa l 
side of a lobe. F ig. 22. L ea f w ith  discoid  gem m ae on th e  v e n tra l  side o f lobe. Fig. 23. G em m a. 
Fig. 24. P a r t  o f sh o o t show ing tw o  lobules. Figs 25—26. A pical to o th  w ith  hyaline p ap illa .

A ll d raw n  from  th e  ty p e
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Plate V

Cololejeunea tanneri Poes sp. n . Fig. 27. L ea f seen from  its  dorsal side. Fig. 28. Cells from  
th e  d o rsa l side o f lobe ap ex ; Fig. 29 o f lobe m arg in ; Fig. 30 o f lobe c en te r; Fig. 31 o f  lobe

base. A ll d raw n  fro m  th e  ty p e
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P la te  VI

Cololejeunea tanneri Poes sp. n. Fig. 32. P a r t  o f  shoot w ith  fem ale  a n d  m ale b rac ts . F ig . 33. 
A pex  of a  fem ale b ra c t. Fig. 34. F em ale  b ra c ts . Fig. 35. P e r ia n th ,  ap ical view . F ig . 36. 
P e r ia n th  w ith  b ra c ts , dorsal view . Figs 37  a n d  40. K eel w ith  fem ale  b ra c ts . Fig. 38. P e r ia n th  
m o u th . Fig. 39. F em ale  b ra c t lobule w ith  to o th  and  hyaline  p a p illa . A ll d raw n from  th e  ty p e
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Jo n e s  from  New C aledonia. Sc h u ste r  (1963: 175) c rea ted  for th is  o r a t  lea s t for a p a r t  o f 
th is  group his Sectio Dentatae. C. m alanjae  S tep h . an d  C. grossidens S te p h . were la te r  syn- 
onym ized  (Va n d en  B e r g h e n  1978: 452) and  fu r th e r  new  species a d d e d  to  th e  sam e group: 
Cololejeunea borhidiana  Poes (1980), C. calcarata E . W . Jones (in J o n e s , H arring to n  1983). 
J o n e s  (l.c.) considers th e  M adagascan  C. p lagiochiliana  P . T ixier also closely  re la ted . An o th e r

F ig . 43. D istrib u tio n  o f Cololejeunea tanneri Poes (sm all ring), of C. borhidiana  Poes (large 
r in g ), of C. grolleana Poes (sm all do t), o f C. dentata  (E . W. Jones) S ch u st. (large dot), of C. 

calcarata E . W . Jo n e s  (open trian g le), an d  o f C. plagiochiliana  P . T ix . (full triangle)
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species, Cololejeunea grolleana Poes (1980) w ith  large , sphaeric p ap illae  on th e  lobe surface  
and  w ith  very  b ro ad , se rru la te  leaves, seem ed to  be isolated. Now , in th e  know ledge of the  
above new  species, w hich has in te rm ed ia te  p osition  in some a sp ec ts  betw een C. grolleana  
and  m em bers of th e  Sectio Dentatac, i t  seem s to  be  clear to  coun t C. grolleana too to  th e  sam e 
group , w ith  d en ta te -se rra te  an d  acu te  lobe, w ith  gem m ae on its  v e n tra l  surface. In  ad d itio n  
to  C. decliviloba S teph . a se t o f N ew  C aledon ian  species described  b y  T ix ie r  (1979) also 
shou ld  belong here (C. pseudoserrata  P. T ix ., C. mackeeana P . T ix ., C. huerlim annii P . T ix . 
and  C. ninguana  P . T ix.). T he p e ria n th  in D entalae  can vary  from  c o rn u te  or 5 c a r in a te  to 
sm oo th , com pressed, th e  p ro x im al lobule to o th  fro m  long, falcate to  n il, cell walls from  sm o o th  
th ro u g h  conically p ro tu b e ra n t to  strong ly  p ap illa te . The Sectio rep re sen ts  a p a laeo tro p ic  
g roup  of species, cen tered  in  th e  old, G o n d w analand ic  areas o f N ew  Caledonia a n d  o f E a s t 
A frica, w here th e  w idest d is tr ib u te d  species, C. malanjae lives a n d  w here  s trong  sp éc ia tio n  
to o k  p lace, and even m ore locally  d is tr ib u te d  species can be ex p ec ted  (cf. figs 42, 43).

Phytogeographical conclusions

A t th e  p resen t level o f know ledge on  th e  livertvort f lo ra  of th e  U sa m b a ra  
M oun ta ins it  should  be p re m a tu re  to  c a rry  ou t a d e ta iled  analysis on th e  flo- 
r is tic  com position . A nyw ay , co m p ared  to  o th e r p a rts  o f  E a s t  A frica, th e  low ­
land  an d  su b m o n tan e  ra in  fo rests o f E a s t  U sam bara M o un ta ins b ear a large 
n u m b e r of tro p ica l A frican  low land  species m ostly  d is tr ib u te d  in W est A frica 
like F ru llan ia  diptera, M astigolejeunea nigra, Cheilolejeunea brachytoma, Colura 
digitalis  and  Cololejeunea hyalino-m arginata . On the  o th e r  h an d , a fro m o n tan e  
or E a s t  A frican m o n tan e  species occur m o stly  in  th e  m o n ta n e  ra in  fo rests  a t 
h ig h er a ltitu d es  of th e  W est U sam b ara s , like Plagiochila effusa, P . lastii, 
P . squam ulosa, P. terebrans, R adula  recurvifolia  an d  stipa tiflora , Gottschea 
angustiflora  and Lejeunea kam erunensis, D repanolejeunea cultrella, D iplasio- 
lejeunea sym oensii, Colura dusen ii, Cololejeunea m alanjae, M etzgeria agnew ii 
an d  M . limbato-setosa.

T he m ost p ecu liar g roup  is fo rm ed  by  species, w h ich  are w idespread  in  
M adagascar and  in  th e  M ascarene Is la n d s  while on th e  m a in lan d  are re s tr ic te d  
m o stly  to  th e  old c ry sta llin e  b locks o f  E a s t Africa. V ery  few  of th e m  occur 
on th e  m uch younger E a s t  A frican  volcanoes. The d is tr ib u tio n  p a t te rn  of 
these  E a s t A frican — L em u rian  species is discussed in  d e ta ils  by  B i z o t  an d  
P o es  (1974: 393) and  b y  P o es  (1975: 126, 1982: 303-305). T heir n u m b e r is 
m ay b e  th e  h ighest in  th e  U sam b ara  an d  U luguru  M o u n ta in s  in  co n tin e n ta l 
A frica. F rom  th e  p resen t en u m e ra tio n  th e  following species belong to  th is  
g roup : Bazzania  borbonica (from  th e  U lugurus to  T ra n sv a a l) , Plagiochila cam- 
buena an d  P. drepanophylla  (th e  la t te r  only in  th e  U sam b ara ), Gottschea 
englerana, Frullania  capensis, F . lindenbergii, Cheilolejeunea surrepens, Lejeunea  
flavovirens, D repanolejeunea physaefo lia , D. trematodes, D iplasiolejeunea cor- 
nuta  an d  D. villaum ei, Cololejeunea m ocambiquensis, C. tanzaniae, C. usam barica  
an d  A phanolejeunea moramangae.
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Finally  we can  co n sid e r to  be endem ic  in th e  U sam b ara s  according to  
o u r p resen t know ledge Plagiochila angustitexta , Cladolejeunea aberrans, Colo- 
le jeun ia  am an ifn sis  a n d  Cololejeunea ta n n eri.
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EAST AFRICAN BRYOPHYTES, VIII
T H E  M U SCI O F T H E  U SA M B A R A  R A IN  F O R E S T  P R O JE C T  

E X P E D IT IO N , 1982*

R . OCHYRA1 and T .  PÓCS2

1 BOTANICAL INSTITUTE, POLISH ACADEMY OF SCIENCES, KRAKÓW 
2 INSTITUTE OF ECOLOGY AND BOTANY, HUNGARIAN ACADEMY OF SCIENCES, VÁCRÁTÓT

(R eceived: 15 S ep tem b er, 1984)

F o rty -n in e  mosses from  th e  U sam b ara  and  U luguru  M ts. are rep o rted . Leuco - 
loma s in u o su lu m , Syrrhopodon asper an d  Forsstroem ia producta  are new  to  th e  U sam - 
b a ras , Dicranella heteromalla an d  Orthodontium  lineare to  T an zan ia , fin a lly  Leucophanes  
angustifo lium  a n d  P apillaria f le x ic a u lis  to  th e  flo ra  o f th e  A frican  c o n tin en t. T h e  
d is tr ib u tio n  of so u th e rn  te m p e ra te  D icranolom a billarderi is d iscussed  in  d e ta ils  a n d  
accom panied  b y  a m ap. C h a rac te ris tic  h a b ita ts  of th e  U sam b ara  M ts. are p ic tu re d .

K eyw ords: M usci, U sam bara , U lu g u ru , T an zan ia , Africa

Introduction

T his p ap er co n ta in s records on th e  g re a te r  p a r t  o f mosses collected  du ring  th e  sam e 
p re p a ra to ry  ex p ed itio n  of T a n z a n ia n -S w e d ish -H u n g a ria n  U sam b ara  R a in  F o re s t P ro je c t in  
1982, as th e  p rev ious p a p e r (E ast A frican  B ry o p h y tes  V II , P o es 1985), in  w hich th e  l iv e r ­
w o rts  w ere e n u m era ted . The collector w as T. PÓCS, a  m em ber of th e  expedition .

A b b rev ia tio n s used  in  th e  en u m era tio n :
E U S : E a s t  U sam bara  M o un ta ins 

W U S: W est U sam bara  M o un ta ins 
U L U : U lu g u ru  M ountains 

det. R O : id en tified  by  R. O c h y r a  

det. SO: id en tified  by  S. Orbá n  
det. P : id en tified  by  T. PÓCS

T he localities are in d ic a te d  b y  th e  sam e nu m b ers , as in  th e  p rev ious p ap er (PÓCS 1985), 
th e re fo re  n o t lis ted  again . A fter th e  loca lities general in fo rm a tio n  on th e  d is tr ib u tio n  of 
species and  reference to  records in th e  p rev ious issues of th e  E a s t A frican  B ry o p h y tes  series 
( “ E A B ” ) are given. T he collected specim ens w ere deposited  in  DSM, U PS and  V B I h e rb a r ia .

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

T he field w ork  w as su p p o rted  b y  th e  T an z an ia  N a tio n a l Scientific  Council (U T A F IT I)  
b y  th e  Sw edish A gency  fo r R esearch  C ooperation  w ith  D eveloping C ountries (SA R E C ), a n d  
b y  th e  H u n g a rian  A cadem y of Sciences (M TA). T he au th o rs  w ish to  express th e ir  g ra ti tu d e s  
to w ard s  th e  above o rg an izatio n s for th e ir  f in an c ia l su p p o rt and  also to  th a n k  D r . S. O r b á n  
for th e  id en tific a tio n  of Syrrhopodon  specim ens.

* U sam b ara  R a in  F o rest P ro jec t P u b lica tio n s , No. 2.
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L IS T  O F S P E C IE S  C O L L E C T E D

Dicranaceae

1. Dicranella heteromalla (H edw .) B. S. G. — W U S : 6960/V, det. R O . A v ery  w idespread  
c ircum borea l species k n o w n  also from  M acaro n esia . S o u th  of th e  H o la rc tic  i t  is know n 
o n ly  from  th e  A ndes a n d  in E as t A frica. H erzog  (1916) rep o rts  th e  species from  B olivia 
a n d  s ta te s  th a t  th e  C olom bian  D . crassinervis (H a m p e) Jaeg . is conspecific w ith  it. In  tro p i­
cal A frica D . heteromalla  w as collected on ly  once in  K en y a  (D ix o n  1938, Sa ppa  and  P iovano 
1947), w here i t  w as fo u n d  a t  2900 m  a lt i tu d e . T h e  p re sen t T an zan ian  specim ens w ere 
co llected  in  exce llen t f ru itin g  conditions.

2. Campylopus chrismarii (C. M üll.) M itt. — W U S : 6956/B , det. R O . H ighly  v a riab le  an d  
w id e ly  d is tr ib u ted  A fro-A m erican  m o n ta n e  species. I ts  tax o n o m y  an d  v a r ia b ility  in  
A frica  was recen tly  discussed  by De  Slo o v er  (1982). A t th e  sam e tim e  F rahm  (1982) 
fo u n d  th e  A frican  C. stram ineus  M itt., a n d  th e  M ascaren ian  C. commersonii B esch, and
C. boryanus B esch, to  be  conspecific w ith  th e  C en tra l an d  S o u th  A m erican  C. chrism arii 
th u s  ex tending  th e  p re se n tly  know n ran g e  of th is  species from  A m erica  to  W est a n d  E a s t 
A frica  including M ad ag asca r and R éun ion  Is la n d s . T his w ay  th e  n u m b er o f com m on 
A fro-A m erican  m oss species increased  a n d  show  th e  sam e reg u la rities  as observed  by  
liv e rw o rts  (Gr a d ste in  e t  al. 1984). E A B  I , I I I ,  IY , V I.

3. Dicranoloma billarderi (B rid . ex anon.) P a r . — W U S: 6960/A, de t. RO. A so u th e rn  p an - 
te m p e ra te  species. I t  occu rs in  th e  tem p e ra te  a rea s  o f so u th e rn  S o u th  A m erica, A u stra las ia  
a n d  S o u th  A frica. In  S o u th  Am erica it is d is tr ib u te d  on  Ju a n  F e rn an d ez  Islands (R o binso n  
1975) and along th e  w e s t coast of th e  c o n tin e n t (D u sen  1905, Cardot and  B r o t h e r i s 
1923, Se k i 1974), in  T ie r ra  del Fuego (B a rtra m  a n d  R o iv a in en  1937) and  on th e  F a lk la n d  
Is lan d s  (Cardot 1908). T h e  species is w id esp read  on th e  su b -a n ta rc tic  islands of th e  In d ian  
O cean  sector (van  Z a n t e n  1971) as well as on  M acquerie  Is lan d  (Se p p e l t  1981), on  C am p­
b e ll Is lan d  (V it t  1979) an d  in New Z ealand  (S a in s b u r y  1955). In  A u stra lia  D . billarderi 
occurs in th e  so u th e a s te rn  p a r t  of the  c o n tin e n t from  Q ueensland to  T asm an ia  an d  South  
A u s tra lia  (Ca t c h e s id e  1980). I t  occurs also in  th e  E a s te rn  H igh lands of New G uinea 
(a specim en collected  b y  B . O. van  Za n t e n  a t  3500 m a ltitu d e , No. 68739, E G R ). R ecen tly  
R osario  and  van  Za n t e n  (1982) rep o rted  D . billarderi from  L uzon Is lan d  and  T an  and  
K o po n en  (1983) a f te r  rev ision  of d iffe ren t so u th e as te rn  A sian  species of D icranoloma  
fo u n d  th em  to be conspecific  also w ith  th is  w ide ly  d is tr ib u te d  species. T hus, a t  p re sen t
D . billarderi is know n  to  occur on M t. K in a b a lu , B orneo, from  w here i t  was described as 
D . subenerve B ro th ., in  G unong T ah an  on M a lay  Pen insu la  from  w here i t  was described 
a s  D . brevicapsulare D ix . One ad d itio n al re co rd  is k n ow n  also fro m  M indanao Is lan d  in  th e  
P h ilip p in es from  w here  i t  was rep o rted  as D . ph ilip p in en se  B a rtr .  and  an  o th e r from  
P a p u a  New G uinea (M t. D aym an , M ilne B ay  D is tr .). T he species is know n  also from  New 
C aledonia (T ix ie r  1979, M il l e r , W h it t ie r  a n d  W h it t ie r  1978). In  A frica i t  is freq u en t 
in  th e  so u th e rn m o st p a r t  of Cape (Ma g il l  1981), occurs in  T ran sv aa l and  p e n e tra te s  as 
h ig h  as 3000 m a lt i tu d e  in  the  m o n tan e  fo res ts , ericaceous h e a th s  a n d  elfin w oodlands in  
E a s t  Africa (B izot a n d  P ó cs 1974: 420, 1980: 249). I t  is w idely  d is tr ib u te d  also on the  
E a s t  A frican islands (Crosby  e t al. 1983). R e p o rts  on th e  occurrence of th is moss from  
th e  h igh e levation  of th e  P eruv ian  A ndes (M it t e n  1869, P . an d  E . H eg ew a ld  1975) 
correspond well w ith  i ts  localities in th e  h igh  m o u n ta in s  of E a s t A frica and  Indom alesia. 
T h e  species follows th e  p a th w ay s of o th e r  G o n d w analand ic  tem p e ra te  e lem ents p e n e tra t­
ing  n o rth w ard s in to  th e  tro p ical m o u n ta in s (cf. Sch u ster  1983, Gr a d ste in  e t al. 1984). 
A n n o ta tio n  by  RO a n d  P  (see Fig. 1).
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Fig. 1. W orld d is tr ib u tio n  of Dicranoloma billarderi, a  so u th e rn  p a n -te m p e ra te  species. M ap
m ade b y  R . Ochyra  and  T . P o es

4. Leucoloma aspericuspis P. V arde - W U S: 6955/C, 6960/S, d e t. P. E a s t A frican m o n ta n e  
species, m ap  in  E A B  II . ( +  M t. K ilim an ja ro , cf. B izot e t al. 1979: 153).

5. Leucoloma holstii B ro th . — E U S : 6947/X , 6948/A, d e t. R O ; W U S: 6959/C, det. P . W id e ­
spread  E a s t A frican  m o n tan e  species o rig inally  described fro m  th e  U sam bara  M ts. E A B  
I I ,  I I I ,  IV, V I.

6. Leucoloma sinuosulum C. M üll, ex Besch. -  W U S: 6954/B , 6957/E, 6959/B, d e t. P. 
E xam in ing  th e  specim ens reco rded  earlier from  E a s t  A frica  as L . brotheri R en. (B izot  
and  PÓCS 1974: 420), th ey  a ll p ro v ed  to  be L . s in u o su lu m , ch arac te rized  b y  n a rro w er 
hyaline m arg in  (on ly  8-12 cells, w hile 15-25 cells b ro ad  b y  L. brotheri) and  b y  th e  s te lla te , 
m u ltifid  dorsal pap illae  (b ifid  b y  L . brotheri). T herefore  L . brotheri is to be cancelled fro m  
the  E as t A frican  f lo ra , an d  th e  tw o records from  U lu g u ru  M ts. should  be added  to  th e  
know n d is tr ib u tio n  of L . sinuosu lum , w hich is a L em u rian  species, previously  know n fro m  
E a s t Africa o n ly  from  U lu g u ru  a n d  N guru  M ts. E A B  I, I I I .  A n n o ta tio n  by  P.

7. Leucoloma volkensii B ro th . — U L U : 6967/S, de t. P . E a s t  A frican  m ontane species, 
EA B  I, I I I .

8 . Leucobryum isleanum Besch, v a r. molle (C. M üll.) C ard — E U S : 6947/X B, 6948/Е , d e t. 
RO. W id esp read  E a s t A frican  L em urian  species, E A B  I , IV , V.

Calymperaeeae

9. Leucophancs angustifolium R en. e t Card. — E U S : 6947/AA, d e t. P . New for co n tin e n ta l 
A frica, p rev io u sly  know n only from  R éunion Is lan d ; L em u rian  species. In  th e  U sam b a ra s  
occurs on tree  bu tresses.

10. Leucophanes hildebrandtii C. M üll. U L U : 6966/J, de t. P . L em u rian  species, E A B  I , I I I .
11. Syrrhopodon gaudichaudii M ont. W U S: 6955/S, 6956/C, d e t. SO. W idespread tro p ic a l 

A fro-A m erican species (Orbá n  1981: 175).
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12. Syrrhopodon asper M itt. — E U S: 6947/W ; W U S: 6954/L, 6955/R , 6960/G ; U L U : 6966/E  
d e t. SO. A from ontane  species, new  for th e  U sam b a ra s  (Orbán l.c.).

13. Syrrhopodon stuhlmannii B ro th . — U L U : 6967/Y , de t. SO. E ndem ic  o f th e  U lu g u ru  and 
N g u ru  M ts. (m ap in  Or b á n  1977: 175).

Pottiaceae

14. Barbula indica (H ook.) Spreng . — U L U : 6970/A , de t. RO. W idespread  p a n tro p ica l species 
w ith  sporad ic  occurrence also in  th e  w arm  te m p e ra te  zones. In  A frica: E a s t  an d  S o u th  
a n d  on  th e  offshore is lan d s , EA B  I, I I I .

Bryaceae

15. Orthodontium lineare Schw aegr. — W U S: 6955/W , de t. P . New to  T an z an ia . T he species 
is w idesp read  in  S o u th  A frica , and  recen tly  h a s  been in troduced  in  W este rn  E u ro p e  from  
w h ere  i t  ex tends its  ran g e  eas tw ard s (Me ij e r  1952, Ochyra 1982). Me ij e r  in  his w orld ­
w ide  rev ision  (1952) a ccep ted  a narrow  co n ce p t o f species and  recognized  th re e  subspecies 
w ith in  0 . lineare. A n o th e r so u th e rn  species O. australe H ook. f. a n d  W ils, includ ing  tw o 
subspecies Me ije r  considered  to  be species o f i ts  own. H ow ever, v a n  Za n t e n  (1971) 
show ed convincingly  th a t  th e re  are no reaso n s to  keep these tw o species sep a ra te ly . T he 
sam e is tru e  in  th e  case o f th e  in fraspecific  ta x a  of 0 . lineare and  in  consequence O chyra  
(1982) synonym ized a ll th ese  subspecies w ith  th e  h ighly  po lym orph ic  0 . lineare. A n n o ta ­
tio n  by  RO.

Fig. 2. E a s t  U sam bara  M ts. Corticolous c o m m u n ity  w ith  M astigolejeunea n igra , Cheilolejeunea 
brachytom a , Frullania  apicalis  and  F. lindenbergii in  th e  subm ontane  ra in  fo res t n e a r A m ani 

“ F o re s t H o u ses” , locality  6946. P h o to s m ade by T. P o es
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16. Bryum alpinum H uds. ex  W ith . s. la to  vei sp. aff. — W U S: 6964/A , det. P . A specim en 
liv ing  am ong d ry  co n d itio n s an d  show ing ch arac te rs  in te rm e d ia te  betw een B . a lp in u m  
an d  B . muehlenbeckii B. S. G. C osm opolite, m o n ta n e  in  tro p ica l A frica , EA B  I, I I I .

17. Bryum huillense W elw. e t D u b . -  E U S : 6946/P ; U L U : 6967/P , 6972/A, det. P . W ide­
sp read  p an tro p ica l species, E A B  I I I .

18. Bryum keniae C. M üll. — E U S : 6948/G ; U L U : 6969/G, d e t.  P . A from ontane species, 
E A B  I , I I I ,  IV, V I.

Mniaceae

19. Plagiomnium rhynchophorum (H ook.) T . Köp* var. rhynchophorum — U L U : 6971/D, 
d e t. P . P an tro p ica l species, w idespread  in  th e  tro p ical A frican  m o u n ta in s, new  fo r th e  
U lugurus. EA B  IV.

Rhizogoniaceae

20. Rhizogonium spiniforme (H edw .) B ruch . — E U S : 6947/Y, d e t. P . W idespread p a n tro p ica l
species, EA B  I , IY , Y, Y I.

Bartramiaceae

21. Philonotis hastata (D u b y ) W ijk  e t M arg. — U L U : 6970/F, d e t. RO. Y ery w idespread  
p a n tro p ica l species, E A B  I , IV , Y, Y I.

Orthotrichaceae

22. Macromitrium levatum M itt. — W U S: 6960/T; U L U : 6968/K , 6969/J, K , S, d e t. RO. 
W id esp read  afro m o n tan e  species occurring  in  th e  whole tro p ic a l A frica from  G uinea to 
M adagascar. EAB I, IV , V.

23. Macrocoma tenue (H ook, e t  G rev.) V itt  — U L U : 6972/G, d e t. P . T rop ical A fro-A m erican  
species, EA B  I, VI.

Fig. 3. W est U sam bara  M ts. T he M azum bai U n iv e rsity  F o rest R eserve  on th e  E  slopes of 
S agara  ridge, 1850-1400 m , covered  by  su b m o n tan e  and m o n ta n e  ra in  forests. L ocalities

6959-73
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Racopilaceae

24. Racopilum capense C. M üll. — U L U : 6972/D , d e t. RO. W idesp read  in  trop ical a n d  in 
S o u th  A frica, E A B  IV , V I.

Hedwigiaceae

25. Rhacocarpus purpurascens (B rid .) P a r. — U L U : 6969/H , de t. P . S o u th ern  te m p e ra te  
w ith  d is trib u tio n  p a t te rn  s im ilar to  th a t  o f Dicranoloma billarderi (see page 136), b u t  
w ith  an  extension  n o rth w a rd s  th ro u g h  th e  A ndes u p  to  Mexico. In  A frica  i t  occurs in  th e  
Cape area an d  in  th e  h ig h  m o u n ta in s  of E a s t A frica , th en  a t  th e  o ffshore  islands. E A B  I , 
m ap  on page 396.

Cryphaeaceae

26. Forsstroeniia producta (H o rsch .) P a r. — W U S: 6951/L, det. RO. A w idesp read  e lem en t of 
th e  d ry  forests o f S o u th  a n d  E a s t A frican m o u n ta in s, new to  th e  U sam b aras, EA B  IV . 
V , V I w ith  m ap on p ag e  377.

Rutenbergiaceae

27. Neorutenbergia usagarae (D ix .) Biz. e t Pócs W US: 6954/A, 6960/B . E a s t A frican  
m o n tan e  species re s tr ic te d  to  th e  old c ry sta llin e  blocks, EA B  V. (M ap: Pócs 1975: 127.)

Trachypodiaceae

28. Trachypus bicolor R einw . e t H ornsch . var. viridulus (M itt.) Z an t. — W U S: 6957/J, d e t. 
R O . P an tro p ica l, m o n ta n e  in  tro p ical A frica, E A B  I , V.

Pterobryaceae

29. Renauldia lycopodioides Biz. ex Pócs — W U S: 6960/F, det. P . Collected a t  its  ty p e  
lo ca lity  12 y ears a f te r  i ts  d iscovery . U ncom m on, endem ic of W est U sam b ara  Mts.

30. Pterobryon julaceum B ro th . — W US: 6957/F, d e t. RO. I t  grows on  h a lf  shady  g ran itic  
rocks accom panied  b y  Drepanolejeunea physaefo lia , F rullania apicalis, M archesinia moel- 
leriana, Plagiochila divergens, Radula  stipa tiflora , Catagonium n itens, Leucoloma s in u c su - 
lu m  and  Trachypus bicolor v a r . viridulus. Pterobryon ju laceum  is u n d o u b ted ly  one of th e  
m o st in te res tin g  reco rd  o f m osses in th is a rea . I t  is an  endem ic ta x o n  of the  U sam b ara  
M ts. and ac tu a lly  is k n o w n  only from  tw o collections: th e  ty p e  m ate ria l collected b y  
H olst in B úm ba (B ro th er u s  1894), and  a second  collection m ade  b y  Green w a y  fro m  
U sam b ara  (w ith o u t p recise  loca lity , c ited  by  A r g en t  1973). A lth o u g h  B izot (in B izo t , 
P ó cs  1983: 31) sy n o n y m ized  i t  w ith  P. flag e lliferu m  M itt., th e  ju laceo u s h a b it of b ranches 
m akes th is species c o m p le te ly  d ifferen t from  a n y  o th er species o f th e  genus Pterobryon. 
E v en  th e  generic p o sitio n  of Pterobryon ju la ceu m  can n o t be d e fin ite ly  established a t  th e  
p re sen t tim e, as all av a ilab le  m ate ria l is sterile . A n n o ta tio n  by  R O .

Meteoriaceae

31. Papillaria flexicaulis (W ils.) Jaeg . — W U S: 6951/R . P apillaria fle x ic a u lis  was no t know n  
prev iously  from  A frica  o r  a d ja ce n t islands. I t  is a very  w idespread  species in th e  w hole 
tro p ical Asia a n d  in  A u s tra la s ia , p e n e tra tin g  in  th e  sou thern  te m p e ra te  belt, w here i t  is 
know n  also from  th e  J u a n  F ern an d ez  Islands a n d  from  so u th ern  Chile (N oguchi 1976). 
T he m ateria l from  th e  U sam b ara  M ountains agrees in all resp ec ts  w ith  P . fle x ica u lis
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Fig. 4. W est U sam b ara  M ts. B aga IL  F. R . E ricaceo u s h e a th  on  th e  iso lated  p eak  E  of K w a-
goroto sum m it, a t  1900 m . Loc. 6956

Fig. 5. T he in te rio r  o f M azum bai U n iv ersity  F o re s t R eserve n e a r “ L undgren ’s p lo t”  a t  
1450 m alt. S u bm ontane  ra in  fo res t, lo ca lity  6962
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I observed  from  d iffe re n t p a rts  of A sia a n d  A u s tra las ia . On th e  o th e r h a n d , re la tio n sh ip  
be tw een  P. africana  a n d  P . flex ica u lis  b a d ly  needs a careful revision as th ese  species a re  
closely re la ted . A n n o ta tio n  by  RO.

32. Pilotrichella ampullacea (C. M üll.) Jaeg . W U S: 6957/A, det. R O . V ery  w idesp read  in  
tro p ica l A frica a n d  in  th e  M ascarenes, E A B  I , I I ,  IV , V, V I.

33. Aërobryidrium subpiligerum (H am pe) C ard. — E U S : 6947/P, 6948/B, d e t. R O . L em u rian  
species, w idely d is tr ib u te d  in th e  old c ry s ta llin e  m o u n ta in s of E a s t A frica , v e ry  ra re  in 
vo lcan ic  areas, E A B  I, I I ,  IV , V, V I.

Phyllogoniaceae

34. Catagonium nitens (B rid .) Card. W U S: 6957/R , d e t. P. S o u th ern  te m p e ra te  species 
occurring  also in  a eq u a to ria l m o u n ta in s, in  E a s t  A frica  only w ith in  th e  a rea  of old c ry s ta l­
lin e  blocks, E A B  I , V.

Neckeraceae

35. Leptodon smithii (H edw .) W eb. e t  M ohr v a r . beccarii (C. M üll.) T ong. — W U S: 6951/K , 
d e t. P . E as t A frican  m o n tan e  v a r ie ty  o r species, E A B  I, IV, VI.

36. Pinnatella oblongifrondea (B ro th .) B ro th . — W U S: 6950/D , det. R O . W id esp read  low land  
a n d  su b m o n tan e  species in tro p ical A frica , d is tr ib u te d  from  C am eroon to  T an zan ia , 
E A B  I, IV, V.

37. Porotrichum elongatum (W elw. e t D u b y ) G epp — E U S : 6947/AC, d e t. R O . V ery  w ide­
sp read  trop ical A frican  species, E A B  I, V — as P . comorense (De  Sloover  1983).

F ig . 6. B utresses o f an  em ergent N ew tonia buchananii tree  in th e  sam e p lo t as on  F ig . 5. 
H a b i ta t  of Cololejeunea tanneri n. sp ., w hich  lives on film y fern  leaves ep ip h y tic  on  th e

b u ttre sse s
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Rigodiaceae

38. Rigodiuni kilimandscharicum (B ro th .) P a r. — W U S: 6954/F , d e t. P . E as t A frican  m o n ­
tan e  species w ith  tro p ical A m erican  a ffin ities, E A B  I , Y, V I w ith  m ap  on p. 380.

Daltoniaceae

39. Distichophyllidium africanum Dem . e t P . V arde  -  U L U : 6967/AM , det. P . A v e ry  ra re  
E a s t A frican  m o n tan e  species w ith  tro p ica l A m erican  a ffin itie s , E A B  I , V.

Hypopterygiaceae

40. Cyatophorella africana (D ix.) B ro th . — U L U : 6966/B , de t. P . T h e  only A frican  species of 
an  In d o m alay an -O cean ian  genus, E A B  I , m ap : P o es  1976: 96.

Brachytheciaceae

41. Brachythecium afro-glareosum (B ro th .) P a r. — W U S: 6950/A, de t. RO. F a irly  com m on  
E a s t  A frican  m o n tan e  species, from  T an zan ia  to  E th io p ia , E A B  I, IV , V, VI.

42. Schimperella atro-theca (P. V arde) P . V arde — W U S: 6950/C, d e t. RO. R are E a s t  A frican  
m o n tan e  species, new  to  th e  U sam b aras, E A B  IV , V, V I.

43. Rhynchostegiella holstii (B ro th .) B ro th . W U S: 6959/D , d e t. RO. W idespread  E a s t  
A frican  m o n ta n e  species, E A B  I, IV, V.

Fig. 7. W est U sam b a ra  M ts. Shum e-M agam ba F. R . T ree fe rn  s ta n d  in  th e  “ K andele K a m p a la ”  
saddle  be tw een  M agam ba and M abw eni, a t  1900 m a lt. L o ca lity  6205
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Sematophyllaceae

44. Trichosteleum borbonicum (B el.) Jaeg . — W U S : 6955/J, det. R O . P rev io u sly  re p o rte d  
fro m  m ain land  A frica o n ly  once (U sam b ara  M ts., B r o t h e r u s  1897). L em u rian  species.

45. Trichosteleum inamillipes B ro th . — E U S: 6946/L , 6947/R, 6948/C, d e t. RO. V ery  w ide­
sp read  subm ontane  an d  m o n tan e  species o f t ro p ic a l Africa. EA B  I, IV , V.

Hypnaceae

46. Leucomium golungense G epp. — E L U : 6 9 66 /B E , de t. P. T ropical A frican  species, E A B  I.
47. Taxiphyllum gabonense B ro th , e t P . V arde v a r . plagiothecioides P . V a rd e  — E U S : 6947/T, 

d e t. RO. R are  lo w lan d -su b m o n tan e  species d is tr ib u te d  in tro p ic a l A frica, E A B  I, V.
48. Vesicularia galerulata (D u b y ) B ro th . — E U S : 6947/U , det. RO. W id esp read  sub m o n tan e- 

m o n tan e  species in  S o u th  an d  E a s t A frica a n d  on  th e  M ascarenes, E A B  I, IV , V, VI.

Polytricliaeeae

49. Pogonatum usambaricum (B ro th .) Par. — E U S : 6947/0 , det. RO. E a s t  A frican  m o n tan e  
species, EA B I , IV , V.

A d a  Botanica Hungarica 31, 1983

F ig . 8. W est U sam b ara  M ts. Shum e-M agam ba F . R . Neorutenbergia usagarae grow ing on a 
tw ig in th e  d ry  e lfin  fo res t o f M agam ba su m m it, a t  2200 m a lt. L o ca lity  6954
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Conclusions

The b ry o p h y te s  discussed in  th e  p resen t p a p e r  an d  in  th e  p rev ious E a s t 
A frican  B ry o p h y te s , V II (P oes 1985) c o n tr ib u te  to  th e  h igh ra te  o f endem ism  
in th e  U sam baras. E ven  in  th e  tro p ics  i t  is q u ite  excep tional, th a t  obv iously  
endem ic species, n o t easily overlooked , like R enauld ia  lycopodioides o r Ptero- 
bryon ju laceum , are  restric ted  to  su ch  a sm all a rea , to g e th e r w ith  endem ic  
liverw orts , as Plagiochila angustitexta , R adula  pseudofluccida , Cladolejeunea  
aberrans, Cololejeunea am aniensis  an d  C. tanneri. T hese endem ics, to g e th e r  
w ith  ra re  L em u rian  and  P a laeo tro p ic  species, rep resen t high co n se rv a tio n a l 
va lue . In  ad d itio n , some of th e  p h y to g eo g rap h ica lly  in te re s tin g  b ry o p h y te s  
( D icranoloma billarderi, Neorutenbergia usagarae) are conspicuous ra in  in te r ­
cep to rs in  th e  w a te r  ca tch m en t a rea  of th e  U sam b aras .
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STUDIES IN RONDELETIEAE, VIII
N U E V O S TA X A  D E L  G É N E R O  R O N D E L E T I A  E N  CUBA 

Ma y r a  F e r n a n d e z  y A . B o rhidi

IN S T IT U T O  D E  B O T Á N IC A  D E  L A  A C A D E M IA  D E  C IE N C IA S  D E  CU BA  C IU D A D  H A B A N A , 
C A L Z A D A  D E L  C E R R O  1257

IN S T IT U T O  D E  E C O L O G IA  Y B O T Á N IC A , A C A D E M IA  D E  C IE N C IA S  D E  H U N G R IA , 2163 V Á C R Á T Ó T

(L legado: 1 de A gosto , 1984)

In  th is  p ap er of th e  series a u th o rs  p u b lish  th e  resu lts  of th e  taxonom ic  rev ision  
of th e  C uban  species of th e  genus R ondeletia. T h ey  d istingu ish , ch aracterize  and  describe  
fo u rtee n  ta x a  new  to science, ten  new  species, 2 new h y b rid s  an d  2 new  subspecies. 
T h ey  are : Rondeletia acunae B o rh id i e t F e rn an d ez  sp. n., R . combsioides F e rn an d ez  e t 
B orh id i sp. n ., R . convoluta F e rn a n d ez  e t B orh id i sp. n ., R . galanensis  F e rn an d ez  e t 
B orh id i sp. n ., R . lucida F e rn an d ez  e t B o rh id i sp. n ., R . m iraflorensis  F e rn an d ez  e t 
B orh id i sp . n ., R . papayoensis  F e rn an d ez  e t B orhidi sp. n ., R . p en insu laris  F e rn an d ez  
e t B o rh id i sp. n ., R . subcanescens F e rn an d ez  e t B orhidi sp. n ., R . toaensis F e rn an d ez  
e t-B o rh id i sp. n ., R .X in c e r ta  B o rh id i e t F e rn an d ez  hybr. n ., R .X o b scu ra  B o rh id i e t 
F e rn an d ez  h y b r. n ., R. in term ixta  B r i t t ,  ssp. turquinensis F e rn an d ez  e t B orh id i, and  
R . p a chyphylla  K r. e t U rb. ssp. m yrtilloides  F e rn an d ez  e t B orhid i.

Rondeletia acunae Borhidi et Fernandez sp. nova (Fig. 1)

R am i h o rn o tin i lev iter a n g u la ti, ad p resse  sericeo-pilosi, veterio res te re te s , g lab rescen tes, 
len ticellis ob longo-linearibus sparse d ispositis . S tip u lae  tr ia n g u la r-su b u la ta e , 2 m m  longae, 
cum  a ris ta  2 m m  longa, u trin q u e  sericeo-pilosae. Fo lia  2 -4  m m  longe p e tio la ta , ob lan ceo la ta  
vel e llip tica, 0 ,7 -2 ,0  cm longa e t 0 ,3 -1 ,2  cm  la ta , áp ice ap icu la ta  e t 0 ,2 -0 ,5  m m  longe rig ide  
m u cro n a ta , basi longe a tte n u a ta , lam in a  su p ra  g lab ra  e t v a ld e  ru gu loso -p licatu la . su b tu s  
dense albo-sericea , nervo  m edio su p ra  im presso , su b tu s  p ro m in en ti, la te ra lib u s  u tro q u e  la te re  
2 -3  su p ra  im pressis su b tu s  p ro m in en tib u s  e t dense re ticu la tis , m arg ine rev o lu ta , rig ide  
coriácea.

Flores 5 -m eri, axillares, 1 2 ,  p le ru m q u e  so lita rii; pedunculus 2 -3  m m  (in fru c tu  usque  
ad  5 m m ) lon g u s, sericeo-pilosus. B rac teae  0 -2 , sim plices, lineares vel 3 -lobulatae , 2 -4  m m  
longae, lobu lis lin ea rib u s , c en tra lib u s la te ra les  2 -3-p lo  sup eran tib u s. Calycis tu b u s  cum  
h y p a n th io  b rev is , depresse globosus, u sq u e  ad  2 m m  in d iam ., m anifeste  5 -costu la tus, sericeo- 
pilosus; lobi 5, lanceo la to -subu la ti, su p ern e  flexuosi, valde inaequales, m inores 2-3  m m , 
m ajo res 5 -6  m m  longi, tubo  corollino aequilongi vel paullo su p e ran te s , in  fruc tib u s v a lde  
decidui. Corolla 5 -7  m m  longa, tu b u s  5 -6  m m  longus, ex tu s dense e t re tro rse  a lbo-pilosus, 
in tu s  g laber; lob i 5, sem iorbiculares ve l o rb icu la ri-o v a ti, 2 m m  longi e t la ti, dorso dense albo- 
p ilosi, su p ra  g lab ri. Capsula p a rv a , g lobosa, lev ite r co stu la ta , usque ad 3 m m  in d iám etro , 
pilosula.

H o lo ty p u s : B orhidi  30259 H A C ; C uba; p rov. H olgu in  (O rien te), in  
fru tice tis  sem p erv iren tib u s se rp en tin o sis  ad  Cerro de la  P la y a  de V aca, in te r  
Y ag u an eq u e  e t M oa. Leg.: A. B o r h i d i , R . Capote  et R am o n a  Ov i e d o . I so- 
ty p u s : B P  574019.
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Fig. 1. Iso ty p e  specim en o f Rondeletia acunae B o rh id i e t F e rn an d ez  B P  574019. B o r h i d i ,
Capote and  O v ied o

Obs.: Rondeletiae venosae W r. in Griseb. (e p ro v . P in a r del R io, excl. R. savannarum  
B ritt .)  affin is, quae a specie n o s tra  stipulis tr ia n g u la rib u s  em ucro n atis , foliis ápice p leru m q u e  
ro tu n d a tis , basi o b tusis vel ro tu n d a tis , b racte is m in u tis , flo ribus 4-m eris, lobulis calycinis 
linearibus b rev io ribusque , capsu lis  m ajoribus a b u n d e  d iffert. A ltera  species affinis, R . savan­
narum  B ritt , ( in d . R . holguinensis  U rb .) stipulis tr ia n g u la rib u s , foliis o b o v a tis , ápice ro tu n d a ­
tis , flo ribus 4-m eris, lobis calycin is linearibus b rev io rib u sq u e , cap su la  m ajore  aequo m odo 
d iscrepat.

Specim ina e x am in a ta : A cuña  12762 H A C; C uba, P rov . H olgu in  (O riente), V ic in ity  of 
M oa, P lay a  de V aca. Leg.: J .  A cu ña , 11. 4. 1945. U S !.

R am itas  jóvenes lig e ram en te  angulosas, a p re ta d o  sericeo-pelosas, las ad u lta s  c ilindricas, 
g labrescen tes con len tice las linea l-a la rgadas, e sp arc id am en te  d ispuestas . E stíp u las tr ian g u la r-  
su b u lad as , 2 m m  de largo , con u n a  arista  de 2 m m  de largo, sericeo-pelosas en am bas caras. 
H o jas con pecíolos de 2 -4  m m  de largo, sericeo-pelosos, el lim bo ob lanceo lado  de 0 .7 -2 .0  cm  
de largo y  0.3-1 .2  m m  de an ch o , apiculado en el áp ice  con un  m ucrón  de 0.2-0 .5  m m  de largo ,
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la rg am en te  estrechado  en la base, g labro y  m uy rugosc-plegado en el haz, densam en te  albo- 
sericeo en el envés; n e rv io  m edio hundido  en el haz, p rom inen te  en el envés, los late ra les 2 3 
p a res, hundidos en el haz , p rom inen tes y  densam en te  re ticu lados en el envés; el m argen m u y , 
rev o lu to , rig idam ente  coriáceo.

Flores 5-m eras, ax ila res, 1-2, m ay o rm en te  so litarias, pedúncu lo  sericeo-peloso, de 2-3  
m m  de largo (hasta  5 m m  en fru to). B rac teas 0 -2 , sim ples y lineales o 3-lobulados, de 2-3 m m  
de largo, con lóbulos lin ea les; el lóbulo c en tra l 2 -3  veces m as largo que los la te ra les , sericeo- 
pelosas. Tubo del cáliz con el h ipan tio  co rto , deprim ido-globoso de h asta  2 m m  de d iám etro , 
m arcad am en te  5 -acostilJado, sericeo-peloso, lóbulos 5, lanceo lado-subu lados, m uy desiguales, 
los m enores de 2-3 m m , los m ayores de 5 -6  m m  de largo, igual o m as largos que el tu b o  de 
la  corola, m uy caedizos en  el fru to . Corola de 5—7 m m  de largo, tu b o  de 5-6  m m  de largo, 
d en sam en te  re tro rso  albo-peloso , lóbulos 5, sem iorbieulares a o rb icu lar-aovados, 2 m m  de 
largo y  ancho, d en sam en te  albo-peloso po r el dorso, glabros po r a rrib a . C apsula pequeña, de 
h a s ta  3 m m  de d iám e tro , globosa, lig e ram en te  acostilla  la ,  pelosita .

H oiotipo : B o r h i d i  30259 H A C; C uba; p rov . H olgu in  (O rien te); en char- 
rascales siem preverdes serpen tinosos en el Cerro de la  P la y a  de V aca en tre  
Y aguaneque y M oa. Col.: A. B o r h i d i , R . Capote  y R am o n a  Ov i e d o , 14. 9. 
1970. Iso tipo : B P  574019.

E jem plares e s tu d ia d o s : A cuña  12762, HAC, U S; C uba; p rov . H olguin  (O riente), 
V ic in ity  o f Moa, P la y a  de  V aca. Col.: J .  A c u ñ a , 11. 4. 1945.

A fin a Rondeletia venosa W r. in  Griseb. (de la  p rov incia  P in a r del R io) la que d ifiere 
de n u estra  especie en  te n e r  estípu las trian g u la re s , no m u cronadas, ho jas m ay o rm en te  red o n ­
d ead as en el ápice, o b tu sa s  o redondeadas en la  base, b rac tea s  m uy  pequeñas, flores 4-m eras, 
lóbulos del cáliz lineares y  m as cortos y  cap su la  m as grande. O tra  especie cercana es R . savan- 
narum  B ritt , (incluida R . holguinensis U rb .), que se d istigue po r ten e r e stípu las trian g u lares, 
ho jas obovadas, re d o n d ea d as  en el ápice, flores 4-m eras, lóbulos del cáliz lineares y  m as cortos, 
cápsu las m as grandes.

Rondeletia combsioides Fernandez et Borhidi sp. nova (Fig. 2)

R am i tere tes , h o rn o tin i pilosi, v e terio res glabri. S tipu lae  d e lto ideo -ap icu la tae , sericeae, 
3 -4  m m  longae. Fo lia  2 -6  m m  longe p e tio la ta , petiolis h irsu tis  su ffu lta , ellip tica, oblongo- 
e llip tica  vel ob longo-ob lanceo lata , 1,5-5,5 cm longa e t 0 ,5 -2  cm la ta , ápice ro tu n d a ta  vei 
o b tu sa , b rev iter a p ic u la ta , basi longe c u n ea ta ; nervo m edio su b tu s  p ro m in en ti, la te ra lib u s 
u tro q u e  latere  3-4 ap icem  versus a rcu a tis , strigillosis, sup ra  te n u ite r  im pressis, sub tus dense 
re ticu la tis  e t p rom inulis, lam in a  fo liorum  ju v en iliu m  u trin q u e  sericeo-pilosa, senescentium  
su p ra  g labra  vel g labrescens, su b tu s sparse p ilosula, ad ñervos sericea, m arg ine p lana , ch artacea.

In flo rescen tiae  ax illares, 3 -4-flo rae , h irsu tae ; peduncu lus 1-2 m m  longus, pedicelli 
subnulli. B racteae 2, tr ia n g u la re s , 1 m m  longi, liberi, h irsu ti. Calycis tu b u s  subglobosus, 
1 ,5-2  m m  longus, h irsu tu s ;  lobi 4 -5 , b re v ite r  trian g u lares  vei delto idéi, 0,5- 1 m m  longi, ápice 
acu tí vei obtusi, sub an th e s i reflexi. Corolla non  visa. C apsula globosa, lobis calycinis per- 
s is ten tib u s coronata, to m e n to sa , 2-3,5 m m  in diám . Sem ina trian g u lari-o b lo n g a , 0,5-1 m m  
longa, ex ala ta , superficie  rugosa.

H olo typus: E k m a n  15135 S ! C uba; P rov . H olguin  (O rien te); S ierra de 
Ñ ipe, in lim estone h ills  a t Rio J im b a m b a y . Col.: E k m a n , 19. 9. 1922. Iso ty p i: 
G H , N Y , US.
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F ig . 2. H olo type specim en  o f Rondeletia combsioides F e rnandez  e t B orh id i in  S; E k m a n  15135

Obs.: V erisim iliter Rondeletiae combsii G reenm . affin is, quae  a specie n o stra  foliis ápice 
p leru m q u e  acutis, flo rib u s co n sen q u en ter 4-m eris, lobis calycinis an g u ste  tr ian g u la rib u s  vel 
lan ceo la tis  acutis, 1,5—2,5 m m  longis, in f ru c tu  deciduis differt.

R am itas  c ilindricas, pelosas cuando  jó v en es, g labras con la edad . E stíp u la s  deltoideo- 
ap icu lad as, de 3 -4  m m  de largo, sericeas. H o jas  pecio ladas, pecíolos pub éru lo s de 2 -6  m m  
de largo. H ojas elíp ticas, ob longo-elíp ticas u  obovado-oblongas de 1.5-5.5 cm  de largo y  0.5-2 
cm  de ancho, las jó v en es pelosas en am b as cara s , las ad u lta s  g lab ras  a g labrescen tes por el 
h az , pelositas por el envés, estrig ilosas en los nervios. N erv iación  poco a p a re n te  en el haz, 
m arc ad a  en el envés, los la te ra les  en p ares de 3 -4  arqu ead as hacia el áp ice; el m argen  plano, 
lim bo  cartáceo el áp ice redondeado  a o b tu so  b revem en te  ap icu lado , la  base  largam en te  
e s trech ad a , cuneada.

Inflorescencias ax ila re s , 3—4-floras, h irsu ta s ; pedúnculos de 1-2 m m  de largo, h irsu to , 
pedicelos m uy cortos, su bnu los. B rácteas 2, trian g u la re s , de 1 m m  de largo, libres, h irsu tas . 
Cáliz subgloboso, h irsu to , de 1.5-2 m m  de largo , lóbulos 4 -5 , pelosos en am b as caras, t r i ­
an g u la res  o deltoiéeos m e y  co rtes de 0.5—1 m m  de larjro con el ápice agudo u o b tu sito , reflejos
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en la floración . C ápsu la  globosa, de 2 -3 .5  m m  de d iám e tro , to m en tosa , co ro n ad a  por los lóbulos 
p e rsis ten tes  del cáliz. Sem illas d im in u tas , rugulosas, no aladas, de fo rm a v a ria d a , angulosas a 
veces disciform es, de 0.5-1 mm de largo. Corola no v is ta .

H olo tipo : E kman  15135 S ! C uba; P ro v . H olguin (O rien te); S ierra  de 
Ñ ipe, en las lom as calizas del R io J im b a m b a y . Col.: E k m a n  19. 9. 1922. 
Iso tip o s : G H , N Y , US.

A fin a Rondeletia combsii G reenm . (de C uba O ccidental), la que d ifiere de n u e s tra  
especie en ten e r h o jas  m ayorm en te  ag udas en ápice, pe loso-tom entosas en am b as caras, flores 
consecuen tem en te  4-m eras, pedúnculos m as largos, lóbu los del cáliz e s trech am en te  y  oblongo 
trian g u la re s  a  lanceo lados, agudos, de 1 .5-2 .5  m m  de largo, deciduos en el fru to , c áp su las  
m as grandes.

Rondeletia convoluta Fernandez et Borhidi sp. nova

(S yn .: Rondeletia bicolor sensu A lain  F l. de C uba, 1962: 51. p .p . non B ritt .)

R am i h o rn o tin i qu ad ran g u li, pubescen tes . S tip u lae  in te rp e tio la res  tr ia n g u la ri-su b u la ti 
u sq u e  ad  4 m m  longi. Folia  2-3 m m  longe p e tio la ta , petio lis sericeis su ffu lta , ob lan ceo la ta  vel 
o b lan ceo la to -e llip tica , 1,5-2,5 cm longa e t 0 ,5-1 cm  la ta , ápice o b tu sa , ra r i te r  ap ic u la ta , 
basi a tte n u a ta  e t in  petio lum  c o n tra c ta , sa tis longe c u n ea ta ; nervo m edio su p ra  im presso , 
la te ra lib u s  u tro q u e  la te re  4 -5 , sup ra  im pressis, su b tu s  p ro m in en tib u s ; lam in a  supra  g lab ra , 
n itid a , valde  ru g o sa , su b tu s a lb o -to m en to sa  vel lan u g in o sa , m argine v a ld e  re v o lu ta , coriácea.

Flores ax illares solitarii, 5-m eri; peduncu li 3—4 m m  longi sericei, b ra c tea e  2 sericeo- 
p ilosae , lineares, 3—4 m m  longae, b asi o v arii in v o lu c rifo rm ite r co n n atae . H y p a n th iu m  seri- 
ceum , tu b u s  calycis 5-angulosus, su p ern e  2—2,5 m m  la te  d ila ta tu s , lobi calycis 5, lin ea ri- 
lan ceo la ti, 4 -5  m m  longi, in te r  sese in  1/4 in fim um  c o n n a ti, ápice o b tu si vel ro tu n d a ti ,  flexuosi. 
C orollae tu b u s  5 -6  m m  longus re tro rse  pilosus e t a lb o -to m en to su s , sub fauce  m an ifeste  d i la ta ­
tu s , lobi 5, o rb icu lar-o b o v a ti, in tu s  to m en to si. C apsula globosa, 3 -3 ,5  m m  in  d iám etro , 
sericeo-pilosa.

R am itas  c u ad ran g u la res , p u b éru las . E stíp u la s  trian g u la r-su b u lad as , de 4 m m  de largo. 
H o jas pecio ladas con pecíolos sericeos de 2 -3  m m  de larg o , lim bo oblanceolado a oblanceolado- 
e lip tico , de 1.5-2 .5  cm  de largo y  0.5—1 cm  de ancho , g lab ro , m uy  rugoso y  algo b rillan te  p o r 
el haz , el envés a lbo-peloso a to m en toso , el m argen  m u y  revo lu to , coriáceo. A pice del lim bo 
o b tu so , en a lg u n as  h o jas apicu lado , la base  e s trech ad a  hacia  el pecíolo, cuneada. N ervio 
m edio y  los la te ra les  de 4 -5  pares hu n d id o s en el haz, p ro m in en tes en el envés.

Flores so lita ria s , axilares, 5-m eras; pedúncu los de 3 -4  m m  de largo , sericeos, b rác tea s  
2, lineales, de 3 -4  m m  de largo, connados en la base del ovario  fo rm ando u n  involucro . H ipan- 
tio  sericeo, tu b o  del cáliz 5-anguloso, a la rgado  sobre el ovario , ensanchado  hacia  a rrib a  de
2-2 .5  m m  de largo , lóbulos 5, lineales, de 4-5  m m  de largo , connados en  la base en un  1/4 de 
su lo n g itu d , el áp ice  ob tuso  o red o n d ead o , flexuoso; tu b o  de la corola de 5 -6  m m  de largo, 
re tro rso -pe loso , lóbulos 5 a lbo-tom entosos. C apsula globosa, de 3-3 .5  m m  de d iám etro , 
sericeo-pelosa.

H o lo ty p u s: A. L u na  865 H A C; C uba; S a n ta  C lara; L om as de B anao . 
A g o s to -O c tu b re , 1920.

Specim ina e x a m in a ta :  L eón  8069. S, N Y ; S ta  C lara. B anao M ts. L om a del Brollo. 
A gosto  2, 1918.
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O bs.: Cum Rondeletia bicolori B ritt , (e S ierra  de B anao) confusa, quae a specie n o stra  
foliis e llip tic is, m ajo rib u s, su p ra  in sicco n ig rican tib u s , m arg ine p lerum que p lanis. flo ribus 
veris im ilite r 4-m eris sa tis  longe d is ta t. Re v e ra  species p ró x im a  Rondeletia acunae B orh id i e t 
F e rn an d ez  v id e tu r (e O rien te , Moa), quae a specie n o stra  foliis ápice m u cronatis , nervis 
la te ra lib u s  u tro q u c  la te re  2 -3 , lobis calycinis v a ld e  inaeq u alib u s, usque ad basem  liberis, 
lobis corollinis in tu s  g lab rib u s , capsulis m in o rib u s d iffert.

E s ta  especie h a b ia  sido confundida v a rias  veces con la Rondeletia bicolor B ritt , que ha 
sido conocida sólo de la colección típ ica, y que d ifiere  en ten e r h o jas elípticas, m ayores, neg­
ruzcas en el haz cu an d o  secas, m argen p lano  y  flores p ro b ab lem en te  4-m eras. L a especie 
p ró x im a  realm en te  es la  Rondeletia acunae B orh id i e t F e rn an d ez  (de O rien te , M oa), que se 
d istin g u e  en ten e r h o jas m u cro n ad as en el áp ice, con m argen  rev o lu to , nervios la te ra le s  2 -3  
p a res, lóbulos del cáliz m u y  desiguales, libres h a s ta  la base, lóbulos de la corola g lab ros por 
d e n tro  y  capsulas m enores.

Rondeletia galanensis Fernandez et Borhidi sp. nova (Fig. 3)

F ru te x ; ram u li h o rn o tin i fe rrug ineo-h irsu ti vel p u bescen tes , veteriores g lab ri, in te r- 
nod iis 3 -5  cm longis su ffu lti. S tipu lae  la te  tr ia n g u la re s , a cu m in atae , 1,5-2 m m  longae, pilosae. 
Folia  3-5  m m  longe p e tic la ta ,  la te  ellip tica vel su b o rb icu la ria , ra rite r  o v a ta  vel oblongo- 
o v a ta , 4 -7 ,5  cm long e t 3 -5  cm  la ta , ápice o b tu sa  vel ro tu n d a ta ,  basi ro tu n d a ta  vel su b ­
co rd a ta , lev ite r o b liq u a ; n e rv o  m edio supra  im presso , su b tu s  p ro m in en ti et ap icem  versus 
a n g u s ta to , la te ra lib u s  u tro q u e  la te re  3-5 , in  ángu lo  60-80° a b eu n tib u s  su p ra  obsoletis su b tu s 
conspicuis a t  an te  m arg in em  an as to m o san tib u s , re ticu la tis . L am ina  u tr in q u e  g lab ra , n itid a , 
su b tu s  ad  n e rv u m  m ed iu m  strig illosa, m arg ine p lan a  vel pau llo  recu rva , crasse coriácea.

In flo rescen tia  cy m o so -p an icu la ta  ax illaris e t te rm in ális , ob longa usque ad 15 cm  longa, 
ram u lis  crassis erec tisque  ferrugineo-pilosis, m u ltiflo ra . P ed u n cu lu s 3-5  cm longus, pedicelli 
0 ,7 -1 ,3  cm  longi, e recti. Calycis tu b u s  globosus, 0 ,9 -1 ,4  m m  in d iám etro , h irsu tu s , lobi 5, 
o rb icu la r-sp a th u la ti, basi v a ld e  a tte n u a ti,  1,5—2 m m  longi, h y p a n th io  aequilongi vel longiores, 
pubescen tes . B rac teae  2, sp a th u la ta e , 2 m m  longae , pub eru lae , b rac teo lae  2, lineares, liberae , 
2 m m  longae, pub eru lae . Corolla non visa. C apsu la  globosa, pubescens, lobulis calycin is per- 
s is te n tib u s  co ro n ata , 4—5 m m  in d iám etro . Sem ina num erosa , d im in u ta , u tr in q u e  a t te n u a ta  e t 
s t ip ita ta ,  rugosa e t re ticu la to -fo v eo la ta .

H olo ty p u s: A l a in  3698 HAC !; C uba; P ro v . G u an tán am o  (O rien te). 
B osque húm edo  cerca  de la  cum bre del Pico G alán , S ierra del F rijo l, La 
A legría, T oa; a lt . a p ro x . 1100 m .s.m . 1. 1. 1954. Col.: A l a i n . Iso ty p u s : NY.

Specim ina e x a m in a ta :  A la in  3615 HA C, N Y ; P rov . G u an tan am o  (O riente). S e rp en tin e  
b a rre n s , P eñ a  P rie ta  L a  M agdalena, Toa. A lt. ap ro x . 600 m .s.m . Col.: Ala in  30. 12. 1953.

Obs.: Rondeletiae alaternoidi A. Rich, a ff inis, quae a specie n o stra  foliis e llip tic is vel 
oblongo-ellip ticis, in flo rescen tiis  b revibus e t pauciflo ris , peduncu lis pedicellisque te n u ib u s  e t 
flexuosis, lobulis calycin is o b lo n g o -spa thu la tis  foliaceis, capsulis m inoribus d iffert. A lte ra  
species hu ius generis jR. myrtacea  S tand i, in  B r itt ,  foliis m inoribus a tq u e  inflorescentiis h ypan- 
th io q u e  glabris d is tin g u itu r . R . grandisepala  A lain  foliis co rd iform ibus et inflo rescen tiis  
c ap ita tis  b rev ite r p e d u n cu la tis , R. lucida F e rn an d ez  e t B orhid i foliis u tr in q u e  lucidis e t valde  
rev o lu tis , in flo rescen tiis p e rfec te  glabris d ifferun t.

A rb u sto ; ra m ita s  fe rrug ineo-h irsu tas a pubescen tes , g lab ras  con la edad. E n tre n u d o s  
de 3—5 cm  de largo. E s típ u la s  ancham en te  tr ia n g u la re s , acu m in ad as de 1.5—2 m m  de largo.
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F ig. 3. H olo type  specim en o f Rondeletia ga lanensis  Fernandez e t  B o rh id i in  HAC; Ala in  3698

pelositas. Pecíolos cortos , de 3 -5  m m  de larg o , glabrescentes. H o ja s  ancham en te  e líp ticas a 
suborb icu lares u  oval-ob longas a ovales de  4 -7 .5  cm de largo y  3 -5  cm  de ancho, el ápice 
ob tuso  a redondeado , la b ase  red o n d ead a  a  subacorazonada, algo in eq u ilá te ra ; nervio m edio 
hun d id o  en el haz, p ro m in e n te  y  e strech ad o  hacia  el ápice en el envés, los la te ra les de 3 -5  
pares salen en u n  ángulo de 60-80°, subnu los en el haz, ap aren te s  y  anastom osados an te s  del 
m arg en  po r el envés con u n a  re ticu lación  v isib le . Lám ina de las h o jas  g labras y b rillan te s  en 
am b as caras, estrigosas en  el nervio  m edio del envés.

Inflorescencia c im oso-pan icu lada  c o m p u esta  y a largada de h a s ta  15 cm, con ra m ita s  
gruesas y  erectas, fe rrug ineo-p ilo sa  y  m u ltif lo ra . Pedúnculos de 3 -5  cm , pedicelos de 0 .7 -1 .3  
cm de largo , todos erectos. T u b o  del cáliz g loboso de 0.9-1.4 m m  de d iám e tro , h irsu to ; lóbulos 5, 
o rb icu lar-espa tu lados, m u y  estrechados en  la  base, de 1.5-2 m m  de larg o , iguales o m as largos 
que el h ip an d o , pubescen tes . B rácteas 2, e sp a tu lad a s , de 2 m m  de largo , p u béru las; b ractéo - 
las 2, lineares, libres, de 2 m m  de largo, p u b é ru la s . Corola no v is ta . C ápsula  globosa, p u b escen te , 
con lóbulos del cáliz p e rs is ten te s , de 4-5 m m  de d iám etro . Sem illas num erosas, m uy peq u eñ as, 
e strech ad as en am bos e x trem o s , rugosas y  re ticu lado-foveoladas.
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H olotipo : A l a i n  3698 HAC ! C uba; p ro v . G u an tán am o  (O rien te); bosque 
h ú m ed o  cerca de la  cu m b re  del Pico G álán , S ierra de F rijo l, L a  A legría, Toa, 
a lt .  ap ro x . 1100 m .s.m . Col.: A l a i n  1. 1. 1954. Iso tipo : N Y .

E jem plares ex am in ad o s: Ala in  3615 HA C, N Y ; prov. G u a n tán a m o  (O riente); ser­
p e n tin e  b arrens; P en a  P r ie ta ,  L a  M agdalena, T oa. A lt. 600 m .s.m . Col.: A l a in  30. 12. 1953.

A fin a Rondeletia alaternoides A. R ich. ssp. alaternoides que se d is tin g u e  en ten er hojas 
e líp tic a s  u  oblongo-elipticas, inflorescencias co rtas y pauciflo ras, p ed ú n cu lo s y  pedicelos del­
gad o s y  flexuosos, lóbu los del cáliz ob longo-espatu lados, cápsulas m en o res; la R. myrtacen 
S ta n d i, in  B ritt, adem ás de estas carac te ris ticas  difiere en ten er h o jas m as pequeñas e in ­
flo rescencias glabras. O tra  especie cercana, R . grandisepala  A lain se d is tin g u e  en ten er hojas 
aco razo n ad as su b sen tad as con nerv iación  m as a ce n tu a d a  en am bes ca ra s , inflorescencias 
c a p ita d a s , co rto -peduncu ladas. E specie p ró x im a  R . lucida  F e rnandez  e t B o rh id i se d istingue 
en  te n e r  hojas ob longo-elip ticas, m uy  rev o lu tas  y  lu stro sas en el haz, in flo rescencias com ple ta­
m en te  glabras.

Rondeletia m iraflorensis Fernandez et Borhidi sp. nova

F ru te x  1-2 m  a ltu s . K am i h o rn o tin i 4 -angu li, dense b rev ite rq u e  re tro rso-p ilosi, in te r-  
n o d iis 0 ,2-1  cm longis, v e te rio re s  te re te s , lo n g itu d in a lite r  s tr ia ti  e t tra n sv e rsa lite r  b re v ite r­
q u e  f issu ra ti. S tipulae  la te  o v a ta e  vel sem iorb icu lares , 1-1,5 m m  longae, b a s i usque ad  dim i- 
d iu m  annu lifo rm iter c o n n a ta e , áp ice ro tu n d a ta e , dorso e basi d ila ta to  0 ,3—0,5 m m  longe 
m u cro n a ta e , dense p u b e ru la e . Fo lia  o b o v a ta  vel o rb icu lari-o b o v a ta  v e l su b orb icu laria , 5-10 
m m  longa e t 4 -8  m m  la ta ,  1 m m  longe p e tio la ta , vel sessilia, ápice r o tu n d a ta  e t p lerum que 
b re v ite r  ap icu la ta , basi b re v ite r  a tte n u a ta  vel o b tu sa , ra rite r  ro tu n d a ta ;  ne rv o  medio supra  
im presso , subtus crasse p ro m in e n ti, la te ra lib u s  u tro q u e  la te re  2-3  su p ra  p lerum que nullis, 
su b tu s  arcua tis  e t a n te  m arg in em  co n ju n c tis , saepe inconspicuis, r a r i te r  anastom osan ti- 
re tic u la tis ;  lam ina su p ra  g lab ra  vel m inu tissim e p ilosa, n itid a , valde  p l ic a ta , sub tus to m en to  
a lb o  dense coperta, ad  ñ e rv o s  pilis b rev ibus su rsum  d irectis sericea, v a ld e  coriácea.

Flores 4-m eri, in  a x illis  fo liorum  so lita rii, sessiles vel subsessiles. P ro p h y lla  trian g u larla  
vel o v a ta , ápice a c u ta , 1 -3  m m  longa, basi in v o lu crifo rm ite r c o n n a ta , dense tom en tosa . 
H y p a n th iu m  lev iter 4 -an g u lu m , 1-1 ,5  m m  in  d iám e tro , to m en to su m , lo b i calycis 4, lineari- 
o v a ti  vel lin ea ri-sp a th u la ti, sub  ápice p leru m q u e  lev ite r d ila ta ti, 2,5—3,5 m m  longi, ápice 
a c u ti  vei obtusi, basi 1 m m  longe co n n ati ce te ru m  liberi. Corollae tu b u s  7—8 m m  longus, ex tu s 
re tro rse  h irsu tu s, in tu s  g lab e r, lobi 4, su b o rb icu la res vei obovati, 1 ,5-2 ,5  m m  longi, u tr in q u e  
to m en to su li. S tam ina 4, subsessilia , in  fauce corollae in se rta , a n th e rae  ob longae vel lineares, 
2 m m  longae, in sertae . S ty lu s  b asi lev ite r p u b e ru lu s , in  flore longisty lo  8—9 m m  longus, bre- 
v issim e exsertus. C apsula 1—3 m m  longe p e d u n c u la ta , pedúnculo  4 -angu lo , re tro rse  h irsu to , 
g lobosa , puberu la , 4 -6  m m  in  d iám etro .

H olotypus: A l a i n  963 HAC; Cerro de M iraflores, J u ly ,  1949. Leg.: 
A l a i n  e t C l e m e n t e . Iso ty p u s : NY.

Specim ina e x a m in a ta :  L eón  21145, Cerro de M iraflores, C an an o v a , Ju ly , 1942. G H , 
H A C , N Y , US; -  idem , L eó n  21163, G H . HAC; — idem , B P  574059 e t 574060, leg.: B o r h id i, 
Ca po t e  e t Ov ied o , S ep t. 11. 1974.

Obs.: Rondeletiae steirophyllae  U rb . (e S ierra  del Cristal) a ffin is, q u ae  a specie n o stra  
fo liis o rb icu lari-ovatis, ju v e n ilib u s  su p ra  a rachno ideo-tom en tu losis , su b tu s  a d  ñervos re tro rse  
se tu losis , in te r ñervos a rach n o id eo -to m en to sis , flo rib u s 3-4  m m  longe p ed u n cu la tis , p rophyllis
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liberis, sp a th u la tis  v e l o rb icu laribus, áp ice  ro tu n d a tis , h y p a n th io  globoso d iffe rt. A lte ra  
species p ró x im a  R . hypoleuca  Griseb. (e B a raco a) foliis ápice non  ap icu la tis , nerv is la te ra lib u s
3 -  4, su p ra  conspicuis, su b tu s  va lde  p ro m in en tib u s , b rac te is  sem io rb icu laribus, áp ice ro tu n d a ­
tis , in v o lu cra lib u s, lobis calycinis tr ia n g u la rib u s , 1-2 m m  longis d is tin g u itu r.

A rb u sto s de 1 -2  m  de a lto ; r a m ita s  4-angulosas, b rev em en te  re tro rso -pe losas con 
en tren u d o s de 0 .2 -1  cm  de largo, las a d u lta s  c ilindricas, lo n g itu d in a lm en te  estrigosas con 
fisu ras  tran sv ersa les  co rtas. E stip u las a n ch a m e n te  ao v ad as o sem iorbiculares de 1 -1 .5  m m  
de larg o , to m en to sa s , connadas en un  an illo  en la base, el áp ice redondeado , con u n  m u cró n  
de 0 .3 -0 .5  m m  de larg o , saliendo del dorso . H o jas o b o v ad as u  o rb icu lar-o b o v ad as o su b ­
orb icu lares, sésiles o con u n  peciolo de h a s ta  1 m m  de larg o , lim bo de 5-10 m m  de largo  y
4— 8 m m  de ancho , redo n d ead o  y  m ay o rm en te  ap icu lado  en el áp ice, b rev em en te  e strech ad o , 
ob tuso  o redondeado  en la base; nervio m edio  hund ido  en el haz, engrosado y p ro m in e n te  en 
el envés, los la te ra les  de 2—3 pares inconsp icuos en el haz, en corvados y  anasto m o sad o s a n te s  
del m argen , po r lo com ún  poco conspicuos, a veces re ticu lad o s  en el envés; g labro  u  m u y  
d im in u tam e n te  pelosito , b rillan te  y  m uy  plegado  en el haz, d en sam en te  a lb o -to m en to so  con 
pelos sericeos cortos d irig idos hacia el áp ice  en los nervios del envés, m uy  coriáceo.

F lores 4 -m eras, so lita rias en las a x ila s , sésiles o subsésiles. B rác teas 2, tr ia n g u la re s  o 
ao v ad as de 1-3  m m  de largo , agudas a o b tu s ita s  en  el áp ice, co n n ad as en u n  in vo lucro  to m e n ­
toso en la  base. H ip a n tio  4-angulo de 1—1.5 m m  d iám etro , to m en to so ; lóbulos del cáliz 4, 
linea l-aovados o linea l-esp a tu lad o s, lig e ram en te  ensanchados debajo  del ápice, connados en 
la base  en u n  tu b o  de 1 m m  de largo sus p a r te s  lib res de 2 .5 -3 .5  m m  de largo, agudos u  o b tu so s 
en el áp ice. Corola ro sad a , tu b o  de 7-8 m m  de largo, re tro rso -h irsu to  por fu e ra , g lab ro  p o r 
d en tro , lóbulos 4, su b o rb icu la res u  obovados de 1.5-2 .5  m m  de largo , to m en tosos en  am b as 
caras. E s tam b res  4, subsésiles, insertos en la g a rg an ta  del tu b o  de la corola, a n te ra s  o b lo n ­
gas a lineales, de 2 m m  de largo. E stilo  peloso en la base, de 8—9 m m  de largo, poco e x erto . 
C ápsula  globosa de 4—6 m m  de d iám etro , p u b e ru la , p ed úncu lo  fru c tificad o  4 -a n g u lo , re tro rso - 
peloso, 1—3 m m  de largo.

H olo tipo : A l a i n  963 HAC; P ro v . H olguin (O rien te), M oa: Cerro de 
M iraflores; col.: A l a i n  y C l e m e n t e , ju lio  1949. Iso tip o : NY.

E jem p la res  estu d iad o s: L eón  21145, Cerro de M iraflores, C ananova; ju lio , 1942. G H , 
HAC, N Y , U S; — idem , L eón  21163, G H , H A C ; — idem , B P  574059 y  574060, coi.: B o r h id i, 
Ca po te  y  Ov ie d o , S ep t. 11. 1974.

A fin a Rondeletia steirophylla  U rb . (de la Sierra del C ristal), pue difiere de n u e s tra  
p lan ta  en te n e r  h o jas o rb icu lar-ao v ad as, to m en to su las  en el h az , cuando jó v en es, re tro rso - 
estrig ilosas en los nerv ios del envés y a ran eo so -to m en to sas e n tre  los nerv ios; flores con p e d ú n ­
culo de 3 -4  m m  de larg o , b rác tea s  libres, e sp a tu lad a s  u  o rb icu lares, red o n d ead as en  el áp ice, 
h ip an tio  globoso. O tra  especie cercana, R . hypoleuca  G riseb. (de B aracoa) d ifie ra  en te n e r  
ho jas no ap icu lad as en el ápice, nervios la te ra le s  de 3 -4  p a res , conspicuos en el h az , p ro m i­
n en tes  en  el envés, b rá c te a s  suborb icu lares , red o n d ead as en el áp ice, connadas, lóbulos del 
cáliz trian g u la re s  de 1 -2  m m  de largo.

Rondeletia X incerta Borhidi et Fernandez hybr. nova (Fig. 4)

(Rondeletia m iraflorensis  X subcanescens)

R am i h o rn o tin i sericei, ra rite r  re tro rso -p ilo si; s tip u lae  la te  trian g u lare s , 1-2  m m  
longae, ápice b re v ite r  a cu m in a tae  e t m u c ro n a ta e , sericeo-pilosae. Folia  e llip tica  vel o b ovato - 
e llip tica  vel oblonga, 1 -2  m m  longe p e tio la ta , 0 ,5 -1 ,4  cm longa e t 0 ,3 -0 ,7  cm  la ta , su p ra
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F ig . 4. Iso ty p e  specim en  o f Rondeletia X incerta  B orh id i e t F e rnandez  in  U S 1881313; A cuña
12767

g lab ra  vel g lab rescen tia , n itid a  et rugosa, su b tu s  albo  to m en to sa , ápice ro tu n d a ta  vel o b tu sa , 
b rev issim o , m u cro n a ta , basi cuneata , m arg ine saepe c ilia ta , rev o lu ta , coriácea; nervo  m edio 
su p ra  im presso, su b tu s  c rasse  p rom inen te  e t  can a licu la ta . la te ra lib u s su p ra  nullis, su b tu s 
u tro q u e  la te re  2 -3 , bene  conspicuis et lev ite r  im pressis , poste riu s  m anifeste  re tieu la tis .

Flores 4-m eri so lita rii, term inales e t ax illa res; pedicelli 1-2 m m  longi (in  fru c tu  usque 
ad  3 m m ), sericeo-pilosi. B racteae  2, liberae , su b o rb icu la res , ápice ro tu n d a ta e , 3 -4  m m  longae, 
b rac teo lae  2, tr ia n g u la re s , liberae , 1-2 m m  longae. Calycis tu b u s  le \ i te r  4 -an g u la tu s , 2-3 m m  
lo n g u s, sericeo-pilosus, lobi 4, lin ea ri-obova ti, vel brevissim e sp a th u la ti, lo n g itu d in e  v arii, 
2 -4  m m  longi, u tr in q u e  albo-sericei. C apsula g lobosa, superficie  rugulosa , 3 -4  m m  longa, 
albo-sericea.

R am itas  jó v en es  sericeas, a lgunas re tro rso -pe losas. E stíp u las de 1-2 m m  de largo, 
an ch a m e n te  tr ia n g u la re s  con el ápice corto  acu m in ad o , sericeas. Pecíolos de 1-2 m m  de largo, 
sericeo-pelosos. H o jas e líp ticas  u o b o vado-elip ticas u  oblongas, de 0 .5 -1 .4  cm  de largo, p o r 
0 .3 -0 .7  cm de ancho , g lab ra s  a g labrescen tes, b rillan te s  y rugosas en el haz, el envés albo-
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to m en to so , el ápice redondeado  a o b tu so  m u y  b rev em en te  m ucronu lado , estrech an d o  h acia  la 
base  cuneada. E l m argen a m enudom  ciliado, rev o lu to . L im bo coriáceo. N ervio  m edio hun d id o  
en el haz, los la te ra les  nulos, cuando  ap a re n te s  tam b ién  hundidos. P o r el envés el nerv io  
m edio a p aren te  y  algo acanalado, hacia  el ápice se va  estrechando  y  tiende  a d esaparecer, 
p ro m in u lo , los la te ra les  de 2-3 p ares h u n d id o s y bien  m arcados, con la  edad  se a ce n tú a  la 
re ticu lación .

F lores 4-m eras, so litarias, te rm in a les  y  ax ila res, pedicelos cortos de 1-2 m m  de largo 
(h a s ta  3 m m  en fru to ), sericeo-pelosos. B rác tea s  2, lib res, de 3 -4  m m  de largo , suborb icu la res , 
red o n d ead as en  el ápice, b racteo las 2, lib res, trian g u la re s  de 1-2 m m  de largo . Cáliz algo 
anguloso  de 2-3  m m  de largo, albo-sericeo , lóbulos 4, lineal-obovados, a lgunos m u y  b re v e ­
m en te  esp a tu lad o s , 2 -4  m m  de largo, desiguales, albo-sericeos en am bas caras. C ápsula g lobosa 
de 3—4 m m  de d iám etro , pelosita , rugulosa .

H o lo ty p u s: A c u ñ a  12767. H A C; P ro v . H olguin; P in a res  de M oa, leg. 
J .  A c u ñ a , 11. 4. 1945. Iso ty p u s : US 1881313.

Rondeletia interm ixta Britt. (Fig. 5.)

ssp. inter m ix ta  :

foliis ellip ticis, oblongo-ellipticis vel ob longo-lanceolatis, 3-11 cm  longis e t 1 ,2 -4  cm  
la tis  ápice a cu m in atis  e t acutis, basi longe a tte n u a tis  e t cuneatis, nerv is la te ra lib u s  u tro q u e  
la te re  6 -8 , su b tu s  dense sericeo-pubescen tibus, in flo rescen tiis p lu riflo ris p eduncu lis u sq u e  ad  
1,5 cm  longis, calyce dense strig illo so -h irsu tis , 4 -5 -lo b u la tis , tu b o  corollino 6 -7  m m  longo.

H ojas e líp ticas , e liptico-oblongas u  ob longo-lanceo ladas, 3-11 cm  de largo y  1 .2 -4  cm  
de ancho , acu m in ad as y agudas en el áp ice, la rg am en te  estrech ad as y cuneadas en la base , 
d en sam en te  sericeo-puberulas en el envés nerv ios la te ra les  de 6 -8  p a res; inflorescencias p lu r í­
flo ras con pedúnculos de h as ta  1.5 cm  de largo, cáliz densam en te  estrig iloso-h irsu to , 4 -5 - 
lo b u lado , tu b o  de la  corola de 6-7 m m  de largo.

H o lo ty p u s: S h a f e r  9039; C uba; p ro v . O rien te , G ran  P ied ra . N Y . Iso- 
ty p i:  HA C, US.

A rea: C uba; S ierra  M aestra, C ordillera de la  G ran  P ied ra , e n tre  800 y  1200 m .s.m .

ssp. turquinensis Fernandez et Borhidi ssp. nova (Fig. 6)

A ty p o  d iffert: foliis m inoribus e t o v a tis , basi ob tusis, tru n ca tis  vel ro tu n d a tis , 1,5-5 
cm  longis e t 0 ,5 -2 ,4  cm  la tis , su b tu s  sp a rse  pilosis vel g labrescen tibus, nerv is la te ra lib u s  
u tro q u e  la te re  4 -6 , sup ra  obsoletis; in flo rescen tiis ax illaribus cym oso-racem osis pauciflo ris, 
b re v ite r  (0 ,5-1  cm  longe) p eduncu latis , m inus b rev iusque  h irsu to -to m en to sis , flo ribus 5-m eris, 
tu b o  corollino 5—6 m m  longo.

D ifiere del tip o  en ten er ho jas m enores y  ao vadas, ob tusas, tru n c a d a s  o red o n d ead as 
en la base, de 1.5-5 cm de largo y 0 .5 -2 .4  cm  de ancho , esparc idam en te  pelosas a g labrescen tes 
en el envés, nerv ios late ra les de 4 -6  p a res, poco conspicuos en el haz; inflorescencias ax ila res 
cim oso-racem osas paucifloras m enos y  co rto -p u b é ru la s , con pedúnculos de 0 .5-1  cm  de largo , 
flores 5-m eras, tu b o  de la corola de 5 -6  m m  de largo.
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Fig. 5. H o lo type  sp ec im en  of Rondeletia in term ixta  B ritt , in N Y , Shafer  9039

H olo ty p u s: E k m a n  14599 S !; C uba; P ro v . G ran m a (O rien te); S ierra 
M aestra , in  steep  rocks o f  Lom a R egino. a lt. cea 1700 m .s.m .l. Col.: E k m a n  

24. 7. 1922.
Conocida solo de la  colección típ ica .

Rondeletia lucida Fernandez et Borhidi sp. nova (Fig. 7)

F rú tices  ram ulis te re tib u s  glabris, len ticellis e longatis lo n g itu d in a lite r s tr ia tis , in te r- 
nodiis long itud ine  variis  (1 -5  cm  longis). S tip u lae  trian g u la re s , ápice acum in atae , 1-2 m m  
longae, ex tu s g labrae, in tu s  pilosae. Folia 2 -7  m m  longe p e tio la ta , petiolo glabro , lam ina  
ob longo-ellip tica  vel e llip tic a , 1,5-7 cm longa e t 0 ,7 -3  cm  la ta , ápice ob tu sa , ro tu n d a ta  vei 
levissim e em arg in a ta , basi o b tu sa  vel b rev ite r ro tu n d a ta ,  nervo  m edio su p ra  im presso, su b tu s 
crasse p ro m in en ti, la te ra lib u s  u tro q u e  la te re  3 -7 , su p ra  lev ite r p rom inulis e t m anifeste  den-
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F ig . 6. H o lo ty p e  specim en  of Rondeletia in term ixta  B ritt ,  ssp. turquinensis  F e rn an d ez  e t
B orh id i in  S, E km an  14599

seque re ticu la tis , in foliis ve tcrio ribus levissim e im prcssis, su b tu s lev ite r prom inulis re tícu lo  
obso le to  vei inconsp icuo ; lam ina rigide coriácea, u tr in q u e  lucida  e t g laberrim a, su b tu s dense  
p u n c tu la to -m u ric a ta , m arg ine valde rev o lu ta .

In flo rescencia  cy m oso-pan icu la ta , u sq u e  ad  10 cm longa, e rec ta , m u ltiflo ra , g lab ra . 
P ed u n cu li e recti, 2 -3  cm longi, pedicelli 0 ,5 -1 ,5  cm longi. T ubus calycis cum  ovario g lobosus, 
lev ite r  an g u la tu s, 1,5—2 m m  in d iám e tro ; lobi 5, s tip ita to -o rb icu la ri-sp a th u la ti, crassi, g lab ri 
vel g lab rescen tes, 1 ,5 -3  m m  longi. B rac teo lae  liberae , lineares, 2-2,5 m m  longae, g lab rae : 
b ra c tea e  2, la te  sp a th u la ta e , usque ad 5 m m  longae, g labrae. Corolla non visa. C apsula depresse  
g lobosa, 4 -7  m m  in  d iám etro , g labra , lobu lis calycin is incrassa tis  persis ten tib u sq u e  c o ro n a ta , 
loculicide dehiscens, Sem ina num erosa , d im in u ta , 1 1,5 m m  longa, u tr in q u e  a tte n u a ta , r e t i ­
cu la ta  e t foveo lata .

H o lo ty p u s: A l a i n  3453 H A C ! Cuba. P ro v . G u an tán am o  (O rien te). 
S ierra  de M oa, charrascales se rp en tin o sas  en la  c resta  en la a it. 900 m. ap ro x . 
Col.: A l a i n , 25. 7. 1953. Iso ty p i: G H , NY.
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F ig. 7. H o lo type  specim en  o f Rondeletia lucida  F e rn an d ez  e t B orh id i in  HA C; A la in  3453

Specim ina e x a m in a ta :  A lain  5795 p .p . NY¿ C uba; P rov . H olguin (O rien te); S ierra  
del C rista l, on slopes of E l C ristal, near th e  c res t; a lt. 1000-1200 m .a .s.l. Col.: Al a in , A cuña  
and  L o pez  F ig u e ir a s , 2 -7 . 4. 1956.

O bs.: Rondeletiae galanensi F e rnandez  e t B orh id i affinis, quae a specie n o stra  foliis 
la te  o v a tis , basi ro tu n d a tis  vel subcordatis, su p ra  non re ticu la to  venosis, in flo rescen tiis fer- 
ru g ineo-puberu lis  d iffert.

A rb u sto , ram ita s , c ilindricas , estriad as con len tice las a la rg ad as, g lab ras; en tren u d o s de 
1-5 cm  de largo. E stíp u la s  trian g u lares , ap icu lad as en el ápice, de 1-2 m m  de largo, g labras 
po r fu e ra , pelosas por d e n tro . H ojas con pecíolo g lab ro  de 2-7  m m  de largo ; lim bo de las hojas 
ob longo-elíp tico  o e líp tico , de  1.5-7 cm de largo y  0 .7 -3  cm de ancho , o b tu so , redondeado  o 
poco em arg inado  en el áp ice , ob tuso  o b rev em en te  redondeado  en la base; nervio  m edio h u n d id o  
en el h az , engrosado y  p ro m in en te  en el envés, los la te ra les  de 3 -7  pares lig e ram en te  pro- 
m inulos en el haz y m arc ad a m en te  re ticu lados, o poco hundidos en las ho jas m as ad u lta s ; 
poco prom inu los en el envés con re ticu lación  o b so le ta  o inconsp icua; el lim bo ríg id am en te
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coriáceo, b rillan te  y  glabro en am b as caras, d en sam en te  m u ricad o -p u n tead o  en el envés el 
m arg en  m u y  rev o lu to .

In flo rescencia  ax ila r y  te rm in a l, c im oso-pan icu lada , de h a s ta  10 cm  de largo, e rg u id a , 
m u ltiflo ra  y  g lab ra . Pedúnculo  recto , de 2 -3  cm  de largo, pedicelos de 0 .5 -1 .5  cm  de largo. 
T ubo  del cáliz con el ovario  globoso, lig e ram en te  anguloso , de 1.5-2 m m  de d iám e tro ; ló b u lo s 5, 
e s tip itad o  o rb icu lar-esp a tu lad o s, gruesos, coriáceos, g labros o g lab rescen tes, de 1 .5-3  m m  de 
largo. B racteo las libres, lineares de 2 -2 .5  m m  de largo, g lab ras, b rá c tea s  2, a n ch a m e n te  
e sp a tu lad as , de h a s ta  5 m m  de largo, g lab ras. Corola no v ista . C ápsula deprim ido-g lobosa  de 
4 -7  m m  de d iám e tro , g labra , co ronada  por los lóbulos del cáliz engrosados y  p e rs is ten tes . 
Sem illas num erosas, d im in u tas  de 1-1 .5  m m  de larg o , estrechadas en am bos ex trem o s, re ticu - 
lad as y  foveoladas.

H olo tip o : A l a i n  3453 HAC; C uba; P ro v . G u an tán am o  (O rien te); S ierra  
de M oa, charrascales  serpen tinosos en la  c re s ta  en la a lt. 900 m .s.n .m . a p ro x i­
m ad am en te . Col.: A l a i n  25. 7. 1953. Iso tip o s : G H , NY.

E jem p la res  estud iados: A la in  5795 p .p . in N Y ; C uba; P rov . H olgu in  (O rien te); S ie rra  
del C ristal, on slopes of E l C ristal n ear th e  c res t; a lt. 1000-1200 m .a .s.l. Col.: A l a in , A c u ñ a  
a n d  L ópez F ig u e ir a s  2 -7 . 4. 1956.

A fin a Rondeletia galanensis F e rn an d ez  e t B orhidi que se d is tin g u e  en te n e r  h o jas 
a n ch am en te  ovales, redondeadas o su b aco razo n ad as en la base, no re ticu lad o  venosas en  el 
h az , inflorescencias fe rrug inoso-pubéru las , cáliz y  f ru to  pelosos.

Rondeletia X obscura Borhidi et Fernandez hybr. nova
(Rondeletia paucinervis  X R . plicatula)

F ru te x ; ram i to rtu o si, h o rn o tin i p ilosi, v e terio res scabrosi, te re te s , cortice  tran s -  
v e rsa lite r  fisso. S tip u lae  la te  trian g u la re s  usq u e  ad  1 m m  longae, ad  ram os h o rn o tin o s den- 
sissim e d ispositae , ápice m u cro n a tae , basi b re v ite r  connatae , u tr in q u e  sericeo-strigillosae. 
F o lia  ápice ram o ru m  dense conferta , 1—2 m m  longe pe tio la ta , e llip tica  vel su b o rb icu la ria , 
r a r i te r  o b o v a ta , 3 -9  m m  longa e t 2 -5  m m  la ta , áp ice  ro tu n d a ta  vel o b tu sa , saepe m ucrone  
reflexo  su ffu lta , basi a tte n u a ta  vel o b tu sa , ne rv o  m edio supra  p ro fu n d e  im presso , su b tu s  
crasse  p ro m in en ti, la te ra lib u s  u tro q u e  la te re  2 -3 , su p ra  inconspicuis, su b tu s  p rom inu lis e t 
sa tis  dense re ticu la tis , lam ina  valde  convexa , su p ra  n itid a , g labra e t v a ld e  rugosa, su b tu s  ad 
ñe rv o s albo-sericea, in te r  ñervos laxe p u b e ru la  ad  glabreseens, m argine v a lde  re v o lu ta , crasse  
coriácea.

F lores ax illares so litarii, 4-m eri, 1-2 m m  longe ped u n cu la ti, p edúncu lo  crasse an g u la to , 
sericeo-puberu lo  su ffu lti; calycis tu b u s  su p ra  o vario  cea 1 m m  longe p ro lo n g a tu s  e t a t t é n u a - 
tu s , a lbo-sericeus; lobi 4, lin ea ri-sp a th u la ti, ap icem  versus lev iter d ila ta ti ,  3 -4  m m  longi, 
u tr in q u e  p uberu li. B rac teae  2, lineares, 1—1,5 m m  longae, ad capsu lam  su p ra  basim  a d n a ta e , 
albo-sericeae. C apsula globosa loculicida, 2 -3  m m  in d iam ., lobulis calycin is p e rs is ten tib u s  
c o ro n a ta , p u b e ru la  ad  g labriuscula. Sem ina re ticu la to -ru g o sa , 1-1,5 m m  longa, m arg ine  
ex a la ta .

H o lo ty p u s: H A JB  35663; C uba; P ro v . H olguin  (O rien te), S ierra de N ipe. 
I so ty p u s : HAC !

Obs.: H a b itu  e t fo rm a fo liorum  Rondeletia p licatu la  U rb. sim illim a sed ab  ea foliis 
su b tu s  g lab rescen tibus vel laxe puberu lis , a tq u e  fo rm a  calycis fru c tu sq u e  c lare d iffert. F o rm a  
e t long itu d in e  lobis calycinis a tq u e  foliis su b tu s  g lab rescen tibus Rondeletia paucinervis  U rb .
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sim ilis, sed ab ea, in d u m e n to  a tq u e  re ticu la tio n e  v e n a ru m  d iscrepat. P ro  characteris  in te r-  
m ediis hu ius taxonis eum  h y b rid o g en u m  gaudere p referim us.

A rb u sto ; ram itas  jó v e n e s  pelositas, las a d u lta s  escabrositas . E stíp u las  tr ian g u la re s , 
sericeas de 1 m m  de largo. H o ja s  ag ru p ad as hacia  los ex trem o s de las ram itas , que conservan  
las cicatrices estipu lares. P ecío los sericeos de 1-2 m m  de largo. H o jas ovales, oblongo-ovales, 
suborb icu lares u  oblongas, de  3 -9  m m  de largo por 2 -5  m m  de ancho , g lab ras, b rillan tes y  ru g o ­
sas en  el haz, el envés a lb o  sericeo en los nervios lax a m en te  p ubéru los en tre  ellos. L ám in a  
red o n d ead a  a ob tusa  en el áp ice, a veces b rev em en te  ap icu lad a , e strech ad a  hacia la  base 
o b tu sa  o aguda, m ay o rm en te  m u y  convexa, r íg id am en te  coriácea, el m argen  revo lu to . N erv io  
m edio hund ido  en el haz  p ro m in e n te  en el envés, ensanchado  hacia  la base, los la te ra les  en 
p a res  de 2 -3  obsoletos en el h a z , p rom inulos y re ticu lad o s  en el envés.

F lores axilares 4 -m eras, so litarias. Pedúncu lo  de 1-2  m m  de largo, sericeo, anguloso . 
H ip a n tio  globoso, de 1-2 m m  de d iám etro , albo-sericeo , tu b o  del cáliz p ro longado y a te n u ad o  
sobre el ovario, lóbulos del cáliz 4, lin ea r-esp a tu lad o s, 3 -4  m m  de largo , pelosos en am b as 
caras, b rac teae  2, lineales, de  1 m m  de largo, sericeos. Corola no v is ta . C ápsula g lobosa de 
2 -3  m m  de d iám etro , a lb o -sericea . Sem illas de fo rm a v a r ia d a , re ticu la d as  y algo rugosas, de 
1—1.5 m m  de largo.

H olo tipo : H A JB  35663; Cuba; P ro v . H o lgu in  (O rien te ); S ierra de Ñ ipe. 
Iso tip o : HAC 30262 !

P o r el aspecto  g en era l y  form a de las h o jas  sem eja  m ucho a la Rondeletia p lica tu la  
U rb . de la cual se d is tin g u e  en  ten e r lóbulos del cáliz lin ea l-esp a tu lad o s y  hojas g labrescen tes 
en  el envés.

L a form a y ta m a ñ o  de las flores y  fru to s son parecidos a los de la o tra  especie p ró x im a , 
Rondeletia paucinervis U rb ., pero  de ella difiere en te n e r  hojas p u b é ru la s  y  re ticu lado-venosas 
en el envés. Por ten e r c a ra c te re s  in te rm ed iarios e n tre  las dos especies aqui m encionadas 
p referim os calificar este  ta x o n  como un h íbrido.

Rondeletia pachyphylla Kr. et Urb. Sym b. A nt. 1 : 419. 1900 

(S yn .: Rondeletia  alaternoides G riseb . non  A. R ich.) 

ssp . pachyphylla  : (F ig . 8)

Folia o v a ta  vel ova li-e llip tica , u trin q u e  o b tu sa  vel basi tru n c a ta ,  2—3 (-3 ,5) cm  longa 
e t 1-1 ,5  cm la ta  fere d u p lo  longiora quam  la tio ra , m arg ine an g u ste  vel la te  recu rv a , plus- 
m inus convexa, nerv is la te ra lib u s  supra  nullis, su b tu s  obsoletissim is.

H ojas aovadas o aovad o -e lip ticas , o b tu sas en  am bos ex trem o s o tru n cad as  en la base , 
de 2 -3  (-3 .5 ) cm de largo  y  1 -1.5 cm de ancho, cea dos veces m as la rgas que anchas, el m argen  
estrech am en te  o a n c h a m e n te  recu rv a , el lim bo convexo , nerv ios la te ra les  nulos en el haz, 
m u y  evanidos en el envés.

H olo typus: W r i g h t  2689 G O ET; iso ty p i: BM, G H , HAC.

Specim ina e x a m in a ta :  P rov . O riente: S ie rra  de Ñ ipe: P aso  E s tan c ia  to  th e  p inales, 
Sh a f e r  1717, M ay 1-2 . 1909, N Y , US; idem , Sh a f e r  1769 M ay 1. 1909. BM, N Y ; — Rio 
P ilo to , E kman  3392 N ov. 5. 1914. S; E km an  9048 F eb r. 18. 1918. S, US; — Rio C an ap ú , 
E k m an  4771. Febr. 25. 1915. S; Rio C anapú, C ayo R ey ; L ópez F . 1864; Febr. 18. 1955. HA C, 
H A JB , U S; — F a ra llo n es  de l Cayo R ey, ¿ a ra bia  3545. A pr. 15. 1940. G H , HAC, N Y ; — Rio
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Fig. 8. A u th en tic  specim en  of Rondeletia pachyphylla  K r. e t U rb . (M a r ie -Victo bin  22064)

del Medio n ear W oodfred , Morton  3263, O ct. 18. 1941. Morton  e t  A cu ña , HAG, K , N Y , 
U S; — A rroyo C asim ba, a lt. 700 m. Ju l. 27. 1940. L eó n  19234. H A C , G H , NY, US; -  R io 
N aran jo , Ma r ie -V ic t o r in  22301. M arch 14-18. 1944. M.-Vic to r in  e t  Cl e m e n t e , HAC, M T; 
idem , L eón  19289, Ju l .  28. 1940. L eó n  e t Al a in , HA C, NY; — R io P ied ra , 500 m .; E k m a n  
1768. Ju l. 3. 1914. S; — R io B arigua , E kman  16058, Dec. 24. 1922. BM , G H , S; -  Rio B a y a te , 
E kman  1981, Ju l. 13. 1914. S; — R ocky  A rroyos n e a r W oodfred, 400-500  in. Sh a fer  3164, 
Dec. 13. 1909. G H , N Y , S; — idem , Ma r ie -Vic t o r in  22077, M arch, 14-18. 1944. M.-Vic t o r in  
e t Cl e m e n t e , G H , H A C , MT; — P ine lands n ea r W oodfred , H o w ard  6126, Ju ly , 1941. G H , 
N Y , MT; idem , L eó n  19284, HAC, N Y ; idem , L eó n  19941, A pr. 7. 1941. L eón , Cl e m e n t e  
e t Al a in , G H , H A C , N Y ; — idem , Sh a f e r  3443, J a n . 5. 1910. N Y ; — idem , León  19174, 
Ju l.  26. 1940. L eó n  e t A l a in , HAC, N Y ; — idem , L eón  19824, A pr. 6. 1941. L eón , M.-V ic ­
t o r in , Cle m e n t e  e t A l a in , G H , HA C; — Pié de la  L om a M ensura, 725 m . a lt. E kman 5767/b, 
M ay 16. 1915. N Y , S.

ssp. m yrtilloides F ernandez  et B orhidi ssp. nova (Fig. 9)

Folia ohlongo-ellip tica  vel ob longo-obovata, b asi longe cu n ea ta , 1-2 (-2 ,7 ) cm longa e t 
0 ,4-0 ,8  (-1 ) cm la ta ,  2 ,5 -3-p lo  longiora q u am  la tio ra , m argine p leru rn q u e  p lana, non con­
vexa, nervis la te ra lib u s  saepe u tr in q u e  prom inulis.
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F ig . 9. H olo type of Rondeletia  pachyphylla  K r. e t U rb . ssp. m yrtilloides F e rn an d ez  e t B o rh id i
in  HAC; Cl e m e n t e  6217

H olo typus: C l e m e n t e  6217 H A C; P ro v . H olguin (O rien te ), M oa: Cerro 
de C ananova, a rro y ito  del p u en te  C olorado. Leg.: C l e m e n t e , N e s t o r  et 
C r i s ó g o n e , Aug. 1948. Iso ty p u s : N Y .

Specim ina e x a m in a ta :  O riente : M oa: R io  Y ag ru m aje , Acu ña  12766, A pr. 14. 1945. 
H A C , U S; idem , Cl e m e n t e  3636, May 19. 1944. HAC, MT; — id em , W ebster  3790, Ju l. 
17. 1951. M ICH ; R io M oa, A cuña  12765, A pr. 10. 1945. HAC, U S ; -  idem , L eón  20192, 
Ju l .  22. 1941. L eó n , Cl e m e n t e  e t H o w a rd , G H , H A C , NY; — Cerro de M iraflores, C ananova , 
L e ó n  21153, Ju l. 1942. G H , HAC, NY; — R io C ayoguán, Ma r ie -V ic t o r in  21768, 27-31. 
M ay , 1943. HAC, MT, U S ; — idem , Ala in  851, Ju l .  1949. Ala in  e t Cl e m e n t e , G H , HAC, 
N Y , U S ; — P lay a  de la  V aca , Ma r ie -Vic to r in  21453, Apr. 16-23. 1943. M.-Vic t o r in , A la in  
e t  Cl e m e n t e , HAC, M T, N Y , US; — idem , B o r h id i , Muñiz  e t V a zq u ez , M arch, 25. 1970. 
B P , H A C; — idem , B o r h id i , Ca po te  e t Ov ie d o  S ep t. 13. 1974. B P , H A C ; — A rroyo O cuje, 
M a r ie -Victo rin  21550, 16-23 . A pr. 1943. M.-V ic t o r in  et Ala in , H A C , MT, US; — C enteno, 
M a r ie -Victo rin  21472, A p r. 16-23. 1943. M .-V ic t o r in , Cl e m e n t e  e t  A l a in , HAC, M T; -  
15 k m  SW  of Moa m ill, H o w ard  5884, Ju l. 1941. A ; — idem , H o w a rd  5982, G H , MT, U ; 
— idem , L eón  20192, 20247, col.: L eón , Cl e m e n t e  e t H oward G H , HA C, NY ; — E l Coco, 
L e ó n  22684, Aug. 1945. L e ó n , Cle m e n t e  e t A l a in , HAC, N Y ; — A rroyo Jic o te a , L eón
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Fig. 10. H o lo ty p e  of Rondelelia papayoensis  F e rn an d ez  e t B orhid i in  S, E kman  9306

20145, Ju l.  22. 1941. L eó n , Cl e m e n t e  e t H o w a r d , HAC, NY; — C am po S an  B enito , Sh a f e r  
4088, F ebr. 24. 1910. N Y ; — Cam po L a G loria, Sh a f e r  8258, Dec. 24—30. 1910. N Y ;

Sierra del C ristal: Rio M iguel. Ala in  5910, A pr. 2-7. 1955. A c u ñ a , A la in  e t L ó pez  F . 
HA C, NY;

B araco a: P eñ a  P rie ta , T oa, A la in  3185, Ju l .  22. 1953. G H , H A C , N Y ; — G orge of 
Y um uri R iv er, Sh a f e r  7816, N Y , U S ; -  idem , Sh a f e r  7831, Dec. 7 -9 . 1910. N Y ; — idem , 
L eó n  18368, Ju l .  1938. HAC, N Y ; — idem , L eón  17236, Aug. 1939. L eó n  e t  Ma r ie -Vic t o r in , 
G H , HAC, N Y ; — 17 km  S of S ab an illa , V ia A zul, A la in  5147, 9081, J a n .  14. 1956. Al a in  
e t Morto n , H A C , N Y , US; — B an k s of Ja u c o  R iv er, L eón 11715, Ju l .  17-A ug. 4. 1924. 
G H , HAC, N Y , US. — A bra del R io Y u m uri, A l a in  7658, 16. Ja n . 1960. Al a in , A cu ña  e t 
R am os, HAC.

R ondeletia  papayoensis F ernandez  et Borhidi sp. n ova  (F ig. 10)

F ru te x ; ram u li te re te s , re tro rso -p ilo si, v e te rio re s  scabrosi. S tip u lae  ob longo-triangula- 
res, longe su b u la ta e , 4 -6  m m  longae, sericeae vei g labrescentes, reflexi e t  decidui. P e tio lu m  
4 -5  m m  lo n g u m , h irsu tu m . Folia ob longa vei elliptico-oblonga lev ite r in aeq u ila te ra , 1,5—3,6 
cm longa e t 0,4—1,3 cm  la ta , ápice o b tu sa  vei a cu ta , brevissim e ap icu la ta , basi longe cu n ea ta ,
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lam in a  supra  pilosa, su b tu s  a lbo -to m en to sa , ch a rtaceae  vel subcoriacea ; nervo medio su p ra  
conspicuo, sub tus p ro m in e n ti, la te ra lib u s  u tro q u e  la te re  3 -4 , lev ite r  im pressis vel soluin- 
m odo conspicuis, su b tu s p ro m in e n tib u s , valde c u rv a tis  versus apicem , strigillosis.

In flo rescen tiae  ax illa re s , 1 ,5-2  m m  longe p e d u n cu la ta e  c a p ita ta e , 3 -5-florae , h irsu tae . 
B racteae  2, triangulares vel lan ceo la tae  1-2 m m  longae, sericeae. Calycis tu b u s  subglobosus, 
1—1,5 m m  in d iám etro , h irsu tu s , lobi p lerum que 4 ra r i te r  5, tr ia n g u la re s  vei deltoidéi, b asi 
usque dim idium  connati, su p e rn e  1 m m  longi, liberi, u tr in q u e  sericei, áp ice  ob tusi vel acu ti-  
uscu li, in fru c tu  reflexi. T u b u s  corollae 4-5 m m  longus, pilis albis re tro rso -h irsu tu s, lobi 4, 
suborb icu lares , ex tus a lb o -h irsu ti, 1-1,5 m m  longi. S ty lus brev issim e puberulus. C apsula 
g lobosa, 2-3 m m  in d iám e tro , to m en to sa , lobis calycin is coronata.

Obs.: Rondeletiae combsioidi Fernandez  e t B o rh id i affin is, que a specie nostra  ram u lis  
h o rn o tin is  4-angulosis, pilis su rsu m  directis an tro rse  h irsu tis , foliis m ajo rib u s u trin q u e  g lab- 
rescen tib u s vel glabris, n e rv ib u s  la te ra libus su p ra  im pressis su b tu s dense  re ticu la tis d iffe rt. 
A lte ra  species affinis Rondeletia  combsii G reenm . ch arac te rib u s  aeq u a lib u s a tq u e  lobis ca ly c i­
nis trian g u lari-lan ceo latis , 2—3 m m  longis ápice acu tis  s ta tim  d is tin g u itu r.

R am itas  c ilindricas, retrorso-pelosas cuando  jóvenes, las a d u lta s  escabrositas. E s t í ­
p u las  ob longo-triangulares , la rg am en te  subu ladas, de 4 -6  mm de largo , sericeas a glabrescen- 
tes , refle jas y  caedizas. Pecío los h irsu tos, de 4 -5  m m  de largo ; h o jas  oblongas o elíp tico- 
oblongas de 1.5-3.6 cm  de larg o  po r 0.4-1.3 cm  de ancho , ob tu sas a  ag u d itas  en el áp ice o 
m u y  corto  apiculadas, a te n u a d a s  en la base; el lim bo cartáceo  o subcoriáceo , algo inequ ilá tero , 
el m argen  plano o m uy  poco revo lu to , estrigiloso-peloso en el haz, a lbo-tom entoso  y  estrig i- 
loso en los nervios del envés. N erv io  m edio m arcado  en el haz, no p ro m in en te , estrigiloso h a s ta  
cerca de la m itad  de la h o ja , los latera les cuando  a p are n te s , hund id o s. Nervios p rom inen tes 
en el envés, los la te ra les  de 3 -4  pares fu e rtem en te  en co rv ad as hacia  el áp ice, con una re tic u la ­
ción densa y m arcada.

Inflorescencias ax ila re s , peduncu ladas, acab ezu elad as 3 -5 -flo ras , h irsu tas ; pedúnculos 
de 1.5—2 m m  de largo ; b rá c te a s  2, triangu lares o lanceo ladas, de 1 -2  m m  de largo, sericeas. 
T ubo  del cáliz subgloboso, de 1—1.5 m m  de d iám etro , h irsu to , lóbulos m ay o rm en te  4, a veces 5, 
tr ian g u lares  o delto ideos co rto s , connados en la  base  h a s ta  la m ita d , la p a r te  libre de 1 m m  
de largo, sericeos en am b a s  caras, obtusos a ag u d ito s  en el ápice, re fle jos por lo m enos en el 
fru to . Tubo de la corola de  4 -5  m m  de largo, re tro rso  peloso con pelos blancos, lóbulos 4. 
suborb icu lares de 1 -1 .5  m m  de largo, redondeados en  el ápice, a lb o -h irsu to  por fuera. E stilo  
peloso. Cápsula globosa de 2 -3  m m  de d iám etro , to m en to sa , co ronada  p o r los lóbulos del cáliz.

Afin a Rondeletia combsioides Fernandez  e t B orh id i, que d ifiere  de nuestra  especie en 
te n e r  ram itas  an tro rso -p e lo sas, hojas m as g randes g labrescen tes a  g lab ras en em bas caras. 
O tra  especie cercana R ondeletia  combsii G reenm . sobre las ca rac te ris tica s  aqui m encionadas 
d ifiere  tam bién  en te n e r  lóbu los del cáliz trian g u lar-lanceo lados, ag udos, de 2-3 m m  de largo .

H olo typus: E k m a n  9306 S ! C uba, O rien te ; P a p a y o  prope Sevilla, in  
collibus ad litus. 27. 6. 1918. Iso ty p u s: N Y .

Rondeletia peninsularis Fernandez et Borhidi sp. nova (Fig. 11)

(S yn .: Rondeletia cam arioca  sensu A lain  q u o ad  p la n ta e  p rovinciáé O rien ta lis  
C ubae, non W r. in  G riseb .)

F ru tex ; ram u li h o rn o tin i lev iter angulosi, flav o -h irsu ti pilis re tro rs is  obtecti, v e te rio res  
cilindracei, g lab rescen tes, c icatricibus s tip u la ru m  tran sv e rsa lite r  fissu ra ti. S tipulae  in te r- 
petio lares sericei, tr ia n g u la r i-su b u la ti, 3-4  m m  longi. Folia 3 -4  m m  longe petio lata , e llip tica
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Fig. 11. H olotype specim en of Rondeletia p en insu laris  F e rn an d ez  e t B orh id i in S, E km an
16167

vel oblongo-elliptica vel o b lan ceo la ta , 0 ,9 -2  cm  longa e t 0 ,4-0 ,8  cm  la ta , ápice o b tu sa  vei 
ro tu n d a ta ,  ra rite r  m u cro n u la ta , basi o b tu sa  vel acu tiuscu la , nervo  m edio  la te ra lib u s u tro q u e  
la te re  2 -4  supra im pressis, su b tu s  p ro m in en tib u s  e t m anifeste den seq u e  re ticu la tis , la te ra lib u s  
sub  ángulo  acuto  ab eu n tib u s  a n te  m arg inem  co n ju n c tis ; lam ina su p ra  to m en to sa , su b tu s  valde  
to m e n to sa  et ad ñervos sericeo-pilosa, m arg ine rev o lu ta , crasse coriácea.

In flo rescen tiae  ax illares, 4 -6  m m  longe pedunciila tae , 3 -flo rae , flavo-h irsu tae . B rac- 
teae  2, trian g u lares , 1-2 m m  longae, liberae . F lo res  4-m eri, sessiles, tu b u s  calycis globosus, h ir- 
su tu s , 1-1 ,5  m m  in d iám . lev ite r  co stu la tu s, lobi orbiculares vel suborb icu la res , 1 -1 ,5  m m  
longi, ápice ro tu n d a ti, u tr in q u e  to m en to si; tu b u s  corollae re tro rse  p ilosus. Capsula globosa, 
2 -3  m m  in d iám etro , locu licida, tom en tosa .

O bs.: Rondeletiae camariocae W r. in  S au v . (e provinciis M a tan z as  e t Las Villas) a ffin is, 
q u ae  a specie n ostra  ram u lis  h o rn o tin is  pilis su rsum  directis h irsu lis ,  foliis ob o v a tis basi 
p le ru m q u e  acu tis vel c u n ea tis , n e rv is la te ra lib u s  su p ra  obsoletis, lob is calycin is o v a tis , áp ice 
o b tu sis , inflorescentiis b rev iu s p ed u n cu la tis  d iffe rt.

R am itas  c ilindricas, am arillo -h irsu tas , las m ás jóvenes re tro rso -p e lo sas, perd iendo  la 
pelosidad  con la edad , con co rteza  rugosa m an ten ien d o  m arcada las cicatrices estipu lares. 
E stíp u la s  sericeas, tr ia n g u la r-su b u la d as  de 3—4 m m  de largo; las h o jas  ag ru p ad as hacia  los
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e x tre m o s  de las ram as, pecío lad as con pecíolos de 3 -4  m m  de largo, h irsu to s. L im bo  de la hoja 
e líp tico , oblongo-elíptico u  ob lanceolado de 0 .9 -2  cm  de largo y  0.4-0 .8  cm  de an ch o , to m en ­
toso  p o r  el haz, m uy to m e n to so  y  estrigiloso-sericeo en los nervios del envés, m arg e n  revo lu to  
a su b rev o lu to , coriáceo, g rueso . N erviación  a p a re n te  y  h u n d id a  por el h az , p ro m in e n te  en el 
envés, los nervios la te ra les  de  2 -4  pares sa len  en u n  ángulo  agudo, en co rv ad o s h ac ia  el ápice, 
lleg an d o  h a s ta  el m argen , re ticu lac ió n  m arcad a .

Inflorescencias a x ila re s , am arillo -h irsu tas , 3 -floras; pedúnculos de 4—6 m m  de largo; 
b rá c te a s  2, trian g u lares , lib re s  de 1-2 m m  de largo . F lores 4 -m eras, sésiles, tu b o  del cáliz 
subg loboso , algo aco stillad o , h irsu to , de 1—1.5 m m  de d iám etro , tu b o  de la  corola re tro rso- 
p e losa . Cápsula globosa, de 2 -3  m m  de d iám e tro , locu lic ida , tom en tosa .

A fin  a Rondeletia camarioca  W r. in S au v . de las p rov incias de M a tan z as  y Las Villas, 
que  d ifie re  de n u estra  especie  en  ten e r ra m ita s  an tro rso -p e lo sas, ho jas o b o v a d as , a ten u ad as a 
a g u d as  en la base, n e rv io s la te ra les  poco visibles en el h az , lóbulos del cáliz  aovados, ob tusos 
en el áp ice, inflorescencias m ás b rev em en te  p ed u n cu lad as.

H olo typus: E k m a n  16167 S ! C uba; O rien te ; Cabo C ruz, S. of N iquero , 
in  lim estone  te rraces  fac ing  th e  sea. 16. 1. 1923. Iso ty p i: U S, N Y .

Conocida sólo de la  colección típ ic a . E ndém ica .

Rondeletia subcanescens Fernandez et Borhidi sp. nova (Fig. 12)

F ru tex ; ram i h o rn o tin i 4-anguli, sericei, v e te rio res  tere tes  e t g lab rescen tes; in te rnodii 
1,5—7 cm  longi. S tip u lae  la te  trian g u lares , ap ic u la tae  usq u e  su b u la tae , 1 -3  m m  longae sericeae. 
F o lia  usque ad 3 m m  longe p e tio la ta , ellip tico-ob longa vel o b o v a ta , 0 ,7 -1 ,9  cm  longa e t 0,5-1 
cm  la ta , ápice ro tu n d a ta  vel o b tu sa , ra r i te r  a cu tiu scu la , basi a t te n u a ta ,  cu n ea ta  vel o b tu sa , 
su p ra  rugulosa, g lab ra  e t  n itid a , su b tu s pilis sericeis e t tom en to  a rach n o id eo  a lbo-tom entosa  
vel canescentia, m arg in e  re v o lu ta  vel su b re v o lu ta , coriácea.

In flo rescen tiae  ax illa res  1 -3-florae , sericeo-pilosae. Flores 4 -m eri, u sq u e  ad 1 cm longe 
p e d u n cu la ta e , flores b re v ite r  ped icellati. B rac teae  2, trian g u lare s , u sq u e  ad  1,5 m m  longae, 
sericeae . Calycis tu b u s  cum  h y p an th io  globosus, lev ite r  4-angulosus, u sq u e  ad  2 m m  longus, 
sericeus; lobi 4, tr ia n g u la r i-o v a ti , 1,5 m m  longi, basi connati, áp ice ro tu n d a ti  vei ob tusi, 
re fle x i, albo-sericei. C orollae tu b u s  6-7  m m  longus, ex tu s re tro rse  p ilo su s, in tu s  glaber, fauce 
an illo  lam ellari p ra e d itu s ;  lobi 4, o rb icu lar-o b o v a ti, 3 m m  longi e t la t i ,  e x tu s  strigilloso-pilosi, 
in tu s  a rach no ideo-tom en tosi. S tam in a  4, m edio tu b i corollini in se rta , f i la m e n ta  usque ad  1 m m  
lo n g a . A ntherae  lin ea re s , dorsifixae , subsessiles, 2 m m  longae, fauce coro llae  insertae. F lores 
b re v is ty li ta n tu m  v isi; s ty lu s  2 -2 ,5  m m  longus, basi m inute  p ilo su lus, ápice b ilobu la tus, 
lob i cea 1 mm longi, s tig m a  lineare. C apsula globosa, 4 -5  m m  in d iám ., loculicide dehiscens. 
Sem in a  form a v a ria  u sq u e  ad  2-2,5 m m  longa, re ticu la to -ru g o sa , fe rtilia  te n u ite r  a la ta .

H olo typus: C l e m e n t e  6900 H A C; C uba; p rov . H olgu in  (O riente). Cam ino 
de Centeno, Cerro de M iraflores, C ananova , Moa; se rp e n tin e  barrens. Col.: 
C l e m e n t e , A l a i n  e t C r i s ó g o n e ; J u ly , 1949. Iso ty p u s: A l a i n  999, NY.

Specim ina e x a m in a ta :  Cl e m e n t e  7389 H A C ; Cuba. P rov . H o lg u in  (O riente). C am ino 
de C ananova a M oa. M anigua del 1er arroyo  (S a ltad ero ); se rpen tine  b a rre n s . Col.: Cl e m e n t e , 
N esto r  et Cr isó g o n e . A u g u s t-O c to b er, 1950. G H , N Y , US. — M. V icto rin  21594 HAC, 
M O N , US; C harrasca l de P lay a  de V aca; Col.: M. V ic to r in , Cl e m e n t e  e t Ala in , 16-23. 
4. 1943.
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F ig. 12. Iso ty p e  specim en  of Rondeletia subcanescens F e rn an d ez  e t B orhidi in N Y ; A l a in  999

Obs.: Rondeletiae lomensi U rb. (e B araco a) affin is, qu ae  a specie n ostra  ram ulis re tro rse  
strigilloso-pilosis, foliis duplo  m ajo ribus, su b tu s  posterio r g lab resccn tes, tubo corollino cca 
duplo  longiore, lobis corollinis sup ra  g labris clare differt.

R a m ita s  jó v en es  cu adrangu lares y  sericeas, c ilindricas y  glabrescentes con la  edad . 
E n tre n u d o s  de 1 .5-7  cm  de largo. E stíp u la s  an ch am en te  tr ia n g u la re s , ap iculadas a su b u lad as  
de 1 -3  m m  de largo , sericeas. H ojas ob longo-aovadas a elip tico-ob longas de 0 .7 -1 .9  cm  de 
largo p o r 0.5-1 cm de ancho , rugosas, g lab ra s  y b rillan tes p o r el haz, albo-sericeas y d e n sa ­
m en te  to m en to sas p o r el envés. Pecíolo de h a s ta  3 m m  de largo . E l ápice redondeado a o b tu so , 
a veces agud ito , e strech an d o  hacia la base  o b tu sa  a ag u d ita . E l m argen  revo lu to , el lim bo 
ríg id am en te  coriáceo. N ervio  m edio hund ido  en el haz, p ro m in en te  en el envés y  en san ch ad o  
hacia  la  base , los la te ra les  de 2 -3  pares inconsp icuos en el haz , ligeram en te  hundidos o poco 
p rom inu los en el envés con u n a  re ticu lación  a p aren te .

In flo rescencias ax ila res, 1-3-floras, estrigiloso-sericeas. F lo res 4-m eras, ped ú n cu lo s de 
h a s ta  1 cm de largo , pelosos, pedicelos m u y  cortos. Cáliz globoso, ligeram ente  4-anguloso  de 
h a s ta  2 m m  de largo , sericeo; lóbulos 4, tr ian g u la r-ao v ad o s  de h a s ta  1.5 m m  de largo , un id o s
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en la  b ase , el ápice red o n d ead o  a ob tuso , re fle jos y  albo-sericeos. B rác tea s 2, trian g u lares , 
de h a s ta  1.5 m m  de largo . T u b o  de la corola 6 -7  m m  de largo, re tro rso-pelosa  p o r fuera , g labro 
p o r d e n tro , con un  anillo de dentículos en la g a rg a n ta , lóbulos 4, o rb icu lar-obovados, de 3 m m  
de la rg o  y  ancho, estrig iloso  por fuera , araneoso -pe losos po r den tro . E s ta m b re s  4, insertos 
sob re  la  m ita d  del tu b o , f ilam en to s de h a s ta  1 m m  de largo. A nteras lineales, dorsifijas, su b ­
sésiles de  2 m m  de larg o , in se rta s  en la g a rg an ta  del tu b o  de la corola. E stilo  (en  la flor brevi- 
s tila )  co rto  de 2-2 .5  m m  de largo, poco a p la n ad o , d im in u tam en te  pelosito  en  la base, bilo- 
b u lad o  a rrib a , lóbulos de 1 m m  de largo , estig m a  lineal. C ápsula globosa, pelosa, de 4-5 m m  
de d iám e tro . Sem illas de 2 -2 .5  mm de largo, algo ru g o sas y re ticu ladas, las fertiles a ladas y 
ap en d icu la d as  en uno de sus extrem os.

H olo tip o : C l e m e n t e  6900 H A C ; C uba; p ro v . H olguin (O rien te ). Cam ino 
de C en teno , Cerro de M iraflores, C an an o v a , Moa, sobre se rp e n tin a . Col.: 
C l e m e n t e , A l a i n  y  C r i s ó g o n e , Ju lio , 1949. Iso tip o : A l a i n  999, NY.

E jem p la res  ex am in ad o s: Cle m e n t e  7389 H A C ; C uba; prov. H olgu in  (O rien te). Cam ino 
de C an an o v a  a Moa. M an igua  del 1er a rro y o  (S a lta d e ro ), sobre se rp en tin a . Col.: Cl e m e n t e , 
N e s t o r  y  Cr isó g o n e , A g o sto -O cto b re , 1950. G H , N Y , US. — M. V ic t o r in  21594 HA C, 
M O N , U S ; C harrascal de P la y a  de Y aca; Col.: M. V ic t o r in , Clem en te  e t A l a in , 16-23. 4. 1943.

A fin  a Rondeletia lom ensis U rb. que d ifiere  de n u e s tra  especie en te n e r  ra m ita s  re tro rso  
estrig iloso-pelosas, h o jas  de 2 -4  cm de largo, g lab rescen tes  en el envés con la  ed ad , tu b o  de la 
co ro la  de  10-11 m m  de larg o , lóbulos de la  corola g lab ros por dentro .

Rondeletia toaensis Fernandez et Borhidi sp. nova (F ig . 13)

F ru te x ;  ram i h o rn o tin i su b te re tes , pilis e rec tis  ferrugineis dense p u b e ru li, an n o tin i 
g ibberosi. S tipulae  in te rp e tio la re s  1—1,5 m m  longae , la te  triangu lares, áp ice ro tu n d a ta e  e t in 
m u cro n e  0,5 m m  longo te rm in a tae , basi a n n u lifo rm ite r  connatae . Folia  subsessilia , usque ad  
1 m m  longe p e tio la ta , su b o rb icu la ri vel la te  e llip tic a , an tice  ro tu n d a ta  vel o b tu siu scu la , basi 
b re v ite r  a tte n u a ta  e t in  pe tio lum  p ro tra c ta , 6 -10  m m  longa e t 5-7 m m  la ta ,  nervo  m edio 
su p ra  im presso , la te ra lib u s  2 -3  sub ángulo  7 0 -80° ab eu n tib u s, sup ra  n u llis , su b tu s p lanis 
vel, p au llo  im pressis, dense  re ticu la tis , m arg ine  re cu rv a  vel revo lu ta , b ru n n eo -n ig rescen tia  in 
sicco, su p ra  valde p lic a ta , m anifeste  convexa , su b tu s  opaca, supra  g lab ra , su b tu s  ad ñervos 
s tr ig u lo sa , crasse coriácea.

F ru c tu s  ta n tu m  v isu s; in axillis fo lio rum  so lita rii, pedicelli crassi, 1 m m  longi. P ro- 
p h y lla  usque  ad 1,5 m m  longa, in tu b u m  in v o lu c rifo rm ite r connata , q uoad  lib e ra , lan ceo la ta , 
1 m m  longa, a cu ta , s tip ellis  binis la te  tr ia n g u la r ib u s  duplo  brevioribus in te rjec tis . C apsula 
g lobosa , 3 m m  longa, sericeo-pilosa; lobi 4, trian g u lari-lan ceo la ti, erecti (non  reflexi u ti in 
R . d ip loca lyx  U rb.), 3 m m  longi.

H o lo ty p u s: A l a i n  3494; C uba; p ro v . G u an tán am o  (O rien te ). S erpen tine  
b a rre n s , P eña  P r ie ta , L a M agdalena, T oa. A lt.: 600 m .s.n .m . 30. Ju ly , 1953. 
H A C ; iso ty p i: NY.

O bs.: H a b itu  e t  fo rm a  foliorum  Rondeletiae vacciniifoliae  B ritt, a ffin is , quae a specie 
n o s tra , stipu lae  basi n o n  co n natae , foliis u tr in q u e  g labris, calycis lobis linearibus, ápice 
a c u tis  u sq u e  ad 4 m m  longis clare d iffert. A lte ra  species próxim a, R. d ip localyx  U rb. foliis 
m a jo r ib u s , ova tis , áp ice  ap icu la tis  vei a cu tis , m arg in e  p lerum que p lan is, lim bo  folii u tr in q u e  
g lab ro , lobis calycinis re flex is sim plice viso d is tin g u itu r .
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Fig. 13. H o lo type  specim en  of Rondeletia toaensis F e rn an d ez  e t B orhid i in H AC; A la in  3494

A rb u s to : ra m ita s  subcilindricas, d en sam en te  pu b éru las  con pelos erguidos ferrug inosos, 
las ad u lta s  verrugosas. E stípu las in te rpec io lares de 1-1.5 mm de largo, an ch am en te  t r i ­
angu lares , red o n d ead as en el ápice con un  m u cro n  de 0.5 m m  de largo, connadas en la base 
fo rm an d o  u n  anillo de 0 .5 -1  m m  de largo. H o jas subsésiles con un pecíolo de h a s ta  1 m m  de 
largo, suborb icu lares o an ch am en te  e líp ticas , red o n d ead as u  ob tusiuscu las en el ápice, b re v e ­
m en te  e strech ad as en la  base hacia el pecíolo, el lim bo de 6-10  m m  de largo y  5 -7  m m  de 
ancho ; el nervo m edio hund ido  en el haz, los la te ra les  de 2 -3  pares saliendo en  un  ángulo  de 
70-80°, nulos en el haz , ap landos o poco h u n d id o s en el envés con un re tícu lo  denso; el m arg en  
recu rvo  o rev o lu to , el lim bo bruneo-negruzco en seco, m uy plegado en el haz, convexo, m a te  
en el envés, g labro  en el haz, estrigiloso en los nerv ios del envés.

F lores no v is ta s . F ru to s  solitarios en las ax ila s , pedicelos gruesos, de 1 m m  de largo. 
P ro filas de h a s ta  1.5 m m  de largo, con n ad as en u n  tu b o  en form a de involucro, los lóbulos 
libres lanceo lados de h a s ta  1 m m  de largo, agudos con estipelas 2, an ch am en te  tr ia n g u la re s , 
de m ita d  de largo , e n tre  ellas. C ápsula globosa, de 3 m m  de d iám etro , sericeo-pelosa, lóbu los 4, 
trian g u lar-lan ceo lad o s, erguidos (no reflejos com o en  la Rondeletia diplocalyx  U rb .) de 3 m m  
de largo.
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H olotipo : A l a i n  3494 HAC; C uba; p ro v . G u an tán am o . S erpen tine  b a r ­
ren s, P e ñ a  P rie ta , L a  M agdalena, T oa. A lt.: 600 m .s.n .m . Col.: A l a i n , 30. 7. 
1953. Iso tipo : N Y .

A fin a Rondeletia vaccin iifo lia  B ritt ,  que difiere de n u estra  especie en ten e r estípu las 
co n n ad as  en la base, h o ja s  g lab ras  en am bas caras, lóbu los del cáliz lineares de 4 m m  de largo. 
O tra  especie p róx im a, R . d iplocalyx  U rb . difiere en ten e r  ho jas m as grandes aovadas, ag udas 
y  ap icu lad as, g labras en am b a s  caras, lóbulos del cáliz reflejos.
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NEW TAXA IN THE 77LT4-HERBARIUM 
OF JÁNOS WAGNER

L. Zs. V ö r ö s s

H-2462 MARTONVÁSÁR, TOLBUHIN ÚT 73, HUNGARY

(R eceived: 15 O ctober 1983)

The a u th o r  rev ised  th e  v a lu a b le  h e rb ariu m  of th e  fam ous T i/ia -sp ec ia lis t, J á n o s  
W a gn er  and  fo u n d  10 ta x a  new to  science, 3 h y b rid s an d  7 fo rm s, p a r tly  d en o m in a ted  
in  th e  schedules b u t  never pub lish ed . T his p ap er p re sen ts  th e  co rrec t d escrip tions of 
th e  m entioned  ta x a .  T h ey  are: T ilis  X pseudolongirostris W agn. ex  V öröss h y b r. no v a , 
T . X  pseudopulchra  W agn. ex V öröss, h y b r. nova, T. X p ra e lu s tr is  W agn. ex  V öröss 
h ab r. nova; T. argéntea Desf. v a r . colurnifo lia  B orb . f. subglobularis W agn. ex  V öröss 
f. nova, T. grandifo lia  E h rh . v a r. copiosa W agn. f. praestabilis  W agn. ex  V öröss, f. 
no v a , T. p la typhyllos  Scop. va r. aenobarba (B orb .) J á v . f. pseudo-trichogyna  V öröss 
f. nova, T. p la typ h y llo s  Scop. va r. tenuifo lia  (H o st) S im k. f. sublaevigata  W agn. ex  
V öröss f. nova, e t  f. grandibracteata V öröss f. no v a ; T. caucásica  R u b r. va r. angulata  
R u p r. f. seiuntobracteata  Vöröss f. n o v a , T. euchlora C. K och  f. pseudom ultibracteata  
Vöröss f. nova.

Introduction

In  th e  T ilia -h e rb ariu m  of J . W a g n e r  (see V öröss 1984) 525 ta x a  are rep re sen ted  an d  
fu r th e r  10 T ilia - ta x a  co llected  and se p a ra ted  b y  W a g n er . Som e of th em  has also nam es g iven  
b y  h im  an d  some of th e ir  ch arac te ris tic  fe a tu re s  are also m en tio n ed  in  th e  schedules. T he 
co rrec t descrip tions of th ese  ta x a , how ever, h av e  n o t been  pub lished .

Descriptions o f the new taxa

T i l i a  a r g e n t e n  Desf. v a r . c o l u r n i f o l i a  B orb . f. subglobularis W agn. ex V öröss 
f. nova

S icu t var. colurnifolia  B orb ., sed nu cu lis  globosis, 7 m m  in  d iám etro .

H o lo typus: C en tra l H u n g ary : V á c rá tó t; leg.: J .  W a g n e r , 9 S ep tem ber 
1924. B P .

Tilia Xpseudolongirostris W agn. ex V öröss hybr. nova
('T i l i a  a r g é n t e a  X p é t i o l a r i s )  P la te  I, Fig. 1.

S icu t T ilia X p u lch ra  W agn., sed n u cu lis  ro stro  2 m m  longo p raed itis .

H olo typus: S W -H u n g ary ; C om it. Som ogy, S ágvári erdő ; leg.: J .  W a g ­

n e r , 19 A ugust 1925. B P .
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Plate I
1. T ilia  X pseudolongirostris W agn. ex V öröss (P h o to : V ö röss)

2. T ilia  grandifolia  E h rh . v a r . copiosa W agn. f. praestabilis  W agn. ex V öröss (P h o to : V öröss)
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Tilia X pseudopulchra W agn. ex V öröss hybr. nova
(T ilia  argéntea v a r. calvescens X petiolaris)

S icu t T ilia  pu lchra  W agn., sed folia  su b tu s  m in u s tom en tosa , v ir id io ra  q u am  apud  
T. argéntea v a r . calvescens.

H o lo ty p u s: S o u th -H u n g a ry ; B a ja , n e a r  to  th e  Serbian C hurch , c u lt iv a t­
ed; leg .: J .  W a g n e r , A ugust 1930. B P .

T ilia  grandifo lia  E h rh . var. copiosa W agn . f. praestabilis W agn. ex V öröss f. 
nova. P la te  I, Fig. 2.

F olia  8—10 cm  longa  e t la ta , Ín fim a eorum  basi co rd a ta , suprem a ob lique c o rd a ta  ve! 
ob lique desecta, d e n tib u s  2 m m  longis, a cu m in a tis , in  foliis suprem is d en tib u s  acu tis . C ym a 
2—4 cm  longior q u a m  b ra c te a ; b racteae  u sq u e  ad  8 cm  longae e t ad 2 cm  la ta e , ru d im en ta les  
vei ab sen tes , in  p e tio lu m  decurren tes vel b asi a n g u s ta ta e , petio lo  millo vei u sq u e  ad  2 cm  longo.

H o lo ty p u s: C en tra l H u n g a ry ; C om it. P e s t:  N agykőrös, c u ltiv a te d ; leg .: 
J . W a g n e r , 17 J u n e  1926. BP.

T ilia  p la typhyllos  Scop. v a r. aenobarba (B orb .) J á v . f. pseudo-trichogyna  
V öröss f. nova. P la te  II, Fig. 3.

Folia  3-5 cm  longa, ápice acu ta , Ín fim a  eo rum  basi co rd a ta , ce tera  desecta. B rac teae  
5-6  cm  longae, 10—12 m m  la tae , lan ceo la tae , petio lo  nu llo . Cyrnae b racte is 3—4 cm  longiores. 
S ty lu s pilosus. N ucu lae  costis 8, em ergen tibus, 9 x 7  m m .

H o lo ty p u s: S o u th  H ungary : Szeged: N ép k e rt (Public g arden ): leg .: J .  
W a g n e r , 15 Ju n e  1932. BP.

T ilia  p la typhyllos  Scop. v a r. tenuifo lia  (H ost) S im k. f. sublaevigata W agn . ex  
V öröss f. nova. P la te  II, Fig. 4.

S icu t var. tenu ifo lia  (H o st) S im k., sed  b ra c te a e  9—12 cm  longae, 1,5—2 cm  la ta e , lin e a ­
res vel lan ceo la tae , in fim ae  b rev ite r p e tio la tae , su p rem ae  caru m  ep etio la tae , n u cu lae  lev itc r  
co s tu la tae , p a ru m  to m e n to sa e , globosae, 6 m m  in  d iam ., p a ru m  ap icu latae .

H o lo ty p u s: W est-H u n g a ry ; C om it. V eszprém , P áp a : T an ító k ép ző  (T each­
e r’s College); leg .: J .  W a g n e r , 3 O cto b er 1931.

Specim ina e x a m in a ta :  W est-H u n g ary ; Com it. S o pron , E sz te rh áza  (a c tu a lly : F e rtő d ), 
leg.: J .  W a g n e r , 25 A u g u s t 1933.

T ilia  p la typhyllos  Scop. var. tenuifo lia  (H ost) S im k. f. grandibracteata V öröss 
f. nova. P la te  I I I , Fig. 5.

S icu t va r. tenu ifo lia  (H o st) S im k., sed b ra c tea e  10 cm  longae, 2 cm  la ta e , n u cu lae  
1 0 x 5  m m , ro stro  1 m m  longo.
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Plate II
3. T ilia  p la typhyllos  Scop. v a r. aenobarba (B o rb .) Já v . f. pseudo-trichogyna  V öröss (P h o to :

V ö rö ss)
4, T ilia  p la typhyllos  Scop. v a r . tenuifolia  (H o s t)  Sim k. f. sublaevigata  W agn. ex V öröss (P h o to :

Vö rö ss)
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Plate III
5. T ilia  p latyphyllos Scop. var. tenuifo lia  (H ost) Sim k. f. grandibracteata  Vöröss (P h o to : 
VÖRÖSS). 6. Tilia  caucásica R u p r. va r. angulata  R u p r. f. seiunctobracteata Vöröss (P h o to :

V öröss)

12 Acta Botánico Hungarica 31, 1985



1 7 8 L. ZS. VÖRÖSS

7 .
Plate IV

T ilia  euchlora C. K och  f. pseudo-m ultibracteata  Vöröss (P h o to : VÖRÖSS). 8 . T ilia X p ra e -  
lustris  W agn. ex V öröss (P h o to : Vöröss)
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H o lo typus :  R oum an ia ,  Comit. Arad ; M ária -R ad n a ;  leg.: J .  W a g n e r , 

S ep tem ber  1906.

Tilia  caucásica R u p r .  var . angulata  R upr .  f. seiuntobracteata Vöröss f. nova. 
P la te  I I I ,  Fig. 6.

Folia  m inora , lam ina  su p ra  a tro v irid is , su b tu s p a llide  v irid is, 5 -6  cm  longa, folia 
su p rem a  basi d esecta , ce tera  c o rd a ta , a eq u a lite r  se rra ta , d e n tib u s  a ris ta tis . In  angulis n e rv o ­
ru m  la te ra liu m  in a jo ru m  b arb u lae  b ru n n e a e  oculo nudo consp icuae. B racteae  3—4 cm  longae, 
1 cm  la ta e , i  lineares, petiolo 2 cm longo . Cym a e basi b ra c te a e  nascens vel lib e ra . N ucu lae  
p a ru m  d e p lan a tae , p a rv ae , 5—6 m m  in  d iam ., cortis v a ld e  em ergen tibus, saepe d e fo rm atae , 
costis ve 8 -10  p raed itae .

H olo typus :  H u n g a ry ;  Jo b b á g y i ;  leg.: J .  W a g n e r , 20 Sep tem ber  1926. BP.

Tilia  euchlora C. K och  f. pseudo-m ultibracteata Vöröss f. nova. Pla te  IV, Fig. 7.

Sicu t T ilia  euchlora C. K och, sed b rac teae  saepe b ra c teo la  25 m m  longa e t 4 m m  la ta  
p raed itae .

H olo typus :  W es t-H u n g a ry ;  Comit. Sopron: E sz te rh áza  (ac tually : F e r ­
tőd);  leg.: J .  W a g n e r , 19 A ugust  1931. BP.

Tilia X praelustris W agn. ex Vöröss hybr. nova (T i l ia X  J a k a b i a n a x T .  petiola- 
ris); P la te  IV, Fig. 8.

Folia u sq u e  ad  16 cm longa, 10 cm  la ta , basi ob lique co rd a ta , d en tib u s la tis , ápice 
b re v ite r  a r is ta tis , a r is tis  versus apicem  folii cu rv a tis , ad  b asim  non  b a rb a ta , sed in  angulis 
n e rvorum  la te ra liu m  b ru n n e o -b a rb a tu la . B rac teae  e p e tio la tae , 16 cm  longae, 4 cm  la tae . 
N uculae  globosae, 8 m m  in  d iam ., non  p ro fu n d e  su lcatae , em erg in en tiis  5 p raed itae , ápice 
p a ru m  e x cav a tae , m edio ex cavation is ap icu lo  m inu to  suffu ltae .

H olo typus :  S o u th -H u n g a ry ;  Szeged; leg.: J .  W a g n e r , 18 Sep tem ber  
1924. BP.

Specim en ex am in a tu m : Ib idem , 3 J u ly  1927., 18. S ep tem b er 1933. B P
The a u th o r  w ishes to  ded icate  th is  p a p e r  to  th e  m em o ry  of D r. Já n o s  W a g n e r .

R E F E R E N C E S

V öröss, L. Zs. (1984): W agner Já n o s  T ilia -h e rb á riu m a  (The T i/ia -H erb a riu m  of Já n o s  W agner). 
S tud ia  Bot. H ung. 17: 69-72.

W agner, J .  (1941-1944): M agyarország h á rsa i (The lin d en -trees o f H u ngary ). Kertészeti K öz­
iem. 7 - 1 0 .
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KARYOTYPE INVESTIGATIONS IN MONGOLIAN 
A G R O P Y R O N  C R I S T A T U M  (L.) GAERTN. 

POPULATIONS
I. V A R IA T IO N S  O F  P L O ID Y  L E V E L  A N D  CH R O M O SO M E M E A SU R E M E N T S 

Ce n d s u r e n  Oj u n s u r e n  and B . J ank ó

(R eceived : 28 S ep tem b er, 1983)

In  fo u r A gropyron cristatum  (L .) G aertn . p o p u la tio n s o f M ongolia — a r iv e r ­
side-, tw o m ed iu m -h eig h t m o u n ta in - and a h ig h  m o u n ta in  p o p u la tio n  — th e  n u m b er 
of som atic  chrom osom es, th e  re la tive  leng th  of chrom osom es in  m etaphasis (Cre|) an d  
th e  ra tio  o f arm s (a .r.) w ere determ ined  on F eu lg en -s ta in ed  ro o t- tip  m itoses. T he tw o 
m ed ium -heigh t m o u n ta in  po p u la tio n s proved  d ip lo id  (2n =  14), th e  riverside- an d  th e  
high m o u n ta in  p o p u la tio n  w ere found to be te tra p lo id  (2n =  28). This d iffe ren tia tio n  
by  a ltitu d e  can p ro b ab ly  be trac ed  back to  th e  ac tio n  of ecological genetic  m echanism s 
and to  flo ra  h is to ry  co rre la tions. The chrom osom e m easu rem en ts  and th e  values of 
arm  ra tio  v a ried  d iffe ren tly  in th e  four po p u la tio n s. T he range  of v a ria tio n  was w idest 
in the riv ers id e  te trap lo id  population . In  th e  v a ria tio n  of m easu rem en ts an d  arm  
ra tio s  th e  s tru c tu ra l d ifferences o f chrom osom es are  likely  to  be m anifested .

In troduction

The A gropyron cristatum  (L .) G aertn . is one o f th e  m ost f req u e n t grass species in  th e  
f lo ra  of th e  People’s R epublic  of M ongolia. I t  is a s ta b le  m em ber in  m an y  p lan t com m unities 
o f th e  M ongolian fo res t step p e  an d  d ry  steppe zones, b u t  very  o ften  occurs ex trazo n a lly , 
on  so u thern  slopes in th e  m o u n ta in  ta ig a  zone, on th e  h ig h -a ltitu d e  p la te au x  and ridges, 
an d  in certa in  oasises o f th e  d e se rt steppe  and desert zone (D a s h n ja m  1974; Y u n a to v  1974). 
T he crested  w heatgrass has a v e ry  w ide ecological am p litu d e , an d  p ro b ab ly  th a t  is th e  reason  
fo r its  10-70 per cen t share  from  th e  to ta l aboveground  p h y to m ass o f p a stu res  and g rass­
lan d s  in the  dry  step p e  zone (B a n n ik o v a  and D y l is  1978; G o r d e e v a  e t al. 1977; M ir o s h n i­
c h e n k o  1967). T hus, as an  exce llen t fodder p lan t it is o f g re a t econom ic im portance.

According to  Y u n a t o v  (1950: 37) th e  gene cen tre  o f A gropyron cristatum  is in M ongolia. 
H is conclusion is based  on th e  w ide ecological am p litu d e  and  h igh  m orphological v a ria b ility  
o f po p u latio n s fo u n d  there . I t  is th u s  w o rth  exam ining w h a t k a ry o ty p e  varia tio n s occur in  
va rio u s stan d s of th is  g rass species. N am ely , it is rem ark ab le  th a t  in th is  co u n try  u n d e r th e  
ex trem ely  diversified e n v iro n m en ta l conditions, specific k a ry o ty p e  p a tte rn s  m ay  ap p ear in  
th e  m ore or less iso la ted  p o p u la tio n s  o f often  low in d iv id u a l n u m b er, as a resu lt of n a tu ra l 
se lection , genetic d r if t, geographical or ecological iso lation . F ac to rs  causing  and m ain ta in ing  
such  k a ry o ty p e  v a ria tio n s  or even po lym orphism  m ay  be in M ongolia th e  following physico- 
geographic  conditions: th e  average  1580 m height above sea level; th e  cold co n tin en ta l c lim ate; 
th e  h ighly  diversified  top o g rap h ic  fo rm s and because of th is  v e ry  g re a t m icroclim atic  d if­
ferences w ith in  sm all d istan ces; th e  ecological isolation in  th e  g re a t n u m b er of larger or sm aller 
closed basins, on th e  m oving  or sem i-fixed  sand-dunes, on  th e  ridges an d  p la teau x  of insel- 
b ergs; th e  overlapp ing  and  m osaic p a tte rn  of vegeta tio n  zones; on  th e  so u th e rn  slopes th e  
absence of vegeta tio n  c h arac te ris tic  o f  certa in  a ltitu d es (e.g. th e  d irec t co n tac t of th e  taiga- 
an d  d ry  steppe v e g e ta tio n ); in genera l, th e  increased frag ility  of th e  a rid  ecosystem s.
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A ccording to our know ledge, a p a r t  from  a p u b lica tio n  on chrom osom e n u m b er ( H a n e l t  
1973) a n d  an  earlier one of ours (O j u n s z u r e n  1978) cytological d a ta  on M ongolian Agropyron  
h av e  n o t  been  published so fa r. O n th e  basis o f th e  above we began  s tu d y in g  th e  k a ry o ty p e  
p a tte rn  in Agropyron cristatum  p o p u la tio n s  o f va rio u s sites w ith th e  view  of o b ta in in g  new 
d a ta  a n d  disclosing new  cyto-ecological co rre la tio n s, n o t to m ention  th e  p ra c tic a l im p o rtan ce . 
W e d id  so in  th e  hope th a t  th is  w ork  will serve as a m odel for s tu d ies on n u m ero u s karyo- 
logically  unknow n species o f th e  M ongolian flo ra.

In  th is  p ap er chrom osom e n u m b er an d  chrom osom e m easurem en t d a ta  o b ta in ed  w ith  
th e  classic Feu lgen  sta in ing  m eth o d  are p resen ted .

I t  should  be no ted  th a t  in  som e p laces o f M ongolia Agropyron pectina tum  (L .) B eauv . 
p ro b a b ly  in troduced  — also occurs (G r u b o v  1982), b u t  T z v e l e v  (1976) considers it a 

subspecies o f A . cristatum. O w ing to  th e  h igh  degree and  m u tu a lly  o v erlap p in g  po ly m o rp h ism  
o f th e  tw o  M ongolian subspecies (A . crista tum  ssp. cristatum  and  ssp. pectina tum )  th e  tax o n o m ic  
c lass ifica tio n  of populations s tu d ied  b y  us is neg lected  an d  — follow ing th e  op in ion  of T z v e l e v  
-  b o th  subspecies are reg ard ed  as belonging  to  th e  ta x o n  of A . cristatum  (L .) G aertn .

M ateria l an d  m ethod

I n  th e  sum m er of 1979 an d  1980 we co llected  sam ples of ripe c rested  w h eatg ra ss  spikes 
a t  m a n y  sites of th e  fo rest step p e-, d ry  step p e- an d  d ese rt steppe zones o f th e  People’s R epub lic  
o f  M ongolia. T he sam ples w ere v a ry in g  in size b u t  each  of th em  co n ta in ed  spikes o f a t  least 
100 p la n ts  pe r popu lation . P re se n t p a p e r  gives th e  resu lts  o f ex am in ing  fo u r M ongolian 
sam ples. T h ey  were collected in  th e  follow ing p laces:

“ S”  — Songino , a s teep , rocky  so u th e rn  slope of a high p lace above th e  r ig h t bank  
of th e  r iv e r  Tola, some 20 k m  w est o f U la n -B a to r , a t  a h e igh t o f a b o u t 1350-1450 m  above 
sea level, som e 50-150 m above th e  riv er-side  w illow s, a rocky  g rasslan d  co n ta in in g  desert 
s te p p e  e lem en ts;

“ L ”  — rocky altitudes beside L u n , a b o u t 130 km  w est o f U la n -B a to r, 1100-1300 m 
ab o v e  sea level, w ith  a d ry  s tep p e  v e g e ta tio n ;

“ IB ” -  the Ikh-B ogd  M o u n ta in  in th e  G obi-A ltay , some 580 km  so u th -w est o f U lan- 
B a to r , 2800-3000 m above sea level, a ridge of rock-glacier w ith  a v eg e ta tio n  of m o u n ta in  
s te p p e  ch arac te r;

“ S h a” — in  the v ic in ity  o f  S haam ar , a b o u t 250 km  n o rth  of U la n -B a to r, on  sa n d y  hills 
beside  th e  wide left-h an d  flood p la in  o f th e  r iv e r O rkhon , in th e  c learings and  sk ir ts  o f a th in  
P in u s  silvestris L. fo rest, a t  a h e ig h t o f  a b o u t 700 m.

T he sites of origin o f th ese  fo u r p o p u la tio n  sam ples are in d ica ted  in an  o u tlin ed  v e g e ta ­
tio n  m ap  of Mongolia (F ig. 1). T he d is tan ce  o f th e  n o rth e rn m o st lo ca lity  (Sha) fro m  the  
so u th e rn m o s t one (IB ) is 720 a ir k ilom etres o r so, th e  d istance in h e ig h t above sea level some 
2200 m . T he ann u al a m o u n t o f  p re c ip ita tio n  h a rd ly  exceeds 300 m m  in  S h aam ar an d  100 m m  
in  th e  Ik h -B ogd  M ountain.

F o r  th e  purpose of com p ariso n  tw o sam ples o f H un g arian  A . cristatum  ssp. pectina tum  
p o p u la tio n s  were also d e te rm in ed  fo r chrom osom e num ber. One of th em  was co llected  on 
sa n d y  hills n ear D u n av arsán y , th e  o th e r  fro m  a tu m u lu s in th e  n e ighbourhood  of O hat.

T he caryopses rem oved  from  th e  sp ikes an d  cleared of th e  aw ns w ere g e rm in a ted  in 
P e tr i-d ish e s  on filte r p ap er w e tte d  w ith  ta p -w a te r , in a th e rm o sta t of 22 °C, for a b o u t 48 hours, 
th e n  p laced  in a 0.01-0.1 p e rce n t colchicine so lu tio n  and fu r th e r  g e rm in ated  fo r 4 hours. 
T h e  ro o ts , th en  5-6  m m  in len g th , w ere p re tre a te d  in a 0.002 m ole o x ych ino line  so lu tion  
a t  13-15 °C  for 3 hours, th en  fix ed  a f te r  Ö s t e r g r e n  and  H e n e e n  (1962) a n d  G il y a r o v s k a y a  
(1973) in a solution of th e  follow ing com position :

m eth an o l 60 m l
chloroform 30 m l
distilled  w a te r 20 m l
picric  acid 1 g
2 ,4 -d in itropheno l 1 g
m ercuric  chloride 1 g
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Fig. 1. S ites of th e  A gropyron  cristatum  (L .) G aertn . p o p u latio n s s tu d ied  on th e  ph y to g eo g ra - 
p h ica l m ap of M ongolia. -  P o p u la tio n s: Sha — S haam ar; L  — L u n ; S — Songino; IB  — 
Ikh-B ogd . — V eg eta tio n  zones: 1 — high m o u n ta in ; 2 — ta ig a  fo re s t;  3 — forest s te p p e  and  

m ead o w ; 4 — dry  s tep p e ; 5 — desert s tep p e; 6 — desert

F ixing was carried  o u t a t  room  te m p e ra tu re  for 12-18 h o u rs , th en  the  ro o ts  le ft in 
th e  fixer were s to red  in  a re frig e ra to r a t  — 3— |-5 °C. S ta in ing  w as carried  ou t acco rd in g  to  
Feu lgen : hydrolysis in 1 N  hydroch lo ric  acid  a t  60 °C for 8 m in u te s , th e n  in cold hydroch lo ric  
acid  for fu rth e r 3 m in u te s ; sta in in g  in S ch iff’s reag en t a t room  te m p e ra tu re  for 3 h ours. A fter 
sta in in g  th e  roo ts w ere so ftened  in  an  enzym e solu tion  co n ta in in g  4 percen t pec tin ase  and 
2 p e rcen t cellulase, a t  37 °C fo r 3 -4  h ours, th e n  th e  roo t-tip s w ere  p laced in aqueous ch loral 
h y d ra te  so lu tion  sa tu ra te d  cold on slides, covered  w ith  glass an d  c ru sh ed  by pressing.

T he p re p ara tio n s  w ere exam ined b y  a L eitz  O rtholux m icroscope, and th e  good m e ta ­
phases p h o tographed  th ro u g h  a Zeiss M F a d a p te r  onto an O R W O  N P-15 or N P-20, 6 x 6  cm 
film . O f th e  good n eg ativ es copies of 3000 to ta l  en largem ent w ere  m ade . I t  was on th em  th a t  
we carried  ou t th e  m easu rin g  of chrom osom es.

T he n u m b er o f  so m a tic  chrom osom es w as determ ined  in  45—50 p rep ara tio n s o f each  
p o p u la tio n  sam ple, on  th e  m icrophoto  en la rg em en ts of 10 p re p a ra tio n s  the  chrom osom es 
an d  th e ir  arm s were m easu red , th e  to ta l  len g th  of th e  som atic chrom osom e com plem ent and  
th e  re la tiv e  leng th  of each  chrom osom e (Crej) w ith in , as well as th e  arm  ra tios (a .r .)  w ere 
de te rm in ed . F rom  these  d a ta  averages for each  p o p u latio n  and l im it  va lues of confidence ( +  h) 
corresponding  to  th e  level o f P  =  5%  w ere calcu la ted  (Sváb  1981). T he chrom osom es were 
a rran g ed  in a line on th e  basis  o f th e  a rm ’s len g th  ra tios, and  acco rd in g  to  the  term in o lo g y  
of L e v a n , F r e d g a  an d  S a n d b e r g  (1964) p laced  e ither in th e  m e ta c e n tr ic  (M; a .r. < 1 .5 )  or 
in  th e  su b m etacen tric  (S ; a .r . > 1 .5 )  class.

R esults an d  discussion

1. Ploidy level

On th e  basis o f th e  sam ples exam ined  th e  “ S”  and “ L ”  p o p u la tio n s  p roved  d ip lo id  
(2n = 14) while th e  “ IB ”  an d  “ S ha” p o p u la tio n s  te trap lo id  (2n =  28). The two po p u la tio n s
from  H u n g ary  are also d ip lo id . The m e tap h ase  p a tte rn s  ch a ra c te ris tic  o f th e  two cy to ty p e s  
a re  show n by m icrophotos (F igs 2-8).

L ite rary  d a ta  concern ing  th e  geographical d istrib u tio n  o f th e  diploid and te trap lo id  
c y to ty p e s  of crested  w h ea tg ra ss  are re la tiv e ly  few (A v d u l o v  1931; S o k o l o v sk a y a  an d
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F ig s 2 -8 . C haracteristic  chrom osom e com plem ents o f Agropyron cristatum  (L .) G aertn. p o p u la ­
tio n s  in  som atic m e ta p h as is ; Feu lgen  sta in in g ; th e  len g th  of the  line d ra w n  on the  r ig h t is 
5 p m .  Populations: 2 — Songino; 3 — Songino w ith  a sa tellite  chrom osom e p a ir; 4 — L un; 

5 — D u n a v a rsán y ; 6 — O h a t; 7 — Ikh-B ogd ; 8 -  S h a a m a r
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Strelk o v a  1948; Sa rka r  1956; Schulz-Sc h a e f f e r  and  J urasits  1962). B esides th e re  are  
d a ta  on th e  ex istence of hexaploid  s tan d s to o  (A ra ra ty a n  1938; D e w e y  an d  Asa y  1975).

I t  is kno w n  th a t  in  debates re la ted  w ith  th e  d is trib u tio n  of p o lyp lo id  p la n t species 
a n d  cy to ty p es an d  w ith  th e ir  geobotan ical, f lo ra  a n d  v eg eta tio n  h is to ry  ro le th e  d isclosure o f 
ev o lu tio n ary  genetic  and  ecological genetic  co rre la tio n s has p ro m o ted  in m an y  cases th e  
c la rifica tion  of de ta ils , th o u g h  rules of general v a lid ity  have no t been fo u n d  ( H a g e r u p  1932: 
L o v e  an d  L ő v e  1949; Soó 1947; L ő v e  1953; R e e s e  1958; F a v a r g e r  1967; S t e in  1970: 
W a g n e r  1970; V id a  1976).

In  our m a te ria l one of th e  te tra p lo id  popu la tions lives in  th e  G obi- 
A lta y , a t an  a ltitu d e  of 2800-3000 m , th e  o th e r one on sa n d y  hills beside th e  
r iv e r  O rkhon  a t  ab o u t 700 m  above sea level, b u t in  a s im ila rly  severe m ic ro ­
c lim ate . T he tw o  m ed ium -heigh t m o u n ta in  popu la tions, on th e  o th e r h a n d  
p ro v ed  to  be d ip lo id . A ccording to  D e w e y  and  A s a y  (1975) in  th e  E lb ru s  
M o u n ta in , I ra n , th e  hexaplo id  c y to ty p e  o f  Agropyron crista tum  is found  a t 
m ed ium  h e igh ts (ab o u t 1600 m), while a t a ltitu d es  higher th a n  th a t  (above 
2000 m) th e  c y to ty p e  of low er p lo idy  leve l (te trap lo id ) occurs.

The sep a ra tio n  by  a ltitu d e  o f th e  d ip lo id  and  te tra p lo id  p o p u la tio n s in 
M ongolia is p ro b a b ly  due to  th e  ac tio n  o f  ecological genetic m echan ism s an d  
to  flo ra  h is to ry  corre la tions. O f th e  tw o te tra p lo id  popu la tio n s th e  one found  
in  th e  riv er v a lley  is supposed to  he th e  younger. H ow ever, in  ou r op in ion  
th e se  questions can he se ttled  only a f te r  th e  ex am in a tio n  o f a la rg e r n u m b e r 
o f  p o p u la tio n .

2. Chromosome measurements

T he re su lts  o f th e  b iom etric  processing of ch rom osom e m easuring  d a ta  are sum m arized  
in  T ables 1 an d  2. In  T able  2 con tain ing  th e  d a ta  o f te trap lo id  p o p u latio n s double  Cre] va lues 
a re  given for th e  sake of easier com parison. T he 4 id iogram s rep resen tin g  th e  average  c a ry o ­
ty p es  o f th e  p o p u la tio n s have  been c o n stru c ted  on  th e  basis of the  d a ta  o f tab le s  (F igs 8 a n d  9).

Table 1

Relative lengths (Cre J  and arm  ratios ( a .r.) o f  Agropyron cristatum  
chromosome pa irs in  the two M ongolian diploid populations. 

Average values and P  =  5 %  confidence lim it values

Chromosome “S” (Songino) “L” (Lun)
pairs

Crel a.r. crel a.r.

M l 7.25 +  0.164 1.06 +  0.002 7.62 -1- 0.349 1.05 +  0.002
М2 7.34 +  0.383 1.11 +  0.120 7.21 +  0.305 1.13 +  0.012
М3 7.54 +  0.246 1.21 +  0.004 7.13 +  0.076 1.21 +  0.006
M4 7.06 +  0.186 1.34 +  0.008 7.02 +  0.165 1.28 +  0.007
M5 7.16 +  0.239 1.43 +  0.009 7.10 +  0.380 1.40 +  0.023
SI 6.80 +  0.088 1.54 +  0.320 6.72 +  0.145 1.53 +  0.024
S2 6.74 +  0.066 1.85 +  0.025 7.25 +  0.281 1.76 +  0.020

X +  h — 1.36 -I- 0.069 — 1.33 +  0.091
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T able  2

Relative lengths ( CreJ  and arm  ratios ( a .r.) o f  Agropyron cristatum  
chromosome p a irs in  the two M ongolian tetraploid populations. 

Average values and P  =  5 %  confidence lim it values

Chromosome
pairs

“IB” (Ikh-Bogd) “Sha” (Shamar>
C r e l a.r. C r e l a.r.

Ml 7.06 + 0.047 1.00 + 0.000 6.80 + 0.610 1.00 + 0.000
m2 7.26 + 0.092 1.06 + 0.006 7.22 + 0.470 1.11 + 0.000
М3 7.08 + 0.646 1.12 + 0.001 5.86 + 0.284 1.14 + 0.000
M4 7.74 + 0.076 1.16 + 0.008 6.34 + 2.972 1.20 + 0.004
M5 7.58 + 0.098 1.21 + 0.715 8.11 + 0.066 1.20 + 0.000
M6 7.10 + 0.145 1.26 + 0.070 6.64 + 0.000 1.25 + 0.000
M7 7.16 + 0.715 1.32 + 0.090 6.54 + 1.568 1.39 + 0.000
M8 7.40 + 1.122 1.37 + 0.080 7.40 + 2.910 1.40 + 0.004
M9 6.84 + 0.276 1.43 + 0.715 7.79 + 4.015 1.41 + 0.000
M10 6.84 + 0.112 1.48 + 0.011 7.37 + 0.000 1.50 + 0.000
SI 7.32 + 0.800 1.55 + 0.715 7.77 + 0.029 1.59 + 0.000
S2 6.94 + 0.105 1.65 + 0.012 6.30 + 1.776 1.62 + 0.008
S3 7.02 + 0.715 1.77 + 0.018 7.35 + 0.190 1.77 + 0.004
S4 6.76 + 0.121 1.96 + 0.024 7.62 + 0.968 2.11 + 0.004

X 4- h 1.38 + 0.166 1.41 + 0.002

In  b o th  d ip lo id  p o pu la tions th e  so m a tic  chrom osom e com plem ent c o n ­
sists o f 5 m e ta c e n tr ic  (M1-M 5) an d  tw o  su b m e tacen tr ic  (S1-S2) pairs . T h e  
ex trem e v alues of th e  re la tiv e  len g th  o f  chrom osom es are nearly  the  sam e in  
th e  tw o  p o p u la tio n s . H ow ever, in  th e  “ S”  p o p u la tio n  th e  М3 chrom osom e 
pair-, while in  th e  “ L ”  pop u la tio n  th e  M l p a ir  is th e  lo n gest, and  in  th e  fo rm er 
the  S l-w h ile  in  th e  la t te r  th e  S2 p a ir  th e  sh o rte s t. T he h ighest v a r ia tio n  of 
re la tiv e  len g th  is show n by  th e  L u n  M4 p a ir  (h =  ^ 0 .6 1 5 ) . In  th e  d ip lo id  
k a ry o ty p es  th e  re la tiv e  leng ths of tw o  chrom osom e p a irs  of id en tica l seria l 
n u m b er (М3 and  S2) are  s ig n ifican tly  d iffe ren t (P  =  5 % ). B etw een th e  tw o  
diploid k a ry o ty p es  th e re  is a slig h t, n o n -sig n ifican t difference in  av e rag e  
asy m m etry .

In  th e  te tra p lo id  p o pu la tions th e  som atic  chrom osom e com plem en t 
equally  consists o f 10 m etacen tric  (M l—M10) and 4 su b m etacen tric  (S I—S4) 
pairs of chrom osom e. In  th e  S h am ar p o p u la tio n  th e  re la tiv e  leng ths o f th e  
chrom osom e p a irs  ran g e  betw een  w id er lim its  th a n  in  th e  Ikh-B ogd  p o p u la ­
tion . In  th e  fo rm er th e  v a riab ility  o f  th e  in d iv id u a l chrom osom e pairs is also 
h igher th a n  in  th e  la t te r .  The re la tiv e  len g th  of th ree  chrom osom e p a irs  of 
id en tica l serial n u m b e r (the  М3, M5 an d  M6 pairs) s ig n ifican tly  (P  =  5% ) 
differed in  th e  tw o  te tra p lo id  p o p u la tio n s . In  th e  average  a sy m m etry  of 
chrom osom es a slig h t, non -sig n ifican t d ifference w as found  betw een  th e  t e t r a ­
plo id  pop u la tio n s.

On th e  basis o f th e  ra tios o f chrom osom e m easu rem en ts ce rta in  d if­
ference in  k a ry o ty p e  can  be po in ted  o u t even  b e tw een  th e  tw o diploid p o p u la ­
tions o f M ongolia, h u t  rem ark ab le  d ifferences in  th e  d is tr ib u tio n  of m easu re-
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m en ts  are  found  in  th e  tw o te tra p lo id  p o p u la tio n s . In  th e  v a ria tio n  o f k a ry o ­
ty p e  w ith in  an d  betw een  the  p o p u la tio n s  th e  s tru c tu ra l v a ria tio n s o f  ch ro ­
m osom es are  lik e ly  to  be m an ifested . T hese v a ria tio n s  are supposed  to  be th e  
re su lts  o f such s tru c tu ra l rea rran g em en ts  ( tran s lo ca tio n , inversion , d u p lic a ­
tio n , deletion) w hich  occur w ith v a ry in g  freq u en cy  in  th e  d ifferen t A gropyron  
cristatum  p o p u la tio n s . This hyp o th esis  is m ade w ell-founded b y  th e  fa c t th a t  
th e  sa te llite  chrom osom e pair could  be p o in ted  o u t by  Feulgen s ta in in g  only  
in th e  Songino p o p u la tio n  (Fig. 4).

A t p re sen t o f th e  ligh t m icroscope cy to log ica l m ethods th e  b a n d in g  
tech n iq u es  are th e  m ost su itab le  fo r th e  d e m o n s tra tio n  of chrom osom e v a r ia ­
tions re su ltin g  from  th e  s tru c tu ra l re a rra n g em e n ts . On caryological o b se rv a ­
tio n s on  A gropyron  m ade w ith th is  m e th o d  we shall give accoun t in  a fo llow ­
ing p a p e r.
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KARYOTYPE INVESTIGATIONS IN MONGOLIAN 
AGROPYRON CRISTATUM (L.) GAERTN. 

POPULATIONS
IL  C-BAN D P A T T E R N S

Ce n d s u r e n  Oj u n s u r e n  a n d  B . J ankó  

(R eceived : 30 M arch, 1984)

In  four M ongolian A gropyron cristatum  (L .) G aertn . p o p u la tio n s  — one r iv e r ­
side-, tw o m edium  h eigh t m o u n ta in - and  one h ig h  m o un ta in  ones — we stu d ied  th e  
in tra -  and  in te rp o p u la tio n  v a r ia tio n  of th e  co n s titu tiv e  h e te ro ch ro m a tin  d is tr ib u tio n  
p a tte rn  by  G iem sa s ta in ing  of ro o t-tip  m itoses. F ro m  the  large n u m b er of th e  G iem sa 
C -banding v a r ia n ts  we have  d raw n  th e  conclusion  th a t  th e  p o p u la tio n s  exam ined  are  
charac te rized  b y  h igh k a ry o ty p ic  p o ly m o rp h ism , p a r tly  paralle l w ith  th e  po lym orph ism  
of chrom osom e n u m b er and  -m easu rem en t ra tio  we po in ted  ou t by  Feu lgen  sta in in g  
in  th e  sam e po p u la tio n s (Oj u n s u r e n  and  J a n k ó  1985).

In  th e  riverside- and  h igh  m o u n ta in  te tra p lo id  popu lations th e  n u m b er o f C -bands 
of th e  som atic  chrom osom e com plem en t is sig n ifican tly  m ore th a n  tw ice th e  b a n d  
n u m b er c h arac te ris tic  of th e  d ip lo id  m edium  h e ig h t m o u n ta in  p o p u la tio n s , and in th e  
h ig h  m o u n ta in  p o p u la tio n  i t  is k a rg er th a n  in  th e  riverside  one. T h e  re la tiv e  w id th  of 
b a n d  is sm aller in  th e  te trap lo id s  th a n  in  th e  d ip lo ids.

The co rre la tio n  we fo u n d  be tw een  th e  po ly m o rp h ism  of th e  C -banding  p a tte rn  
o f  M ongolian A gropyron cristatum  p o p u la tio n s  a n d  th e  heigh t above  sea level o f th e  
grow ing size agrees w ith  w h a t V osa (1976) o b se rv ed  in p o p u la tio n s o f A lliu m  pulchel- 
lu m  and  K e n t o n  (1976) in th o se  of M exican Gibasis species. F ro m  ou r d a ta  we m ay  
d ra w  th e  conclusion th a t  th e  po ly m o rp h ism  o f h e te ro ch ro m atin  d is tr ib u tio n  in  the  
A gropyron  cristatum  p o p u latio n s — ju s t  like th e  sep ara tio n  of d ip lo id  and  te trap lo id  
p o p u la tio n s  by  differences in  h e ig h t above sea level and m icroclim ate, as rep o rted  in  
o u r  p rev ious pu b lica tio n  — can  be trac ed  b a c k  to  th e  action  of evo lu tion  genetic  
a n d  ecologico-genetic m echanism s an d  to  flo ra  h is to ry  and  v eg e ta tio n  h is to ry  re la tions.

Introduction

Since th e  beginning of th e  seven ties th e  chrom osom e ban d  s ta in in g  m ethods th a t  
m ad e  th e  reliable id en tifica tio n  of chrom osom es on th e  basis of th e  p a tte rn  o f h e te ro ch ro m atin  
d is tr ib u tio n  possible in th e  h u m an  an d  an im al cy to logy  have  been successfully  used in th e  
karyo log ica l and cy togenetic  investig a tio n s of p lan ts  to o  (Vosa and  Ma rchi  1972, Sarma 
a n d  N a ta raja n  1973, H adlaczky  1975). A tten tio n  tu rn e d  also to th e  po lym orph ism  of h e te ro ­
c h ro m a tin  localization  th a t  could be easier an d  m ore ex ac tly  exam ined w ith  th e  help of h an d  
s ta in in g  th a n  w ith  th e  conven tional chrom osom e s ta in in g  m ethods.

In  investig a tio n s of th is  k ind  th e  h e te ro ch ro m a tin  po lym orphism  of th e  p lan t k a ry o ty p e  
was fo u n d  to  be d em onstrab le  no t only in  closely re la te d  species and in fraspecific  ta x a  (Gr e i l - 
h u b e r  1978, L i n d e -L a u rs en  1978a, L i n d e -L a u r s e n  e t al. 1980, T homas  1981), b u t  in 
v a rio u s p opu lations of th e  sam e species too ( F il io n  1974, Marks and  S ch w e it z e r  1974, 
B e n t z e r  and  Landström  1975, S in g h  and  R ö b b e l e n  1975, W eim a rck  1975, A bramova 
1978, K e n t o n  1978). D ifferences in b an d in g  p a tte rn  w ere found e.g. be tw een  inbred  lines 
an d  v a rie tie s  of rye  (T ik ho n ov ich  1975).

T he analysis o f th e  d is tr ib u tio n  p a tte rn  of h e te ro ch ro m a tin  has been  in troduced  in 
th e  ev o lu tion  genetic  in v estiga tions as well (G ill  a n d  K im ber  1974a, 6, H adlaczky  and
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B el e a  1975, Gill  1981). In  th e  k a ry o ty p es  o f in terspecific  h y b rid s  and  add itive  lines th e  
origin o f th e  d ifferen t chrom osom es could be d e te rm in ed  a fte r th e  b an d in g  p a tte rn  o f h e te ro ­
ch ro m a tin  (Me r k e r  1975, G u st afson , E vans  a n d  J o sif ek  1976, L i n d e -Laursen  1978a. b).

T he n u m b er o f p la n t  species exam ined  for k a ry o ty p e  by  b a n d  sta in ing  is to d a y  over 
h u n d red  (Me h r a  and  F ogle  1982). To our know ledge in A gropyron  G aertn . and in th e  closely 
re la ted  genera  o f E lytrig ia  D esv. and  E lym u s  L. analyses of th is  k in d  have no t b een  p e r­
form ed so far.

In  ou r p rev ious p u b lica tio n  (Oj u n s u r e n  an d  J ankó  1985) we gave accoun t o f ch ro ­
m osom e n u m b er d ifferences and  v a ria tio n s in chrom osom e size re la tio n s observed in  M on­
golian A gropyron cristatum  (L .) G aertn . p o p u la tio n s. In  th is p a p e r  we wish to  p re se n t th e  
resu lts  o f s tud ies on k a ry o ty p e  v a ria tio n  by  m eans of Giemsa b a n d  sta in ing .

Material and method

F o r th e  in v es tig a tio n s  we used those  M ongolian spike sam ples th e  origin of w h ich  was 
described  in som e d e ta il in  o u r above m en tio n ed  p u b lica tion . Tw o of th e  sam ples (S — Songino 
and  L — L un) rep re sen ted  each a dip lo id  p o p u la tio n , while each  of th e  sam ples IB  Ik h - 
Bogd an d  Sha — S h aam ar a te trap lo id  p o p u la tio n .

T he h e te ro ch ro m a tin  localization  w as s tu d ied  by  th e  G iem sa s ta in ing  of ch rom osom es 
a f te r  th e  desc rip tio n  of H a dlaczky  (1975). T h e  loca lization  of th e  c o n s titu tiv e  h e te ro ch ro m a tin  
(C -bands) in th e  chrom osom es was stu d ied  in th e  d iv id ing  ro o t-tip  cells o f a t  least 50 seedlings 
pe r p o p u la tio n . W e d e te rm in ed  th e  p lace and  n u m b er of C -bands in each chrom osom e of th e  
som atic  chrom osom e co m plem en t, th e  w id th s o f th e  bands, th e  len g th s of th e  chrom osom es 
and  of th e ir  arm s, th e n  from  these  d a ta  ca lcu la ted  th e  p ercen tage  p ro p o rtio n  of th e  to ta l  b an d  
w id th  to  th e  to ta l  len g th  of chrom osom es (B % ), and  estab lished  th e  to ta l  num ber o f C -bands 
in th e  som atic  chrom osom e com plem ent.

R esults

In  th e  d iv id ing  cells of the  ap ical m eristem  of seedlings ta k e n  from  th e  sam p les o f 
A gropyron cristatum  p o p u la tio n s  th e  d is tr ib u tio n  p a tte rn  of th e  c o n stitu tiv e  h e te ro ch ro m a tin  
(C -bands) in  th e  chrom osom es in m etap h asis  could  be m ade v isib le  by  Giemsa sta in in g . The 
G iem sa s ta in ed  h e te ro ch ro m a tin  is generally  localized in  th e  telom eres of th e  A g ro p y ro n  
c r is ta tu m  chrom osom es (F ig . 1). N ear th e  cen trom eres th ere  are  no C -bands, and  in te rca la ry  
b an d s  ra re ly  occur. B y  G iem sa sta in ing  chrom osom es w ith  sa te llites  could even be p o in ted  
o u t;  th e  sa te llite  section  of th e  nucleole-organizing  chrom osom e was readily  s ta in e d  w ith 
G iem sa.

Telom eric b an d s can  be observed n o t on ly  in th e  m etap h asis , bu t also in th e  pro- 
m e tap h asis , a less condensed  s ta te  of th e  chrom osom es, and are  even de tectab le  in th e  pro- 
phasis (F ig . 2). B y G iem sa sta in ing  th e  h e te ro ch ro m a tin  g ra ins o f nuclei in in te rp h as is  can 
sim ilarly  be m ade v isible.

O ften  tw o or th ree  chrom osom es in  th e  chrom osom e com plem en t show th e  sam e p a t ­
te rn  o f band ing . In  consequence of th e  po lym orph ism  of h e te ro ch ro m a tin  d is tr ib u tio n  the  
s ta in in g  p a tte rn  o f a g iven  p a ir of chrom osom es is n o t alw ays u n ifo rm  in th e  d ifferen t m em bers 
of th e  p o p u la tio n : in th is  case th e  chrom osom e pa irs are d ifficu lt to  iden tify  on th e  basis of 
th e  p a tte rn  of b an d in g . W ith  a view  to  th e  re liab ility  of id en tif ic a tio n  we therefore  d e te rm in ed  
th e  q u a n ti ta t iv e  m orpholog ical featu res o f th e  d ifferen t chrom osom es in the  G iem sa s ta ined  
p re p a ra tio n s  as well (a rm  len g th  ra tio , re la tiv e  length).
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Fig. 1. M etaphase chrom osom es of A gropyron  cristatum , s ta in e d  by Giemsa

Fig. 2. P ro m etap h ase  chrom osom es of A gropyron cristatum , s ta in ed  b y  Giemsa

C-band pattern o f  diploid karyotypes

In  th e  id iogram  of Fig. 3 a ty p ica l h e te ro ch ro m a tin  d is trib u tio n  o f th e  d ip lo id  ch ro ­
m osom e com plem en t is seen. The b an d in g  p a tte rn  o f th e  7 hom ologous pa irs of th e  ch ro ­
m osom e com plem en t in b o th  th e  Songino and  th e  L un  p opu lation  can  be ch arac te rized  
as follows.

1. T he M l, M2 and  S2 chrom osom es show  te lom eric  C-bands on b o th  arm s.
2. In  th e  M3, M4 and M5 chrom osom es te lom eric  C-band is only seen on th e  sh o rte r a rm .
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F ig . 3. Giemsa b an d in g  p a t t e rn  o f chrom osom es, ty p ic a l fo r our d ip lo id  po p u latio n  sam ples
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Fig. 4. G iem sa b a n d in g  p a tte rn  v a r ia n ts  in  d ip lo ids, “ Songino”  population
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>

F ig . 5. The same as Fig. 4, “ L u n ”  p o p u la tio n

a
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3. T he S I +  s (sa te llite ) chrom osom e d isp lay s  telom eric  h e te ro ch ro m a tin  b a n d in g  on 
b o th  arm s, an d  even  th e  nucleole-organizing sec tio n  sta in s  in d ica tin g  its  h e te ro ch ro m a tin  
con ten t.

This basic p a t te rn  o f h e te ro ch ro m atin  d is tr ib u tio n  could be no ticed  in  m an y  p re p a ra ­
tions o f b o th  d ip lo id  p o p u la tio n  sam ples. N ev erth e less , a considerab le  nu m b er o f p a tte rn s  
o th er th a n  th a t  w ere also en co un tered . The id io g ram s of b an d in g  v a r ia n ts  observed b y  u s in  
th e  Songino an d  L u n  p o p u la tio n  are show n in F igs 4 an d  5. F igures 6 and  7 i llu s tra te  th e  
re la tiv e  frequency  of th e  v a r ia n ts .

As seen in  th e  figu res th e  polym orphism  o f th e  C -band is m an ifes t w ith  each  ch ro ­
m osom e pa ir. As reg ard s th e  p a tte rn  of C -banding  som e th re e -q u a rte rs  of th e  hom ologous

Fig. 6. R e la tiv e  frequencies o f  G iem sa b an d in g  p a t t e rn  v a r ia n ts  in  diploids, “ Songino”
po p u latio n

F i g .  7. The same as Fig. 6, “ L un”  population
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Table 1

Num ber o f  C-bands and relative band ividth (B°/0)  
in  the karyotypes o f diploid and tetraploid populations. 

M ean values and P  =  5%  confidence lim it values ( x  F  h)

N u m b e r  
o f  C -bands B%

Diploids
Songino 22.8 +  1.38 16.86 +  1.01
L un 23.4 ±  0.90 17.51 +  1.31

T etrap lo ids
Ikh-B ogd 52.3 +  1.71 14.32 +  1.14
Shaam ar 51.0 ±  0.82 12.78 +  1.23

p a irs  w ere  hom om orphous a n d  o n e -q u arte r o f th em  h eterom orphous in each p o p u la tio n . 
In  th e  Songino p o p u la tio n  a to ta l  of 26, in  th e  L u n  p o p u latio n  23 b a n d in g  v a r ia n ts  w ere 
found . I n  sp ite  of th e  d iv e rs ity  of th e  h e te ro ch ro m a tin  d is trib u tio n , in  m o st m em b ers o f th e  
p o p u la tio n s  24 ban d s were co n ta in ed  in a chrom osom e com plem ent, th o u g h  th ere  w ere p la n ts  
w ith  20 -2 3  ban d s. The ra tio  o f to ta l  ban d  w id th  to  to ta l  chrom osom e len g th  (B % ) ran g ed  
be tw een  14.9 and  20.6 in  th e  Songino and  b e tw een  15.1 and  20.2 in  th e  L un  p o p u la tio n . 
B etw een  th e  m ean  values of B %  no significant difference was found  (T able 1).

C-band pattern o f tetraploid karyotypes

F ig u re  8 shows th e  id iogram  of th e  p a t te rn  of h e te ro ch ro m a tin  d is tr ib u tio n  m ost 
c h a ra c te ris tic  of th e  te trap lo id  k a ry o ty p e . H ere ro ch ro m atin  ban d s sta in in g  w ith  G iem sa were 
fo u n d  a t  b o th  ends o f m o st chrom osom es. B y  G iem sa sta in ing  2 chrom osom e p a irs  w ith  sa te l­
lite s  cou ld  be  p o in ted  o u t in  each  of th e  tw o  te tra p lo id  p o p u la tio n s as well. In  th e se  ch ro ­
m osom es a  telom eric  b a n d  could  also be seen beside  th e  s ta in ed  sa te llite .

I n  b o th  te trap lo id  p o p u la tio n s n u m ero u s  b a n d in g  v a r ia n ts  d iffe ren t from  th e  basic  
p a t te rn  w ere observed. In  p lan ts  of the  Ik h -B o g d  p o p u la tio n  49, while in  those  of th e  S h a a m a r 
p o p u la tio n  53 b and ing  v a r ia n ts  could be d iffe re n tia te d . These v a r ia n ts  are show n in  F igs 9 
an d  10. In  F igs 11 and 12 th e  re la tiv e  freq u en cy  of th e  v a ria n ts  is seen. In  m ost o f  th e  p re ­
p a ra tio n s  o b ta in ed  from  th e  Ikh -B ogd  p o p u la tio n  th e  to ta l nu m b er of ban d s in  a som atic  
chrom osom e com plem ent w as 54, and  in  a  m in o r p a r t  of th em  ran g ed  betw een  48 a n d  53.

И£ a.

I  to

гГ> (-Г-. 23  E3
я m и
á  ^  ^

2 3

Ml М2 М3 MA M5 M6 M7 M8 M9 MIO S1 S2*s S3+s SA 

F ig . 8. G iem sa b an d in g  p a tte rn  o f chrom osom es, ty p ica l for our te trap lo id  p o p u la tio n  sam ples

A da  Bolanica Hungarica 31, 1985



KARYOTYPES OF MONGOLIAN AGROPYRUM POPULATIONS, II. 195

2
г а Ы
A  2

A B C  A B C D E F  A B C D  A B C  A B C D  A B C O E

7Л VA Г7*

ъU.

H

A

М2

Л ™

М3 М5 Мб

И  ИУЛ £ га И  П
VA 0
Û. &

ta
га га

т

1 £

Z

A B C D E  A B  A B C D  A B  A B C  A B  A B  A B C D

M7 M8 M9 MI O S1 S2*s S3 + s SU

F ig . 9. G iem sa banding  p a tte rn  v a r ia n ts  in  te trap lo id s , “ Ikh -B ogd” p o p u la tio n

И
И£ Z

A B C  A B C D E  A B C D  A B C D  A B C  A B C D E
Ml М2 М3

22 2

Ш
2

i p
2 7.

ra ra
2

Й 1

M5 M6

0 ej И D c
2

A B C D E  A B C D  A B C D  A B C  A B C D  A B  A B C  A B C D
M7 M9 M10 S2*s S 3 *s БД

Fig. 10. T h e  sam e as Fig. 9, “ S h aam ar”  p o p u la tio n

13* Acta Bolanica Hungarica 31, 1985



196 C. OJUNSUREN—В. JANKÓ

7.

Ml М2 М3 МД M5 Мб М7 М8 М9 MIO S1 S 2 .sS 3 .s  S4

Fig. 11. R e la tiv e  freq u en c ies  o f G iem sa ban d in g  p a tte rn  v a r ia n ts  in  te trap lo id s , “ Ikh -B ogd
popu lation

7»

Fig. 12. The sam e as F ig . 11, “ S h aam ar” p o p u la tio n

I n  h a lf  o f th e  sam ple  o f th e  S h aam ar p o p u la tio n  th e  to ta l  n u m b er o f b an d s pe r chrom osom e 
com plem en t w as 52 and ranged  b e tw een  49 and  51 in th e  rest. T he B %  values v a ried  from  
12.8 to  16.6 p e r cen t in the  Ik h -B ogd  an d  from  10.4 to 15.1 per cen t in th e  S h aam ar p o p u la ­
tion . T he m ean  values of B %  are  m u c h  low er th a n  in the  dip lo id  p o p u la tio n s , while th e  to ta l 
n u m b er o f b a n d s  in  the  te trap lo id  chrom osom e com plem ent is m ore th a n  twice th e  num ber 
o f b an d s in  th e  diploid com plem en t (T able  1).
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D iscussion

Series of analyses o f C -band ing  —  as referred  to  in  th e  lite ra ry  review  — 
give accoun t of th e  in tra sp ec if ic  po lym orph ism  of h e te ro c h ro m a tin , in  som e 
cases —  e.g. in  th e  species Scilla  sibirica  (Vosa 19736), A lliu m  pulchellum  
(V osa  1976), A nem one blanda  (M a r k s  1974) — th e  p o ly m o rp h ism  of C -banding  
w as o f such an e x te n t th a t  th e  m a te r ia l exam ined d id  n o t even con ta in  tw o 
p la n ts  w ith  the  sam e p a t te rn  of C -banding .

T he ex am in a tio n  o f  th e  M ongolian Agropyron crista tum  p opu la tions fo r 
h e te ro ch ro m atin  d is tr ib u tio n  has revealed  th a t  th e se  p o p u la tio n s are  also 
ch arac terized  by th e  p o ly m o rp h ism  of h e te ro ch ro m atin , as a m an ifesta tio n  of 
th e  k a ry o ty p e  po ly m o rp h ism . A large  n u m b er of C -band ing  p a tte rn s  could be 
d iffe ren tia ted . These v a r ia n ts  w ere p ro b ab ly  p roduced  w ith  the  s tru c tu ra l 
re a rran g em en t of th e  chrom osom es. H ow ever, in th e  k a ry o ty p ic  C-band p o ly ­
m o rp h ism  observed b y  us ce rta in  re g u la rity  could be estab lish ed . In  m ost 
p la n ts  o f the  two d ip lo id  p o p u la tio n s o f m edium  h e igh t m o u n ta in s  in  th e  d ry  
s tep p e  zone of M ongolia th e  n u m b e r o f C-bands o f th e  som atic  k a ry o ty p e  
was 24. T he species o b ta in e d  from  th e  te trap lo id  S h a a m a r p o pu la tion  liv ing  
in  th e  fo rest steppe zone, a t  a h e igh t o f  some 700 m ab o v e  sea level m ostly  
co n ta in ed  52 C-bands in  th e  so m atic  chrom osom e co m p lem en t, while in  p la n ts  
from  th e  Ikh-B ogd p o p u la tio n  liv ing  in  th e  desert s tep p e  zone, ab o u t 3000 m 
above sea level a k a ry o ty p e  w ith  54 b an d s  was m ostly  fo u n d . T hus, th e  to ta l  
n u m b e r  o f bands in  th e  te tra p lo id s  is in  every  case m ore  th a n  tw ice th e  b an d  
n u m b e r o f th e  diploid k a ry o ty p e s , and  am ong th e  M ongolian Agropyron crista­
tum  popu la tio n s the  n u m b e r  o f C -bands w as highest in th e  so m atic  chrom osom e 
com plem en t of the  h igh  m o u n ta in  (Ik h -B o g d ) p lan ts . T h e  sam e was observed 
by  V osa  (1976): in th re e  p o p u la tio n s  o f A lliu m  pulchellum  th e  n u m b er of 
b an d s w as in  positive c o rre la tio n  w ith  th e  height above sea level o f h a b ita ts . 
F rom  th is  fac t V osa conc luded  on th e  role of h e te ro c h ro m atin  in  a d a p ta tio n . 
K e n t o n  (1978) a rriv ed  a t  th e  sam e conclusion on th e  basis  o f th e  C -banding 
p a t te rn  in  th e  M exican p o p u la tio n s  o f Gibasis species. S tu d y in g  th e  k a ry o ­
ty p es  o f  A lliu m  fla v u m  p o p u la tio n s  o f  various h a b ita ts  V o sa  (1973a) no ticed  
th a t  th e  v a riab ility  o f h e te ro c h ro m a tin  d is trib u tio n  v a ried  w ith  th e  h a b ita t , 
b u t  each  popu la tion  w as ch a rac te rized  b y  a certa in  ty p e  o f  po lym orphism . 
F rom  his observations (1973a, b) he drew  th e  conclusion th a t  th e  po lym or­
phism  o f h e te ro ch ro m atin  d is tr ib u tio n  is equal to  th e  re flec tio n  o f th e  p o p u la ­
tio n s ’ a d a p ta tio n  in th e  k a ry o ty p e .

O ur investiga tions c o n tr ib u te  fu r th e r  d a ta  to  su p p o rt th e  above cited  
h y p o th es is  o f V osa and K e n t o n . W e m ay  draw  th e  conclusion  th a t  th e  h e te ro ­
c h ro m a tin  po lym orph ism  o f th e  M ongolian Agropyron crista tum  popu la tions 
is re la ted  w ith  the  site co n d itio n s. I t  is th e  resu lt o f e n v iro n m en ta l effects, of 
ac tions o f ecologico-genetic, ev o lu tio n  genetic  m echanism s, o f flo ra  h is to ry
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a n d  v e g e ta t io n  h i s t o r y  c o r re la t io n s ,  in  t h e  s a m e  w a y  as t h e  s e p a r a t io n  of 
d ip lo id  a n d  te t r a p lo id  p o p u la t io n s  a c c o rd in g  to  h e ig h t  a b o v e  sea  level a n d  
m ic ro c l im a t ic  d if fe rences  d iscussed  in  o u r  p rev io u s  p u b l i c a t io n  (O j u n s u r e n  
a n d  J a n k ó  1985).
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CYTOLOGICAL INVESTIGATION OF LONG-LASTING 
(SEVERAL GENERATIONS) HERBICIDE TREATMENT 

RESULTING SENSITIVITY CHANGES IN BARLEY

T .  P u s z t a i

INSTITUTE OF ECOLOGY AND BOTANY, HUNGARIAN ACADEMY OF SCIENCES, VÁCRÁTÓT, HUNGARY

Changes in  th e  sen sitiv ity  o f b a rley  — effec ted  by  five years o f herb ic ide  t r e a t ­
m e n t — hav e  been investiga ted . The level o f chrom osom al a b erra tio n s  in meiosis 
an d  m itosis w as de te rm in ed  during  five genera tio n s. I t  was d em o n stra ted  th a t  in  th e  
f i r s t  genera tio n s (M ,— M 2) th e  frequency  of ch rom osom al ab erra tions in creased , th a n  
in  th e  la te r  genera tio n s (M3—M 5) re tu rn s  to  th e  co n tro l level. R egularly  tre a te d  b arley  
seeds show  low er sen sitiv ity  in M 5 against re p ea te d  herb ic ide  tre a tm e n t th a n  in p re ­
v io u sly  u n tre a te d  m ateria l.

D ecrease o f sen sitiv ity  is supposed to  be th e  re su lt o f selection in th e  case of 
re g u la r  tre a tm e n t.

In troduction

S uffic ien t d a ta  are av ailab le  recen tly  to  su p p o rt th a t  som e pestic ides result m u ta tio n s  
an d  chrom osom al a b e rra tio n s  ( E p s t e in  an d  L e g a t o r  1974; Cu r in n y  a n d  P il in s k a y a  1976). 
G enetic effect o f  lo n g -lasting  use  o f a p a rticu la r  herbicide is n o t y e t  com plete ly  d iscovered . 
T hough  th e  n u m b er o f w ell-know n herbicides y ea r by  y e a r in creas in g  th e ir  a sso rtm en t in  
ag ricu ltu ra l p ra c tic e  is re la tiv e ly  n arrow . T heir use is th ere fo re  c h a ra c te rised  b y  th e  follow ing 
s itu a tio n : th e  sam e herb ic ide  is ap p lied  in a given ag ricu ltu ra l d is tr ic t  du rin g  several years.

A fter-effect in v es tig a tio n  of herbicides is fa irly  c o n tra d ic to ry . Som e au th o rs  de ­
m o n s tra te d  th a t  h e rb ic id e - trea tm e n t could have  negative  in fluence on  p ro g en y  b y  dam aging 
seed-corn  qualities v ia  chang ing  som e b iochem ical ch arac te ris tics  o f seeds (M c C u r d u  e t al. 
1974; I v a n en k o  1968). O th e r a u th o rs  did n o t fin d  any  sim ilar n e g a tiv e  effect in  b arley  
(P e t u n o v a  1971). F ü r e d i  e t al. (1981) in v es tig a ted  cytological effects o f  som e herbicides in  
pea a f te r  herbicide t r e a tm e n t  of several genera tions. A pplication  of herb ic id es during  several 
y ears  red u ced  the  n u m b er o f chrom osom al ab erra tio n s.

In  recen t p ap er we re p o rt  th e  re su lts  of cytological in v es tig a tio n s  (in  m eiosis and 
m itosis) from  yearly  tre a te d  w ith  herb ic ide  b a rley  seed h a rv est of 1979-1983 y ears . We have 
d e te rm in e d  th e  sen sitiv ity  o f  M 5 g en era tio n  in th e  la s t y ear of tre a tm e n t ag a in s t th e  exam ined 
herbic ides.

M aterial an d  m ethods

Two herbic ides: A niten  D an d  G abonil — c u rren tly  used in  H u n g a rian  ag ricu ltu ra l 
p rac tice  — w ere tes ted  in ou r ex p erim en ts  for th e ir  m utagen ic  ac tiv ity . B o th  of th e m  were 
prov ided  by  th e  P la n t P ro tec tio n  R esearch  In s t i tu te  o f The H un g arian  A cadem y o f Sciences.

T he tra d e  nam es, in te rn a tio n a l an d  chem ical nam es and  s tru c tu ra l fo rm a t o f th e  
te s te d  herb ic ides and  their e ffective  su b stan ces (ing red ien ts) are listed  in T ab le  1. T h e  con­
cen tra tio n s o f th e  given chem icals fo r th e  tre a tm e n ts  were selected in p ro p o rtio n  to  th e  
p rev iously  o b ta in ed  LC50 values. D ry  seeds w ere tre a te d  w ith  fresh ly  p rep ared  a q u ao u s
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Table 1

Trade names, active ingredients and com position o f  the compounds tested

Trade name Active ingredient Chemical name

A n iten  D 2,4-D +  flurenol

2.4-dichlorophenoxy- 
acetic  acid

9-hydroxyfluorene-9- 
carboxylic  acid

G abon il MCPA ±  d icam b a

4-chloro-2-m ethyl- 
phenoxyacetic  acid

2-m ethoxy-3,6-dichloro- 
benzoic acid

solutions o f v a r io u s  concentra tions a t  p H  =  7.0 for 12 hours. Control seeds w ere soaked  in 
distiled w a te r. F o r  investigations b a r le y  (H ordeum  vulgare, 2n =  14) seeds o f MV-43 s tra in  
were o b ta in ed  fro m  th e  A gricu ltu ral R e se a rc h  In s t i tu te  o f H u n g arian  A cadem y o f Sciences, 
M artonvásár. T h e  trea tm e n t was re p e a te d  d u rin g  five  ( M t— M 5) generations. T he sow ing was

Table 2

Frequency o f  meiotic cell with chromosome aberrations in  treatments tvith

Chromosome aberrations

Hebricides
Concentra­

tion
(ppm)

M2

Total
no.

plants

Total
no.
cells

Total 
no. abn. 

cells
Percentage

Total
no.

plants

Total
no.
cells

Total 
no. abn.

cells
Percentage

A n iten  D 500 и 563 27 4.8 ±  0.9 9 521 18 3.5 ± 0 . 8
1000 8 497 93 18.7 ±  1.7 7 386 13 3.4 ±  0.9

G abonil 500 9 567 11 1.9 ±  0.6 11 448 6 1.3 ± 0 .5
1000 12 438 26 5.9 ±  1.1 7 521 15 2.9 ±  0.7

C ontro l 8 548 2 0.4 ±  0.3 9 454 2 0.4 ±  0.3

Table 3

Frequency o f  mitotic cell with chromosome aberrations in treatments with

Chromosome aberrations

Herbicides
Concentra­

tion
(ppm)

Mi M2

Total no. 
cells

Total no. 
abn. cells

Percentage Total no. 
cells

Total no. 
abn. cells

Percentage

A niten D 500 598 5 0.8 ±  0.4 401 3 0.7 ±  0.4
1000 603 23 3.8 ±  0.8 362 и 3.1 ±  0.9

Gabonil 500 438 6 1.4 ±  0.5 421 8 0.9 ±  0.5
1000 491 10 2.1 ±  0.7 389 8 2.1 ±  0.7

Control 687 9 1.3 ± 0 . 4

Acta Bolanica Hungarica 31, 1985



SENSITIVITY CHANGES OF BARLEY TREATED BY HERBICIDES 201

c arried  on  o u td o o r ex p erim en ta l d istric t. E a c h  y e a r  an d  each  rep e titio n  200 seeds fro m  h a rv e s t 
o f th e  p lo t were t r e a te d  in  four rep e titio n s. T h e  size o f sow ing p lo ts was 1 in2. T ab les  2 a n d  3 
c o n ta in  th e  su m m arised  resu lts of the  fo u r  rep e titio n s . A fter five years o f re-sow ing b a r le y  
th e  herb ic ide  se n sitiv ity  was determ ined o n  th e  ex p erim en ta l an d  contro l p lo ts  b y  th e  fre ­
q u en cy  of chrom osom al aberra tions in th e  ro o t  t ip  m itosis o f th e  seedlings. F o r  th e  a n a ly s is  
o f m eio tic  ch rom osom al aberra tions ears w ere  f ix ed  in  3 : 1 (w/w) ethanol-g lacia l a ce tic  acid 
so lu tio n  an d  sta in ed  w ith  acetocarm ine. T h e  seeds o f p rogeny  w ere g e rm inated  on  m o is t f i lte r  
p a p e r  in P e tr i d ishes a n d  k ep t in 26 °C th e r m o s ta t  for 26-36 hours. A fter g e rm in a tio n  3 -5  
m m  long  ro o t tip s  w ere chosen for cy to log ica l ana ly sis , carried  on m eth ap h ase  chrom osom es 
of th e  ro o t tip  m eris tem e  cells according to  ( P u s z t a i-G il y a r o v s k a y a , 1973).

Results and discussion

T he observed  cytological e ffec ts  o f  herb icides are p resen ted  in  T a b le  2. 
D u rin g  fiv e  years  th e  meiotic an a ly s is  o f  y ea rly  h e rb ic id e -trea ted  p rogen ies 
show  th a t  th e  fo u n d  aberra tion  freq u en c ies  in  th e  f irs t y ear (M4) s ig n if ic a n tly  
exceeded  th e  c o n tro l ones. In  th e  n e x t  y ea r (M 2) th e  ab e rra tio n  fre q u e n c y  
decreased  a t th e  t r e a te d  p lan ts. H o w ev e r freq u en cy  values exceeded  th e  
co n tro l level even  in  th is case. I n  M 3, M 4, M 5 progenies th e  ch rom osom al

various herbicides and concentrations over f iv e  ( M t — M rJ  generation

Chromosome aberrations

M3 M4 Ms

Total Total Total Percentage Total Total Total Percentage Total
no. no. no. abn. no. no. no. abn. no. no. no. abn. Percentage

plants cells cells plants cells cells plants cells cells

13 340 3 0.9 ±  0.5 14 638 3 0.5 ±  0.3 6 351 _
и 209 l 0.5 Jz 0.5 9 401 5 1.2 ±  0.5 9 448 4 0.9 ±  0.4

9 501 3 0.6 ±  0.3 15 341 2 0.6 ±  0.4 5 327 2 0.6 ±  0.4
8 397 3 0.7 ±  0.4 7 428 — — и 398 — —

10 438 — — 6 521 — — 9 498 2 0.4 ±  0.3

various herbicides and concentrations over f iv e  ( M x —M -)  generation

Chromosome aberrations

M3 M, Ms

Total no. 
cells

Total no. 
abn. cells Percentage Total no. 

cells
Total no. 
abn. cells

Percentage Total no. 
cells

Total no. 
abn. cells Percentage

397 7 1.8 ±  0.6 405 7 1.7 ±  0.6 597 _ _
453 5 1.1 ±  0.5 501 15 3.1 ± 0 . 8 603 3 0.5 ±  0.3

387 4 1.1 ±  0.5 487 5 1.1 ±  0.4 687 6 0.9 ±  0.3
501 8 1.6 ±  0.6 397 6 1.5 ±  0.6 734 9 1.2 ±  0.4
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a b e rra tio n  frequences in  meiosis p rac tica lly  rem ain ed  on th e  con tro l level. 
N ecessary  to  no te  t h a t  A n iten  D tre a tm e n t in  M 2 progeny  g rea tly  decreased  
th e  ch rom osom al a b e rra tio n  frequency  in  th e  case of 1000 ppm  dose (in
18.7 i  1 .7%  co m p arin g  to  th a t  of 3.4 i  0 .9 %  in  M 2).

C hrom osom al changes resu lted  b y  e ffec t o f herbicide tre a tm e n t are  of 
th e  follow ing ty p e s : ab sen t chrom osom e, chrom osom e frag m en t, b ridges, 
ch rom osom e stick iness, nu c lea r clum ping  a n d  u n iv a len ts .

F ro m  T able  3 (re su lts  of m itosis) i t  is obvious th a t  in  ro o t tip s  of 
seed lings, o rig in a ted  fro m -tre a ted  w ith  1000 p p m  A niten  D dose-seeds th e  
freq u en cy  of ch rom osom al aberra tions increased  to  3.8 ^  0 .8%  w hile it  w as 
1.1 ±  0 .4 %  in  th e  co n tro l. This effect w 'as o bserved  only  a t 1000 p p m  dose of 
A n iten  D. In  Mo p ro g en y  th e  m utagen ic  e ffec t o f herb icide tre a tm e n t was n o t 
s ig n if ican t com pared  to  th e  contro l, a lth o u g h  som e increase was observed  in  
th e  case of A n iten  D a t  1000 ppm  dose. T h e  chrom osom al a b e rra tio n  fre ­
quencies in  M3, M 4, M 5 are  th e  sam e in  th e  c o n tro l an d  in  th e  tre a te d  sam ples. 
O b ta in e d  d a ta  suggest t h a t  in  f irs t  y ears  o f  t r e a tm e n t  th e  effect of herb icides 
m an ife s t d ifferen t to  th a t  of th e  la t te r  y ea rs  (after-effect). F req u en cy  o f 
h e rb ic ide-induced  m u tag en ic  changes in  su b se q u e n t progenies decreased  to  
th e  n o rm a l level. E x p e rim e n ta l d a ta  su g g est th a t  th e  use of som e herb ic ides 
d u rin g  several years  decrease  th e  ch rom osom al ab e rra tio n s  in  herb icide tre a te d  
p la n ts . In  th is  case p ro b a b ly  th e  m ech an ism  o f selection  is invo lved , is n o t 
fav o rab le  for m u ltip lic a tio n  of in d iv id u a ls  w ith  chrom osom al ab e rra tio n s  in  
p la n t po p u la tio n . Cells con ta in ing  le th a l- ty p e  chrom osom al ab e rra tio n s  are  
so rtin g  o u t and o n ly  cells carry ing  n o n -le th a l ones get in to  th e  n e x t g en e ra ­
tio n . T h is is su p p o rte d  also by  o b se rv a tio n  th a t  regu lar tre a tm e n ts  d u rin g  
sev era l g e n e ra tio n —especially  in  th e  case o f 1000 ppm  A niten  D tr e a tm e n t— 
re su lt th e  decrease o f p la n t  stock.

P resum ab le  in  su b seq u en t g en era tio n s from  the  reg u la rly  herb icide- 
tr e a te d  seeds th e  m ore  re s is ta n t ones w ere selected  out. E x p e rim en ts  w ere 
c a rr ie d  on to  co n firm  th is  hypo thesis in con n ec tio n  w ith  h e rb ic id e -sen sitiv ity  
of b a r le y  on reg u la rly  tre a te d  and  co n tro l (u n tre a te d )  seeds using one h erb ic ide  
tr e a tm e n t .

Table 4
Frequency o f chromosome aberrations after f iv e  years 

o f  treatments by herbicides in  root tip  meristems

Herbicides
Concentra­

tions
(ppm)

Control Treated Rate
related to 

the controlTotal no. 
cells Percentage Total no. 

cells Percentage

A niten  D 50 0 636 3 .8  ±  0 .7 93 0 2.7  ±  0 .5 0 .7
1000 648 9 .8  ±  1 .2 728 4 .3  ±  0 .7 0 .6

G abonil 5 0 0 483 2.1 ±  0 .6 683 2 .8  ±  0 .6 1.4
1 0 0 0 931 5 .7  ±  0 .7 870 4 .1  ±  0 .7 0 .7
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T able 4 rep resen ts  changes in  frequencies o f chrom osom al ab e rra tio n s  
effected  b y  new  herbicide t re a tm e n t in  —  earlier regu la rly  tre a te d  and  u n ­
tre a te d  — b a rle y  seeds. A ccord ingly  th e  n u m b er o f chrom osom al changes in 
con tro l seeds effected  by th e  sam e dose of herb ic ide  tre a tm e n t w as h ig h er 
th a n  in earlier sev era l tim es t r e a te d  seeds.

This d a ta  suggest to  conclude th a t  herb icide tre a tm e n t —  th o u g h  d if­
fe ren tly  —  increase  th e  frequency  o f ch rom osom al ab e rra tio n s  in  m itosis and  
m eiosis o f M L— M 2 p lan ts , w hile la te r  progenies (M3— M s) re tu rn  to  th e  level 
o f th e  con tro l. E a r lie r  regu larly  t r e a te d  b arley  seeds show  low er se n s itiv ity  
ag a in st rep ea ted  herb icide tre a tm e n ts .

Supposed th e  herbicide re s is ta n t form s su rv iv e  in  th e  pop id a tio u  because 
herb ic ide  re s is tan ce  is de term ined  n o t o n ly  b y  re p a ra tio n  m echanism s, b u t  b y  
m orphological, physio logical-b iochem ical (e.g. possib ility  to  d e tox ica te) p ro p ­
erties. One p o ss ib ility  to  c rea te  s ta b le  form s in  h erb ic id e  tre a te d  p o p u la tio n  
b y  soring  o u t ( P i n t h u s  et al. 1972).
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T he m e th o d  a im s a t  p re lim inarily  siev ing  d icho tom ous variab les. T he co rre ­
sponding  a lg o rith m  begins a fte r h av ing  re d u ce d  a ll v a riab les  to  dichotom ous ones a n d  
also hav in g  e lim in a ted  variables n e u tra l  fo r  d isc rim in atio n . T he p rogram  o f o u r 
a lg o rith m  is based  on  a  sequence o f assignm ent a n d  releases o f ind iv iduals to  o r fro m  
categories. T here  is associated  a “ g ro u p s v e rsu s  v a riab le  a lte rn a tiv e s”  ty p e  con­
tingency  tab le  to  each  variable. R u n  beg ins w ith  specify ing  th e  m a xim um  possible  
chi-square o f all co n tin g en cy  tab les i.e., v a ria b le s . K now ing  now  how s tro n g ly  th e  
alternatives o f  the m a xim izing  variable a re  c h a ra c te ris tic  fo r one group or a n o th e r  
th e  m ost likely  co rresp o n d in g  set o f in d iv id u a ls  can  be assigned to a category. I f  th e n  
th e  rem ain in g  (w a iting )  ind iv iduals y ie ld , a  v a r ia b le  fo r th e  sam e category  w hen using  
th e  sam e a lg o rith m  th is  will be the  second v a r ia b le  a lread y . If , how ever, a d iffe ren t 
group  em erges th e n  th o se  form erly c a teg o rized  in d iv id u a ls  of th e  opposite  ca teg o ry  
are to  be re leased  w h ich  should have b een  ca teg o rized  th e  o th e r  w ay by  now. T hese  
in d iv id u a ls get b a ck  in to  th e  w aiting group . T h e  a lg o rith m  is im plem ented  w ith  d is­
tr ib u tio n  e v a lu a tio n s , significances, h it  p ro b a b ili tie s , co u n ts  fo r stages of ca teg o riza ­
tio n , s topp ing  ru le  a n d  descrip tion  of decision  course.

T he above m e th o d  has been ap p lied  b y  th e  a u th o rs  as an  u p -to -d a te  too l to  th e  
co m p ara tiv e  tax o n o m ica l evaluation  of H u n g a r ia n  Scilla  bifolia  s.l. (L iliaceae) p o p u la ­
tions. In  th e  fram ew o rk  of analyzing 23 c h a ra c te rs  o f 260 in d iv id u a ls  th e  ran k  o rd e r 
o f those  t ra i ts  has b een  tho rough ly  in v es tig a te d  as a n  im p o r ta n t in fo rm ation  p rep arin g  
m ore so p h istica ted  d is tin c tio n s am ong tax o n o m ica l values o f th e  d ifferen t g roups.

In  th e  p re se n t case s tu d y  the  SCAGA re su lts  w ere in good agreem ent w ith  th e  
hypothesized  categories.

The im p o rtan ce  a n d  v a ria b ility  of c h arac te rs  d escrib ing  th e  Scilla bifolia s.l. p o p u la ­
tions in H u n g ary  are e v a lu a te d  using a new  m eth o d  of ca teg o riza tio n , SCAGA (S tepw ise 
C ategory A ssignm ent to  G ro u p in g  A lternatives). T he tw o -g ro u p  version  of th e  p rocedure  is 
applied to  th e  pairw ise com p ariso n  of groups (i.e. lo ca lities) by  fin d in g  th e  ran k  o rder o f 
ch arac te rs  (variab les). T he c h arac te rs  are ran k ed  acco rd in g  to th e ir  ab ility  to  d iscrim inate  
betw een  th e  a lte rn a tiv e  g ro u p s. B inary or d ich o to m ized  q u a n ti ta t iv e  charac te rs  are used . 
In  each  step  of th e  analysis a ch arac te r and its  s ta te s  m o st ty p ic a l of th e  groups are selected . 
T hen , th e  ind iv iduals are  assigned  in to  two groups acco rd in g  to  th e  d icho tom y p rev iously  
d e te rm ined . In  several s tep s o f th e  analysis a new  g ro u p in g  of in d iv id u a ls  resu lts w hich m ay  
be c o n tra s ted  w ith  th e  a c tu a l geographical g roupings. T h e  ra n k  o rder of ch aracte rs o b ta in ed  
in several steps m ay  s tim u la te  new  hypotheses and m ay  co n firm  th e  re su lts  of o th er taxonom ic  
and m a th em a tica l s ta tis tic  s tu d ies .

Acta Botanica Hungarica 31 (1-4), pp. 205-224 (1985)

In troduc tion

In  th e  seventies a new  a p p ro ach  to the  id en tif ic a tio n  of groups was in troduced , in stead  
of find ing  p a rticu la r  c h a ra c te r  com binations th e  ra n k  o rd e r of c h arac te rs  showing th e ir d is­
crim in ato ry  pow er has been used  (F eldman  e t al. 1969).
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T he ad v an tag e  of th is ap p ro ach  is obv ious if  we consider th a t  ch a ra c te rs  m ay  e x h ib it  
severa l, u su a lly  asy m m etric , ty p es of d is tr ib u tio n  a n d  p a rticu la r ch a ra c te r  s ta te s  m a y  be 
obse rv ed  in  one group  only . F u rth e rm o re , i t  is im p o r ta n t  to  sim ulate  th e  h iera rch ic  re la tio n ­
sh ips am ong ch arac te rs  and  some in d ependence  u p o n  p o ten tia l m issing values in th e  d a ta  
m a tr ix  is also o ften  aim ed a t. In  ad d itio n  to  th ese  purposes, th e  ob jec tive  o f our s tu d ies  was 
to  develop  a sim ple, p ro b lem -orien ted  m eth o d  w h ich  is n o t in tended  to  rep lace  d isc rim in an t 
analy sis  (D A ) b u t  p rov ide  a tech n iq u e  for d a ta  screening prior to  DA. T his m eth o d  fin d s 
th e  m ost im p o rta n t c h arac te rs , i.e ., those  m o st se lective  for th e  m a jo rity  o f in d iv id u a ls . 
I t  is n o t  a consequence, b u t  a possib ility , t h a t  th e  a lte rn a tiv e  s ta te  o f a c h a ra c te r  p ro v es 
se lec tive  for th e  re s t o f ind iv iduals.

T he a lgo rithm  of SCAGA is d iffe ren t in  m an y  respects from  th e  ex isting  m eth o d s  
designed  fo r sim ilar purposes. A sm all su b se t o f  ch a ra c te rs  is selected w hich  is as po w erfu l in 
d isc rim in a tin g  be tw een  groups as th e  full set. T hese  c h arac te rs  are found  b y  a ran k in g  p ro ced u re . 
A n a d v an tag e  of th is  tech n iq u e  is th a t ,  in  ag reem en t w ith  n a tu re , in m o st cases a ss ig n m en t 
in to  one group  is perfo rm ed  in stead  of d iv id ing  th e  se t of ind iv iduals in to  tw o groups. M issing 
va lues o ften  enco u n tered  in  biological d a ta  m atrice s  pose no c o m p u ta tio n a l p ro b lem s, on ly  
th e  re su ltin g  low er y 2 va lues will in d ica te  th is  insufficiency . The m eth o d  is also ap p licab le  to 
a few  n u m b er o f ind iv iduals . Also, i t  m ay  re n d e r d ispensab le  th e  use of m ore tim e  con su m in g  
p ro ced u res for selecting d isc rim inative  va riab les . M ost adv an tag eo u s is th e  h igh  c e r ta in ty  of 
fin d in g  essen tia l fea tu res  in th e  d a ta . T he m eth o d  m ay  be jo in tly  used w ith  o th e r m u ltiv a r ia te  
te c h n iq u es , especially  fac to r analysis.

E ac h  step  of categ o rizatio n  is based  on th e  y 2 values calcu la ted  from  a fo u r-w ay  
co n tin g en cy  tab le  show ing th e  d is tr ib u tio n  of each  b in ary  ch arac te r over tw o  g ro u p s  of 
in d iv id u a ls . T he stepw ise an d  cu m u la tiv e  group  m em bersh ip  p ro b ab ilities  are also u sed . T he 
m eth o d  and  th e  su b seq u en t ev a lu a tio n  of re su lts  aim  a t th e  logical g roup ings fo und  a fte r  
ex am in in g  p o ten tia lly  re le v an t groupings and  ty p ic a l ch arac te r choices. T he m ain  p u rp o se  is 
th e n  to  p erfo rm  a p re lim in ary  ca teg o riza tio n  th ro u g h  ch aracte r ran k in g  w hich  is c o m p a tib le  
w ith  th e  b io log ical-d iagnostica l th o u g h t.

T he new  m eth o d  was used in assessing th e  tax o n o m ic  im p ortance  of c h a ra c te rs  d e sc rib ­
ing se lected  Scilla bifolia  po p u la tio n s in  H u n g a ry  ( K e r e s z t y  an d  Sz il á g y i  1984) in  o rder 
to  reduce  th e  ch a ra c te r  se t so th a t  a su b seq u e n t DA m ay be effic ien tly  used d esp ite  th e  
re la tiv e ly  low  n u m b er of ind iv iduals . T he m eth o d  was expected to  confirm  o ur h y p o th eses  
reg ard in g  th e  group  s tru c tu re  of these  p o p u la tio n s.

The s tra teg y  o f  SCAGA

—  T he ra n k  o rder of b in a ry  ch a ra c te rs  is de te rm in ed . M u ltis ta te  or 
q u a n ti ta t iv e  ch a rac te rs  are rep laced  b y  one or m ore d icho tom ous v a riab le s .

— In  th e  f irs t  s tep  (“ a ss ig n m en t” ) th e  ch a rac te r for w hich  y2 is m ax im u m  
is selected . T his c h a ra c te r  is given ra n k  1.

—  T he p ro g ram  inform s us a b o u t th e  s ta te  of th is  v a riab le  an d  th e  
lo ca lity  to  w hich th e  h ighest freq u en cy  v a lu e  in th e  con tingency  ta b le  p e r ta in s .

—  T he in d iv id u a ls  responsib le  fo r th e  m ax im um  freq u en cy  cell o f th e  
co n tin g en cy  tab le  are all assigned to  a g roup  for th e  tim e  being . In  an  o p tim a l 
s itu a tio n  th is  s ta r tin g  ca tego ry  will be id en tica l w ith  th e  m ax im u m  freq u en cy  
ca teg o ry  o b ta in ed  a t th e  end o f th e  analysis.
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—  T he in d iv id u a ls  n o t assigned to  th e  ab o v e  ca teg o ry  are p u t  to  a 
“ w aiting  l is t” . In  th e  n e x t step  only  th e se  w ill be considered  in  sea rch  fo r 
th e  m ax im um  y2.

—  I f  th e  in d iv id u a ls  belong to  th e  sam e g roup  as above acco rd in g  to  
th e  new y2, th e n  th e  second c h a ra c te r  is th e  ra n k  o rd e r is found. O th e rw ise , 
those  am biguously  classified  are also ad d ed  to  th e  w a itin g  list.

—  T he analysis p roceeds in  a m an n e r described  above.
—  I f  a g roup  becom es em p ty , in s te a d  o f y2 on ly  th e  re la tiv e  frequenc ies 

for th e  o th e r groups w ill be considered in  th e  ran k in g  p rocedure . N evertheless, 
th e  analysis is based on th e  m ax im um  like lihood  p rin c ip le  th ro u g h o u t.

—  T he fina l ra n k  o rder o f c h a rac te rs  is given d ep en d in g  on th e  o p tio n a l 
s to p p in g  ru le .

The SCAGA program

1. In p u t data

A c h arac te rs  by  ind iv iduals m a tr ix  w hich  also in d ica tes  th e  group a ssig n m en t of 
indiv iduals.

2. C om putations with the contingency table

L et A an d  В in d ica te  th e  a lte rn a tiv e  groups. L e t A* den o te  th e  s ta te m en t th a t  a g iven  
o b jec t is qua lified  as being a m em ber of group  A a n d , fu r th e r , le t  B* den o te  th a t  an  o b je c t is 
assigned to  g roup  B, w ith  assignm ents based  on th e  c h a ra c te r  s ta te s  observed. In  each  s tep  
of th e  ran k in g  p rocedure  a c h arac te r  is selected for w hich  th e  expression

2 _  ( /i + / t — / 2  + / з )(/1  + / г  + / 3  I f t )
* ( / 1  +  / . )  ( / 3  +  f i )  ( f i  +  / 3) ( / 2  +  f i )

is m ax im u m . / 3 a n d / j  are frequencies in th e  con tingency  tab le  given below

category

group

A 1 В

A* ft Á

B* / 3 f i

The m ag n itu d e  of y 2, a t  a  given n u m b er of in d iv id u a ls , show s how' s trong  th e  re la tio n ­
ship betw een group  m em bersh ip  (A or B) a n d  ca teg o ry  m em bersh ip  (A* or B*) is an d  gives 
d iscrim ination  in fo rm a tio n  on th e  d is tr ib u tio n  of th e  ch ara c te ris tic  categories over th e  o th ers . 
In  case of b in a ry  va riab les  th e  con tingency  tab le  m ay  be read ily  p re p are d , m u ltis ta te  o r 
q u a n tita tiv e  c h arac te rs , how ever, have  to  be d icho tom ized  using  e x te rn a l or com puted  crite ria .

In  a d d itio n  to  th e  frequencies and  / 2 va lues, th e  o u tp u t  lis ts  m in im a, m axim a, m ean s, 
s ta n d a rd  dev ia tions and  th e  significance levels of y 2 values.
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3. O ption fo r  a detailed ou tput

T he choice is up  to  th e  user w h e th er a ‘sh o r t’ o r ‘long’ o u tp u t l is t  is p rin te d  by  th e  
p ro g ram . In  th e  long lis t th e  ob jec ts  rem ain ed  in  e ach  step  are  all p rin te d  a n d  th e ir  d is tr ib u ­
tio n  a f te r  th e  rem oval o f each  ch a ra c te r  is p re sen te d  fo r every  o th er c h a ra c te r . I n  th e  sh o rt 
lis t d is tr ib u tio n s  only for th e  a c tu a lly  fo und  c h a ra c te r  are  p rin ted .

4. Ind ica tors o f  efficiency

P o te n tia l re -assignm en ts and  th e ir  f req u e n c y , th e  num ber of o b jec ts  on  th e  w a itin g  
lis t a n d  th e ir  p ro p o rtio n , and  th e  n u m b er o f c o rre c tly  an d  erroneously  categ o rized  in d iv id u a ls  
p e r b o th  group and to ta l  are p r in te d  in each  step .

5. L is t  o f  decisions

T he series of tab les in  each  s tep  is fo llow ed b y  a  sum m ary  of decisions. T hese a re  as 
follow s: assignm ents or re -ass ig n m en ts  m ade  in  o rd e r to  find  th e  ra n k  o rd er of ch arac te rs  
a n d  th e  global c e rta in ty  o f co rrec t categorization .

M ateria l

T w enty-six  p o p u la tio n s  from  th ir te e n  reg ions in  H u n g ary  are re p re se n ted  in  th e  sam ple. 
F o r  d e ta iled  in fo rm atio n  on th e  p o p u la tio n s  a n d  loca lities see th e  F ig . 1. T h e  s tu d y  m ate ria l 
w as collected  since 1979. T h en , all p lan ts  w ere g row n  u n d e r uniform  con d itio n s in th e  g a rden  
o f  th e  R esearch  In s t i tu te  fo r B o tan y , V á c rá tó t. I n  1983 ch arac te r s ta te s  fo r 9 b in a ry  v a riab les  
a n d  m easu rem en ts fo r 14 q u a n ti ta t iv e  d esc rip to rs  w ere recorded on  20 in d iv id u a ls  from  
e ac h  p o p u la tio n  (T able 1). T h e  com plete  d a ta  m a tr ix  contains 23 row s (va riab les) an d  260 
co lum ns (ind iv iduals). T he q u a n ti ta t iv e  c h a ra c te rs  w ere m easured  a t  th e  tim e  of full flo w er­
in g , i.e ., w hen all flow ers in  th e  inflorescence w ere open  or a lm ost open. T o m ake  these  v a r i­
ab le s  com patib le  w ith  SGAGA each  of th e m  w as d icho tom ized  using  v a rio u s  th resh o ld  va lues 
(see T ab le  1). T he ch arac te r  se t includes pheno log ical and  cy to tax o n o m ica l descrip to rs.

T he d a ta  o f th e  localities g roupped  accord ing  to  X II I .  regions a re  described  below  in 
follow ing order: serial n u m b er o f sam ple — n am e  of nearest se ttle m e n t — c o u n ty  (co m ita t) 

-  geographical a rea  an d  closer desc rip tio n  or n am e  of th e  lo ca lity  — g eo b o tan ica l area : 
flo ris tic  region and  d is tr ic t — association  — a p p ro x im a te  a ltitu d e  ab ove  sea level — d a te  of 
co llection  — grid  n u m b er on th e  flo ra  m ap  o f C en tra l E urope.

I .  U pper D anube Valley

I .  G Y Ő R ; Győr com .; P ü sp ö k erd ő , r ig h t a f te r  P in y éd i bridge; E u p an n o n icu m -A rrab o n icu m ; 
F ra x in o  pannonicae-U lm etum ; 100 m ; 8. 5. 79; 8371. — 2. Z S E JK E P U S Z T A ; G yőr com .; 
Sz igetköz, ban k  of th e  D an u b e; E u p an n o n icu m -A rrab o n icu m ; F raxino  p a n n on icae-U lm etum ; 
100 m ; 8. 5. 79; 8271. —  3. V Á M O SSZA B A D I; G yőr com .; Szigetköz, H a tá r-fo re s t;  E u p a n ­
non icu m -A rrab o n icu m ; Querco robori-C arpinetum ; 80 m ; 8. 5. 79; 8272. II.

I I .  C entral D anube Valley

4. K IS O R O S Z I; P est com .; Isle o f S zen ten d re , b a n k  of the  D an u b e ; E u p an n o n icu m -P rae - 
m a tr icu m ; F raxino p annon icae-U lm etum ; 80 m ; 4. 5. 79; 8180. —  5. R Á C K E V E ; P e s t com .; 
Isle  A ngyali; E upannonicum -C olocense; F ra x in o  pannonicae-U lm etum ; 80 m ; 30. 4. 79; 8879. 
— 6 . M A K Á D ; P est com .; Isle Csepel, M ak ád i-fo rest; E upannonicum -C olocense ; F raxino  

pannonicae-U lm etum ; 80 m ; 30. 4. 79; 8979.

Acta Botanica Hungarica 31, 1985



CHARACTER RANKING FOR SCILLA BIFOLIA BY SCAGA-METHOD 20У

F ig . 1. L ocalities of th e  exam in ed  po p u la tio n s. D o ts: diploids, sq u a res : te trap lo id s , asterisks:
hexaplo ids

IV. Velencei Mts.

9. N A D A P ; Fejér com .; T em plom -M t.; B akonyicum -V eszprim ense; A egopodio-A lnetum  quer- 
cetosum; 200 m ; 10. 4. 79; 8777.

V. Börzsöny Mts.

10. N A G Y B Ö R ZSÖ N Y ; P e s t  com .; N agyhideg-M t., M t.-top ; M atricu m -N eo g rad en se: A conito- 
F a g etu m ; 850 m ; 27. 4. 79; 8079. —  11. N A G Y B Ö R ZSÖ N Y ; P e s t com .; N agyhideg-M t., 
K -M t.-s id e ; M atricum -N eogradense; A conito-Fagetum ; 800 m ; 27. 4-. 89; 8079.

VI. Bükk Mts.

12. C S E R É P F A L U ; B orsod  com .; V alley  of H ór s tream ; M atricum -B orsodense; M elitti- 
Fagetum ; 250 m ; 6. 5. 79; 8089. —  13. F E L S Ő T Á R K Á N Y ; H eves com .; R idge of M t. V árhegy; 
M atricum -B orsodense; Corno-Quercetum; 600 m ; 20. 4. 79; 8 0 8 8 .—-14. R É P Á S H U T A ; B or­
sod co m .; K erek-M t.; M atricum -B orsodense; Aconito-Fagetum ; 650 m ; 27. 4. 79; 8089. VII.

VII. Zempléni Mts.

15. M A K K O SH O T Y K A ; B orsod  com .; Valley o f V ö lgypatak  s tre a m ; M atricum -T okajense ; 
F ago-A lnetum ;  350 m ; 10. 5. 79; 7695. — 16. F Ű Z É R R A D V Á N Y ; B orsod  com .; Castle p a rk  
of V ily p u sz ta ; C arpaticum -C assovicum ; Quercetum roboris cu lt., in  th e  p lace  of a fo rm er Fago- 
A ln e tu m ;  150 m ; 8. 5. 80; 7595.
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Table 1

Characters analyzed in the present study

Character Abbrev. Threshold used

1. L ength  of th e  f ir s t  leaf, m m 0 100-150
2# W idth  of the  f irs t  leaf, m m w 10-15
3. R atio  of O/W L 6- 8- 10-12
4. Length of s ta lk , m m Z 100-150
5. Length of th e  infloresc. ax is, m m A 20-40-60
6 . R atio  of Z/A I 1 -2 -3
7. N um ber of leaves N 2
8. N um ber of flow ers P 2 -4 -5 -8 -1 0
9. Tepal length, m m H 6-8

10. S tam en leng th , m m К 6-8
11. R atio  of H /K F 1-2
12. N um ber of seeds p e r f ru it S 10-15-20
13. D ry seed leng th , m m M 1.0- 1.5
14. Chromosome n u m b er с 18-36-54

Character states

15. Elaiosome shape E 1: v ariab le  and  grained 
2 : elongate

i 6. D ate of flow ering Y 1: before 1. IV . — early 
2: a fte r 1. IV . — la te

17. Stem colour G 1: redd ish  
2 : green

18. D ate of com plete lea f w ithering X 1: before 25. V. — early 
2: a fte r 25. V. — late

19. R oot thickness R 1: th in  
2 : th ick

20. Bud colour R 1: green 
2 : blue

21. Tepal colour T 1 : w h ite  sp o tted  
2 : blue

22. Colour of m a tu re  f ru it U 1 : green 
2 : reddish

23. Colour of d ry  seed D 1 : lig h t ochre
2 : dark  brow n

V III. N orthern H ung. P la in

17. Ú JS Z E N T M A R G IT A ; H a jd ú  com .; N a t. P a rk  of H o rto b ág y , M arg ita i-fo rest; E u p an n o n i 
cum -C risicum ; Galatello-Quercetum ; 100 m ; 22. 5. 80; 8292. IX. X.

IX . W estern  T ransdanub ian

18. IK E R V A R ; Vas co m .; K e m en esh á t, Ikerv ári-fo rest; P raenoricu m -C astrife rre icu m ; Querco 
robori-Carpinetum; 150 m ; 12. 4. 79; 8767. — 19. IK E R V Á R ; V as com .; K em eneshát, Ik e r- 
v á ri-m ead o w ; P raen o ricu m -C astrife rre icu m ; Festuco-Alopecuretum  su b c u lt.;  130 m ; 12. 4. 
79; 8767.

X. T olnai H ill-country

20. PÁ L F A ; Tolna com .; S im o n to rn y a i-fo rest; P rae illy ricu m -K ap o sen se ; Querco robori-Carpi- 
netunv, 200 m ; 30. 3. 81; 9277.
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XI. M ecsek Mts.

21. PE C S ; B a ran y a  co in .: E gervölgy v a lle y ; P rae illy ricum -S op ian icum ; Helleboro odoro- 
F agetum ; 200 m ; 10. 4. 81; 9875. —  22. P É C S ; B a ran y a  com .; T ubes M t.; P rae illy ricu m - 
S op ian icum ; Tilio  argenteae- Fraxinetum ; 500 m ; 11. 4. 80; 9875.

X II. V illányi Mts.

23. N A G Y H A R SA N Y ; B aran y a  com .; Szársom lyó  M t., above th e  Szoborpark ; P rae illy ricu m - 
V illányense; T ilio  argenteae-Fraxinetum ; 300 m ; 10. 4. 79; 0176. — 24. N A G Y H A R SÁ N Y ; 
B a ran y a  com .; Ö rdögvölgy-valley ; P rae illy ricu m -V illán y en se ; Â sperulo  taurinae-C arpinetum ; 
160 m ; 10. 4. 79; 0176.

X III. Southern  H ung . P la in

25. D O B O Z ; B ékés com .; B ank of the  K ö rös, F enyéresi-fo rest; E upannon icum -C risicum ; 
Querco-Ulmetum; 120 m ; 29. 4. 79; 9293. — 25. D O B O Z; B ékés com .; B ank of th e  K örös, 
V argahossza-fo rest; E u p an n o n icu m -C risicu m ; Querco-Ulmetum ; 120 m ; 29. 4. 79; 9293.

A pplication  o f SCAGA

T he p o p u la tio n s w ere classified in to  fo u r p a irs  so th a t  fo u r ru n s of SCAGA w ere p e r­
form ed. The c o n tra s te d  p a irs  are as follow :

1. P o p u la tio n s from  the  h ill-co u n try  an d  th e  m o u n ta in s (HM ) versus those  from  th e  
p lain  (PL ).

2. P o p u la tio n s from  the  T ran sd an u b ian  m o u n ta in s (TD) versus those from  th e  n o rth e rn  
m o u n ta in s (NM).

3. P o p u la tio n s from  the D anube  f lo o d p la in  (D F ) versus those  from  th e  M ecsek Mts 
and  V illányi M ts (MV).

4. D iploids (D P ) versus polyploids (P P ).
These pa irs , a lth o u g h  selected considering  p rev ious experience, are som ew hat a rb itra ry  

and serve m erely  as a reference basis fo r th e  ev a lu a tio n  of ch arac te rs . Thus, th e  h ig h er the  
n u m b er o f pairw ise com parisons th e  m ore re liab le  th e  resu lts  on th e  taxonom ic im p o rtan ce  of 
ch a ra c te rs  will be. In  add ition  to  th e  ra n k  o rd er and  significance tests , th e  m eth o d  m ay  
p rov ide  in fo rm atio n  on  th e  existence of th e  a rb itra r ily  c o n tra s ted  groups.

T he o u tp u t lis t s ta r ts  w ith  a ta b le  o f  v a riab le  s ta tis tics . T his tab le  gives p re lim in a ry  
in fo rm atio n  a b o u t th e  im portance  of c h a ra c te rs . T he m eans, m ax im a, m inim a an d  frequencies 
for each  group are  in d ica tiv e  of th e  usefu lness o f ch arac te rs  as early  as the  beg inn ing  of th e  
analysis. The v a riab le  sta tis tics  for th e  p a ir  Н М - P L  (T able 2) show , for exam ple, th a t  th e  
w id th  of th e  f irs t le a f  carries no s ign ifican t in fo rm a tio n  since th e  m eans are sim ilar an d  th ere  
is n o t m uch  d ifference betw een th e  m in im a an d  m ax im a. On th e  c o n tra ry , th e  len g th  o f th e  
f irs t lea f  and th a t  o f  th e  inflorescence, as w ell as th e ir  ra tio  are v e ry  d ifferent in th e  tw o  groups. 
H igh ly  sign ifican t yj1 va lues are ex p ec ted  fo r these  ch arac te rs , especially if th e  d ifferences 
be tw een  th e  co rrespond ing  extrem e v a lu es a re  also high, as in case of ch aracte r L.

This in fo rm atio n  is followed by  th e  analysis of ch arac te rs . T he o u tp u t and  th e  assess­
m en t o f resu lts  a re  illu s tra te d  by  a d e ta il o f th e  o u tp u t lis t p ro d u ced  by  analyzing th e  pair 
Н М - P L  (Table 3). O f th e  possible th resh o ld  v a lues th e  one m o st applicable is selected  b y  th e  
p ro g ram . This is u sed  in th e  fu rth e r c o m p u ta tio n s . The selection of th e  th resho ld  is seen in 
case o f m u ltis ta te  c h arac te rs  (12a, b, c). T he d isc rim in ato ry  pow er of b inary  v a riab les  is 
ca lcu la ted  in  a single step  and is expressed  by  th e  m ag n itu d e  of y 2.
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Table 2

Variable statistics as prin ted  by SC AG A  
Scilla bifolia s.l. popu lations in  1983. F irs t ru n . HM versus PL

Char-
aeter Mean Minimum Maximum Frequency Threshold values

0 94.881 82.300 50.000 48.000 180.000 125.000 160 100 100.00 150.00
w 12.312 11.960 6.000 8.000 18.000 17.000 160 100 10.00 15.00
L 76.956 69.250 10.000 30.000 161.000 95.000 160 100 6.00 8.00 10.00
Z 96.312 90.710 50.000 55.000 160.000 130.000 160 100 100.00 150.00
A 39.450 52.260 16.000 19.000 85.000 100.000 160 100 20.00 40.00 60.00
T 26.606 17.770 10.000 10.000 70.000 32.000 160 100 1.00 2.00 3.00
N 2.150 2.080 2.000 2.000 3.000 3.000 160 100 2.00
P 4.875 6.990 2.000 2.000 13.000 15.000 160 100 2.00 4.00 6.00
H 7.506 7.330 5.000 5.000 12.000 9.000 160 100 6.00 8.00
К 5.750 6.000 4.000 6.000 6.000 6.000 160 100 6.00
F 13.056 11.920 8.000 8.000 20.000 15.000 160 100 1.00 2.00
S 15.125 18.000 6.000 13.000 21.000 21.000 160 100 10.00 15.00 20.00
м 18.562 18.850 10.000 15.000 25.000 25.000 160 100 10.00 15.00
Е 1.250 2.200 1.000 1.000 3.000 3.000 160 100 1.00
С 31.500 21.600 18.000 18.000 54.000 36.000 160 100 18.00 36.00
Y 1.125 1.000 1.000 1.000 2.000 1.000 160 100 1.00
G 1.875 1.200 1.000 1.000 2.000 2.000 160 100 1.00
X 1.375 1.400 1.000 1.000 2.000 2.000 160 100 1.00
R 1.250 1.600 1.000 1.000 2.000 2.000 160 100 1.00
В 1.750 1.200 1.000 1.000 2.000 2.000 160 100 1.00
T 1.750 1.200 1.000 1.000 2.000 2.000 160 100 1.00
U 1.625 1.400 1.000 1.000 2.000 2.000 160 100 1.00
D 1.750 1.200 1.000 1.000 2.000 2.000 160 100 1.00
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Table 3

Detail o f  S C A G A  output
Scilla  bifolia s.l. populations in 1983. I . HM  versus PL

Character Threshold
Contingency table

Proportions Tendency chi* Significance 
of chi*A В A +  В

12a. S < 10.00 20 0 20 0.1250 0.0000
140 100 240 0.8750 1.0000
160 100 260 1.0000 13.5417 * * *

12b. s < 1 5 .0 0 60 20 80 0.3750 0.2000
100 80 180 0.6250 0.8000
160 100 260 0.8000 8.8472 *  *

12c. s < 20.00 140 80 220 0.8750 0.8000
20 20 40 0.1250 0.2000

160 100 260 0.8750 2.6591

13a. M < 10.00 9 0 9 0.0562 0.0000
151 100 251 0.9437 1.0000
160 100 260 1.0000 5.8267 *

13b. M < 1 5 .0 0 47 35 82 0.2937 0.3500
113 65 178 0.7062 0.6500
160 100 260 0.7062 0.9018

14. E <  1.00 140 40 180 0.8750 0.4000
20 60 80 0.1250 0.6000

160 100 260 0.8750 65.1805 * * *

15a. C < 1 8 .0 0 60 80 140 0.3750 0.8000
100 20 120 0.6250 0.2000
160 100 260 0.8000 44.7262 *  *  *

15b. C < 3 6 .0 0 140 100 240 0.8750 1.0000
20 0 20 0.1250 0.0000

T he groups specific  b y  th e  user are d en o ted  b y  A and  B. All ind iv iduals are assigned 
to  e ith e r group  based  on th e  th resho ld  for each  v a riab le . A fter th e  th resh o ld  a con tingency  
tab le  and  a re la tiv e  freq u e n c y  tab le  follow. F o r c h a ra c te r  12a (T able 3) th e  in te rp re ta tio n  o f 
these  tab le s  is as follow s:

Thresh­
old Contingency table Relative 

frequency table

^ 1 0 20 0 20 0.125 0.0
> 1 0 140 100 240 0.875 1.0

T o ta l 160 100 260

As seen, th e  n u m b e r of seeds in all in d iv id u a ls  o f group В exceeds th e  th resho ld . T he 
re la tiv e  frequency  ta b le  in d ica te  th e  p ro p o rtio n  o f c h a ra c te r  s ta te s  in th e  groups. The h ig h est 
p ro p o rtio n  occurs in  cell 4, as all indiv iduals in g ro u p  В fall in to  th is  categ o ry . Such a m ax im u m  
p ro p o rtio n  is te rm ed  ‘te n d e n c y ’ w hich m eans t h a t  a g iven  s ta te  of a ch arac te r in a group  is 
m ax im u m  over th e  fo u r cells. In  o th er words, th e  correspond ing  lo ca lity  ten d s to ‘prefer’ th a t  
ch a rac te r  s ta te .
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In  th e  o u tp u t  line th e  value of / 2 follow s. I t  is th e  expression show ing th e  m ag n itu d e  
of th e  d isc rim in ato ry  pow er o f the  ch a ra c te r  for th e  given th resho ld . T h en , th e  significance 
level is ind ica ted :

^  s ig n ifican t (P  =  0.05)
^  *  h ighly  sign ifican t (P  =  0.01)

^  -*• v ery  h igh ly  significant (P  0.001)
T he re la tio n sh ip  betw een  and  ten d e n cy  is b e s t illu stra ted  w ith  ch arac te rs  12a and  

14 in  T able  3. A lth o u g h  th e  / 2 values are v e ry  h igh ly  sign ifican t in b o th  cases, a lower te n ­
d en cy  is associated  w ith  a h igher ^2 (0.875 w ith  65.1) in case o f ch a ra c te r  14 w hereas a h igh 
te n d e n c y  (1.0) is asso c ia ted  w ith  a lower %2 (13.5) fo r ch arac te r 12a. T h u s, no generally  valid  
re la tio n sh ip  m ay  be estab lished  betw een / 2 an d  ten d en cy .

T he ten d en cy  of 12a is h igher th a n  t h a t  o f  14, as its d is tr ib u tio n  according to  th e  
se lec ted  th resho ld  is u n b a lan ced  in b o th  A an d  В (in  В th e  p ro p o rtio n  of frequencies be ing  
0 : 1.0). As a re su lt, th e  h ighest ten d en cy  (1.0) w ill be associated  w ith  th e  low er r ig h t cell o f 
th e  tab le . In  th e  o th e r  g roup  th e  d is tr ib u tio n  is also un b a lan ced , seed n u m b er exceeding th e  
th re sh o ld  p red o m in ates  and  the  resu lting  %2 is low. In  case of c h a ra c te r  14 th e  d is tr ib u tio n  
w ith in  A is sim ilar to  t h a t  for ch arac te r 12a, b u t  in  В th e  d is tr ib u tio n  is m ore even. T h e re ­
fo re , th e  ten d en cy  is low er th a n  in 12a. H ere, in th e  tw o  groups m ost in d iv id u a ls  fall in to  th e  
o p p o site  sides o f th e  th resh o ld  (upper left an d  low er r ig h t cells). T h is is th e  reason fo r th e  
h ig h  d isc rim in ato ry  p ow er expressed by th e  re la tiv e ly  h igh value.

T able  4 exem plifies th e  s ta tis tica l su m m ary  overview ing each step  of th e  analysis.

In  th e  u p p e r  p a r t  o f th e  tab le  th e  n e x t c h a ra c te r  is iden tified  w hich  is selected based  
o n  th e  h ighest / 2 (or ten d en cy , if e ith e r g roup  is em p ty ). T he ac tu a l th resh o ld  an d  th e  %2 v a lu e  
(if  n o t  zero) are also given.

T hen , th ree  co m p lem en tary  con tingency  tab le s  are p rin ted . These co n ta in  th e  freq u en cy  
d is tr ib u tio n  of in d iv id u a ls  for th e  ch a ra c te r  a c tu a lly  chosen. These frequencies refer to  th e  
“ m o u n ta in  origin ve rsu s f ia tlan d  orig in”  as c o n tra s te d  w ith “ below  th resh o ld  versus over 
th re sh o ld ”  for th e  in d iv id u a ls assigned up  to  th is  step  to  e ither group  A* (m o u n ta in  orig in  
e s tim a ted ), group B* (qualified  as being of f ia tla n d  origin) or the  w aiting  list.

T he low est p a r t  shows how th e  p ro b lem  o f recognizing groups is solved accord ing  to  
all ch arac te rs  se lected  so far. U nder th e  h ead s “ h it p ro b ab ility ”  a n d  “ erro r p ro b a b ili ty ” 
p e rcen tag es o f a c tu a l g roups (A and B) assigned  to  A* and  B* in th e  p rev ious steps are lis ted . 
F o r  th e  sake of com pleteness th e  th resh o ld  fo r th e  la s t  ch arac te r is show n again. T h en , th e  
w eig h ted  averages o f h i t  and  error p ro b ab ilities  fo r th e  tw o groups follow. In  th is s tu d y  th is  
is a n  a rith m etic  m ean  because any  localities to  be com pared are g iven  sim ilar w eight. T he 
p e rcen tag es of in d iv id u a ls  still on th e  w a itin g  lis t a fte r th e  com ple tion  of th is step  are 
also p rin ted .

Table 5 w as c o n stru c ted  so as to  give in fo rm a tio n  ab o u t th e  role o f th e  a c tu a lly  se lec ted  
c h a ra c te r  and th e  goodness of a ssignm ents p e rfo rm ed . The values p r in te d  in th e  u p p e r  an d  
low er p a rts  of th e  ta b le  are highly in fo rm a tiv e , especially  if we follow all o u tp u t lis ts s im ilar 
to  th e  one show n in  T ab le  5.

The analysis s to p s when th e  h it p ro b a b ili ty  is close enough to  100% , or if th e  g ro u p s 
becom e em pty . In  m o st cases, depending  on  th e  n u m b er of ch aracte rs , th e  s topp ing  co n d itio n  
is ach ieved  in th ree  to  te n  steps. The o u tp u t  is co n tin u ed  w ith  a su m m ary  of steps ch arac te rized  
w ith  th e  th resh o ld  of m ost ty p ica l v a riab les , th e  n u m b er of in d iv iduals assigned to  e ith e r 
g roup  and  th e  h i t  p ro b ab ilities  for each  s tep . T he to ta l  num ber of in d iv id u a ls  categorized  an d  
th e  averages o f h it p robab ilities are lis ted  la s t (T able 5).

Based on d iffe ren t pairw ise com parisons it is possible to m ake  a ra n k  order o f c h a r­
a c te rs  w hich m ay  p ro v e  useful in tax o n o m ic  stud ies .
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Table 4

P rintout from  one step o f  SC A G A  analysis 
Scilla bifolia  s.l. populations in 1983. I. G roup. HM  versus PL . Step 2.

M ax X2 value o b ta in ed  for character 13: Seed n u m b er 
C riterion of assignm en t: > 2 0 ; %2: 37.5 
Cases assigned in  th is  step  to  Group A*
T he d is trib u tio n  o f indiv iduals in categories up  to step 2 based on character 13

A* category B* category Waiting

A B S A B S A B S

Below th resho ld  0 0 0 0 0 0 0 0 0
O ver th resho ld  160 40 200 0 0 0 0 60 60

T o ta l 160 40 200 0 0 0 0 60 60

Hit and error probabilities Proportion of
JJiscriminance Average lût and waiting individuals

threshold error probabilities
A* B* A* B*

100.0 0.0 40.0 0.0 20 50.0 20.0 0.0 60.0

Table 5

Sum m ary o f  a S C A G A  analysis
Scilla bifolia  s.l. populations in  1983. I. Group. HM  versus PL

Step Char­
acter Threshold Group

Nr. of 
assigned 

individuals

Nr. of 
reassigned 
individuals

Hit %

l. G >  1.00 A* 160 43.7
2. S >  20.00 A* 40 50.0
3. 0 < 150.00 B* 60 40 80.0
4. L >  12.00 B* 40 100.0

Classification after four steps

A В S* A В

A* 160 0 160 100.0 0.0
B* 0 100 100 0.0 100.0
s 160 100 260 100.00

Results

T he su m m ary  of s ig n ifican t characters fo u n d  in  four runs of SCAGA is Table 6. W ith in  
the ca teg o ry  of v ery  h ig h ly  significant c h arac te rs  fu r th e r  subdivisions are m ade based  on  
th e  y 2 values:

X 2 >  100-0.  *2 > 5 о  =  ® ,  x 2 >  30 =  #

F irs t, th e  re su lts  of th e  fo u r pairw ise analyses a re  e v a lu a ted , th e n  th e  com parative  assess­
m en t follows. As m ost of th e  correct assignm ents a re  m ade in  step  1 in  every  case, th e  c h a r­
acters f irs t  selected  revea l th e  m ost im p o rta n t d ifference be tw een  th e  given groups. T herefo re ,
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Table 6

The significance o f characters in  the fo u r  runs o f  SC AG  A

Char­
acter HM V S . PL TD vs. NM DF vs. MV DP vs. PP Occur­

rence

l . 0 ^ 1 0 0 *  *  * P L < ;1 5 0 * * NM ^ 1 0 0 * * MV ^ 1 0 0 О D P 4
< J1 5 0 * P L < ;1 5 0 *  *  * D P

2 . W — — — —
3 . L — — — —

4 . Z ^ 1 0 0 * * * P L > 1 0 0 *  *  * NM ^ 1 0 0 *  *  * MV — 3
5. A ^  20 * * P L >  40 * DF >  20 *  Ж * D P 3

>  40 О P L — ^  60 *  *  * MV >  40 О D P
^  60 *  *  * HM

6 . I — — — —
7. N — 2 *  *  * T D 2 * MV —
8. P >  4 * * * P L < ;  4 *  *  * TD >  4 *  * DF >  4 g DP 4

<  6 * * * HM ^  6 *  *  * TD 5 Í  6 * * MV ^  6 о PP 4
< ;  8 *  *  * HM >  6 * * NM >  6 * DF ^  8 *  *  * DP 4

^  8 * * * TD ^  8 * MV
9 . H — >  6 * * NM >  6 * DF ^  8 *  *  * DP 3

SS 8 *  *  * TD 5S 8 * MV
10 . К — — — —

1 1 . 1 — — — —

1 2 . s >  10 *  *  * PL >  10 *  *  * TD — 10 *  *  * PP 3
>  15 *  * L ^  15 * * * TD — 15 • DP

20 • PP
13 . M >  1 .0 * PL >  1.5 * NM >  1 .0 *  *  * DF >  1.5 *  * DP 4
14 . c 18 О PL 36 * * * TD — 18 ф DP 3

36 * * * NM 36 *■ *  * PP
15 . E grained ^ HM — — grained ф PP
16. Y early  *  * PL early *  *  * NM — early  ^  -*■ % DP 3
1 7 . G green ф HM — redd . о DF green ф PP 3
18. X early *  *  * NM la te *  *  * MV early о PP 3
19. R th in *  *  * HM — th ic k *  *  * MV th in ф PP 3
2 0 . В green g PL — — blue ф PP
2 1 . T w hite g PL — — blue ф PP
22. U redd. *  *  * HM redd. *  *  * TD — redd. ф PP 3
2 3 . D ligh t ( g P L — — d ark ф P P

Signif.
ra tio  HM  : P L  =  6 : 11 TD  : NM =  6 : 7 D F  : MV =  5 : 8 D P  : P P  =  7 : 13

th e  ra n k  o rder o f s ig n ifican t ch arac te rs  acco rd ing  to  y f  is a very  im p o rta n t source of in fo rm a ­
tio n  in  th e  f irs t  step . W e are  in form ed ab o u t th e  n u m b e r  of ch aracte rs re q u ire d  for d isc r im in a t­
ing  be tw een  th e  g roups.

1. G ro u p  HM  versu s g roup  P L

T he d isc rim in ativ e  ch arac te rs  in  th e  f i r s t  fo u r steps, the  nu m b er o f ind iv iduals c a te ­
gorized  in  each step  a n d  th e  h it p robab ilities are  as follows:

S tep  1 G (green) HM 160 W Li \©
 

O 
"

S tep  2 S ( > 2 0 ) HM 40 50.0%
Step  3 0  (< 1 5 0 ) PL 60 80 .0%  (40 reassigned)
S tep  4 L ( > 1 2 ) PL 40 100.0%
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B ased  on th e  f ir s t  s te p  th e  ra n k  o rders o f  c h arac te rs  for th e  sep ara te  groups are:

Group HM ? Group PL

G (green) 118.4 В (green) 74.9
E  (grained) 65.1 T (w hite) 74.9
R  ( th in ) 31.8 D (ligh t ochre) 74.9
p ( < 6) 26.9 C ( =  18) 44.7

A ( >  40) 30.8
P ( > 6) 28.6

In  th e  tw o g ro u p s th e  values a re  eq u ally  high , excep t ch arac te r G, b u t  th e  c h a r ­
a c ters  them selves a re  d ifferen t. The in d iv id u a ls  living in th e  m ou n ta in o u s areas are ch arac te rized  
b y  g reen  stem , v a ria b le  shaped  and  g ra in ed  elaiosom es, th in  ro o t and  six or less flow ers. 
In  th e  o th e r group  th e  b u d s  are g ray ish -g reen , th e  tep a ls  have w hite  base, th e  in flo rescence 
is longer th a n  40 m m , chrom osom e n u m b er is a lw ays 18 and  seed co lour is ligh t ochre. A lth o u g h  
th e  s tem s in group HM  m ay  have b row n  sp o ts , th e  whole stem  is n o t redd ish . T he occu rren ce  
o f g reen  stem s can  n o t  be explained on th e  basis o f sh ad y  h a b ita t  conditions since som e fla t-  
lan d  p o p u la tio n s also live  in shady  fo res ts  along th e  rivers. The nu m b er of flow ers w ith  a 
th resh o ld  of 6 m ay  well be used for d isc rim in atio n . I t  is o f course only s ta tis tic a lly  va lid . 
M oreover, th is  c h a ra c te r  is m uch in fluenced  by  age. O ur experience suggests th a t  a c h a ra c ­
teris tic  flow er n u m b er will be m anifested  on ly  u n d e r norm al c ircum stances from  5—8 y ears  
old bulbs.

As th e  analy sis  proceeds, ch a ra c te rs  app licab le  to d iscrim inate  based  on sm all d if­
ferences will be em phasized . In  our case, a f te r  th e  f irs t  ‘rough’ classification , w hich  u su a lly  
req u ires  q u a lita tiv e  ch ara c te rs , th e  q u a n ti ta t iv e  va riab les  will becom e im p o rta n t. T hese  are: 
lea f  len g th  and  th e  ra tio  o f lea f leng th  a n d  w id th . T able  6 also shows th e  m ost ty p ic a l th re s h ­
old v a lu es for th e  q u a n ti ta t iv e  characters.

2. G roup  TD  versus g roup  NM

T he d isc rim in ativ e  ch aracte rs , th e  n u m b er o f in d iv id u a ls categorized  using  th ese  
c h arac te rs  and  th e  h i t  p ro b ab ilities  are:

S tep 1 M ( > 1.0 ) TD
Step 2 0 (<^150) NM
Step 3 z (< 1 5 0 ) NM

The h igh ly  ranked  c h a ra c te rs  in Step 

Group TD

S ( > 1 0 )
и
C ( =36)
N  ( =  2)
P ( ^ 6)
h (< ;8)

10« 50.0%
20 66 .7%  (40 reassigned)
40 100.0%

I 1 a re:

X2 Group NM X2

24.0 X  (early ) 24.0
24.0 C (= 36) 24.0
24.0 Z ( > 1 0 0 )  16.6
20.8
20.8
13.2

T he goal of th is  com parison  was to  see w h e th er th e  popu lations from  th e  d iffe ren t 
m o u n ta in o u s  regions o f  th e  cou n try  differ from  each  o th e r and  if  so, w h a t c h arac te rs  a re
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responsib le  for th is d ifference. T his prob lem  is im p o r ta n t,  because th ere  are some views sug­
gestin g  t h a t  th e  p o p u la tio n s in  these tw o regions a re  tax o n o m ica lly  d iffe ren t (S p e t a  1972). 
T he p ro p o rtio n  of s ig n ifican t ch aracte rs in th e  tw o  groups is a lm ost iden tical. T here  is no 
e x tre m e ly  sign ifican t c h a ra c te r , i.e. the  v a lues a re  o f  sim ilar m agn itude. Only th e  d is tr ib u ­
tio n  of c h arac te rs  in th e  tw o  groups is d ifferen t. T h e  T D  p o p u latio n s are ch arac te rized  b y  red  
f ru it w ith  m ore th a n  10 seeds in  each, 6 or less flow ers an d  sm all tepals. O f th e  NM p o p u la ­
tio n s e a rly  w ithering  an d  long  stem  are c h a rac te ris tic . T he nu m b er o f chrom osom es is signif­
ica n t in  b o th  groups, so th e  m o u n ta in  p o p u la tio n s a re , in  general, polyploid.

3. G ro u p  D F  versus g ro u p  MV

T he d iscrim inative  c h arac te rs , the  n u m b e r o f  categorized  ind iv iduals an d  th e  h it 
p ro b ab ilitie s  are as follow s:

S tep  1 G (redd ish ) D F -  80 50 .0 %
S tep  2 0  (< 1 5 0 ) MV — 20 7 5 .0 %
S tep  3 w  ( < 1 5 ) MV -  20 100.0%

T he sig n ifican t ch arac te rs  in  th e  f irs t step  are:

Group DF Group MV x‘

G (red d ish ) 37.5 R  (th ick ) 16.6

M ( > 1 .0  m m ) 24.8 X  (late) 16.6
P ( > 4 ) 10.6 A « 6 0  m m ) 11.7

Z (< 1 0 0  m m ) 10.8

E a r ly  ob se rv atio n s allow ed for th e  conclusion  t h a t  th e  Scilla p o p u la tio n s a t  h igher 
a lt i tu d e s  in  th e  M ecsek M ts an d  V illányi M ts a re  tax o n o m ica lly  d ifferen t from  those  liv ing  in 
th e  v a lleys. T hey  have  less flow ers, sm aller size a n d  th ic k e r  roo ts , a lth o u g h  th e  chrom osom e 
n u m b e r an d  seed colour a re  sim ilar in  b o th  cases. I t  is likely  th a t  th e  m o u n ta in  p o p u la tio n s 
a re  re m n a n ts  o f an  old p o p u la tio n  d is tr ib u te d  a long  th e  D anube  river. A fter th e  e lev atio n  of 
th e  m o u n ta in s  th ey  becam e ad ap ted  to  th e  new  en v iro n m en ta l conditions.

T he above figu res show  th a t  th e  v a lues a re  considerab ly  d ifferen t in th e  tw o g ro u p s. 
G roup  D F  is ch arac te rized  b y  red stem s an d  flow ers m ore th a n  4, b u t these  ch arac te rs  are 
n o t d isc rim in ativ e  fo r th e  o th e r  group in  w hich  th e  seeds are sm aller. T he sm aller size in 
g ro u p  MV is d e m o n s tra ted  b y  th e  strong  sign ificance o f stem  len g th  < 1 0 0  m m .

4. G ro u p  D P  versus g roup  P P

T he d isc rim in ativ e  ch aracte rs , th e  n u m b e r o f ind iv iduals categorized  an d  th e  h it 
p ro b ab ilitie s  are:

S tep  1 C ( =  18) D P 140 50%
Step  2 I ( > 3 )  P P  120 100%

I t  is seen a t  a g lance th a t  p loidy level is o f fu n d a m e n ta l im p o rtan ce  so th a t  tw o steps 
w ere suffic ien t to  c lassify  th e  individuals.

Acta Botanica Hungarica 31, 1985



CHARACTER RANKING FOR SCILLA BIFOLIA BY SCAGA-METHOD 2 1 9

The decisive c h a ra c te rs  in S tep  1 are:

Group DP p Group PP P

C ( = 1 8 ) 260.0 G (green) 139.2
P ( > 4 ) 71.3 R  (th in ) 139.2
S ( > 1 5 ) 38.7 В (blue) 191.0
A  ( > 4 0 ) 32.6 T (blue) 191.0
H  (<^8) 20.9 U  (reddish) 191.0
0  ( ^ 100) 13.7 D (d a rk  brow n) 191.0

E  (grained) 99.0
p ( ^ 6) 55.6
S (< T 5 ) 44.5
C ( =  36) 25.0

The m agnitude o f  and  th e  d ifferences be tw een  th e  g roups a re  g rea tes t am ong th e  
fo u r pa irs . I t  is su rp ris in g  th a t  group  D P  is charac te rized  by  re la tiv e ly  few  b u t  exclusively 
q u a n tita tiv e  ch arac te rs , w hereas in  g roup  P P  th e  q u a lita tiv e  c h a ra c te rs  a re  of p rim a ry  
im po rtan ce . I t  seems t h a t  group  P P  rep re sen ts  a m ore clearly  defin ed  g ro u p : th e  average /-'■ 
is h igh  and  the  n u m b er o f sign ifican t c h arac te rs  is also large. G roup  D P , w hich  is com posed 
m ain ly  of lowland p o p u la tio n s , is ch a rac te rized  b y  chrom osom e n u m b e r  2n  =  18, w hereas 
th e  chrom osom e n u m b er (2n =  36) in  group  P P  is sign ifican t on ly  a t  a low  level because of 
th e  presence of the  h e x ap lo id  (2n =  54) popu la tio n .

The results o f o u r  p ilo t s tu d ies  a re  confirm ed by  th e  im p o rta n ce  of ch aracte r I in  
step  2. The ra tio  of s te m  len g th  to  th e  axis o f inflorescence p ro v ed  to  be  a ty p ic a l value  for all 
m o u n ta in  populations t h a t  are  u su a lly  po lyp lo id . These resu lts  a re  in  good agreem ent w ith  
th e  resu lts  of the f i r s t  th re e  ru n s: g roup  D P  is ch aracte rized  b y  m a n y  flow ers and  seeds, 
sm alle r tepals and lo n g er in flo rescence axis. The p re d o m in an tly  m o u n ta in  popu lations in 
g roup  P P  are best d e sc rib ed  by  th e  q u a n tita tiv e  ch arac te rs  lis ted  above.

Discussion

Exceedingly  h ig h  / 2 values w ere o b ta in ed  alm ost a lw ays fo r th e  q u a n ­
t i ta t iv e  characters. I t  m eans th a t  th e  q u a n tita tiv e  c h a ra c te rs  are  m ore useful 
fo r taxonom ic p u rp o ses , especially  for d istingu ish ing  b e tw een  groups D P and  
P P . C haracters W , L , К  and  F  are less im p o r ta n t in  th e  f i r s t  s teps, b u t la te r  
th e y  m ay  still p rove  s ig n ifican t. T he expected  s tro n g  s ign ificance  o f charac ters 
O, L , Z and A w as rev ea led  m ain ly  in steps 2, 3 or 4. C h arac te rs  К  and  F  
were never found to  be sig n ifican t, th e y  m ay  be o m itte d  from  fu tu re  stud ies. 
C harac te rs sign ifican t in  all pairw ise com parisons w ere P , О and M. The 
o th e rs  are decisive o n ly  in  tw o or th re e  cases. T he ra n k  o rd e r of charac ters 
(T able 7) on the basis o f  %2 values does no t re flec t by  itse lf  a re a l order, because 
m ost characters are  d isc rim in a tiv e  for only one or tw o p a irs . N evertheless, 
som e conclusions m a y  he d raw n from  th is  tab le .

T he ex p lan a tio n  fo r th e  h igh  values is p a r tly  th e  a p rio ri selection of 
p a irs , e.g., th e  h igh v a lu e  for 2n =  18 is a re su lt of th e  c la ssifica tio n  based  on
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p lo id y  level. T hus, th e  p rim a ry  im p o rta n c e  of chrom osom e n u m b e r is p roved . 
T h e  b lue  colour o f te p a ls  is c h a ra c te r is tic  o f th e  p o lyp lo ids. T hese, m ain ly  
m o u n ta in  popu la tio n s are  ch a rac te rized  b y  m edium  or l ig h t b lue tep a ls . This 
co lo u r m ay  be seen even  on th e  and roeceum  and gynoeceum . T hese tep a ls  are 
u su a lly  longer (8-12 m m ) and  w ider (3 m m ) th a n  tho se  o f  th e  low land  indi-

ТаЫе 7

The rank order o f  characters based on y 1

No. Character and character state chi* Significant 
for group

14. Chrom osom e no.: 2n =  18 260.0 D P
20. B u d  colour; blue 191.0 PD
17. S tem  colour; green 139.2 P P
19. H oo t: th in 139.2 PD
17. S teem  colour; green 118.4 HM
15. E laiosom e; grained 99.0 P P
20. B ud  colour; green 74.9 P L
21. T epal colour; w hite on  base 74.9 PL
23. Seed colour; ligh t ochre 74.9 P L

8. F low er n u m b er; 4 71.3 D P
8. F low er num ber; 6 55.6 P P

12. Seed n u m b er; 20 44.5 P P
12. Seed n u m b er; 15 38.7 D P
17. S tem  colour: reddish 37.5 D P

v id u a ls  of w hich th e  tep a ls  are  d a rk  v io le t blue w ith  a sh a rp ly  d is tin c t w’h ite  
basa l sp o t, sh o rte r (5 -8  m m ) and  n a rro w er (1.5 m m ). T h e  se p ta  of o v a ry  occur 
as w h ite  strips.

R oo t th ickness is also useful in  d istingu ish ing  be tw een  groups D P 
an d  P P . All in d iv id u a ls  co llected  along th e  D anube a re  ch a rac te rized  by 
re la tiv e ly  few, s tro n g , h eav y , ch a lk -w h ite  roo ts. In  case o f th e  o th e r low land 
p o p u la tio n s  th e  ro o ts  are  th in  and  w h itish , a bit t ra n s p a re n t . T he roo ts of 
m o u n ta in  p o p u la tio n s, especially  th o se  from  N agyh ideghegy , are v e ry  th in , 
dense  and  tra n sp a re n t. T he red co lour o f s ta lk  is less d isc rim in a tiv e  for th e  
low land  popu la tions, w hereas th e  green  colour is m ore d isc rim in a tiv e  for th e  
m o u n ta in  pop u la tio n s. C h arac te rs  С, B , T, D, P , S an d  G are  d iscrim inative  
fo r g roup  D P. T he polyp lo ids are ch a rac te rized  by  В (b lue), R , E , P  (6) and 
S (< 2 0 ) .  Three c h a ra c te rs ; P , S and  G are stro n g ly  d isc rim in a tiv e  in tw o 
cases. I t  is s trik in g  th a t  am ong th e  yf >  30 values n e ith e r  len g th  nor w id th  
d a ta  are rep resen ted , th e  v a r ia b ility  o f these ch a ra c te rs  decreases th e ir  d is­
c r im in a to ry  pow er.

The com parison  o f d ip lo ids an d  polyploids (T able 8) revea led  th e  ch a r­
a c te rs  im p o rtan t in g roup  assig n m en ts . The id e n tif ic a tio n  n u m b ers  o f those
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v ariab les  s ign ifican t for a t least th r e e  groups are u n d erlin ed . I t  was e stab lish ed  
th a t  ch arac ter P  is im p o rta n t in  case  o f  th e  m o u n ta in  p o p u la tio n s , th e  th re sh ­
old being 6. Less flow ers are fo u n d  in th e  po lyplo ids, m ore  in th e  d ip lo ids. 
C h a rac te r S is d isc rim in a tiv e  fo r th e  m o u n ta in  p o p u la tio n s ( < 1 5 ) ,  and  for th e  
low land  ones, to o  (>>15). C h a rac te rs  R and U are  also ty p ic a l. T he low land

Table 8

The comparison o f  m o un ta in  and fla tla n d  populations

HM NM TD MV

A < 6 0 Z > 1 0 0 N 2 + Z 100 m m
P < 6-8 + N > 2 P < 6-8 A 60 m m
E grain P  > 6 H < 8  m m p  < 6
G green + H > 6 s 10-15 + N  2
R th in M >  15 in m и reddish + R  th ick
U reddish Y early + X  la te
В blue + X  early
S 10-15

PP PL D F DP

P < 6-8 0  <Ç100 m m A > 4 0 0  *<100—150 m m
s < 10-20 Z < 1 0 0  m m P > 4 -6 A  > 4 0  m m
c < 3 6 A > 4 0  m m H >6 P < 4 - 8
E grain P  > 4 M > 10  m m H  < 8  m m
G grain S > 1 0 -1 5 G reddish S > 1 5
X early M > 1 0  m m M < 1 5  m m
R th in C 18 C 18
В blue Y early Y earlv
T blue В green

T  w hite
sp o tted

D ochre

+ E xtrem ely  h igh  ch i2-values

p o p u la tio n s , on th e  o th e r  hand , a re  unam b ig u o u sly  d iffe re n tia ted  b y  ch a rac ­
te rs  A ( > 4 0  m m ), P  ( > 4 )  and M (1 .0  m m  on th e  average). T h ere  are also 
som e differences b e tw een  the m o u n ta in  popu la tio n s w hich m ay  be considered  
as s e p a ra te  tax a . T h e  p opu la tions fro m  M átra  and  B ü k k  M ts. have  m ore 
th a n  tw o  leaves, la rge  seeds (>>1.5 m m ) and  tepa ls  (>>6 m m ), an d  ea rly  d a te  
o f flow ering  and w ith e rin g . The M ecsek M ts. p o p u la tio n  is ch a rac te rized  b y  
100 m m  long sta lks, c o n s ta n tly  tw o leav es , la te  lea f w ith e rin g  an d  th ic k  roo ts. 
T hese find ings serve as a basis for fu tu re  taxonom ic  s tu d ies .

F o r the  c lassifica tio n  of th e  Scilla  p o pu la tions in  H u n g a ry , th e  ran k  
o rd e r o f strongly  d isc rim in a tiv e  q u a li ta t iv e  ch a rac te rs  is g iven  here . The 
o rd e r is:
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s te m  colour
b u d  colour
ro o t th ickness
claiosom e shape
te p a l  colour
seed colour
d a te  o f flow ering
d a te  o f com plete  le a f  w ith erin g

T he q u a n tita tiv e  c h a ra c te rs  m ay  be ran k ed  as:

n u m b e r of flow ers 
n u m b e r o f seeds 
le n g th  of inflorescence axis 
le n g th  of th e  f irs t  lea f 
seed len g th

T he num bers o f  in d iv id u a ls  assigned by  SCAGA in to  groups prov ide 
som e useful in fo rm a tio n  on th e  tax o n o m y  o f th e  ag g reg a te :

1. HM =  160 2. TD  = 60 3. D F  = 60 4. D P =  140
P P  = 100 NM = 60 MV = 40 P P =  120

T o ta l: 260 120 Too ~260

B ased on th e  a b o v e  m en tio n ed  ch arac te rs  i t  w as possib le to  divide th e  
sam ple  in to  tw o g roups o f  sim ilar size in  each com parison :

6 2 -3 8 %  5 0 -5 0 %  6 0 -4 0 %  5 4 -4 6 %

The p resen t s tu d y  con firm ed  th e  resu lts  o f p re lim in a ry  stud ies. The 
se p a ra tio n  betw een  m o u n ta in  and  low land  p o p u la tio n s  an d  th e  difference 
accord ing  to  p lo idy  leve l are c learly  show n. F u rth e rm o re , i t  seem s possible to  
su b d iv id e  even th e  m o u n ta in  popu la tio n s. The s tro n g  sep a ra tio n  of p o p u la ­
tio n s  in  th e  H u n g a ria n  C en tra l R ange suggests th a t  th e y  rep resen t d is tin c t 
ta x a . R u n  3, th e  co m p ariso n  of TD  and NM p o p u la tio n s , is especially  in te re s t­
in g  in  th is  regard . T h e  resu lts  o f ru n  3 em phasize th e  im p o rtan ce  of fu tu re  
s tu d ies  of these p o p u la tio n s .

The p resen t re su lts  are  in  good ag reem en t w ith  th o se  ob ta in ed  b y  
m u ltiv a ria te  analy sis  ( K e r e s z t y  and  P o d a n i  1985). A lm ost th e  sam e c h a r­
ac te rs  proved to  be d isc rim in a tiv e  and th e  g roup ing  accord ing  to  the  geograph­
ica l localities w as also  clear in  th e  s tu d y .

R u n s  1 a n d  4 s u p p o r t  o u r  p re v io u s  v iew  t h a t  th e  p o p u la tio n s  a lo n g  th e  
H u n g a r ia n  se c tio n  o f  D a n u b e  m a y  b e  id e n tif ie d  as Scilla vindobonensis S p e ta  
(S p e t a  1977).
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T he resu lts  also suggest th a t  th e  popu la tions o f  d iffe ren t geographical 
reg ions o f H u n g ary  rep resen t a local ta x o n  each, especia lly  those  in  th e  B ükk , 
V elencei and  Mecsek M ountains. T h e  possib ility  o f fu r th e r  subdiv isions in  
c e r ta in  groups m ay  n o t be excluded . I n  add ition  to  th e  ou tcom es o f SCAGA 
ana ly sis , th e  p resen t s tu d y  d e te rm in ed  th e  d irection  o f  ou r fu tu re  w ork  con­
cern in g  th e  ta x o n o m y  o f th e  Scilla  bifolia  aggregate. T h e  a p p licab ility  of ou r 
m e th o d  is supp o rted  b y  th e  fac t t h a t  th e  separa te  analy sis  o f d a ta  from  tw o 
su b seq u en t years y ielded sim ilar re su lts , therefo re , in  th is  p ap e r only  tho se  
b ased  on th e  1983 d a ta  are  p resen ted .

I t  is th e  a u th o rs ’ purpose to  co n tin u e  th is  s tu d y  b y  in co rp o ra tin g  o th e r 
m e th o d s  of b io s ta tis tic s . SCAGA se rv ed  as a p re lim in ary  to  th e  m ore d e ta iled  
an a ly sis  of cha rac ters .

Botanical conclusions

T he SCAGA analysis of 23 c h a ra c te rs  describ ing 260 in d iv id u a ls  o f th e  
Scilla  bifolia. A ggregate collected fro m  17 localities in  H u n g a ry  m ay  be su m ­
m arized  as follows:

1. F ive q u a n tita tiv e  and  e igh t q u a lita tiv e  ch a rac te rs  tu rn e d  o u t to  have 
h igh  d isc rim in a to ry  pow er if  all lo ca lities are considered.

2. T he q u a lita tiv e  ch a rac ters  are  p rim arily  im p o r ta n t in case o f d ip lo ids.
3. In  all four pairw ise com parisons of groups th e  le n g th  of th e  f irs t  leaf, 

th e  n u m b e r of flow ers an d  the  le n g th  o f  d ry  seeds p ro v ed  to  be sign ifican t.
4. Some ch a rac te rs  are a p p a re n tly  useless for tax o n o m ic  purposes, o thers 

are  s ign ifican t only in  ce rta in  com parisons.
5. T he th resh o ld  fo r flow er an d  seed num ber a n d  inflorescence axis 

c h a ra c te ris tic  o f each g roup  were d e te rm in ed .
6. I t  w as p roved  b y  th e  j;2 va lues t h a t  the  q u a n tita tiv e  ch a rac te rs  are of 

seco n d a ry  (or local) im p o rtan ce  in  th e  pairw ise  com parisons.
7. T he ran k  o rder o f ch a rac ters  fo r th e  groups o f d ip lo ids and  polyploids 

w as c learly  dete rm in ed  by  th e  analysis.
T he p resen t resu lts  su p p o rt an d  agree w ith  fo rm er s ta te m e n ts  on th e  

ta x o n o m y  o f th e  Scilla  bifolia  A ggregate  in  H ungary .
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ADICIONES AL CATÁLOGO DE LAS PALMAS
DE CUBA

A. B o r h i d i  у О. M u n i z

INSTITUTO DE BOTÁNICA Y ECOLOGÍA, ACADEMIA DE CIENCIAS DE HUNGRIA, VÁCRÁTÓT 
INSTITUTO DE GEOGRAFÍA, ACADEMIA DE CIENCIAS DE CUBA, CIUDAD HABANA

(L legado: 20. S ep tiem b re , 1984)

The tax o n o m ie  position  of th e  genus H em ithrinax  is reconsidered  by  th e  a u th o rs . 
I ts  sep a ra tio n  from  T h rinax  b a sed  u p o n  an  only d iffe ren tia l m orphological fe a tu re  
seem s to  be u nsu ffic ien t. F o r th is  re aso n  th e  au th o rs  suggest to  consider i t  as a  su b ­
genus of T h rinax . T his new  s ta te  m u s t  be follow ed by  a n u m b er o f new co m b in a tio n s.

Two fu r th e r  new palm s o f th e  genus Coccothrinax Sarg , has been fo u n d  in  th e  
so u th -cen tra l an d  so u th -eas te rn  reg io n s o f  Cuba. Coccothrinax fagildei B o rh id i e t 
M uniz sp. n. is liv ing  in th e  d ry  co as ta l lim estone  d o g -to o th  a reas of th e  te rra c e s  o f 
V erraco , E a s t  o f Santiago de C uba. I t  is confined tax o n o m ica lly  to  C. elegáns M uniz 
e t B orhid i fro m  th e  Sierra M aestra . T h e  o th e r new  species, Coccothrinax trin iten sis  
B orh id i e t M uniz sp. n. is an  en dem ic  o f th e  m on tane  lim esto n e  k a rs ts  (m ogo tes) of 
th e  Pico P o tre rillo  and su rro u n d in g s (S ie rra  de E scam bray) above th e  c ity  T rin in d a d . 
I t  is re la ted  to  C. acunana León fro m  th e  m o n tan e  be lt of th e  S ierra  M aestra.

Introducción

E n  el ano 1983 fue publicado u n  ca tá lo g o  fito taxonóm ico  crítico  de las p a lm a s  de 
C uba, inclu idas sus claves analiticas (Mu n iz  y  B o r h id i  1983).

D esde en tonces a lgunas adiciones y  m odificaciones ha surgido la  necesidad de h a ce r de 
este  catálogo .

La posición tax o n ó m ica  del género H em ith rin a x  fue reconsiderado  por los a u to re s , 
p o rq u e  su separac ión  del género T hrinax  e s ta b a  b asad o  en un  solo c a ra c te r  diferencial inor- 
fológico, lo que p a rec ía  insu ficien te  p a ra  m an te n erlo  с о т о  género d is tin to . P o r esta  ra zó n  
sugerim os c lasificar el H em ithrinax  с о т о  subgénero  de Thrinax. E s ta  consideración hace 
necesario  de crear u n  núm ero  de com binaciones nuevas. La tax o n ó m ia  del género T h r in a x  
en  C uba se ha m odificado  en la form a sig u ien te :

T H R IN A X  Sw. P ro d r . 4: 57. 1788

1 a E spád ices p an icu lado-ram ificados, flo res  b ra c teá d a s , an te ras  con filam en to s su b u lad o s,
ex erto s  (subgénero  T h r in a x ) .....................................................................................................................  2

b  E spád ices 2 -ram ificados, flores sin b rá c te a s , a n te ra s  sen tad as о su b sen tad as  (subgénero  
H e m ith r in a x ) .................................................................................................................................................... 4

2 a V aína  p ro fu n d am en te  excisa en fo rm a de Y en  el ápice; ho jas v e rd es en am bas c a ra s ;
flo res y  fru to s con u n  pedicelo de 1-2 m m  de l a r g o .............................................  1. T. radiata

b V aína  lingü iform e en  el áp ice; ho jas b lan cu zcas  en  el envés, m ay o rm en te  con ra y a s  de 
p u n to s  b lancos; flo res y  fru to s su b sen tad o s a sésiles ......................................  2. T. Morrisii

3 a F ru to  de 4-9  m m  de d iám etro ; in flo rescen c ias  de 50-80 cm  de larg o  (sección H e m i­
thrinax)  .............................................................................................................................................................  4
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b  F ru to  de 13-15 m m  de d iám e tro ; inflorescencias de 150-200 cm de la rg o  (sección M acro-
carpae) ...................................................................................................................................  3. T. rivu laris
a a  P a lm a  de 6-8  m  de a lto ,  peciolo m as largo  q u e  la  v a in a  ........................... v a r . rivu laris
b b  P alm a de 1-4  m  de a lto ,  peciolo de igual larg o  о m enos que la v a in a  . v a r . sav an n aru m  

4 a V a in a  con u n a  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 iám etro ,
con 60-70 segm entos ......................................................................................................... 4. T. com pacta

b  V a in a  glabra con f ib ra s  g ru esas ; lim bo de la h o ja  sem iorb icu lar de 50 cm  de d iám etro  
con 30-36 segm entos .................................................................................................... 5. T. E k m an ian a

Subgenus: T H R IN A X  

Sectio Thrinax

1.1. T hrinax  rad ia ta  L o d d . ex  S chu lt, in  L inn. S yst. Veg. sec. 7 (2): 1301. 1830.
(Syn .: T. W endlandiana  Весе. W ebbia 2: 285. 1907; T. parv iflo ra  a u c t. e.g. A lain  in  
F lo ra  de Cuba S u p p l. 29. 1969. non Sw.; T . M á rtii  Griseb. e t W en d l. p .p . ex G riseb. 
C at. PI. Cub. 1866: 221.; T .flo r id a n a  Sarg. B o t. G az. 27: 84. 1899.)

1.2. T hrinax  M orrisii W en d l. in  G ard . Chron. (ser. 3.) 11: 104. fig. 20. 21. 1892.
(Syn .: T. m icrocarpa  S arg , 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  M em. T orr. B o t. Cl. 12: 20. 1902.: T . 
D rudei Весе. W eb b ia  2: 269. 1907.; T . p u n c tu la ta  Весе. l.c. 280. T . E km a n ii  B u rre t  
K ungl. Sv. V e t-A k ad . H an d !, ser. 3, 6 (7): 27. 1929.)

Subgenus: H E M IT H R IN A X  (H ook , f.) D rude 1889 N a t. P flanzen fam . 
11/3:34. (B asio n y m o n : H em ithrinax  p ro  gen. H ook . f. in B en th . et 

H ook . Gen P la n t. 3: 930. 1883)

Sectio: M acrocarpae (Leon ex M uniz) B orhidi e t M uniz comb. nova  
(B asio n y m o n : Macrocarpae L eón  ex M uniz in M uniz et B o rh id i, 
A cta  B o t. A cad. Sei. H u n g . 28: 312. 1982. S y n .: Macrocarpae 
León in  M em . Soc. Cub. H is t . N a t. 15: 383. 1941. nom . illeg.)

1.3. T hrinax  rivu laris  (L eón) B orh id i e t M uniz com b. nova
(B asionym on: H em ith r in a x  rivularis L eón M em . Soc. Cub. H is t . N a t. 15: 380. 1941.)

1.3.1. va r. rivularis
1.3.2. va r. sav an n aru m  (L eón) B orhid i e t M uniz com b. nova

(B asionym on: H em ith rin a x  savannarum  L eó n  M em. Soc. C ub. H is t. N a t. 15: 381. 
1941.; Syn.: H e m ith r in a x  rivularis v a r . savannarum  M uniz in  M uniz e t B orh id i A c ta  
B ot. Acad. Sei. H u n g . 28: 312. 1982.)

Sectio: H em ith rin a x  
(M icrocarpae L eón  l.c. 383. 1941.)

1.4. T hrinax co m pacta  (G riseb . e t W endl.) B o rh id i e t M uniz com b, nova
(B asionym on: T r ith r in a x  compacta G riseb. e t  W endl. ex Griseb. C at. PI. Cub. 1866: 221.; 
Syn.: H em ithrinax  compacta  [Griseb. e t W en d l.]  H ook. f. in  B e n th . e t H ook. Gen. P la n t.  
3: 931. 1883.)
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1.5. T hrinax  E k m a n ian a  (B u rre t) B o rh id i e t  M uñiz com b. nova
[B asionym on: H em ithrinax E k m a n ia n a  B u rre t  in  K ungl. S v ensk . V e t.-A kad . H an d l. 
6 (7): 9. 1929.]

Dos especies nuevas del género Coccothrinax Sarg, en Cuba

Como se h a  supuesto  p o r los a u to re s  de este  a rticu lo , la  v a ria b ilid ad  tax o n ó m ica  del 
género  Coccothrinax no es cabalm en te  co nocida. E s te  supuesto  está  co nfirm ado  por el d e scu b ri­
m ien to  recien te  de dos especies n u ev as  de  este  género , que describ im os ad ic ionalm en te  en  este  
a rticu lo , como com plem ento  del m en c io n ad o  catálogo .

Con estas dos nuevas especies el n u m ero  de especies del género Coccothrinax ex is ten tes  
en  C uba, a u m e n ta  a  36, de las cuales 35 son endém icas de Cuba.

Coccothrinax fagildei Borhidi et Muñiz sp. nova

P alm a  g regaria , usque ad 5-6  m  a lta ;  caules e basi pluries a b eu n tes , tenues, cy lindracei, 
su p ern e  paullo  c u rv a ti,  4.5 -6 cm crassi in  d iám etro . Vagina frondis 25-30  cm longa, 5 -7  cm  
la ta ,  fib ris  0.5-1 m m  crassis, lan a tis  sa tis  dense in te r te x ta , pars lib e ra  o b longo-triangu laris , 
6 -1 0  cm longa, ápice ob tusa , e t fib ro so -to m en tu lo sa , sine apicibus liberis acutis. P e tio lu m  
cum  vag ina  35-45 cm  longum , p a rs lib e ra  petio li 18-22 cm longa, sub  ápice 1 cm la ta , su p ra  
co n v ex a , sub tus a p p la n a ta , lo n g itu d in a lite r  nervosa  e t cera in d u ta ; áp ice  ligulis binis, su p erio re  
o v a tis  6-8  m m  longis, inferiore an guste  lan ceo la tis , acu tis , 3-5 m m  longis su ffu ltum . L am in a  
fro n d is  sem iorb icu laris vel 2 /3-orbicularis basi o b tu sa  vel b rev iter ro tu n d a ta ,  28-35 cm  longa 
e t 40-45  cm la ta , segm entis 20-25 p ra e d ita ,  segm en ta  cen traba  28-30  cm  longa, 2 -2 .5  cm  
la ta ,  basi usque ad  7 -8  cm longe c o n n a ta  superne  a b ru p te  an g u s ta ta  e t in  apices 9 -1 2  cm  
longos ex cu rren tia ; la te ra lia  lin ea ri-su b u la ta , 18-20 cm longa e t 3 -5  m m  la ta , om nia su p ra  
p la n a  e t v irid ia , opaca , nervis prim ariis , secu n d ariis  a tq u e  te rtia riis  conspicuis, non p ro m in u - 
lis su ffu lta , su b tu s in d u m en to  adpresso p e rm a n e n te r  a rgén tea , nervosa  e t pu n c tis  p rom inu lis, 
su b  ind u m en to  pallide  lu te is, dense p u n c tu la ta .

In flo rescen tiae  axillares, re c u rv a ta e , e racem is 3 -4  p a rtia lib u s com positae, 60-70  cm  
longae , pedúnculo  4 0 -50  cm longo; b ra c te a e  lan ceo la tae , 4-8 cm longae, ellip ticae, ápice 
to m en to sae . In flo rescen tiae  partiales 10-12  cm  longae, sim plice ram ifica tae . Flores 2 .5 -4  m m  
longe ped icellati, b rac teo lae  pedicellis aeq u ilongae  vel paullo longiores, lobi p e ria n th ii, 
1 -1 .5  m m  longi, basi b re v ite r  connati, tr ia n g u la re s , filam en tis latio res . S tam in a  9, f ilam en ta  
lin ea ría , lobis p e rian th ii aequilonga, a n th e ra e  sa g itta ta e , versatiles. O v ariu m  oblongo-ovatum , 
lev issim e p u n c tu la tu m ; s ty lus ovario aequ ilo n g u s vel longior, apicem  versus valde — usq u e  
ad  1-1 .2  m m  — d ila ta tu s . F ru c tu s g lobosus, 8 -10  m m  in  d iám etro , p e ric a rp iu m  p ap y raceu m , 
p u n c tis  prom inulis reg u la rite r  et dense d isp o sitis  rugulosum . Sem en osseum , 6-7  m m  in 
d iám e tro , depresse-globosum , sulcis 5 u sque  ad  basem  directis su lcatum .

H olo ty p u s: M u ñ iz  15021 H A C ; C uba, P ro v . Santiago de C uba; E n  d ien te  
de p e rro  costero a 300 m del m ar y  200 m al oeste del R io V erraco. Col.: 
O n a n e y  M u ñ iz , J. A. F ag ilde  Ce l e i r o , B runo  Gonzalez  25. 4. 1984.

H an c  speciem  collectori sui, il.m o Jo sé  A nton io  F a g i l d e  Ce l e i r o , delec tan ti b o ta- 
n icae, dedicavim us.

P a lm a  de h a s ta  5 -6  m de alto  con tro n co s  ag ru p ad o s saliendo desde las hondonadas 
de la p ied ra  hueca, delgados y cilindricos de  4 .5 -6  cm  de d iám etro , e rgu idos, ligeram en te
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encorvados hacia el ápice. V a ina  de  la ho ja  de 25-30  cm  de largo y  5 -7  cm  de ancho, den sa ­
m en te  en tre te jid a  de f ib ras  f in a s  de 0.5-1 m m  de g rueso , ligeram en te  lan u d as , la p a rte  lib re  
oblongo-aovado  u  ob lon g o -tian g u la r de 6-10 cm  de largo  con f ib ras  f in as  tom entosas en  el 
áp ice, sin  p u n tas  libres. Pecíolo con la vaina  de 35-45  cm  de largo, la p a r te  libre del pecíolo 
de 18-22  cm de largo, 1 cm  de ancho  debajo del áp ice, convexo en el h az , ap lanado , long i­
tu d in a lm e n te  venoso y  ceroso en  el envés. Lígulas 2 en  el ápice del pecíolo, la superior sem i- 
o rb icu lar-aovada  de 6 -8  m m  de largo , la inferior e strech am en te  lan ceo lada, aguda, de 3 -5  m m  
de largo . L im bo de la h o ja  sem io rb icu lar o 2 /3-orb icu lar, ob tuso  o b rev em en te  redondeado  en 
la b ase , de 28-34 cm de largo y  40-45  cm ancho; segm en tos 20-25, los cen tra les de 28-30 cm  
de largo  y 2-2.5 cm de an ch o , a b ru p ta m e n te  ensanchados hacia el áp ice  en una  p u n ta  aguda 
de 9 -1 2  cm  de largo; los b asa les linear-subulados de 18-20 cm de largo  y  3 -5  m m  de ancho , 
to d o s  verdes m ates y  lisos en  el haz  con nervios p rim ario s secundarios y  terc iarios visib les, 
no p rom inulos, con u n  in d u m e n to  p la teado  denso y  p e rm an en te , n e rv io s y  pun tos densos y  
p ro m in u lo s en el envés con p u n to s  am arillos d en sam en te  d ispuestos deb ajo  del in d u m en to .

Inflorescencia ax ila r, en co rv ad a , com puesta  de 3 -4  racim os parciales, de 60-70  cm  
de largo  con el pedúncu lo  de 40-50  cm de largo ; b rá c tea s  lanceo ladas de 4 -8  cm de largo , 
to m en to sa s  en el ápice. In flo rescen cias parciales de 10-12 cm  de larg o , sim plem ente  ram ifica ­
das. F lores pediceladas con pedicelos de 2.5-4 m m  de largo , b rac téo las  de igual largo, o poco 
m ás largos que el pedicelo. L óbulos del p erian tio  6, de 1—1.5 m m  de largo , b revem en te  con­
n ad o s en la base, tr ia n g u la re s , m ás anchos que los filam en to s. E stam b res  9, filam entos lineales, 
de igual largo que los lóbu los del p e rian tio ; a n te ra s  a flechadas, versá tiles . Ovario oblongo- 
ao v ad o , ligeram ente  p u n te a d o ; estilo igual largo  que  el ovario , m u y  ensanchado h acia  el 
áp ice h a s ta  1—1.2 m m  de ancho . F ru to  globoso, de 8 -1 0  m m  de d iám e tro , el pericarpio  p a p irá ­
ceo, con pun tos p rom inu los dense  d ipuestos ruguloso . Sem illa ósea, de 6 -7  m m  de d iám e tro , 
deprim ido-globosa con su rcos 5 profundos llegando h a s ta  la base.

H olotipo : M u ñ i z  15021 HAC; C uba, P ro v . S an tiago  de Cuba. E n  d ien te  
de perro  costero, a 300 m  del m ar y  200 m al oeste del R io V erraco. Col.: 
O n a n e y  M u ñ i z , Jo sé  A n ton io  F a g i l d e  C e l e i r o  y  B r u n o  G o n z a l e z , 25. 
4. 1984.

E sta  espécie —esta  d ed icad a  a su colector, Jo sé  A ntonio F a g i l d e  Ce l e i r o , presid en te  
del G rupo de A ficionados a la  B o tán ica  de la p ro v . de Santiago de Cuba.

Coccothrinax trinitensis Borhidi et Muñiz sp. nova

P alm a hum ilis, u sq u e  ad  3 -4  m  a lta ; caulis cy lindraceus, e rec tu s , 6-10 cm crassus in  
d iám etro . V agina frond is 3 2 -38  cm  longa, 11-15 cm  la ta , superne v a ld e  am p lia ta , fib ris  rig id is, 
0 .8—1.2 m m  crassis dense  in te r te x ta ,  pars lib e ra  la te  o v a ta  vel p le ru m q u e  tru n c a ta , 6 -7  cm 
longa, sine apicibus liberis acu tis . Petio lum  cum  v ag in a  75-80 cm  longum , p á rs libera  petio li 
40 -4 5  cm  longa, sub áp ice  1.5 cm  la ta , u tr in q u e  convexa. L ígula 1, tr ian g u la ri-o v a ta , lev ite r  
3-loba, 1.5-2 cm longa, áp ice  acu ta . L am ina frond is orbicularis vel 3/4-orbicularis, basi ro tu n - 
d a ta ,  36-40 cm longa e t 4 0 -42  cm  la ta , segm entis 38-42 p ra e d ita , segm enta  c en trab a  36-38 
cm  longa, 4 .5-5  cm  la ta ,  b a s i u sq u e  ad 12-14 cm  longe co n n ata , su perne  lev iter a tte n u a ta  et 
in apices 8 -9  cm  longos ex cu rre n tia ; la te ra lia  lin ea ri-su b u la ta , 18—20 cm longa et 6 -8  m m  
la ta ,  om nia supra  p la n a  e t  v irid ia , opaca, n e rv is p rim ariis , secundariis  a tq u e  te rtia riis  con- 
spicuis non prom inu lis, te r t ia r i is  saepe obsoletis su ffu lta , su b tu s pallide  g laucescentia , sine 
ind u m en to  argén teo , p u n c tis  flavescen tibus pa llid is dense d isposita , nervis p rim ariis  a tq u e  
secundariis obscure p ro m in u lis , te r tia riis  nullis.
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Inflo rescen tiae  axillares, e racem is 2 p a rtia lib u s , recu rv a tis  com positae, 50-60  cm  
longae, pedúnculo  20-30 cm longo, dense b rac teo so ; b racteae  p e rg am aceae , lin eari-ovatae  vel 
lineari-lanceo latae , 12-15 cm  longae, ápice lev ite r  tom en tosae, po strem o  glabrae. In flo rescen ­
tiae  p a rtía les 20-25 cm  longae, valde  ram osae, ram is  late ra libus usque  ad  30. Flores 1 2  m m  
longe pedicellati, b racteo lae  pedicellis b rev io res; lobi p e rian th ii cea 1 m m  longi, an g u ste  
tr ian g u la ri-su b u la ti, basi filam en tis angustio res. S ta m in a  6-7 , fila m en ta  o b longo-triangu laria , 
basi b rev ite r co n n a ta , lobis p e rian th ii long iora , a n th e rae  oblongo-ellip ticae vel lineari-e llip ti- 
cae non  sa g itta ta e . O varium  la te  o v a tu m , levissim e p u n c tu la tu m , s ty lu s  ovario aequilongus, 
ap icein  versus lev ite r d ila ta tu s . F ru c tu s  depresse  globosus, 7-8 m m  in d iám e tro ; p e ricarp ium  
p ap y raceu m , p u n c tis  p rom inulis dense d ispositis rugulosum . Sem en osseum , 4.5-5.5 m m  in 
d iám etro , depresse-globosum , sulcis 5 la tís , u sq u e  ad  basem  directis su lca tu m .

H olo typ iis: M u ñ i z  15061; C uba; S ie rra  de E scam b ray . F a ld a  N orte  del 
P ico P o trerillo , sobre d ien te  de perro , cerca  de la cúspide. Col.: O. M u ñ i z  et 
M arg arita  F e r n a n d e z , 8 . Ju lio , 1984.

Obs.: Coccothrinaci acunanae  León affin is q u ae  a specie n o stra  foliis segm entis cea 44, 
usque  ad  50 cm longis, flo ribus subsessilibus, fru c tib u s  non m uricatis  d iffert.

P a lm a  de h a s ta  3 -4  m de a lto , con tro n co  cilindrico , erguido, de 6 -10  cm  de espesor* 
V aina de la hoja de 32-38 cm de largo y 11—15 cm de ancho, n o tab lem en te  ansan ch ad a  h acia  
a rrib a , densam en te  e n tre te jid a  de f ib ras  ríg idas de 0 .8 -1 .2  m m  de grueso, la  p a r te  libre a n ch a ­
m en te  aovada  o m ay o rm en te  tru n c a d a , de 6-7  cm  de largo, sin p u n ta s  libres. Pecíolo con la 
v a in a  de 75-80 cm de largo , la p a r te  libre del pecíolo de 40-45 cm de larg o , 1.5 cm de ancho 
debajo  del ápice, convexo en am bas caras. L ígula 1, tr ian g u la r-ao v ad a , ligeram ente  3-loba, 
de 1 .5-2  cm de largo, aguda en el ápice. L im bo de la h o ja  o rb icu lar o 3 /4-o rb icu lar, redondeado  
en la base, de 36-40 cm  de largo y  40-42  cm  de an ch o ; segm entos 38 -4 2 , los cen trales de 
36-38  cm de largo y  4 .5 -5  cm de ancho , connados en  la  base h as ta  u n a  lo n g itu d  de 12-14 cm , 
lig e ram en te  a ten u ad o s a rrib a  en u n a  p u n ta  ag uda  de 8 -9  cm de largo ; los latera les lineal- 
subu lados de 18-20 cm de largo y  6 -8  m m  de ancho , todos planos y  verdes en  el haz nervios 
p rim ario s y  secundarios visibles, no p rom inulos, te rc ia rio s  a m enudo obso le tos, azuloso-verde 
pá lidos en el envés, sin in d u m en to  p la tead o , d en sam en te  pu n tead o  po r p u n to s  am arillos 
p rom inulos, nervios p rim arios y  secundarios poco prom inu los, terciarios nulos.

Inflorescencias ax ilares en co rvadas, com p u estas  de 2 racim os parciales largos, de 
50-60  cm  de largo con el pedúnculo  de 20-30 cm  de largo , densam en te  b ra c tea d o ; b rác teas 
p ergam áceas, lineal-aovad as o lineal-lanceo ladas, de 12-15 cm de largo, m u y  poco tom en tosas 
en el áp ice, p o ste rio rm en te  g labras. In flo rescencias p arcia les m uy ram osas, ra m a s  late ra les de 
h a s ta  30. Flores con pedicelos de 1-2 m m  de largo , las b ractéo las m as co rta s  que el pedicelo; 
lóbulos del pe rian tio  de 1 m m  de largo , e s trech am en te  trian g u lar-su b u lad o s, m as estrechos 
que los filam en tos en la  base. E stam b res  6 -7 , f ilam en to s ob longo-triangu lares , b revem en te  
connados en la base, m as largos que los lóbulos del pe rian tio ; a n te ras  elip tico-oblongas o 
lineal-e lip ticas no aflechadas. O vario an ch am en te  ao v ad o , d im in u tam en te  p u n tea d o , el estilo 
de igual largo que el ovario , ligeram en te  ensanchado  hacia  el ápice. F ru to  deprim ido  globoso 
de 7—8 m m  de d iám etro ; pericarp io  pap iráceo , m uricad o -p u n tead o , rugoso. Sem illa ósea, de 
4 .5 -5 .5  m m  de d iám etro , deprim ido globosa, con surcos 5 b a s tan te  anchos dirigidos h a s ta  
a base .

H olo tipo : M u ñ i z  15061; C uba; S ierra  de E scam b ray , P ico  P o tre rillo , 
F a ld a  N o rte , sobre d ien te  de p erro , cerca de la  cúspide. Col.: O. M u ñ i z  y 
M arg arita  F e r n a n d e z . 8 Ju lio , 1984.
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A fin  a C o c c o th r in a x  a c u n a n a  León (de la S ierra  M aestra), que d ifiere  de n u estra  especie 
en te n e r  h o jas de cea 44 segm en tos, de h a s ta  50 cm  de largo, flores su b sen tad as y  fru to s  no 
m uricados.
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PHYTOCHROME IN A HETEROPHYLLIC 
AQUATIC MACROPHYTE, 

P O T A M O G E T O N  A M P L I F O L I U S  TUCKERM.

E. P i p , S. Gu r n e y  and A. H al a y k o

DEPARTMENT OF BIOLOGY, UNIVERSITY OF WINNIPEG, WINNIPEG, MANITOBA, CANADA R3B 2ЕУ

(R eceived: 15 J u ly ,  1984)

P h y to c h ro m e  w as ex tracted  fro m  d iffe ren t organs o f field -grow n Potamogeton  
am plifo lius  T u ck e rm ., a heterophyllic  a q u a tic  m acro p h y te , using  a ffin ity  ch ro m a to g ­
ra p h y  on agarose-im m obilized  C ibacron B lue  3GA (AffiGel). T he g rea tes t a m o u n ts  o f 
u n d e rg rad ed  p h y to ch ro m e  per g ram  freeze-d ried  tissue  w ere o b ta ined  from  ro o ts / 
rh izom es an d  f lo a tin g  leaves. P u rity  o f th e  f in a l p ro d u c t v a ried  w ith  organ  ty p e  an d  
age of p la n t, su g g estin g  th a t  final am o u n ts  iso lated  m ay  h av e  been  p a rtia lly  in flu en ced  
b y  differences in  p ro tea se  levels an d /o r s ta b ility .

Introduction

P h y to ch ro m e  fu n c tio n s as a m ajor m ed ia to r in th e  reg u la tio n  of m any  p h o to m o rp h o - 
genetic  effects in p la n ts , includ ing  germ ination , s tem  g row th  an d  flow ering. These responses 
a re  associated  w ith  p h o to tran sfo rm atio n  of th e  in te rco n v e rtib le  fo rm s of p h y to ch ro m e, P ^  
an d  PpR, in th e  regions o f 660 and 730 nin resp ec tiv e ly . M ost o f th e  availab le  lite ra tu re  deals 
w ith  photo responses in  te rre s tr ia l  species, b u t  su ch  phenom ena w ould be expected  to  be o f 
g reat im p o rtan ce  in a q u a tic  p lan ts  in  view of th e  v a r ie ty  o f lig h t in te n s ity  and q u a lity  w hich  
th ey  experience d u rin g  th e  course of their g ro w th  to w ard s th e  w a te r  surface.

M em bers of th e  genus Potamogeton are k n o w n  to  have a positive  lig h t re q u ire m e n t for 
g e rm in atio n  (Sp e n c e  e t al. 1971a), and in som e species th is process is reversib ly  responsive  
to  red  an d  far-red  illu m in a tio n  (Spen ce  e t al. 19716). T úrion  fo rm atio n  in P. crispus  L. is 
influenced  by  ligh t in te n s i ty  and  photoperiod  (Sastroutom o  1980). In  M arsilea vestita H ook , 
an d  Grev. i t  has been  suggested  th a t  conversion o f th e  w a te r fo rm  to  th e  land  form  m ay  be 
a ffec ted  by  differences in lig h t q u a lity  (Ga u d et  1963). A lthough  such  observations suggest 
th e  in v o lv em en t o f p h y to ch ro m e  as a p h o to recep to r p igm en t, no a tte m p ts  have y e t been  
m ade  to  e x tra c t it from  a q u a tic  m acrophytes.

P h y to ch ro m e w as f ir s t  ob tained  by B u t l e r  e t al. (1959) from  e tio la ted  corn seedlings. 
Since th a t  s tu d y , th e  m a jo r i ty  o f investigators h av e  u tilized  e tio la ted  seedlings because th ese  
c o n ta in  s ign ifican tly  m ore phytochrom e th a n  does green tissue , and  because ch lo rophy ll 
in te rfere s  w ith  th e  sp e c tra l m easurem ent of th is  p ig m e n t (e.g. L a n e  e t al. 1963, S ie g e l m a n  
an d  B u t l e r  1965, H o lm es  an d  W agner 1980, S h im a za k i e t al. 1981). La ne  e t al. (1963) 
were th e  f ir s t  to  d e te c t p h y to ch ro m e  in p a rtia lly  p u rified  e x tra c ts  o f green p lan ts. T a y lo r  
and  B o n n e r  (1967) iso la ted  phytochrom e from  a g reen  alga and  a liverw ort. This p ig m en t 
has also been  found in g reen  mosses (G iles and  v on  M altzahn  1968). Shim azaki e t al. (1981) 
o b ta in ed  ph y to ch ro m e from  green  pea tissues. T he re c e n t developm ent o f an  a ffin ity  p ro ced u re  
u tilizing  agarose-im m obilized  C ibacron Blue 3GA (A ffiG el) (Sm ith  an d  D a n iels  1981) h as 
p resen ted  g rea t p o ten tia l fo r purification  of p h y to ch ro m e  from  tissues w here th is p ro te in  is 
p resen t in  low  am o u n ts.
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T he la t te r  a ffin ity  procedure  was u tilized  in  th e  p re sen t s tu d y  to  iso late  p h y to ch ro m e 
from  d iffe ren t organs o f Potamogeton a m p lifo liu s  T u ck erm . grown in th e  wild. This species 
is h e te ro p h y llic  an d  is th ere fo re  exposed to  th e  w id est range  of ligh t cond itions, and i t  has  
large  leaves from  w hich  p e rip h y to n  can  be easily  rem o v ed .

Materials and m ethods

P la n ts  w ere o b ta in e d  on 3 A u g u st 1982 a n d  28 Ju n e  1983 from  a  sm all, shallow  p o n d  
on th e  w estern  edge of th e  g ran itic  P re c am b ria n  S hield , 5.1 km  w est o f R ennie , M an ito b a . 
A series o f m id d ay  a tte n u a tio n  m easu rem en ts  o f  p h o to sy n th e tiea lly  a c tiv e  ra d ia tio n  (400— 
700 n m ) w as m ade in  1983 using  a Li-Cor In te g ra tin g  Q u an tu m  P h o to m ete r w ith  U n d e rw a te r  
Q u a n tu m  Sensor (L i-C or In c ., L incoln, N e b ra sk a ) (F ig . 1).

T he p la n t m a te r ia l  was collected b y  h a n d  fro m  a  d e p th  of 1 m . P la n ts  h a rv este d  in
1982 h a d  a lread y  se t seed; those o b ta in ed  in  1983 w ere on ly  s ta rtin g  to  flow er and  to  u n ro ll 
th e  f lo a tin g  leaves. T h e  p la n ts  were w ash ed  an d  sc rap ed  as th ey  w ere collected to  rem o v e  
p e rip h y to n . The d iffe ren t p a r ts  were se p a ra ted  and  im m ed ia te ly  p laced  in  p las tic  bags on  ice 
in  l ig h tp ro o f  co n ta in ers. On re tu rn  to  th e  la b o ra to ry  th e  m ate ria l was frozen  and  su b seq u en tly  
freeze-d ried  a few w eeks la te r  p rio r to  ex tra c tio n .

P h y to ch ro m e w as ex trac ted  from  freeze-d ried  tissues using  a  m o d ificatio n  of th e  
p ro ced u re  described b y  Sm ith  and D a n ie l s  (1981). A ll s tep s were carried  o u t a t  0-5 C u n d e r  
d im  lig h t from  one G eneral E lectric  g reen  2 5 -w a tt b u lb . F reeze-dried  sam ples from  1982 
w ere e x tra c te d  in single 3—20 g lo ts, dep en d in g  on  a m o u n ts  of m ate ria l av a ilab le ; th o se  fro m
1983 w ere each d iv id ed  in to  2 rep lica te  lo ts  o f 6—40 g, ex cep t for flow ers, w hich  rem ain ed  as 
one 11 g lot. R ep lica tes  were a lte rn a ted  so th a t  th e  sam e p la n t p a r ts  w ere n o t e x tra c te d  
consecu tively .

E ach  lo t w as pulse-hom ogenized in  a  b len d e r w ith  200-600 m l o f a  so lu tion  co n ta in in g  
100 m M  K -p h o sp h a te  an d  56 mM 2 -m ercap to e th an o l, ad ju s ted  to  p H  7.8 w ith  cone. HC1. 
T he hom ogenate  w as f ilte red  th ro u g h  4 lay ers  o f cheeseclo th  and cen trifuged  a t  7000 X  g fo r 
25 m in . The p ro te in  in  th e  su p e rn a ta n t w as p re c ip ita te d  b y  g rad u al ad d itio n  of a c o n ce n tra ted  
am m o n iu m  su lp h a te  so lu tio n  such t h a t  th e  f in a l co n cen tra tio n  in  th e  e x tra c t was 200 g /1. 
T h e  sam ple  was cen trifu g ed  a t  6000 X  g fo r 20 m in  an d  th e  pellets w ere resuspended  an d
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Fig. 1. M idday  a tte n u a tio n  of p h o to sy n th e tie a lly  active  ra d ia tio n  a t  th e  s tu d y  site
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pooled in 50 ml o f a so lu tion  co n ta in in g  10 mM K -p h o sp h ate  and  14 mM 2 -m ercap to e th an o l, 
a t  p H  7.8 (10/14 K PM ). T his suspension  w as desa lted  on a 4 x 4 5  cm  colum n of S ep h ad ex  
G-50 (P h a rm ac ia  F ine  Chem icals, U p p sa la , Sw eden) th a t  had  been eq u ilib ra ted  in 10/14 K PM . 
F ra c tio n s  of 20 ml were collected. T hose w hich  app eared  to  co n ta in  ph y to ch ro in e  w ere pooled . 
P resence  of phy to ch ro m e w as m o n ito red  by  m easuring  th e  change in absorbance a t  s a tu r a t ­
ing irrad ia tio n  a t  667 vs. 730 nm .

T he pooled frac tio n s w ere com bined  w ith  b ru sh ite  (d ibasic  calcium  p h o sp h a te )  and  
allow ed to  s ta n d  overn igh t. B ru sh ite  w as p re p are d  n o t m ore th a n  1 d a y  in  advance b y  c o m b in ­
ing 150 m l o f d ry  b ru sh ite  w ith  400 m l o f 0.6 M KC1, followed b y  4 successive vo lum e w ashes 
w ith  10/14 K PM .

T he n e x t day  th e  b ru sh ite -e x tra c t m ix tu re  w as b a tc h  e lu ted  w ith  100 m l vo lu m es of 
a so lu tio n  con ta in ing  70 mM K -p h o sp h a te  and  14 mM 2 -m ercap to e th an o l, a t  p H  7.8. E lu tr ia te s  
w ere cen trifuged  a t  5000 X  g for 5 m in  an d  m on ito red  for p h y to ch ro m e. E lu tio n  w as con­
tin u e d  u n til  no fu r th e r  p h y to ch ro m e a c tiv ity  was ev iden t.

B ru sh ite  e lu tria tes  co n ta in ing  p h y to ch ro m e  w ere pooled and  p ro te in  was p re c ip ita te d  
b y  ad d in g  61%  b y  volum e of a so lu tio n  co n ta in in g  435 g am m onium  su lp h a te  and  6 g T ris  
p e r l ite r  (A m m o-Tris). T he sam ple  w as cen trifu g ed  a t  6000 X g fo r 20 m in . Pe lle ts w ere  re ­
su sp en d ed  in  a  to ta l  of 11-13 m l o f a so lu tio n  co n ta in ing  100 mM  K -p h o sp h a te  and 14 mM  
2 -m ercap to e th an o l, a t  p H  7.8 (100/14 K P M ). T his suspension w as ap p lied  to  a 1 x 4 0  cm 
co lum n of AffiG el B lue (100-200 m esh) (B io -R ad  L ab o ra to ries , R ich m o n d , C alifornia) eq u i­
lib ra te d  in  100/14 K PM . T he sam ple  w as follow ed by  ap p lica tio n  of 5 m l of 0.5 M KC1 in  
100/14 K PM . T he colum n was closed fo r 30 m in. A fte rw ard s i t  w as w ashed w ith  4 co lum n 
volum es of 0.5 M KC1 in 100/14 K P M  an d  w ith  1 colum n vo lum e of 10 mM flav in  m o n o ­
n u c leo tide  in  100/14 K PM  (FM N ). T he colum n w as again  closed fo r 30 m in P h y to c h ro in e  
w as th e n  e lu ted  w ith  FM N. F rac tio n s  of 10 m l w ere collected. T hose absorb ing  a t  667 n m  w ere 
pooled  and  p ro te in  w as p re c ip ita te d  w ith  82%  b y  volum e of A m m o-Tris. The sam ple  w as 
cen trifu g ed  a t  10 000 X  g for 20 m in. P e lle ts  w ere resuspended  in a to ta l  volum e of 5 m l o f 
100/14 K PM .

T his sam ple  was applied  to  a 2 .5 x 4 5  cm  colum n of Bio-Gel A-1.5 m (200-400 m esh) 
(B io -R ad  L ab o ra to ries) equ ilib ra ted  in 100/14 K PM . F rac tio n s o f 5 m l w ere collected; th o se  
abso rb in g  a t  667 n m  w ere pooled.

AffiG el was reg en era ted  a fte r  each  use  by  rem oving  it  from  th e  colum n and  w ash in g  
it  w ith  2 successive volum es of 8 M u rea , th e n  w ith  8 volum es of a so lu tion  co n ta in ing  3 M 
KC1 and  50 mM T ris, a t  pH  7.8 (S o n g  e t al. 1981). T he gel w as rep ack ed  in to  th e  co lu m n  
and  w ashed  w ith  100/14 K PM . S ephadex  an d  B io-Gel w ere w ashed  w ith  th e ir  re sp ec tiv e  
eq u ilib ra tin g  buffers in  th e  colum ns. B ru sh ite  was n o t reused.

P ro te in  d e te rm in a tio n s w ere m ade  using  Coom assie B rillian t B lue G according to  th e  
m eth o d  described  by B r a d f o r d  (1976).

R esults an d  discussion

T he am o u n ts  of p ro te in  p re sen t in  c rude  e x tra c ts  p e r gram  of freeze- 
d ried  tissu e  v a ried  in  th e  d iffe ren t p la n t o rgans. In  1983 sam ples (T able 1) 
flow ers an d  f lo a tin g  leaves show ed th e  h ighest levels. A sim ilar sequence 
ap p eared  in  1982 sam ples, ex cep t th a t  roo ts/rh izom es show ed th e  h ig h est 
levels an d  flow ers w ere n o t exam ined  as th e  p lan ts  had  se t seed. A fter th e  f ir s t  
am m o n iu m  su lp h a te  p rec ip ita tio n , 2 0 -2 5 %  of th e  orig inal p ro te in  rem ained , a 
va lue  co m p arab le  to  th a t  rep o rted  for th is  s tep  b y  S m i t h  an d  D a n i e l s  (1981) 
for e tio la te d  rye seedlings.

P h y to ch ro m e e lu ted  read ily  from  b ru sh ite  in  70 mM K PM  buffer, an d  
from  A ffiG el as a m a jo r peak  w ith  th e  f irs t  ap p earan ce  o f FM N  in  th e  e lu a tc . 
A sm aller su b seq u en t peak  p ro b a b ly  rep resen ted  degraded  ph y to ch ro m e s u b ­
u n its . F o r  1983 sam ples, f lo a tin g  leaves an d  roo ts/rh izom es show ed a p p ro x ­
im a te ly  eq u a l to ta l  areas u n d e r th e  e lu tion  profile  curves p e r gram  tissu e ,
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Table 1

In itia l protein and f in a l  .4 ,;(;7 values per gram  freeze-dried tissue fo r  1983 samples

Roots/
rhizomes Stems Submerged

leaves Floating leaves Flowers

Crude p ro te in , mg
U nits A 6r>7X 10~ 3 a f te r  B io-Gel,

9.2, 12.2

COvd 8.4, 13.8 19.4, 22.0 19.4

p e r 1 m l to ta l volum e 6.8, 9.9 0.2, 1.6 1.7, 1.1 1.6, 6.6 5.1

w hile all o th e r organs y ie ld ed  lesser a m o u n ts  (F ig. 2). T he to ta l  absorbance  
a t  667 nm  o b ta ined  from  A ffiG el for 1982 sam ples was h ig h er th a n  for 1983 
lo ts  fo r all organs ex cep t stem s, w hich show ed  sim ilar levels for b o th  years. 
F o r 1982 sam ples, roo ts/rliizom es show ed th e  g rea test a rea  un d er th e  elu tion  
p ro file  curve (6 X th a t  fo r  1983), followed b y  f lo a tin g  leaves (ca. 3 X th e  1983 
v a lu e ). T he d ifference b e tw een  subm erged  leaves and  stem s w as m uch m ore 
p ro n o u n ced  in th e  1982 sam ples.

C onsiderable v a r ia t io n  has been re p o r te d  for effic iency  o f recovery  of 
p h y to ch ro m e  from  A ffiG el. S m it h  and D a n i e l s  (1981) rep o rted  a loss of only  
36%  of rye p h y to ch ro m e  betw een  th e  b ru sh ite  and A ffiG el e lu tion  steps, 
w hile S o n g  e t al. (1981) fo u n d  th a t  a p p ro x im a te ly  7 0 %  o f o a t p h y to ch ro m e  
w as lost on the  A ffiG el colum n. H ow ever in  te rm s of p ro te in . S m it h  and 
D a n i e l s  (1981) recovered  roughly  8 %  o f p ro te in  applied  to  A ffiG el; th is  w'as 
s im ila r to  th e  va lu e , on  average , for th is  s te p  in  th e  p re se n t s tu d y .

In  th e  Bio-G el f i l t ra t io n  step  p h y to ch ro m e  e lu ted  as a narrow  peak  
w ith in  a b roader p ro te in  b an d , b u t th is  w as followed in  som e sam ples b y  
a n o th e r  sm aller p eak , s im ila r to  th a t  re p o r te d  b y  S o n g  e t al. (1981). A ccording 
to  th e  la t te r  w 'orkers, th e  second peak  rep re sen ts  a sm aller degraded  p h y to ­
ch rom e u n it. The re su lts  fo r 1983 sam ples, expressed as abso rb an ce  u n its  a t 
667 n m  per gram  tissu e  (T able  1), show ed th e  g rea te s t va lu es  fo r roo ts/rh izom es, 
follow ed by  flo a tin g  leav es and  flow ers. C orresponding  va lu es  for 1982 sam ples 
wrere : 24.5 for f lo a tin g  leaves, 7.5 for subm erged  leaves an d  0.2 for stem s. 
No v a lu e  wras o b ta in e d  fo r roo ts/rh izom es a t  th is  s tep , b u t  on th e  basis of 
th e  AffiGel resu lts  i t  w ould  be expected  to  be g rea te r th a n  fo r f lo a tin g  leaves.

Losses a t  th e  B io-G el step , in  te rm s  of to ta l  ab so rb an ce  a t  667 nm , 
show ed considerab le  v a r ia tio n , ranging  fro m  45 to  80% . T h is is m uch higher 
th a n  th e  ca. 3 5 %  1 oss rep o rted  a t th is  s tep  for rye p h y to ch ro m e  b y  S m it h  
and  D a n i e l s  (1981).

A m ounts o f p h y to c h ro m e  co rrespond ing  to  th e  above absorbance  values 
w ere es tim a ted  using  th e  d a ta  of C o r r e l l  e t al. (1968) an d  S o n g  e t al. (1981) 
fo r ry e  and  o a t seed ling  p h y toch rom e respec tive ly . F o r 1983 sam ples, th is  
gave ca. (jug): ro o ts /rh izo m es 11, flow ers 7, f lo a tin g  leaves 6, subm erged  
leaves 2, and  stem s 1, recovered  from  B io-G el per g ram  freeze-dried  tissue .
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Fraction number

F ig . 2. AffiGel e lu tion  profiles fo r 1982 (A) an d  1983 (B) sam ples. F rac tio n s o f  10 m l w ere 
co llected . V alues in A rep re sen t single sam ples; th o se  in  В are m eans o f 2 rep lica tes , ex cep t

for flow ers

F o r 1982 sam ples, ca. 30, 10 an d  1 ,ug/g w ere estim a ted  for flo a tin g  leaves, 
subm erged  leaves and stem s resp ec tiv e ly . F o r th e  m ost p a r t , these  values 
com pare  well w ith  those in  th e  li te ra tu re . U sing essen tia lly  th e  sam e p u rif ic a ­
tio n  tech n iq u e , S m i t h  and  D a n i e l s  (1981) o b ta in ed  close to  100 fig p h y to ­
chrom e p er gram  freeze-dried  e tio la ted  ry e  seedling  tissue. P h y to ch ro m e  co n ­
te n t  in green, ligh t-grow n p la n ts  has been  rep o rted  to  he ab o u t 1 -2 %  o f th a t  
in  e tio la te d  o a ts  ( H u n t  and  P r a t t  1979) an d  2 -8 %  in peas ( S h i m a z a k i  et al. 
1981). T hus th e  value o f S m i t h  an d  D a n i e l s  (1981) com pares well w ith  th e  
values for th e  green tissues in th e  p re se n t s tu d y . H ow ever d ifferences in  
re la tiv e  co n ten t m ust be considered  in  re la tio n  to  th e  am o u n ts  e lu ted  from  
A ffiG el (F ig . 2), because o f d iffe ren tia l recovery  ra te s  a t th e  Bio-Gel s tep . 
T o ta l am o u n ts  o f p h y to ch ro m e  p resen t in  th e  crude e x tra c ts  could n o t he 
m easured  because even th e  ro o t-rh izo m e  p re p a ra tio n s  co n ta ined  som e ch lo ro ­
phyll.
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T he p h y to ch ro m e  in  th e  p resen t s tu d y  w as o b ta in ed  as P R w ith  an  
ab so rp tio n  peak a t 667 n m . H ow ever e x tin c tio n  coefficien ts per se for p h y to - 
chro ine give little  in d ic a tio n  of the  in itia l tru e  co n cen tra tio n  of th is  p ro te in  
w hen  some p ro teo ly tic  d eg rad a tio n  has o ccu rred  ( B r i g g s  an d  R i c e  1972). 
In  th e  p resen t s tu d y  ho m o g en e ity  o f th e  f in a l p ro d u c t, as ju d g ed  b y  th e  
specific  A280 : Ae07 ra t io , v a ried  w idely w ith  sam ple  ty p e  and  age. F o r 1983 
sam ples, a ra tio  o f 1.0 w as o b ta ined  on ly  fo r roo ts/rh izones. F lo a tin g  leaves 
gave a less hom ogeneous p ro d u c t, w ith  a ra tio  of ca. 10. E v en  g rea te r va lues 
w ere seen for flow ers, subm erged  leaves an d  stem s. P ro d u c ts  o b ta in ed  from  
1982 sam ples were m ore  hom ogeneous, w ith  values close to  1.0 for th e  tw o 
le a f  ty p es. In  general, sam p les  w hich gave th e  g rea te s t A687 values also y ie lded  
th e  m ost hom ogeneous p ro d u c ts . T hus p h y to ch ro m e  b reakdow n  m ay  h av e  
c o n tr ib u te d  to w ard s som e o f th e  d ifferences observed  betw een  organs an d  
b e tw een  sam ples o f d iffe re n t age. I t  has been  suggested  b y  B r i g g s  and  R i c e  

(1972) th a t  d ifferences in  to ta l  p h y to ch ro m e  y ield  in  d iffe ren t sam ple lo ts 
m ay  be associated  w ith  d ifferences in  p ro tease  levels. C o n tam in a tin g  p ro teases 
m ay  p ersist th ro u g h  a n u m b e r of p u rif ic a tio n  steps and affect the  re su lt. 
I t  is also possible t h a t  d iffe ren t form s of p h y to ch ro m e  m ay  ex ist in  d iffe ren t 
p a r ts  of th e  sam e p la n t  ( T a y l o r  1968) an d  these  m ay  differ in  s tab ility  
an d  y ield .

A lthough  p h y to c h ro m e  has been d e te c te d  in  all organs of h igher p la n ts , 
levels are generally  h ig h e s t in  regions of th e  ro o t an d  shoo t w here m eris tem atic  
a c tiv ity  and  d ev e lo p m en t are  tak in g  p lace or have  recen tly  been com pleted  
( V i n c e - P r u e  1975, K e n d r i c k  and  F r a n k l a n d  1976). T he high values seen 
in  roo ts/rh izom es an d  f lo a tin g  leaves in  th e  p resen t s tu d y  were in  line w ith  
th is  o b serva tion , b u t  th e  1982 m ateria l had  a lread y  se t seed and  still ap p eared  
to  m a in ta in  high levels in  th e  f lo a tin g  leaves.

The f lo a tin g  leav es receive th e  g re a te s t lig h t in ten sitie s  as well as th e  
longest re la tiv e  p h o to p e rio d , since a t te n u a tio n  increases rap id ly  w ith  d ecreas­
ing  angle of in c id en t ra d ia tio n . A t th e  s tu d y  s ite  th e  am o u n t of ra d ia tio n  a c tu ­
a lly  perceived b y  th e  subm erged  organs w as like ly  m uch less th a n  th e  values 
in  Fig. 1 suggest, since th e  subm erged su rfaces were colonized b y  p e rip h y to n  
and  th ere  was sh ad in g  w ith in  th e  p lan t s ta n d s . D ifferences in  light in te n s ity  
and  p h o toperiod  b e tw een  u n d erw ate r and  surface regions have been am ong 
th e  fac to rs th a t  h a v e  b een  suggested to  acco u n t for h e te rophy llic  d ev e lo p ­
m en t in  aq u a tic  m a c ro p h y te s  (e.g. D a v i s  1962, B o s t r a c k  and  M i l l i n g t o n  

1967). In  Potamogeton natans  L., f lo a tin g  leaves are n o t p roduced  w hen w h ite  
lig h t in ten sities  are  low , or w hen p la n ts  are  grow n in  red  or green lig h t, b u t 
a p p ea r a t h igher in te n s itie s  of w hite l ig h t, or in  b lue lig h t (e.g. S c u l t h o r p e  

1967). I t  has been suggested  by  th e  la t te r  w orker and  o thers th a t  d ev e lo p ­
m en t o f f lo a tin g  leav es m ay  be co rre la ted  w ith  lig h t cond itions th ro u g h  th e  
effect o f lig h t on n u tr i t io n a l  s ta tu s  of th e  p la n t. In  som e te rre s tr ia l species for

Acta Botanica Hungarica 31, 1985



PHYTOCHROM E IN  POTAMOGETON A M PLIFO LIU S 2 3 7

exam ple, flow ering  in d u c tio n  appears to  req u ire  p h o to sy n th es is  or a su p p ly  of 
sucrose (V i n c e - P r u e  1975).

In  su n lig h t th e  R /F R  ra tio  is a p p ro x im a te ly  1.3 ( C u m m i n g  1963). T h is 
ra tio  decreases as th e  sun  approaches th e  horizon  ( S h r o p s h i r e  1973 in  H o l m e s  

and  W a g n e r  1980). U n d erw ate r ra tio s  a re  alw ays g re a te r  th a n  th e  v a lu e  in  
air because a t te n u a tio n  a t  730 nm  is m ore ra p id  th a n  a t  660 nm . In  th e  p h o tic  
zone th is  ra tio  m ay  increase  very  ra p id ly  w ith  d e p th , p a rtic u la r ly  w hen  l i t t le  
p h y to p la n k to n  is p re sen t ( S p e n c e  e t al. 1971a). T hus as th e  m acrophy tes grow  
tow ards th e  su rface , th e  shoot tip s  are exposed to  p rogressively  sm aller R /F R  
ra tio s . T h is decrease m ay  be am ong th e  fac to rs  w hich  affect p ro d u c tio n  of 
f lo a tin g  leaves an d  flow ers. In  H ip p u ris  vulgaris  L ., low  R /F R  ra tio s  d u rin g  
th e  a p p ro p ria te  p h o to p erio d  induce fo rm a tio n  o f ae ria l leaves on su b m erg ed  
shoots ( B o d k i n  e t al. 1980). T hus in  h e te ro p h y llic  species one o f th e  fu n c tio n s  
of p h y to ch ro m e  in  th e  leaves m ay  be to  gauge such ra tio s .

In  su m m a ry  a f f in ity  ch ro m a to g rap h y  using  agarose-im m obilized  Ciba- 
cron B lue 3GA has show n th a t  p h y to ch ro m e  ap p ears  to  he p resen t in  all 
organs of th e  h e te ro p h y llic  m acro p h y te , P . am plifo lius. T he h ighest levels 
were found in  roo ts /rh izo n es and flo a tin g  leaves. H igher v a lues were asso c ia ted  
w ith  g rea te r  ho m o g en e ity  of th e  f in a l p ro d u c t, suggesting  th a t  less d e g ra d a ­
tio n  h ad  o ccu rred  in  th e se  sam ples. B ecause subm erged  a q u a tic  m acro p h y tes  
experience a w ider ran g e  of R /F R  values th a n  do te r re s tr ia l  species, p h y to ­
chrom e m ay  be p a r tic u la r ly  im p o r ta n t in  th e  pho tom orphogenesis  of h e te ro ­
phyllic  a q u a tic  p lan ts .
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GROWTH, DNA-HISTONE RELATIONS 
AND IAA OXIDASE ACTIVITY OF NORMAL 

AND TUMOROUS TISSUE CULTURES REGULATED 
BY INDOLE DERIVATIVES, 2,4-D AND KINETIN

E. I. K o v á c s*, M. D ió sz e g i , J .  H e s z l é n y i , T ran  T h a n  T h u y

and É .  D eli

DEPARTMENT OF GENETICS, EÖTVÖS L. UNIVERSITY, H-1088 BUDAPEST, HUNGARY

(R eceived : 15 A pril, 1984)

E ffec t o f indo leacetic  acid (IA A ), try p to p h a n , try p ta m in e ,5 -h y d ro x y -try p ta m in e , 
2,4-D and k in e tin  on grow th , D N A  a n d  histone c o n ten t as well as on IA A  oxidase 
of tissue cu ltu res  o f N icotiana g lauca  (norm al) and of tu m o r  form ing N . glauca  X N . 
langsdorffii h y b rid  were stud ied . E ffe c ts  o f try p to p h a n  d e riv a tiv e s  and IA A  are  sim ilar 
suggesting  im p o rtan ce  of th e  T ry p to p h a n  — T ry p tam in e  — IA A  b io sy n th e tic  p a th w a y  
in th e  cu ltu res  s tu d ied . The ho rm o n al tre a tm e n ts  influence D N A , h istone, IA A  oxidase  
level and g ro w th  of th e  cu ltu res . E ffe c ts  o f horm ones dep en d s on  endogenous horm one 
and  IA A  oxidase co n cen tra tio n  o f tis su es  leading to a d iffe ren t sen sitiv ity  o f no rm al 
and  tu m o ro u s tissues. T he h istone — D N A  re la tionsh ips re flec ts  th e  con tro l o f o rg an iza ­
tio n  ra th e r  th a n  th a t  o f g row th  an d  IA A  oxidase fo rm ation .

Introduction

I t  has been d e m o n s tra ted  th a t  tu m o ro u s  tissues have h igher m etabo lic  a n d  genetic  
a c tiv ity  th a n  norm al ones ( B r a u n  1974, K o v á c s  1967, 1971a, 6, c, S m i t h  1972, B e i d e r b e c k  
1977). T he specific m etabo lic  and  m o rp h o g en e tic  processes of to b acco  tissues o f no rm al and  
tu m o ro u s genotype are in  close co rre la tion  w ith  changes of h istone  to  DN A  ra tio  reg u la ted  
by  R N A  level of cell. T he iso lated  h is to n e -D N A -R N A  com plex co n ta in in g  only tR N A  sug­
gests an  im p o rta n t reg u la tiv e  role of tR N A  in d ifferen tia tion , m orphogenesis and  tu m o r 
fo rm atio n  ( K ovács  19716, c, 1972, 1974).

I t  has also been d em o n s tra ted  th a t  g ro w th , d ifferen tia tion , o rg an iza tio n  an d  tu m o r 
fo rm atio n  are u n d e r horm onal contro l (S k o o g  an d  M il l e r  1957, S m i t h  1972, K ov á cs  1978, 
S h a r p  an d  E v a n s  1981). T issues of genetic  tu m o rs  have an a b n o rm a lly  h igh  level of g ro w th  
su bstances ( B u t c h e r  1977, O oms e t al. 1981, S m it h  1972). In  sp ite  o f th e  h igh  ho rm one 
level o f tu m o rs  an  enhanced  aux in  d e s tru c tio n  was also d e m o n s tra ted  (M e u d t  1970, K ov á cs  
an d  M a l i g a  1973).

In  th e  p resen ted  ex p erim en ts th e  less k n o w n  role of th e  possib le  horm one p recu rso rs  
o f indo leacetic  acid as well as 2,4-D and k in e tin  in regulation  of g ro w th , ho rm one d e s tru c tio n  
and  h istone-D N A  re la tions w as stud ied .

* P resen t address: Biol. E x p erim en ta l S ta tio n , E ötvös L. U n iv e rsity , H-2131 Göd, 
Já v o rk a  S. u . 14, H u n g a ry .
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Materials and methods

Tissue cultures o f N ico tia n a  glauca (no rm al) an d  of tu m o r fo rm ing  hybrid  of N . 
glauca  X N . langsdorffii ( tu m o ro u s )  w ere used  as e x p erim en ta l m ate ria ls . T h e  norm al cultures 
a re  unorgan ized  calli w hile  th e  tu m o ro u s ones hav e  an  increased  shoo t form ing capacity  
re q u ir in g  no grow th h o rm o n es  (au x in s , cy tok in ins) fo r th e ir  g ro w th  ( K o v á cs  1967). The 
s ta n d a rd  agar m edium  ( K o v á c s  1971) con ta ined  0.2 mg/1 k in e tin  and  10 “ 7, 10 ~6, 10-5 and  
10“ 4 M concentra tions o f  e ac h  indo leace tic  acid (IA A ), try p to p h a n  (T R Y ), try p ta m in e  (TA), 
5 -h y d ro x y -try p tam in e  (se ro to n in , 5 O H TA ), and  2 ,4 -d ich lo rophenoxyacetic  acid (2,4-D), o r 
2.0 mg/1 IAA and 10_7- 1 0 -4 M o f  k in e tin  (K IN ). T he cu ltu res  w ere grow n in  th e  d ark , a t 26 °C.

DN A, h istone c o n te n t  a n d  idoleacetic acid ox idase  (IA A O ) enzym e ac tiv ity  were 
d e te rm in e d  by the  m eth o d s  h a v e  used earlier ( K o v á cs  1971a, 6, K ov á cs  a n d  M a l ig a  1973). 
O ne enzym e un it (E U ) is 1 //m o le  o f destroyed  IA A  p e r m in  a t  25 °C. E n zy m e  activ ity  (EA ) 
is expressed  as EU  per g f re sh  w eigh t.

T he d a ta  were su b je c te d  to  s ta tis tica l analysis.

Results

F resh  weight g ro w th  o f  th e  norm al tissues w as s tim u la te d  b y  IA A . T his stim u la tion  
w as p roportiona l to  in c re a s in g  IA A  concen tra tions (1 0 _ 7—10-4 M, Fig. 1). A sim ilar grow th  
s tim u la tio n  was b ro u g h t a b o u t  b y  T R Y , TA, an d  5 O H TA , too , excep t th e  m odera te  s tim u la ­
t io n  o f 10~4 M co n cen tra tio n . G ro w th  of the  tu m o ro u s cu ltu res  was slig h tly  influenced  by  IAA , 
T R Y , T A  and 5 O H TA  t r e a tm e n ts  (1 0 -4 M of th e  indole com pounds used  were som ew hat 
in h ib ito ry ; Fig. 1).

G row th of th e  n o rm al a n d  tum orous cu ltu res is s tim u la ted  by  10 ~7 M 2,4-D concen tra­
tio n . 10 -6 M 2,4-D en h an ces fre sh  w eight of n o rm al tissues, only , while th e  h igher co ncen tra­
tio n s  o f 2,4-D are in h ib ito ry  fo r  g ro w th  of b o th  th e  cu ltu res  (Fig. 1). K IN  stim u la tes grow th  
o f th e  norm al and tu m o ro u s  cu ltu res a t 10~7 an d  1 0~6 M co n cen tra tio n s . H ow ever, 10 “ 5 
a n d  10 _4 M of K IN  in h ib it  g ro w th  of bo th  th e  n o rm al a n d  tu m o ro u s cu ltu res  (Fig. 1).

DNA conten t (^g  D N A  per cu ltu re) of th e  no rm al cu ltu res is increased  by rising con­
c en tra tio n s  of each indole  d e r iv a tiv e  stud ied . In  th e  tu m o ro u s tissues tre a te d  w ith  10~7— 
1 0 -5 M IAA, TA, T R Y  a n d  5 O H TA  am o u n t o f D N A  is ra th e r  sim ilar how ever 10_4 M con­
c en tra tio n s  are so m ew hat in h ib ito ry . Low levels of 2,4-D and  K IN  slig h tly  enhance D N A  
c o n te n t  of bo th  the n o rm al a n d  tu m orous cu ltu res . H igher levels of 2,4-D an d  K IN , however, 
red u ce  DNA con ten t o f th e  n o rm a l and  tum orous tissu es (Fig. 1).

H istone and D N A  c o n te n t  of th e  cu ltu res show  p aralle l changes. T he d a ta  ind ica te  a 
p ro p o rtio n a l increase in  h is to n e  c o n ten t of n o rm al cu ltu res  w ith  in creas in g  concentra tions of 
indo le  derivatives. T hese  t r e a tm e n ts  reduce a m o u n t o f h istones in th e  tu m o ro u s  tissues (Fig. 1). 
1 0 -7 and  10~6 M 2,4-D  s lig h tly  enhance h istone level o f n o rm al cu ltu res  while 10~5 an d  
1 0 -4 M concentra tions re d u ce  i t .  H istone c o n ten t o f th e  tu m o ro u s tissues is reduced by  10 ~6— 
1 0 _4 M 2,4-D. K IN  in creases a m o u n t of h istones in  th e  n o rm al tissues a t  1 0 ~ '-1 0 -5 M con­
cen tra tio n s . H istone leve l o f  tu m o ro u s cu ltu res is r a th e r  sim ilar a t  th ese  K IN  trea tm e n ts  
(e x ce p t 10-7 M; m ax im u m ). 1 0 -4 M K IN  strong ly  red u ces h istone c o n te n t o f b o th  the  tissues. 
D N A  and  histone c o n te n t o f  tu m o ro u s cu ltu res a re  h igher th a n  th a t  o f no rm al ones (Fig. 1).

The indole d e r iv a tiv e s  an d  2,4-D increase h is to n e  to  D N A  ra tio  o f norm al tissues 
(1 0 -4 M 5 OHTA causes a  ra tio  like th e  u n trea te d ) . I n  th e  tu m o ro u s cu ltu res  th e  ra tio s are 
a lm o s t sim ilar a t th e  sam e  tre a tm e n ts . In  th e  n o rm al tissues on ly  10 -7 and  10 “6 M K IN  
cause  some raise in h is to n e  to  D N A  ratio . H istone  to  D N A  ra tio s  o f th e  tu m o ro u s tissues a re  
in creased  by rising c o n c e n tra tio n s  of K IN . In  genera l, ra tio  of h istone to  DN A  is h igher in  
o rgan izing  tum orous c u ltu re s  th a n  th a t  in u n organ ized  norm al calli (F ig. 1).

IAAO enzym e a c t iv i ty  (E U  per g fr. w t.) o f th e  norm al cu ltu res  is increased, in d if­
fe re n t degree, by  each c o n c e n tra tio n  of IAA , T R Y , T A , 5 O H TA  and  2,4-D  (Fig. 1). In  th e
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Fig. 1. E ffec t of indole d e riv a tiv es, 2,4-D a n d  k in e tin  on grow th , D N A , h istone c o n te n t and  
IAAO enzym e a c tiv ity  of n o rm a l and  tum orous tissu e  cu ltu res

tu m o ro u s cu ltu res th e  indole com pounds are  s lig h tly  inh ib ito ry  in com parison  w ith  u n tre a te d  
tissues. 2,4-D tre a tm e n ts  s tim u la te  IAAO a c tiv ity  (m axim um : a t 1 0 -ß M) of b o th  th e  cu ltu res . 
10~4 M K IN  decreases IA A O  a c tiv ity  of b o th  th e  norm al and tu m o ro u s  cu ltu res w hile its 
low er con cen tra tio n s increase  th e  enzym e a c t iv ity  (Fig. 1).

In  th e  experim en ts sen sitiv ity  of th e  n o rm al cu ltu res against th e  indol de riv a tiv es used  
is h igher th a n  th a t  o f th e  tu m o ro u s ones. T he IA A , T R Y , ТА and  5 O H T A  tre a tm e n ts  cause 
no sign ifican t changes in  g row th  responses o f tu m o ro u s tissues (in sen sitiv ity ). S en sitiv ity  of 
cu ltu res  appears to  be dep en d  on their IAA O a c tiv ity . The d a ta  show  no sign ifican t co rre la ­
tion  be tw een  histone to D N A  ra tio  and IAAO a c tiv ity  (Fig. 1).
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Discussion

T he experim en ts p re sen ted  c learly  show  th a t  effects o f T R Y , TA and  
5 O H T A  on norm al a n d  tu m o ro u s cu ltu re s  are  sim ilar to  th a t  o f IAA. T R Y , 
T A  a n d  5 OHTA in flu e n c e  g row th , D N A , h is to n e  and IA A O  co n ten t o f th e  
tissu es  as IAA does (cf. F ig . 1). A uxin  (IA A ) req u irem en t o f  n o rm al cu ltu res 
can  be  satisfied b y  T R Y , TA  and  5 O H T A  (an d  b y  th e  no p recu rso r 2,4-D , 
to o ). These o b se rv a tio n s  suggest presence an d  im p o rtan ce  o f  T R Y -T A -IA A  
b io sy n th e tic  p a th w a y  in  norm al an d  tu m o ro u s  tobacco  tissu es . In  o th e r 
w o rd s , in  b iosyn thesis  o f  IA A  o f these  cu ltu re s , as in te rm ed ie rs  or p recursors, 
T R Y , TA and 5 O H T A  can  be inc luded . T hese  re su lts  are  in  accordance w ith  
th e  lite ra ry  d a ta  ( A u d u s  1973, W i d h o l m  1977).

A ccording to  th e  re su lts  p resen ted  in  no rm al cu ltu res  b o th  auxin  and 
c y to k in in  are n ecessa ry  to  increase g ro w th , D N A , h is to n e  a n d  IAAO level 
(i.e . nucleic acid an d  p ro te in  syn thesis). IA A , T R Y , TA , 5 O H T A , 2,4-D or 
K IN  alone are in e ffec tiv e . This is va lid  fo r th e  tu m o ro u s tissu es , too  ( K o v á c s  

1978), however, th e y  do n o t req u ire  exogenous horm ones fo r g row th  due to  
th e ir  high endogenous horm one (aux in , cy to k in in ) level ( B e i d e r b e c k  1977, 
E i n s e t  1980). T he h ig h  endogenous h o rm o n e  level exp la ins th e  re la tive  inef­
fec tiveness of th e  lo w er co n cen tra tio n s o f th e  indole d e riv a tiv e s , 2,4-D and 
K IN  trea tm en ts  on tu m o ro u s  tissues w hile h igh  horm one levels are in h ib ito ry . 
T h e  high endogenous h o rm o n e  level (especially  th a t  o f cy to k in in s) of tum orous 
tis su es  keeps th e  h ig h  ra te  of th e ir  increased  b io sy n th e tic  ac tiv itie s  including  
IA A O  synthesis (cf. F ig . 1; K o v á c s  19716, c, 1978). T he h igh  IAAO a c tiv ity  
o f  th e  tum orous c u ltu re s  can  also re s tr ic t  effectiveness o f  th e  indole d e riv ­
a tiv e s  b y  d e s tru c tio n  o f  th e  “ new ”  IA A  o f exogene o rig in  (indole d e riv ­
a tiv e s )  bu t can n o t 2 ,4 -D  and  K IN  (cf. K o v á c s  1978). T hese conclusions and  
th e  resu lts  p resen ted  a re  in  keeping w ith  th e  general experiences ( G a s p a r  et 
al. 1982). The d iffe re n t sen s itiv ity  of cu ltu re s  o f norm al and  tu m orous geno­
ty p e  against th e  h o rm o n a l tre a tm e n ts  co n firm s th e  ex is ten ce  of genotype- 
h o rm o n e  in te ra c tio n  in  tissues ( K o v á c s  1978).

A ccording to  th e  resu lts  h isto n e-D N A  re la tio n sh ip s  re flec t contro l o f 
o rg an iza tio n a l c o n d itio n s  ra th e r  th a n  th a t  o f g row th  or IA A O  fo rm ation . T he 
h o rm o n a l tre a tm e n ts  can  influence  th e  h istone-D N A  re la tio n sh ip s  and IA A O  
a c tiv i ty  (synthesis, to o ) in  tw o d iffe ren t w ays.
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REGULATION OF GROWTH CHARACTERISTICS 
AND ENZYME ACTIVITIES OF NORMAL 

AND TUMOROUS TISSUE CULTURES 
RY ACRIDINE ORANGE

E. I . K o v á c s * and K. P ál

DEPARTMENT OF GENETICS, EÖTVÖS L. UNIVERSITY, BUDAPEST, HUNGARY 

(R eceived : 20 N ovem ber, 1984)

G row th characteris tics (fresh  w e ig h t, DNA, R N A , p ro te in  co n ten t), indoleacetic  
acid oxidase an d  am ylase enzym es o f tissu e  cultures of N ico tia n a  glauca  and  of tu m o r 
form ing h y b rid  o f N . glauca X N . langsdorffii are influenced b y  acrid ine orange. T he 
non-tox ic  con cen tra tio n s of the  d y e  can  increase g row th , nucle ic  acid an d  p ro te in  
syn thesis of tu m o ro u s cultures. T h e  tre a tm e n ts  are in h ib ito ry  fo r norm al cu ltu res . 
T he dye s tim u la te s  am ylase a c tiv ity  o f tu m o ro u s  cu ltu res a n d  indoleacetic  acid oxidase 
a c tiv ity  of no rm al and  tu m orous c u ltu res . IA A  destru c tio n  o f tu m o ro u s cu ltu res  can  
be  inh ib ited  b y  h igh  level of th e  d ye . T h ere  is a noticeable nu c le ic  acid d estru c tio n  in 
b o th  cu ltu res. E ffec ts of acrid ine o ran g e  are  m ediated  v ia  in flu en ce  of tran sc rip tio n  
and  of endogenous indoleacetic acid  lev e l reg u la ted  by  indoleace tic  acid  oxidase. Possible 
p a th w ay s of effects of acridine o ran g e  on g row th , d iffe ren tia tio n , o rgan ization , tu m o r 
fo rm ation  and  h o rm onal reg u la tio n  are  discussed.

L

Introduction

N um erous papers have been p u b lish ed  on  m utagenic , physio log ical (e.g. re sp ira tio n , 
nucle ic  acid  m etabolism ) and  virological e ffec ts  o f acridine deriva tives (N a sim  and B r y c h c y  
1979). H ow ever, little  is know n abou t e ffec ts o f th ese  com pounds on  g ro w th , d ifferen tia tio n  
an d  organ ization  in p lan ts.

I t  has been described th a t  AO in h ib its  spo ru la tio n  in B acillus sub tilis  (B u r k e  and  
S p iz iz e n  1977) and tu m o r fo rm ation  of tu m o r  p ro n e  tobacco h y b rid s as well as th e  c h a r­
a c te ris tic  shoot and bud  form ation  of th e ir  tis su e  cu ltu res (K ovács 1970, K ovács and P ál  
1976). T he increased b u d  form ation  c an n o t be  in h ib ited  by actin o m y cin  D ( K ovács 1970). 
A n  episom ic ex p lan atio n  fo r origin of genetic  tu m o rs  an d  increased o rg an iza tio n  of th e ir tissue 
cu ltu res  h as been suggested  ( K ovács 1967, 1972). T he acridine orange p ro v id es a useful tool 
to  s tu d y  genetic  reg u la tio n  of tu m o r fo rm atio n  an d  organ ization  of cu ltu res . T he dye influences 
tra n sc r ip tio n a l and  horm onal processes.

M aterials an d  m ethods

In  th e  experim ents tissue cultures o f n o rm a l te trap lo id  N icotiana glauca  (4x) and  of 
tu m o r  fo rm ing  F j hybrid  o f N . glauca (4x) X  N . langsdorffii (2x) were u sed . T he tissues were 
c u ltiv a te d  on an  agar m edium  described p re v io u s ly  (K ovács 1971a; e x ce p t: g row th  fac to r 
w as 0.2 mg/1 k inetin , only). D ifferent co n cen tra tio n s  o f acrid in  orange (A O ; 5, 50 and  500 //M)

* P resen t address: Biol. E x p erim en ta l S ta tio n , E ötvös L. U n iv e rs ity , H-2131 Göd, 
Jáv o rk a  S. u . 14. H ungary .
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w ere ad d ed  to  th e  m edium . T he tis su e  cu ltu res were g row n in the  d a rk , a t  26 °C. Two and th ree  
w eeks old cu ltu res were h a rv e s te d  fo r th e  de te rm in a tio n s.

N ucleic acid and  p ro te in  c o n te n t as well as nucleic acid sy n th esis  (m easured  by  in ­
c o rp o ra tio n  of 32P  in to  nucleic acids) o f th e  cu ltu res w ere de term ined  b y  th e  m ethods described 
earlie r ( K o v ács 19716).

A m ylase enzym e a c t iv ity  w as d e term ined  b y  m eth o d  of J o n e s  a n d  V a r n e r  (1967). 
1 am ylase  enzym e u n it is a ch an g e  in  o p tica l d en sity  a t  620 nm  of 0.01 p e r 30 m in a t 37 °C. 
In d o leace tic  acid oxidase (IA A O ) a c tiv ity  was m easu red  by  th e  m e th o d  used  by  K ovács 
an d  M a l ig a  (1973). One enzym e u n it  (E U ) of IAA O is 1 fig  o f d e s tro y ed  IA A  (indoleacetic 
acid) p e r m in a t  25 °C.

Possib ility  of d is tu rb in g  effect o f AO on q u a n tita tiv e  d e te rm in a tio n  of nucleic acids 
and  p ro te in s was also s tu d ied . I n  th is  ex p erim en ts 0-1536 fig  AO w ere ad d ed  to the  aliquots 
o f tissu e  hom ogenate. (An a liq u o t o f hom ogenate  co n ta in ed  1 g of tis su e  in 0.01 M p h o sphate  
b u ffe r.)  These sam ples co n ta in in g  AO were su b jec ted  to  th e  above m en tio n ed  biochem ical 
d e te rm in a tio n s . T he re su lts  c learly  show ed th a t  below  800 fig AO p e r g fresh  w eight tissu e  
th e  dye  h ad  no d is tu rb in g  effec ts . In  tissue  cu ltu res  tre a te d  w ith  th e  h ig h es t AO co ncen tra­
tio n  a m o u n t o f AO w as below  500 fig/g  fr.w t. lead ing  to  no d is tu rb in g  e ffec t in th e  d e te rm in a ­
tio n s . (F o r m easure  AO c o n te n t o f tissues an  e th an o l e x tra c t o f th e m  w as used to  de term ine  
ab so rb an ce  of th e  e x tra c t a t  480 n m  abs. m ax .)

Results

F resh  w eight g ro w th  o f th e  2-week-old tu m o ro u s cu ltu res w ere scarcely  inh ib ited  by  5 
an d  50 AO (Table 1). H ow ever, these 5 and  50 fiM. AO co n cen tra tio n s slightly  increased  
th e  fresh  w eight of th e  3-w eek-old tu m orous cu ltu res  (by ab o u t 10% ). 500 fiM  AO was in ­
h ib ito ry  for g row th  (rough ly  5 0% ) of b o th  2 an d  3 weeks old tu m o ro u s  cultures (Table 1).

Table 1 shows th a t  each  AO co n cen tra tio n  in h ib its  the  fresh  a n d  d ry  weight g row th  of 
th e  3-week-old n o rm al callus cu ltu res . D ry  m a tte r  co n te n t of 2-w eek-old tum orous cu ltu res  
is reduced  by  each AO tre a tm e n t.  D ry  w eight o f 3-week-old tu m o ro u s  cu ltu res is enhanced  
by  5 and  50 //M AO while 500 fiM  reduces it. P er cen t o f d ry  m ate ria l o f n o rm al and of tu m o ro u s  
cu ltu res  is increased  by 500 //M  AO, only, suggesting  increased  loss o f w a te r  due to th e  to x ic  
effect o f th is AO co n ce n tra tio n  (Table 1).

As p a ram ete rs  o f g ro w th  changes level of D N A , R N A , p ro te in s  and  indoleacetic acid 
ox idase  as well as am ylase  enzym e activ ities o f tissues were also s tu d ied .

P ro te in  c o n ten t o f th e  2-week-old tu m o ro u s tissues is d im in ished  by  AO tre a tm e n ts . 
In  3-week-old cu ltu res o f tu m o ro u s  genotype 5 an d  50 fiM  AO enh an ce  level of p ro te in  co n ­
te n t .  E ach  co n cen tra tio n  of AO decreases a m o u n t o f p ro teins in  n o rm al cultures (T able 1).

R atios of p ro te in  to  R N A  are sim ilar in th e  norm al and  tu m o ro u s  cultures (ex cep t 
500 fiM  AO tre a tm e n t)  suggesting  a sim ilar p ro te in  tu rn o v er o f th e  tre a te d  and u n tre a te d  
tissues. A t 500 fj,M AO tr e a tm e n t  th e  h igh ra tio s  of p ro te in  to R N A  are  due to decreased level 
o f R N A  (Table 1 and 2).

Table 2 shows t h a t  5 a n d  50 fiM  AO co n cen tra tio n s s lig h tly  increase  DNA c o n te n t of 
th e  2-week-old tu m o ro u s  cu ltu res . AO tre a tm e n ts  o f 3-week-old tu m o ro u s  cultures d id  n o t 
cause  sign ifican t changes in  th e ir  D N A  c o n ten t excep t 500 AO w h ich  reduced the  a m o u n t 
of D N A  by  52.6 pe r cen t (T ab le  2). In co rp o ra tio n  of 32P  in to  D N A  of these  cultures was s tim ­
u la ted  by  5 and 50 /iM  AO con cen tra tio n s by  14.5 an d  41.8 pe r cen t, respectively  (T able  2). 
(The d iscrepancy of th e  fig  an d  cpm  d a ta  suggest an  increased d eg rad a tio n  of DNA due  to  
AO trea tm e n t.)

DN A  level of n o rm al tissues is decreased  by  each AO tre a tm e n t.  32P  in co rp o ra tio n  
in to  DNA of these cu ltu res  is sligh tly  s tim u la ted  by  AO (m ax im u m  o f 31%  is a t 50 / /M AO 
concen tra tion ).

R N A  c o n ten t o f  2-w eek-old tum orous cu ltu res  is decreased  by  500 fiM  AO c o n ce n tra ­
tio n  only. In  th e  3-w eek-old tu m o ro u s cu ltu res R N A  co n ten t a n d  32P incorporation  in to
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R N A  is en h an ced  by  5 and 50 AO co n cen tra tio n s suggesting  a sligh tly  increased  R N A  
syn thesis (T able 2). Toxic 500 pM  AO co n cen tra tio n  causes R N A  d egradation . In  n o rm a l 
tissues R N A  level an d  32P  in co rp o ra tio n  are reduced  b y  each  AO tre a tm e n t (T able 2). T he 
d a ta  suggest a s tro n g  inh ib ition  of R N A  syn thesis by  AO.

Table 1

Effect o f  A O  on fre sh , dry iveight and protein content o f  normal and tumorous cultures

Genotype
Age of 
tissue 
(week)

AO
cone.,
juM

Fresh weight,* 
mg/cult.

Dry weight Protein,
mg/culture

MS,
protein/ 

//g RNAmg/cult. %

0 1 1 4 2 +  81 55.3 +  1.58 4.84 6.29 +  1.44 5.34
5 1081 +  91 53.2 +  2.96 4.92 5.70 +  0.79 5.21

2 50 968 +  71 47.1 +  1.26 4.86 5.98 +  1.13 5.71
3Оti

500 624 +  59 32.6 +  1.15 5.22 4.33 ±  0.72 7.62

В 0 1671 +  121 72.7 +  3.80 4.35 8.88 +  0.97 5.01
3 5 1826 +  139 76.0 +  3.66 4.16 10.03 +  0.89 5.38

50 1825 +  123 87.2 +  4.43 4.77 10.13 +  1.16 5.33
500 731 +  61 42.6 +  3.29 5.82 6.53 +  0.84 7.07

0 716 +  43 31.6 +  1.38 4.41 2.58 +  0.32 5.41
N orm al 3 5 652 +  33 27.6 +  1.53 4.23 2.20 +  0.19 5.30

50 462 +  29 25.4 +  2.61 5.49 1.65 +  0.11 5.63
500 205 +  12 12.5 +  1.67 6.09 1.53 +  0.13 7.92

* In itia l w eight: 150.5 +  5.68 m g/inoculum

Table 2

Effect o f  A O  on nucleic acid content and on incorporation o f 32P  into nucleic acids 
o f normal and tumorous cultures

Age of AO 
Genotype cult. cone., 

(week) fiM.

^g/culture cpm///g RNA/DNA

DNA RNA DNA RNA m s cpm

0 7 4 + 3 1178 +  129 15.92
5 8 0 + 2 1094 +  77 — 13.67 —

2 50 9 9 + 3 1046 +  101 — 10.56 —

s  500
ои

7 0 + 2 568 +  35 — 8.11 —

ё  о 283 +  25 1773 +  89 123.3 +  11.4 404.0 +  54 6.26 3.27
3 5 247 +  16 1862 +  92 141.2 +  15.1 540.3 +  58 7.53 3.82

50 287 +  18 1898 +  129 174.9 +  19.3 552.6 +  22 6.61 3.16
500 146 +  13 923 +  60 126.7 +  18.0 478.1 +  28 6.32 3.77

0 51 + 7 447 + 120 23.6 + 4.3 212.3 +  24 8.76 9.02
N orm al 3 5 34 + 4 415 + 81 25.5 + 2.5 203.9 +  14 12.20 7.99

50 24 + 5 293 + 83 31.1 + 4.5 178.4 +  14 12.20 5.74
500 19 + 1 193 + 65 25.9 + 5.4 105.2 +  11 10.15 4.06
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Table 3

Effect o f  A O  on I A A  oxidase and amylase enzyme activity o f  normal 
and tumorous tissue cultures

Genotype
Age of 
tissues 
(week)

AO
cone.,
juM

Enzyme activities

IAAO Amylase

EU/cuIture EU/mg
prot. EU/culture EU/mg

prot.

0 66.5 + 9.2 10.57
2 5 — — 62.0 + 9.1 10.87

50 — — 52.7 + 8.1 8.81
toa 500 — — 31.1 + 5.1 7.18

5 0 39.3 +  7.3 4.43 267.3 +  26.6 30.10
3 5 47.0 +  8.0 4.70 322.0 +  19.3 32.10

50 33.3 +  7.5 3.28 325.3 +  21.9 32.11
500 22.1 +  3.4 3.38 159.7 +  10.3 24.45

0 9.9 +  2.5 3.83 T* T
N orm al 3 5 12.2 +  2.7 5.54 T T

50 12.7 +  3.3 7.69 T T
500 2.3 +  0.4 1.50 T T

T* =  traces

R ed u ctio n  of ra tio  o f  R N A  to DN A  in 2-w eek-old  tu m orous cu ltu res  is m ain ly  due to  
decrease of R N A  sy n th esis. T his ra tio  p ra c tic a lly  unchanged  in  th e  3-week-old cu ltu res . 
In  th e  no rm al cu ltu res th e  ra tio  of R N A  to D N A  is m ain ly  reduced due to  inh ib itio n  of R N A  
syn thesis (T able 2).

A lpha am ylase  enzym e a c tiv ity  is p re se n t in trac es  in  th e  no rm al cu ltu res . A c tiv ity  of 
th is  enzym e is in h ib ited  b y  th e  AO  t re a tm e n ts  in 2-week-old tu m o ro u s tissues (Table 3). 
A lpha  am ylase  a c tiv ity  o f 3-week-old cu ltu res is s tim u la ted  by  5 an d  50 /гМ AO and  it is 
in h ib ited  by  500 //M tre a tm e n t.

IA A O  enzym e a c t iv ity  of tum orous tissu es was s tim u la ted  by  5 f i M  AO while o th e r 
co n cen tra tio n s were in h ib ito ry  (Table 3). In  th e  n o rm al cu ltu res b o th  5 an d  50 //M AO con­
cen tra tio n s  increased  IA A O  a c tiv ity  (w ith  a m ax im u m  a t 50 //M). 500 //M AO was in h ib ito ry  
for th e  enzym e a c tiv ity  (T able  3). There is a c o rre la tio n  betw een fresh  w eigh t g ro w th  and 
LAAO a c tiv ity  of cu ltu res  (see Tables 1 an d  3). A high IAAO a c tiv ity  is accom panied  by 
in h ib itio n  of g row th  an d  v ice  versa.

D iscussion

The exp er im en ts  presented in th is  pap e r  ind ica te  t h a t  effects o f  AO 
t re a tm e n ts  on g ro w th  characteris tics  o f  th e  tissue cu ltu res  depend on the ir  
geno type  (genotype-A O  in terac tion). T h e  horm one d ep en d en t  norm al callus 
cu ltu res  have higher sensitiv ity  ag a in s t  AO th a n  th e  horm one in d ep en d en t
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genetic  tu m o ro u s  cu ltu res hav in g  high o rgan  form ing c a p ac ity . AO in h ib its  
g row th  ch a rac te ris tic s  of no rm al cu ltu re s  m uch  more th a n  th o se  o f th e  tu m o ro u s  
ones. The recessive sen sitiv ity  of th e  n o rm a l glauca genom e is no t m an ifested  
in  th e  tu m o ro u s h y b rid  cells.

G row th  and  m orphogenesis o f tissu e  cu ltu res are reg u la ted  by  th e  IA A  
ox idase  enzym e system  ( K o v á c s  1977, 1979a, b, M e h t a  1980). IA A O  a c tiv ity  
o f  th e  tu m o ro u s tissues is ra th e r  in h ib ite d  b y  AO tre a tm e n t lead ing  to  g ro w th  
s tim u la tio n . In  th e  norm al tissues AO increases the IA A O  a c tiv ity  ex p la in in g  
th e ir  decreased  grow th . At th e  sam e tim e  am ylase enzym e a c tiv ity  is s t im ­
u la te d  by  AO in  th e  tum o ro u s c u ltu re s  (excep t o f 2-w eek old tissues). T h e  
ex p erim en ts  p resen ted  suggest a d iffe ren tia l tran sc rip tio n  o f th e  genes cod ing  
th e se  enzym es reg u la ted  by AO tre a tm e n ts .

Changes o f p ro te in  and  R N A  c o n te n t in  the  AO tre a te d  n o rm al and  
tu m o ro u s  cu ltu res  are sim ilar (cf. T ab les  1, 2) suggesting  no tr a n s la tio n  is 
a ffec ted  by  AO. A ccording to  th e  d a ta  p resen ted  AO tre a tm e n t can  ra th e r  
in flu en ce  processes of tra n sc rip tio n . T h is conclusion is also p roved  b y  th e  
d iffe ren tia l effect of AO on R N A  sy n th es is  o f norm al and  tu m o ro u s  tissues. 
D N A  syn thesis  o f b o th  cu ltu res is s lig h tly  in fluenced  b y  AO. T he R N A  s y n ­
th es is  is in h ib ited  b y  the  dye, only  in  th e  no rm al cu ltu res.

On th e  basis o f in te rca la tin g  an d  b in d in g  ab ility  of AO to  D N A  ( S c h r e i ­

b e r  and D a n n e  1974, N a s i m  and  B r y c h c y  1979) the  dye can  d irec tly  in f lu ­
ence th e  d iffe ren tia l tran sc rip tio n  o f genes coding specific p ro te in s  o f m o rp h o ­
genesis by  its d ifferen t a ffin ity  to  specific  D N A  regions. On th e  o th e r h an d , 
AO can  in h ib it R N A  polym erases ( M a t t i c k  and  N a g l e y  1977).

A ccording to  T ab le  2 the  effect o f AO tre a tm e n ts  on R N A  level dep en d s 
on D N A  co n te n t o f tissues suggesting  th e  im p o rtan ce  of d irec t b ind ing  o f AO 
to  DNA in reg u la tio n  of tra n sc rip tio n . H ow ever, the d iffe ren tia l effect o f  AO 
on IA A O  and  am ylase  level o f cells m ay  em phasize role o f re g u la tio n  o f selec­
tiv e  tra n sc r ip tio n  b y  RN A  polym erases h av in g  different a f f in ity  to  AO. T he 
m u ltip le  form s o f D N A -dependen t R N A  polym erases o f e u k a ry o tic  cells 
( T r a v e r s  1976, W a r n e r  and  V e r s t e e g h  1974) m ay h av e  d iffe ren t t r a n s ­
c rip tio n a l sp ec ific ity  and ac tiv ity .

T he s tro n g  in h ib ito ry  effect of 500 pM  AO is due to  in h ib itio n  o f t r a n s ­
c rip tio n  invo lv ing  b ind ing  of th e  dye to  D N A  and to R N A  po lym erases, re s ­
p ec tiv e ly . E ffec ts  o f th e  lower AO co n c e n tra tio n s  on th e  c id tu re s  are m a in ly  
m ed ia ted  by  ho rm o n al (endogenous IA A ) influences (cf. re la tio n sh ip  b e tw een  
IA A O  a c tiv ity  an d  fresh w eight g row th ). T h u s, AO affects selective t r a n s ­
c rip tio n  of genes coding IAA oxidase enzym e system  b ring ing  a b o u t changes 
in  a m o u n t of endogenous IAA o f cells. T he g row th , m orphogenetic  processes 
and  level of som e enzym es of th e  cu ltu re s  are  influenced  b y  th e  d irec t effect 
o f  AO on tra n sc r ip tio n  and also b y  th e  changed  endogenous horm one level 
in fluencing  th e  tra n sc rip tio n  of th e  specific  genes, too. T he geno type-A O
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in te ra c tio n  is based  on  d iffe ren t DNA c o n te n t o f n o rm a l an d  tum orous cells. 
T ran sc rip tio n  of genes d ep en d s on ra tio  o f  AO to  D N A  (i.e. on free te m p la te  
surface).
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GROWTH RESPONSE OF PLANT CALLUS TISSUE 
TO TOXIC HEAVY METAL COMPOUNDS AND -IONS 

CONTAMINATING THE ENVIRONMENT

M. M a r ó t i  a n d  J .  B o g n á r

D E P A R T M E N T  O F  P L A N T  T I S S U E  D E V E L O P M E N T ,  E Ö T V Ö S  L O R Á N D  U N I V E R S I T Y ,  GÖ D ,  H U N G A R Y

(Received: 10 S ep tem b er, 1983)

Secondary  tobacco (N icotiana tabacum  L .) callus tissues were te s te d  fo r  th e  
effect of m ore freq u e n tly  occurring to x ic  h eav y  m eta l com pounds co n ta m in a tin g  th e  
en v iro n m en t. T h e  com pounds and th e i r  b iv a le n t ca tions, resp ec tiv e ly , included  in  th e  
exp erim en t w ere: cadm ium  (Cd), c o p p e r  (Cu), m ercu ry  (H g), nickel (N i), lead  (P b), 
zinc (Zn). T he concen tra tions used w ere : 10“ 4-1 0 ~ 6, ex cep t m ercu ry  of w hich th e y  
w ere 10-5—10~ 7 M .  T he callus tissues w e re  in cu b a ted  on  M u r a s h i g e  and  S k o o g  (1962) 
cu ltu re  m edium  fo r 4 weeks. The h o rm o n e  su p p lem en ts o f th e  cu ltu re  m ed iu m  w ere: 
IE S , K in  and  G A 3. In cubation  took  p lac e  a t  25 ( +  2 )°C , in 16-hour ligh t an d  8-hour 
d a rk  periods u n d e r  an  illum ination  o f  120 W /m 2. To con tro l th e  effect o f th e  m eta l 
ions th e  fresh  w e ig h t and percen tage d ry m a tte r  co n te n t o f th e  tissues were m easu red , 
a n d  th e  n u m b er o f  cells per u n it w e ig h t (g) counted .

As show n b y  th e  d a ta  of a n a ly se s  th e  h eavy  m eta l com pounds te s te d  — w ith  
th e  excep tion  o f Cd — inhibited th e  increase  of fresh  w eigh t in th e  iso la ted  callus 
tis su e  of tobacco  even a t  the low est c o n c e n tra tio n  used  (10~ i!- 1 0 -7 M; as for th e  m eta l: 
0 .02-0 .2  mg/1). T h e  ra te  of in h ib itio n  grew  w ith  th e  increase  o f c o n cen tra tio n ; th e  
h ig h est c o n ce n tra tio n s  even caused lo ss  o f w a te r o r le th a lity  to  th e  cells. W ith  an  
increase  in th e  concen tra tions the  p e rc e n ta g e  d ry m a tte r  c o n ten t of th e  tissues grew , 
an d  its  g row th  show ed th e  opposite te n d e n c y  to  th e  increase  of fresh  w eight. T his m ay  
be  re la ted  w ith  th e  low w ater- a n d  cy to p lasm -, and  re la tiv e ly  high w a ll-m ate ria l 
co n te n ts  of cells. T h e  num ber of cells in  a  u n it  w eigh t (g) o f callus tissue  generally  
grew  w ith  th e  increasing  co n cen tra tio n s  o f com pounds in  com parison  to th e  con tro l, 
w h ich  suggests th e  inh ib ition  of th e  e x p a n s io n  of cells. T he m eta l com pounds te s te d  in 
ou r ex p erim en ts in h ib ited  the g ro w th  o f  th e  iso lated  p la n t  tissues even  a t  re la tiv e ly  
low  co n cen tra tio n s , an d  their toxic e ffe c ts  c o n trib u te  new  d a ta  to  confirm ing th e  dan g er 
o f en v iro n m en t con tam ination .

Introduction

O ur en v iro n m en t is being increas in g ly  c o n tam in a ted  by  th e  h eav y  m eta l scraps 
( D ä s s l e r  1979, K o v á c s  1975). Some of th e m  — even a t  v e ry  low co n cen tra tio n s — m ay  
have a to x ic  effect on th e  cells of p lan ts t h a t  se rv e  for h u m an  or an im al food, an d  w hen ac­
c u m u la te d  on the  h u m an  organism  as well ( K o v á c s  1981, P a i s  e t al. 1977). T he d is tr ib u tio n , 
co n ce n tra tio n  and to x ic  effect of sc rap -m e ta ls  p re sen t in  th e  soil or a ir have  so fa r  been 
exam in ed  m ain ly  from  th e  p o in t of view of u p ta k e  b y  h igher p lan ts  an d  accu m u la tio n  in  th e ir  
o rgans ( W a l l a c e  et al. 1977a, 19776, 1977c). Som e sporadic  d a ta  concerning th e  le th a l effects 
on p la n ts  o f certa in  h eav y  m eta l ions are also av a ilab le  ( B o n a l y  e t al. 1980, D i j k s h o o r n  et al. 
1979, F i l i p p i s  et al. 1981, W a l l a c e  et al. 1977a, 19776). H ow ever, if  th e ir  to x ic  (g row th  
in h ib ito ry , necrotic , le th a l)  action  m echanism s are  to be b e tte r  u n d ersto o d , a closer analysis 
o f th e  lesions of tissues com posing the p la n t o rg a n s  seems to  be necessary . T hus, to  de te rm in e  
th e  lim it o f to lerance show n by the cells to  h e a v y  m eta l com pounds we carried  o u t infor-
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m a to ry  experim ents w ith  th o se  m eta l ions know n fo r to x ic ity  as m ost f req u e n tly  occurring  in 
th e  su rroundings of p la n ts , w ith  co ncen tra tion  series o f cadm ium  (Cd)-, copper (Cu)-, m ercu ry  
(H g)-, nickel (Ni)-, lead  (P b )-  and zinc (Z n)-com pounds. F o r th e  d e te rm in a tio n  of th e  lim it o f 
to le ran ce  of cells iso la ted  to b acco  callus tissue  w as used on th e  basis o f earlie r ex p erim en ts 
( M a r ó t i  and  B o g n á r  1980, M a r ó t i  et al. 1981, M a r ó t i  et al. 1983, T ó t h  and  M a r ó t i  1979).

Material anti method

T he heavy m eta ls  in d ica ted  were p laced  in  th e  M u r a s h i g e  and S k o o g  (1962) cu ltu re  
m ed iu m  in  the  form  o f th e  following co m pounds: C d(CH 3COO)2 • 2 H 20 ,  C uSO , • 5 H 20 ,  
H gC l2, N iSO , • 7 H „ 0 . Pb(N O „)„, ZnSO , • 7 H .,0 . T he co n cen tra tio n s used  ran g ed  be tw een  
1 0 - J a n d  1 0 - J M.

A p a rt from  th e  m in e ra l m acroelem ents th e  basic cu ltu re  m ed ium  only con ta ined  
Z n S O , • 7 H ,0  (8.6 mg/1) a n d  CuSO, • 5 H 20  (0.025 mg/1) o f all th e  m eta l ions to  be te s te d , 
a n d  w as com pleted w ith  2.0 m g glycine, 0.1 m g th iam ine-H C l. 0.5 mg n ico tin ic  acid am ide, 
0.5 m g pyridoxin-H C l, 100.0 m g inositol, 2.0 m g indole  acetic  acid (IA A ), 0.2 m g k in e tin  (K in ) 
a n d  1.0 m g gibberellic acid  (GA) per litre . T h e  co n cen tra tio n  of ag ar was 1 p e r cen t, th e  va lue  
o f p H  5.7 before a u to c lav in g  (a t  112 °C for 30 m in).

T he effect exercised  o n  th e  tissues b y  th e  h e av y  m eta l com pounds used  w as te s te d  on 
callu s tissues iso lated  fro m  th e  stem  of to b acco  (N icotiana tabacum  L .). T he cu ltu res  w ere 
seco n d ary  cultures o f s te a d y  g row th , iso la ted  several decades earlie r, consisting  of unorgan ized  
cell popu lations. In  f la sk s  con ta in ing  25 m l cu ltu re  m edium  tissue  inocula 200 mg for 
each  — were p laced  a n d  in cu b a ted  for fo u r w eeks. T he cu ltu res  grew  a t  a te m p e ra tu re  o f 
25 ( +  2) °C, under i llu m in a tio n  conditions o f 16-hour lig h t and  8-hour d a rk  period . I llu m in a tio n  
w as supp lied  w ith  O rion  20 W  F.7 D ay ligh t an d  T u n g sram  20 W  F.30 W h ite  ty p e  flu o rescen t 
la m p s  (120 W /m 2).

T he m easured  d a ta  o f  th e  v a rian ts  are averages o f 10 tissue  sam ples (flasks) pe r each, 
fo r w hich  th e  d ev ia tio n  w as also determ ined . To check up on th e  effects o f th e  com pounds 
u se d  w e m easured th e  in it ia l  and  final fresh  w eigh ts and  percen tag e  d ry m a tte r  co n ten ts  o f 
th e  tissu es, and co u n ted  th e  n u m b er of cells in  a g u n it  w eight. W e calcu la ted  th e  da ily  ra te  
o f w e ig h t increase fo r th e  cu ltu res  and th e  so-called re la tiv e  increase, w hich  show s th e  m u lt i ­
p lic a tio n  of w eight o f th e  o rig ina l inoculum . T he cell n u m b ers  were d e te rm in ed  b y  m eans o f 
a B iirk e r cham ber a f te r  th e  tissues had been m acera ted  in chrom ic acid (shaken  in 4 %  chrom ic 
ac id  a t  70 °C for 2 15 m in u te s )  (T homas an d  D a v e y  1975). T he m easu red  an d  calcu la ted  d a ta  
h a v e  been  tab u la te d  a n d  expressed  as percen tag es to  th e  contro l.

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

F or th e  tech n ica l a ss is tan ce  given in  th e  ex p erim en ts  th a n k s  are  d u e  to  Miss E rzséb e t 
L É H ,  Mrs. Is tv á n  K i r á l y  a n d  Mrs. G ábor H a l m a i  assis tan ts .

Results and discussion

The resu lts o f  ex p erim en ts  are sum m arized  in T ables 1 to  6, while th e  
w e ig h ts  and cell n u m b e rs  re la tive  to  th e  con tro l are show n in Figs 1 to  6.

As to  the effect exercised on th e  callus tissue of tobacco  th e  six m eta l 
ions te s ted  have th e  com m on fea tu re  th a t  each o f th em  acts  f ir s t  o f all on th e  
increase  of fresh w e ig h t, th e  percen tage  d ry m a tte r  co n ten t and  th e  n u m b er of 
cells as a function  o f  co n cen tra tio n . I t  w as also a general o b se rv a tio n  th a t  
w ith  an  increase in  th e  con cen tra tio n s o f th e  m eta l ions th e  fresh  w eights o f  
th e  tissues decreased , w hile th e  p e rcen tag e  d ry m a tte r  co n ten ts  and  th e  nu m -
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Table 1

E ffect o f  cadmium on the growth o f  tobacco callus tissue

Hormones, Cd(CH3COO)2,
mg/l

Fresh weight Dry weight Number of cells Daily weight increase
Relative
growth

g /'flask % of
control % % of

control 10’Xn/g % “f
control mg % of

control

26.6 X 0.150 3 1.28 203 3758 168
io-1 +  s 0.030 0.09 359
13.3 X 1.133 24 0.76 120 2620 117 33.32 21 4.66

5 X 10-5 +  s 0.375 0.01 275
IA A  2.0 2.6 X 8.824 191 0.54 86 2720 121 347.39 220 48.63
K in  0.2 lO -5 +  s 3.324 0.03 180
G A 3 1.0 1.3 X 8.991 195 0.53 84 2470 110 313.96 199 43.95

5 X 10 -« +  s 3.070 0.12 259
0.26 X 8.677 187 0.57 90 2754 123 302.75 192 42.38

10-« +  s 3.980 0.04 205
Control X 4.618 100 0.63 100 2238 100 157.78 100 22.09

+  s 1.176 0.10 284

Table 2

E ffec t o f  copper on the growth o f  tobacco callus tissue

Hormones,
mg/l

CuS04,
mg/l

M

Fresh weight Dry ’weight Number of cells Daily weight increase
Relative
growthg/flask % of

control % % of
control 10sXn/g % of 

control mg % of 
control

24.9 X 0.114 2 0.91 147 4130 185
i o - 1 +  s 0.013 0.08 41
12.4 X 0.150 3 1.02 162 3419 153 — — —

5 X 10“ 5 +  s 0.022 0.07 33
IAA 2.0 2.5 X 3.667 79 0.66 105 3215 144 123.82 78 17.33
Kin 0.2 1 0 5 +  S 0.630 0.01 25
G A 3 1.0 1.2 X 3.796 82 0.57 90 2319 104 128.42 81 17.98

5 x 1 0 -« +  s 0.632 0.04 15
0.25 X 4.390 95 0.63 100 2239 100 149.64 95 20.95

i o - « H-S 0.942 0.06 9
Control X 4.618 100 0.63 100 2238 100 157.78 100 22.09

+  s 1.176 0.10 284

Q  Fresh weight Dry weight Q  Number of cells

Fig. 1. E ffec ts of various con cen tra tio n s o f cad m iu m  a ce ta te  and  cadm ium  ion, resp ec tiv e ly , 
on to b acco  callus tissues, as a  p e rcen tag e  to  th e  contro l
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b er o f  cells per u n it w eigh t (g) in creased . O n th e  basis of fresh w eigh t analyses 
th e  six  com pounds te s te d  can be p laced  in  th ree  groups. In  th e  f irs t group 
only  th e  high co n cen tra tio n s  — of cad m iu m  e.g. —  in h ib it th e  w eight increase, 
th e  low er ones s tim u la te  it  (Table 1, F ig . 1). T he second group inc ludes tho se  
h ea v y  m eta ls  w hich a t  h igh co n cen tra tio n s  no t only  in h ib it th e  w eigh t increase 
h u t m ay  even cause le th a lity , while w hen  p resen t in  sm all am o u n ts  th e  fresh 
w e ig h t o f th e  callus m ay  he n early  eq u a l to  th a t  o f th e  con tro l. Such are th e  
co p p e r, th e  m ercu ry , th e  nickel (T ables 2 to  4, Figs 2 to  4). T he th ird  g roup  
—  lead  and  zinc in h ib its  a t all c o n c e n tra tio n s  used th e  g row th  o f tissu e  th a t  
reach es 25 p er cen t o f  th a t  in  th e  c o n tro l a t  th e  m ost (Tables 5, 6, F igs 5, 6).

Table 3

E ffect o f  mercury on the growth o f  tobacco callus tissue

HgCL,
ing/l
M

Fresh weight Dry weight Number of cells Daily weight increase
Hormones,

mg/1 g/flask % of 
control

% of 0/  /0 ̂  - 
/0 control lO’Xn/g °0 of

control mg ,
О/ o f
/0 01 

control

Relative
growth

2.70 X 0.099 2 1.04 165 2127 95 _
10-5 +  S 0.011 0.51 92

1.35 X 1.469 31 0.83 131 2376 106 45.32 29 6.34
5 x l 0 - 6 +  S 0.565 0.11 60

IA A 2.0 0.27 X 1.654 36 0.85 135 2509 112 51.92 33 7.27
Kin 0.2 10 6 +  s 0.036 0.12 195
G A 3 1.0 0.13 X 1.845 40 0.40 63 2415 108 58.75 37 8.42

5 X  IO -7 +  s 0.725 0.20 794
0.03 X 3.165 68 0.57 90 2656 119 105.89 67 14.82

10“ 7 +  s 1.089 0.01 1207
Control X 4.618 100 0.63 100 2238 100 157.78 100 22.09

± 8 1.176 0.10 284

E ffect o f  nickel on

Table 4

the growth o f  tobacco callus tissue

Hormones,
mg/1

NiS04,
mg/1

M

Fresh weight Dry Vweight Number of cells Daily weight increase
Relative
growth

g/flask % of 
control %

% of 
control KFXn/g % of 

control mg % of 
control

28.0 X 0.153 3 0.89 141 2508 112 _
IO -4 +  s 0.008 0.03 2
14.0 X 0.195 4 0.96 152 2451 109 — — —

5 x 1 0 - 5 +  s 0.031 0.30 2
IAA 2.0 2.8 X 0.346 7 1.08 158 2726 122 5.21 3 0.73
K in 0.2 10-5 +  s 0.109 0.05 11
G A 3 1.0 1.4 X 1.244 27 0.83 131 2220 99 37.28 24 5.22

5 X lO“ 6 +  s 0.549 0.02 2
0.28 X 4.297 93 0.65 103 2824 126 146.32 93 20.48

10 5 +  s 1.168 0.24 2
Control X 4.618 100 0.63 100 2238 100 157.78 100 22.09

+  s 1.176 0.10 284
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Fresh weight ^  Dry weight □  Number of cells

F ig. 2. E ffects o f  v a rio u s concen tra tions o f  co p p er su lp h a te  an d  copper ion, re sp ec tiv e ly , on  
tobacco callus tis su e s , as a  percen tage  to  th e  contro l

T able  5

Effect o f lead on the growth o f  tobacco callus tissue

Pb(N02)2,
mg/1

M

Fresh weight Dry ■weight Number of cells Daily weight: increase
Hormones,

mg/l g/flask
О/ nf /0 01 

control 0//0
% of 

control 103x  n/g % of 
control mg % of

control

Relative
growth

29.9
10“ 4

X  

+  S

0.269
0.038

6 1.10
0.65

174 3469
49

155 2.46 2 0.34

14.5
5 X lO - 5

X

- f s
0.591
0.104

13 0.85
0.05

135 2752
26

123 13.96 9 1.95

IA A  2.0 
K in  0.2

2.9
lO“ 5

X

+  s
1.062
0.220

23 0.80
0.08

127 2354
16

105 30.78 19 4.31

G A 3 1.0 1.45
5 x l 0 - 6

X  

+  S
1.146
0.752

25 0.72
0.08

114 2692
20

120 33.78 21 4.73

0.29
lO“ 6

X  

+  S
1.146
0.036

25 0.66
0.05

104 2683
13

119 33.78 21 4.73

Control X

± s
4.618
1.176

100 0.63
0.10

100 2238
284

100 157.78 100 22.09

T ab le  6

E ffect o f  zinc on the growth o f  tobacco callus tissue

Hormones,
mg/l

ZnS04,
mg/i
M

Fresh weight Dry weight Number of cells Daily weight increase
Relative
growthg/flask % of 

control % % of
control 103Xn/g

% of
control mg % of 

control

28.7 X 0.616 13 1.00 158 2210 99 14.85 9 2.08
lO -4 +  s 0.200 0.08 21
14.3 X 0.888 20 0.90 142 2193 98 24.28 15 3.40

5 XIO - 5 +  S 0.121 0.01 12
IA A  2.0 2.8 X 0.782 17 1.04 165 2483 111 20.78 13 2.91
K in  0.2 lO '5 +  s 0.289 0.05 6
G A 3 1.0 1.41 X 0.897 19 0.86 136 3004 134 24.89 16 3.48

5 X 10” 6 +  S 0.269 0.12 88
0.28 X 1.163 25 0.73 115 2710 121 34.39 22 4.81

10-° +  S 0.574 0.38 13
Control X 4.618 100 0.63 100 2238 100 157.78 100 22.09

+  s 1.176 0.10 284
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E x am in a tio n  fo r d ry  w eight rev ea led  th a t  th e  cadm ium , copper and 
m e rc u ry  increased th e  p e rcen tag e  of d ry  w eight (by  5-103 per cen t) only w hen 
p re se n t a t higher c o n c e n tra tio n s  (1 0 _4-1 0 ~ e M) (Tables 1 to  3, Figs 1 to  3), 
w hile th e  nickel, lead  a n d  zinc increased  it  a t  every  co n cen tra tio n  used (by 
3 -7 4  p e r cent) (T ables 4 to  6, Figs 4 to  6).

□  Fresh weight □  Dry weight □  Number of cells

F ig . 3. E ffects of v a rio u s co n cen tra tio n s  o f m ercu ry  chloride  and  m ercu ry  m eta l ion, respec­
tive ly , on  to b ac co  callus tissu es, as a p e rcen tag e  to  th e  con tro l

Fresh  weight ^  Dry w eight Q  Number of cells

F ig . 4. E ffects of v a rio u s co n cen tra tio n s o f n ickel su lp h a te  an d  nickel m eta l ion, respec tive ly , 
on to b ac co  callus tissues, as a  p e rcen tag e  to  th e  con tro l

F ig . 5. E ffects of v a r io u s  co n cen tra tio n s o f lead  n i tr i te  and  lead  m eta l ion, respectively , on 
to b a c c o  callus tissues, as a p e rcen tag e  to  th e  contro l
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As seen from  th e  num ber o f  cells per g callus tissues, all com pounds 
te s te d  increased, in  general, the  cell n u m b er. T here  w ere, how ever, d ifferences 
b e tw een  th e  effects o f th e  in d iv idua l m e ta l ions, especially  at high c o n c e n tra ­
tio n s. The com pounds of Cd, Cu, P b  increased  th e  n u m b er of cells com pared  
to  th e  con tro l b y  5 5 -8 5  per cent e .g . a t a co n c e n tra tio n  of 10_4 M, w hile the

□  Fresh weight ^  Dry weight Q  Number of cells

F ig. 6. E ffec ts of v a r io u s  concentra tions o f  zinc su lp h a te  a n d  zinc m eta l ion, re sp ec tiv e ly , 
on  to b ac co  callus tissu es, as a  p e rcen tag e  to  th e  contro l

sam e co n cen tra tio n s o f  H g-, Ni- a n d  Z n-com pounds re su lted  in  a cell n u m b er 
n ea rly  equal to  th a t  o f  th e  control. T h is suggests d ifferences in  th e ir  ac tio n  in 
m echan ism  of cell d iv ision  (Tables 1 to  6, Figs 1 to  6).

A m any-sid ed  exam in ation  o f  th e  action  o f  to x ic  m etal ions c o n ta m in a t­
in g  our en vironm en t on  the p lants is to d a y  p articu lar ly  ju stified  ( D ä ssl e r

1979, K ovács 1975, P a is  1980, W a l l a c e  1977, W a llace  et al. 1977c). I t  is 
also clear, th a t  in a d d itio n  to  s tu d ie s  on th e  re la tio n  betw een  en v iro n m en t 
an d  in ta c t  p la n t, an  analysis o f th e  m echan ism  o f ac tio n  exercised b y  th e  
m ore freq u en tly  o ccu rrin g  toxic co m p o u n d s on th e  cell- and tissue s tru c tu re  
an d  m etabo lism  o f th e  p la n t is in d isp en sab le  (B o n a l y  e t al. 1980, D ijk sh o o r n  
et al. 1979, F il ip p is  e t al. 1981). W ith  th is  in  v iew  we te s ted  th e  effect of 
som e heav y  m eta l com pounds on p la n t callus tissu es  too . A ccording to  our 
experiences of sev e ra l years of an a ly ses  o f th e  ab o v e  cu ltu res u n d e r  th e  
described  cond itions th e  grow th p a ra m e te rs  o f t he co n tro l tissue cu ltu res  (fresh 
w eigh t, percen tage  d ry  w eight and cell num ber) show  rea listic  values (M aróti 
an d  B ognár  1980, Maró ti et al. 1981, 1983). T h ey  can  th erefo re  serve as a 
su itab le  basis of com p ariso n  for d e te rm in in g  th e  effects o f m etal com pounds. 
The co n cen tra tio n s o f  th e  m etal co m p o u n d s used  in  th e  ex perim en ts w ere 
chosen p a r tly  on th e  basis of th e ir a c tu a l c o n c e n tra tio n  in the  en v iro n m en t, 
p a r t ly  a fte r lite ra ry  d a ta  (D ijk sh o o r n  e t al. 1979, F il ip p is  e t al. 1981, P ais

1980, W allace  e t al. 1977c).
T he effect o f th e  m eta l com pounds te s ted  on th e  increase of fresh  w eight 

is b e s t seen from  th e  d a ta  of daily in c rea se  com pared  to  th e  contro l, an d  above
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all fro m  th e  re la tiv e  g ro w th  d a ta . In  th e  course o f 4 weeks the  w eigh t increased  
som e 22-fold  in  th e  co n tro l. C adm ium  causes g row th  in h ib itio n  or le th a lity  
on ly  a t  h igh  co n cen tra tio n s , w hile its  low er co n cen tra tio n s have  a s tim u la to ry  
effec t, as po in ted  ou t b y  a n u m b e r of au th o rs  (B o naly  et al. 1980, W e ig e l  
an d  J ä g e r  1980a). T he g row th  in h ib itio n  caused  b y  th e  o th e r m e ta l com pounds 
te s te d  (those  of Cu, H g, N i, Pb, Zn) is genera lly  confirm ed b y  th e  d a ta  of 
l i te r a tu r e  too . G row th  in h ib itio n  b y  lead  an d  zinc is o f v e ry  g re a t e x te n t, 
w hile m ercu ry  has a co nsiderab ly  in h ib ito ry  effect even a t 10-7 M (D ijk sh o o r n  
et al. 1979, N ag e t al. 1981).

T h e  percen tag e  d ry  w eigh t genera lly  show s an  increasing  ten d en cy , 
o pposed  to  the in h ib itio n  o f fresh  w eight b y  m eta l ions. T his phenom enon  
can  b e  exp la ined , in  general, w ith  th e  w a te r  loss of th e  cells a n d  th e  re la tiv e  
a c c u m u la tio n  of th e  m a te ria l o f cell-w all, as also found in ou r earlie r ex p e ri­
m e n ts  (Marôti e t al. 1981, 1983). T he n u m b e r o f cells p er u n it  w eigh t w as 
th e  la rg e s t in th e  case o f th e  low est fresh  w eigh t in  response to  a lm ost every  
c o m p o u n d  te s te d , th e re fo re  th e  in h ib itio n  o f th e  w eight increase can  supposed ly  
tra c e d  b ack  to  th e  p re v e n tio n  o f th e  ex p an sio n  ra th e r  th a n  o f th e  d iv ision  of 
cells. T h is h y po thesis  is m ore or less su p p o rte d  b y  th e  tren d  of th e  percen tage  
d ry  w e ig h t.

T h ere  are, th o u g h , d a ta  av a ilab le  on th e  ac tio n  m echan ism  o f in h ib itio n  
b y  to x ic  heav y  m eta ls , th e y  com e, how ever, m ostly  from  e x am in a tio n s  of 
in ta c t  h ig h er p la n ts  or o f alga cells. I t  is know n  e.g. th a t  o f th e  com pounds 
te s te d  Cd, H g and Zn a t  c e rta in  c o n cen tra tio n s  have a le th a l effect on th e  
cells o f  th e  alga E uglena  (F il ip p is  e t al. 1981), Cd, Cu, N i, P b  and  Zn are 
g en e ra lly  tox ic  to  p la n ts  (D ijk sh o o r n  e t al. 1979. W allace  e t al. 1977a. 
19776), N i, Pb  and  Zn h in d er th e  dev e lo p m en t of fru it (P a t e l  e t al. 1977, 
W a l l a c e  e t al. 1977a, 19776), Cd, H g and  Zn in h ib it the  d iv ision  and  m otion  
o f  cells in  Euglena  (F il ip p is  et al. 1981), Cd, Cu, H g and  Zn check  th e  a c tiv ity  
o f  n u m ero u s  enzym es (N ag e t al. 1981, W e ig e l  and  J ä g e r  1980a, 6), Cu, 
H g  a n d  Zn have a to x ic  effect on th e  sy n th es is  of deoxyribonucleic  acid in  
th e  n u c leu s (B o n a l y  e t al. 1980) an d  p re v e n t th e  fo rm ation  o f  ch lo rophy ll 
(N a g  e t al. 1981). H av in g  been  o b ta in ed  w ith  in ta c t  p lan ts  o r in  ex p erim en ts  
w ith  th e ir  cells these  d a ta  can he app lied  to  iso la ted  callus tissu e  on ly  w ith  
a p ro p e r  rev a lu a tio n . So m uch can , how ever, be estab lished  from  our ex p eri­
m e n t d a ta  th a t  th e  h eav y  m eta l com pounds used for te s tin g  —  except c a d ­
m iu m  —  in h ib ited  th e  fresh w eigh t increase o f tissues at all co n cen tra tio n s , 
an d  —  in opposition  to  i t  —  th e  p ercen tag e  d ry m a tte r  c o n te n t an d  th e  n u m ­
b e r o f  cells per u n it w eight increased , th e  biochem ical m echan ism  of w hich is 
to  be  cleared  up by  fu r th e r  in v estig a tio n s. H ow ever, the  s tim u la to ry  effect o f 
low  co n cen tra tio n s  of cadm ium  a c e ta te  c an n o t he sa tis fac to rily  in te rp re te d  
e i th e r  from  th e  re lev an t l ite ra ry  d a ta  or from  our analyses (W allace  et 
al. 1977d).
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EFFECT OF LIGHT AND TEMPERATURE 
ON LEAF MORPHOLOGY AND PRODUCTIVITY 

IN D I G I T A L I S  L A N A T A  EHRH.

J . B e r n á t h , P .  T é t é n y i , Zs . L a s s á n y i  and É . D obos

RESEARCH INSTITUTE FOR MEDICINAL PLANTS, 2011 BUDAKALÁSZ, HUNGARY

(R eceived : 8 Ju n e , 1984)

D igita lis lanata  E h rh . p la n ts  p ro p ag a ted  by  tissue cu ltu re  m eth o d  were ex am ined  
u n d e r con tro lled  conditions in C onviron E  15 and  G 30 ty p e  p h y to ch am b ers . T he 
processes o f a d a p ta tio n  u n d e r  th re e  d ifferen t lig h t in ten sitie s  — 8 klx , 16 k lx  and  
32 k lx  s im ula ting  low an d  w arm  tem p e ra ted  v eg e ta tio n  pe rio d s were s tu d ied  as 
well. T he average  a rea  of one lea f  (from  10.6 to  39.1 cm 2) an d  to ta l  lea f a rea  of in d iv id u a l 
p la n t (from  728.2 to  1145.6 cm 2) w ere increased  as a  re su lt o f co m p ensa tion  for d ecreas­
ing lig h t in te n sity . R e a rra n g em e n t o f th e  lea f  an a to m ica l s tru c tu re  (by  reducing  th e  
ra tio  o f pa lisade  p a ren ch y m a) w as th e  o th er form  of a d a p ta tio n . T he m ax im um  d ry - 
m ass w as p ro d u ced  u n d e r 32 k lx  l ig h t in te n sity  (10.6 g • p l a n t -1 ). On th e  o th e r  h a n d  
th e  lan a to s id e  C p ro d u c tio n  w as d e te rm in ed  b y  in te rac tio n  of d ry -m a tte r  a ccu m u la ­
tion  a n d  th e  change of th e  g lycoside  co n cen tra tio n : th e  m ax im u m  value (33.6 m g • 
p la n t -1 ) w as m easured  a t  16 k lx . T he air te m p e ra tu re  h ad  less effectiveness as t h a t  of 
th e  lig h t in te n s ity  — u n d e r low tem p e ra tu re  conditions b o th  of th e  d ry -m a tte r  an d  
C-glycoside p ro d u c tio n  decreased  com paring  to  th e  v a lue  o f th e  given ligh t in te n s i ty .

K eyw ords: D igitalis lanata, l ig h t e ffect, te m p e ra tu re  effect, m orphology , d ry -m a tte r  
p roduction , c ard iac  glycosides, lan a to sid e-C  co n cen tra tio n  and  p ro d u c tio n .

Introduction

D igitalis lanata  E h rh ., a m em ber o f th e  Scrophulariaceae fam ily  has been k n o w n  since 
the  early  th ir tie s  as a species co n ta in in g  card iac  glycosides (Me y e r  1973). I ts  n a tu ra l o ccu r­
rence is re s tr ic ted  to  th e  P an n o n ian  and  B alkan ic  flo ra  provinces, a n d  p ro d u c tio n  of the  le a f  
d rug  for in d u stry  becam e possible only by  cu ltiv a tio n  of th e  species. O ne of th e  m ain  ob jec tives 
ever since th e  f ir s t  growing experim en ts  h a s  been to  disclose the  in fluence of en v ironm en ta l 
factors. Balbaa  e t al. (1974) s tu d ied  th e  role of spacing, M ill etti  and  F r en g u e lli  (1975) 
the  effect of th e  n u tr ie n t  s ta tu s , B albaa  e t  al. (1971) th e  in te rac tio n  of w a te r  and  n u tr ie n t 
supply . O ther a u th o rs  tr ie d  to  clarify  th e  effec t of com plex system  of fac to rs , as e.g. N y á r á d i- 
Szabady  and  P ál  (1981) com pared  tw o ex trem e  h a b ita ts . H ow ever, s tu d ies  on th e  role of 
ligh t and  te m p e ra tu re  are re la tiv e ly  few. T h rough  o bservations in  c u ltiv a tio n  experim en ts 
(K u tia k  1977) a rriv ed  a t  th e  conclusion t h a t  an increase in  th e  n u m b er o f sunshine hours 
and  p ro p o rtio n  of UV ra d ia tio n  p ro v ed  to  be favourab le  for th e  g row th  and  developm ent of 
p lan ts. F orm anowiczowa  and  K ozlowski  (1971) d e tec ted  th e  positive  effect of ligh t t r e a t ­
m en t on germ ination . H ow ever, ex p erim en ts  to  s tu d y  th e  role of lig h t a n d  te m p e ra tu re  u n d e r 
con tro lled  cond itions hav e  n o t been  carried  o u t so far.

T hus, in o u r experim en ts  th e  o b jec tiv e  of de term in ing  th e  role o f lig h t and tem p era tu re  
w as se t u n d e r e x ac t system  of conditions. B eing close connection  b e tw een  p rim ary  and sec­
o n d ary  m etabolic  processes (B el l  an d  Ch arlw o od  1980) th e  glycoside fo rm atio n  and accum ula­
tio n  can be in te rp re te d  by  th e  change of p rim ary  processes as well.
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Materials and methods

P la n t material

T he experim en ts w ere carried  o u t w ith  th e  D igitalis lanata  E h rh . cv. ‘O xford’ grow n 
in  H u n g a ry . To ensure th e  hom o g en e ity  th e  p la n ts  a f te r  tw o years inb reed in g  w ere p ro p ag a ted  
b y  tis su e  cu ltu re  m eth o d  ( D o b o s  et al. 1982). T h e  trea tm e n ts  were s ta r te d  a f te r  tw o-w eek 
in c u b a tio n  m easuring  th e  re ac tio n  o f 90 in d iv id u a ls  in  every  lig h t v a ria tio n s .

S tandard  growth conditions

T he exp erim en t w ere se t up  in (C onviron) E  15 and  a m od ified  G 30 ty p e  p h y to ­
ch am b ers  o f C anadian  m ake . T he p la n ts  w ere g row n in a p e rlite -san d  m ix tu re  m ed ium  of 
1 : 1 ra tio . A fte r  a tw o-w eek p e rio d  of in cu b a tio n  th e  w a te r cap ac ity  o f th e  cu ltu re  m edium  
w as a d ju s te d  to  a TO p e r cen t v a lu e  o f sa tu ra tio n , m ain ta in ed  by  d is tilled  w a te r  every  tw o  or 
th re e  d ays. D uring  th e  in cu b a tio n  p eriod  th e  re la tiv e  h u m id ity  o f a ir  w as 80 p e r  cen t, th en  
su b seq u e n tly  60 per cen t in d a y tim e  and  70 p e r cen t a t  n igh t th ro u g h o u t th e  ex p erim en ts.

N u tr ie n t conditions

T he n u trie n ts  w ere supp lied  b y  K n o p  an d  H o u g l a n d  so lu tions once a week. T he doses 
o f  m a jo r e lem ents given p e r  cu ltu re  p o t w ere: 6.0 m g N , 1.2 m g P  a n d  6.3 mg K . F ro m  the  
1 4 5 th  day  th e  doses were doub led .

Tem perature conditions

D uring  th e  in cu b a tio n  p e rio d  th e  a ir  te m p e ra tu re  was k e p t s tead ily  a t  20 °C. A fter, 
low  an d  w arm  conditions w ere s im u la ted  tak in g  in to  consideration  th e  av erage  d a ta  o f 80 years 
o f  B u d a p es t and th e  v e g e ta tio n  period  of th e  species:

Warm conditions, °C Low t. conditions,
(day/night) (day/night)

1 s t-  5 th  w eek 16.0/10.0 16.0/10.0

6 th -  9 th  week 18.5/11.5 18.5/11.5
1 0 th -1 4 th  week 21.0/12.0 19.0/12.0
1 5 th -1 9 th  week 26.0/16.0 20.0/12.0
2 0 th -2 4 th  week 22.0/13.0 19.0/12.0
2 5 th -2 8 th  w eek 18.5/11.5 18.5/11.5
2 9 th - 16.0/10.0 16.0/10.0

L ig h t conditions

Ligh in te n s ity  w as p ro v id ed  un ifo rm ly  b y  General E lectric  F72T12/C W /V H O  flu o res­
c en t tu b es com pleted  w ith  in cad escen t lam p s to  11 pe r cent of th e  energy . In  th e  in cu b â t on 
p e rio d  th e  lig h t in te n s ity  w as 4 k lx . S u b seq u en tly , in a daily  14-hour rh y th m  th e  following 
lig h t  in ten sitie s  w ere app lied :

8 k lx  (in w arm  co nd ition  sy s tem )
16 klx (in w arm  and  low co n d ition  system )
32 klx (in w arm  condition  system )

M orphological and production analysis

T he g row th  of p la n ts  w as con tin u o u sly  reg is te red . The n u m b er o f lea f pe r p la n t an d  th e  
size o f lea f was m easured  a n d  a t  th e  sam e tim e  th e  anatom ical changes o f  leaves were stud ied . 
T h e  leaves were fixed  in F A A  ( J e n s e n  1962), w ashed  in  d istilled  w a te r  an d  frozen b y  a 1 : 2 
m ix tu re  o f gum -arab ic  an d  w a te r  (w ith  c a rb o n  d iox ide) on to  a  freezing  b lock . 25 g m  transverse- 
sections m ade by c ry o s ta t w ere sta in ed  b y  0.2 p e r cen t so lu tion  o f to lu id in e-b lu e . F o r  chelate  
fo rm atio n  a 1 : 1 ra tio  o f 2 p e r c e n t p o tassiu m  iodide and 2 pe r cen t p o tassiu m  ferro-cyan ide 
so lu tion  were used ( R o m h ä n y i  1968).
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A t th e  age o f 210 days lea f n u m b er pe r p la n t, av e rag e  lea f  size, leaf-, and ro o t p ro d u c ­
tion  and C-glycoside c o n te n t w ere m easured . The g lycoside  c o n te n t was m easured  by  using  th e  
m odified m eth o d s of S z i l á g y i  et al. (1977) and H o r v á t h  (1982).

Results

Morphological observations

E v en  in  th e  in itia l phase o f g ro w th  visible m orpho log ical d iffe ren tia tio n  occurred  as an  
effect of d iffe ren t lig h t in ten sitie s  an d  tem p era tu res . In  h igh  lig h t in te n s ity  and  a t  low te m ­
p e ra tu re  too , c h a ra c te ris tica lly  sm all leaves were fo rm ed , w hile a t  low  lig h t in te n sity  th in  
and large leaves developed  (T able 1).

The d a ta  o f m ean  len g th  of leaves and changes o f lea f  a rea  show  th a t  u n d e r poor i llu m in a ­
tions (8 klx) th e  p lan t trie s to  com pensa te  the  defic iency  of lig h t by  increasing  its  assim ila­
tio n  surface. T his fa c t is show n by  average area of one le a f  g row n nearly  fourfold (from  10.6 
to 39.1 cm2) u n d e r 8 k lx  illu m in a tio n . T he te m p e ra tu re  so m ew hat m odifies th is process, 
slightly  decreasing  lea f  a rea  o f th e  given ligh t in ten sity . T h e  to ta l  lea f  a rea  o f one p lan t changes 
in an analogous m an n er.

P arallel w ith  th e  increase  o f th e  leaf area th e  th in n in g  o f th e  leaf-b lade occurred . T he 
472 //m  th ickness o f th e  leaf-b lade  m easured  a t 32 k lx  is red u ced  to  385 /m i a t  16 k lx  and  to  
338 fim  a t 8 klx. T he cold te m p e ra tu re  p rogram  seem s to  p lay  a seco n d ary  role in th is re sp ec t, 
too. The change of th ick n ess is connected  w ith  a n a to m ic a l m od ifications, as it can be seen 
in  Fig. 1. In  th e  case of h igh lig h t in tensities th e  pa lisad e  p a ren ch y m a , while a t  low ligh t 
in ten sity  th e  spongy  p a ren ch y m a  is d o m inan t. The ra tio  o f tw o  p a ren ch y m a  u n d e r defic ien t 
light condition  is 0.44, while a t  32 k lx  in ten sity  3.57.

D ry-matter production

The ligh t an d  te m p e ra tu re  dependence of d ry -m a tte r  p ro d u c tio n  is clearly  in d ica ted  by  
th e  average n u m b er o f lea f per p la n t (Fig. 2). The la rg es t n u m b er o f leaves developed a t h igh 
32 klx ligh t in te n s ity  — tw ice as m an y  as w ith  an  illu m in a tio n  of 8 k lx . T here  w ere no con­
siderable differences in resp ec t o f tem p era tu re .

Table 1

Effect o f  light and temperature on morphology and anatom y o f  D igitalis lanata leaves

Treatment

Morphology Transverse section of leaves

Mean length 
of leaves 

(cm)

Surface of 
one leaf

Leaf surface 
of one plant

Thickness
Ratio of pal.

and spon. 
parenchyma

palisade spongy total

(cm') (//m)

“ W arm  tem p era tu re
8 klx 24.2 39.1 1145.6 76 174 338 0.44

16 klx 20.2 15.0 783.0 189 138 385 1.37
32 klx 16.9 10.6 728.2 243 68 472 3.57

“ Low tem p era tu re”
16 klx 16.3 13.3 728.8 212 139 399 1.52

S D ,, ./ . 1.2 7.9 10.7 24 13 21 0.62
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F ig . 1. A , transverse  sec tio n  of th e  lea f b lad e  a ffec ted  by  low (8 klx) illu m in a tio n . T he presence 
of th e  spongy  p a ren ch y m a (s) is d o m in a n t. T he ra tio  of palisade p a ren c h y m a  (p ) rem ained  
below  zero . B, tran sv erse  section  of leaf b lad e  grow n u n d e r h igh  (32 k lx ) illu m in a tio n . The 
th ic k n e ss  o f th e  leaf is in creased  by  a b o u t 30 pe r cen t and th e  fo rm a tio n  of a  ch arac te ris tic  
p a lisa d e  (p) layer is p re v a le n t. The m ean  ra tio  value of pa lisade-spongy  p a re n c h y m a  is as

m u ch  as 3.57

T he to ta l p lan t p ro d u c tio n : th e  a m o u n ts  of leaf and roo t and  th e ir  ra tio  show  a ch ar­
a c te r is tic  tren d  (Fig. 3). A t low ligh t in te n s ity  (8 klx) tw o -th ird  of th e  to ta l  a m o u n t of dry- 
m a t te r  accum ulates in th e  leaves. A t th e  m ed iu m  ligh t in ten sity  th e  d ry -m a tte r  p roduction  
of th e  ro o t exceeds even  in  abso lu te  va lue  th a t  o f th e  leaf. A t 32 k lx  illu m in a tio n  p roduction  
a n d  ra tio  of root increases fu r th e r  on.

According to th e  re su lts  (T able 2) 7.1 g d ry -m a tte r  could be p ro d u ced  b y  one p la n t a t 
8 k lx , w hich increases to  9.3 g a t 16 klx an d  to  10.6 g a t 32 klx in te n sity . T he in ten sifica tio n  
of p r im a ry  processes is also show n by th e  fa c t th a t  th e  d ry -m a tte r , p h o to sy n th e tize d  by  a 
u n i t  le a f  area, grows m ore th a n  tw ofold para lle ly . As an  effect of te m p e ra tu re  cold condition  
red u ces  p roduction  ch ara c te ris tic  of th e  given ligh t in ten sity  by  a b o u t 20 pe r cent.
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F ig. 2. C hanges o f lea f n u m b er p e r  p la n t  affected  b y  8 k lx  (a ), 16 k lx  ( ■ )  and 32 k lx  ( O )  
illum ination  a n d  b y  low  te m p e ra tu re  conditions ( □ )
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Fig. 3. C hanges o f d ry -m a tte r  p ro d u c tio n  of in d iv id u a l p lan ts  a ffec ted  by  ligh t in te n s ity  
(8 k lx , 16 k lx , 32 klx) and w arm  (W ) an d  low  (L) tem p e ra tu re  cond itions. T he ov era l d ry - 
m a tte r  p ro d u c tio n  is p ro m o ted  b y  lig h t, while th e  abso lu te  an d  re la tiv e  a m o u n t o f ro o t 

(R o o t/leaf r .)  show s an  increase  o f a h igher degree
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Table 2

Effect o f  light and temperature on dry-mass and lanatoside-C production o f  Digitalis lanata

Leaf production (plant- *) C-glycoside production (plant-1)

Treatment Number of 
leaves 
(piece)

dry wt.
(s)

dry wt. 
per surface 
(mg ■ cm- *)

Concn. 
(mg • g-1)

Total
(mg)

Calculated 
pro surface 
(mg • cm-')

“ W arm  tem p era tu re” 
8 klx 29.3 7.1 6.2 4.4 31.4 0.0271

16 klx 52.2 9.3 12.2 3.6 33.6 0.0442
32 klx 68.7 10.6 15.0 2.7 28.6 0.0404

“ Low tem p era tu re” 
16 klx 54.8 7.2 10.2 4.1 29.1 0.0414

L SD 0 13.8 2.4 4.5 — 2.3 0.0051

Glycoside production

T he lanatoside-C  c o n te n t calcu la ted  on u n it d ry -m a tte r  (glycoside co n cen tra tio n ) reaches 
its  m ax im u m  at low ligh t in te n s ity , even if  th e  d ifference is n o t s ign ifican t m atem a tica lly , 
In  responses to  low te m p e ra tu re  some increase in  th e  lana toside-C  c o n te n t can be observed , 
too . H ow ever th ere  will he considerab le  differences w hen  the  to ta l  lan a to s id e  C p ro d u c tio n  is 
e v a lu a te d . The change b y  increasing  th e  d ry -m a tte r  p ro d u c tio n  p a ra lle l to  th e  ligh t in te n s ity  
an d  a sim ultaneous low ering of th e  lana toside-C  co n cen tra tio n  could  he expressed  b y  an 
o rth o g o n al polynom ia

У  120.2 — 38.9 X  +  5.7 X 1 -  0.3

C o n sequen tly , th e  glycoside p ro d u c tio n  per p la n t has its  m ax im um  a t a b o u t a ligh t in te n s ity  
of 16 klx. T his is in d ica ted , by  th e  C-glycoside p ro d u c tio n  per u n it lea f  a rea  too , w hich reaches 
its  m ax im u m  value — 0.0442 m g • c m -2 — a t 16 klx.

D iscussion

W ith  th e  w idening know ledge ab o u t secondary  p la n t p ro d u c ts  i t  becom es 
m ore and  m ore obvious, th a t  th e  te rm  “ seco n d a ry ” , su ggesting  th e  less im p o r­
t a n t  role of these com pounds is h a rd ly  accep tab le  any  longer. The sam e opin ion  
is su p p o rted  by  th e  recen t sum m ariz ing  w ork  o f Mo th es (1980). An increasing  
n u m b e r o f evidences o f th e  ecological role o f secondary  p ro d u c ts  have  been 
found  (H a r b o r n e  1977). T hese d a ta  are  re la ted  f irs t o f all w ith  th e  a d a p ta ­
tio n  to  th e  ecosystem  (po llina tion , an im al to x ins, a lle lo p a th y , e tc .). Less 
ev idence is d iscovered  a b o u t th e  re la tio n sh ip  of p rim ary -seco n d ary  processes 
an d  ab o u t the  role o f seco n d ary  com pounds in  th e  ecological a d a p ta tio n  of 
in d iv id u a ls . So, in th e  case of D igitalis lanata  it  was n o t clear enough w hat 
d ifferences th e  p rim a ry  a d a p ta tio n  changes caused in  th e  fo rm atio n  and 
accu m u la tio n  of ca rd iac  glycosides in response  to  som e e n v iro n m en ta l effect.
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A ccording to  o u r in v estiga tions th e  ligh t in te n s i ty  (and to  a lesser e x te n t 
th e  cold and  w arm  conditions) induce  easy  to  follow  a d a p ta tio n  processes in 
th e  p rim ary  p ro d u c tio n . The p lan t tr ie s  to  co m p en sa te  for th e  low er lig h t 
in te n s ity  by  in c reas in g  its  average le a f  area , and  th e  to ta l  p h o to sy n th e tiz in g  
surface. The h igh degree of a d a p ta tio n  is in d ica ted  b y  th e  fact th a t  th e  increase  
of average lea f a rea  is fourfold and  th e  to ta l  le a f  a re a  is nearly  tw ofo ld . T he 
tissue  s tru c tu re  show s a parallel m o d ifica tio n  too.

The lea f s tru c tu re  cha rac teris tic  o f field con d itio n s develops a t  th e  16 k lx  
in te n s ity  of lig h t (P h .H g .V . 1954). T he pa lisade  p a re n c h y m a  consists o f 3 -4  
cell rows, while th e  spongy p a ren ch y m a  is o f close set isod iam etric  cells. 
This le a f  s tru c tu re  is m odified by low  lig h t in te n s itie s  in order to  m ake b e tte r  
use of th e  lig h t. T h e  leaf-b lade becom es th in n e r , th e  cells of th e  pa lisade  
p a ren ch y m a are  sq u a re  or rad ia lly  s lig h tly  e lo n g a ted , w hile those of th e  spongy  
p a ren ch y m a ta n g e n tia lly  elongate (F ig . 1).

The p rim ary  processes ch a rac te rized  by  d ry -m a tte r  accum ula tion  re flec t 
th e  above changes o f a d ap ta tio n . T h e  o th e r  w ay o f a d a p ta tio n  to  poor lig h t 
is th e  accu m u la tio n  o f th e  d ry -m a tte r  in  th e  leaf, w hile th e  ra tio  o f th e  roo t 
rem ains m uch below . H ow ever, a d a p ta tio n  to  h ig h er lig h t in te n s ity  is show n 
b y  th e  in te n s if ic a tio n  of u n it lea f a rea  p ro d u c tio n . I t  reaches its  m ax im u m  
(150 m g • c m “ 2) unam big u o u sly  a t  32 k lx .

The seco n d ary  p ro d u c tio n  ch a rac te rized  b y  th e  change of th e  lanatoside-C  
co n ten t follows a com plex  a d a p ta tio n  response. H ere  d is tin c tio n  m ust be m ade 
betw een  the  lanatoside-C  co n cen tra tio n  and  th e  to ta l  lanatoside-C  p ro d u c tio n  of 
th e  p lan t. N am ely , paralle l to  th e  increase  o f lig h t in te n s ity  th e  lanatoside-C  
co n cen tra tio n  (m g • g -1 , d ry -m a tte r)  show s a s lig h t decrease. T he to ta l 
lanatoside-C  p ro d u c tio n  is, how ever, d e te rm in ed  b y  th e  to ta l  p ro d u c tiv ity  of 
th e  p la n t too. T h e  p roduction  p eak  is m easured  a t a m edium  ligh t in te n s ity  
(16 k lx) w hen th e  in te n s ity  of d ry -m a tte r  accu m u la tio n  is fa irly  h igh , and  
th a t  o f glycoside accu m u la tio n  is s till b u t s lig h tly  reduced . In  response  to  
low a ir  te m p e ra tu re s  a decrease in  th e  to ta l  lanatoside-C  p ro duc tion  can  be 
observed  due to  th e  reduced  d ry -m a tte r  p ro d u c tio n .
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EFFECT OF THE SPECTRAL COMPOSITION 
OF LIGHT ON THE PHYTOMASS PRODUCTION 

OF LOESS-SWARD, IN RELATION 
TO THE CHLOROPHYLL CONTENT

L . E n d r é d i

TEACHERS’ TRAINING COLLEGE, DEPARTMENT FOR NATURAL SCIENCES, SZEKSZÁRD, HUNGARY

(R eceived : 1 Ju ly  1983)

The effect o f th e  sp ec tra l com position  of ligh t on th e  n e t aboveground  p h y to ­
m ass p roduction  an d  th e  ch lo rophy ll c o n te n t o f d o m in an t species in  s ta n d s  o f n a tu ra l 
com position of fo u r su b associa tions o f th e  Salvio- Festucetum  rupicolae p a nnon icum  
Zólyom i (1958) loess-sw ard  p la n t assoc ia tion  was s tud ied  in  p h o to s ta t  u n d e r con tro lled  
conditions. T hree  k in d s  of lig h t t r e a tm e n t w ere used: th e  p la n t  s ta n d s  were illu m in a ted  
b y  fluorescen t lam p s w ith  blue, red  and  com pound “ w h ite ”  ligh t, resp ec tiv e ly , of 
iden tical energy c o n te n t (60 W • m ~ 2) for 12 hours a d ay  o v er 120 days.

The abo v eg ro u n d  d ry  m a tte r  p ro d u c tio n  and  energy  co n su m p tio n  of th e  p lan ts  
sign ifican tly  v a ried  w ith  th e  sp ec tra l com position  of lig h t. In  th e  w hole period  of 
ex am in atio n  th e  h ig h es t n e t  p ro d u c tio n  was o b ta ined  in  red  lig h t (6.7032 g • d m -2) 
an d  the  lowest in  b lue  lig h t (2.3466 g • d m -2) on th e  av erag e ; w ith  p lan ts  grow n in 
com pound “ w h ite”  l ig h t th e  d ry -m a tte r  p ro d u c tio n  (m ean  v a lu e  in  120 d ays: 3.6132 
g • d m -2) was closer to  th a t  a tta in e d  in  blue ligh t. The en erg y  u tiliza tio n  re la tiv e  to  
th e  to ta l ra d ia tio n  d u rin g  th e  w hole period  of e x am in a tio n  was 3.72 pe r cen t w ith  
th e  red , 1.30 per cen t w ith  th e  blue an d  2.01 per cen t w ith  th e  com pound  “ w h ite”  ligh t.

Changes in th e  sp ec tra l com position  of lig h t did n o t cause  essentia l differences 
in  th e  average ch lo ro p h y ll c o n ten t o f th e  species. For th e  d o m in a n t species a  very  
close positive lin ea r regression  co rre la tio n  betw een the  a m o u n t o f abov eg ro u n d  p h y to ­
biom ass and its  ch lo ro p h y ll c o n te n t on d ry  w eigh t basis w as p o in ted  o u t in  each  ligh t 
trea tm e n t. O ur re su lts  p ro v e  the  dependence  of th e  p ro d u c tio n  an d  energy  u tiliza tio n  
of th e  vegeta tio n  on th e  n u m b er o f ph o to n s th a t  the  c h lo ro p h y ll m olecules a re  able 
to  absorb.

In tro d u c tio n

T he effect of th e  sp e c tra l com position  of lig h t on th e  in te n s i ty  of ca rb o n  d iox ide  
assim ila tion , the  p rim ary  o rg an ic  m a tte r  p ro d u c tio n  and  on th e  p ro d u c ts  of p h o to sy n th es is , 
resp ec tiv e ly , has so fa r b een  s tu d ied  on ly  in  c e rta in  p la n t species. R esu lts  of ex p erim en ts  
w ith  algae were published e.g . by  H a u s c h il d , N e l s o n  and  K r o t k o v  (1961. 1964). K o w a l l ik  
(1962), P ir s o n  and K o w a l l ik  (1964). M ost of th e  au th o rs  s tu d ied  th e  p h o to sy n th e tic  p ro d u c ­
tio n  of angiosperm ous p la n ts  (V o s k r e s e n s k a y a  and  G r is h in a  1959, K w a c k  and  D u n n  
1961, T r e g u n n a , K r o t k o v  an d  N e l s o n  1962, H o r v á t h  1965, S t e v e n s o n  and  D u n n  1965, 
K o l t a y  and  H o r v á t h  1967, Szá sz  1967, K a d m a n -Z a h a v i and  A l v a r e z -V e g a  1968, W a r ­
r in g t o n  and  M it c h e l l  1976, H o r v á t h , M ih a l ik  and  T a k á cs  1978, H o r v á t h  an d  M ih a l ik  
1980, an d  others). M any su m m ariz in g  e v a lu a tio n s  have also b een  p u b lished  in  th e  su b jec t, 
e.g. b y  V e e n  and M e i j e r  (1959), K l e s c h n in  (1960), N u e r n b e r g k  (1961), V o s k r e s e n s k a y a  
(1965, 1972) and H o r v á t h , M ih a l ik  and  T a k á c s  (1980). We a tte m p te d  to  find  o u t th e  effect 
of th e  sp ec tra l com position  of lig h t on th e  n e t p rim ary  p ro d u c tio n  in  s ta n d s  o f n a tu ra l  com ­
p o sitio n  of a p lan t a ssoc iation , u n d e r  con tro lled  conditions.
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W e stud ied  th e  e ffec ts  o f v a rio u s  sp ec tra l com positions on th e  ch lo rophy ll co n ten t in  
th e  d o m in a n t species, a n d  searched  fo r a co rre la tion  be tw een  th e  ch lo ro p h y ll c o n ten t and th e  
a m o u n t o f aboveground p h y to b io m a ss . T he re la tio n sh ip  be tw een  n e t p ro d u c tio n  and chloro­
p h y ll c o n te n t has been s tu d ie d  b y  a n u m b er o f a u th o rs  in  te rre s tr ia l p la n t  associations too 
[see e.g . th e  com prehensive  w ork  of F e k e t e  (1972)]. On th e  co rre la tio n  in  a loess-sw ard 

v e g e ta tio n  we too have p u b lish ed  d a ta  ( E n d r é d i  an d  H o r v á t h  1977).
T h e  ex p erim en t u n d e r  d iscussion  w as carried  o u t w ith  s tan d s  o f fo u r subassociations 

o f  a loess-sw ard  p la n t asso c ia tio n  (Salvio-Festucetum  rupicolae pa n n o n icu m  Zólyom i 1958) 
p re v io u s ly  stud ied  f irs t  in  th e  fie ld  th e n  u n d e r con tro lled  conditions, u sing  com pound “ w hite”  
l ig h t o f  120 W • m -2 en erg y  c o n te n t ( E n d r é d i  and  H o r v á t h  1976, 1977, E n d r é d i  1984). 
O f th e  re su lts  account w as g iv en  in  tw o lec tu res  ( E n d r é d i  and  H o r v á t h  1978, E n d r é d i  1981).

P re sen t pap er show s th e  t re n d  of n e t abov eg ro u n d  d ry m a tte r  p ro d u c tio n  and energy 
co n su m p tio n  in  response to  d iffe re n t lig h t tre a tm e n ts , w ith  th e  ch lo rophy ll co n ten ts  of the  
d o m in a n t  species tak e n  in to  co n sid era tio n . D a ta  on th e  p h o to sy n th e tic  p ig m en t co n ten ts  of 
th e  species wdll be given in d e ta il in  a n o th e r  paper.

M aterial and  m ethod

T he loess-sw ard su b asso c ia tio n  s tu d ied  were (Soó 1964, 1973, 1980):
1. Salvio-F estucetum  rupicolae p a n n o n icu m  Zólyom i 1958 festucetosum  rupicolae ;
2. Salvio-F estucetum  rupicolae pan n o n icu m  Zólyom i 1958 stipetosum  capillatae  Soó 1959;
3. Salvio-F estucetum  rupicolae pa n n o n icu m  Zólyom i 1958 andropogonetosum  (B oros 1953) Soó 

1959;
4. Salvio-F estucetum  rupicolae pa n n o n icu m  Zólyom i 1958 poëtosum angustifoliae  Zólyom i 1959.

T he stands come fro m  th e  loess-sw ard v eg e ta tio n  of th e  w estern  slope of N agyhegy a t  
D u n a fö ld v á r  ( E n d r é d i  a n d  H o r v á t h  1976). We cu t 2 0 x 2 0 x 2 0  cm sods o u t of th e  p lan t 
s ta n d  an d  placed th em  in a p h o to s ta t .  In  th e  p h o to s ta t  th e  daily  rh y th m  of te m p e ra tu re  was 
18—28 °C, th e  re la tiv e  h u m id ity  of a ir ran g ed  betw een  45 and  80 pe r cen t, and th e  carbon 
d io x id e  co n ten t co rresponded  to  th e  n a tu ra l c o n cen tra tio n  (0.033 p e r cen t). The am o u n t of 
w a te r  supplied  to th e  p la n ts  in th e  form  of distilled  w a te r  every  d ay  w as nearly  th e  sam e 
th ro u g h o u t th e  ex p erim en t.

T hree  kinds of lig h t t r e a tm e n t  were app lied . T he p la n t stan d s w ere illu m in a ted  w ith  
b lu e , red  and  as a contro l co m p o u n d  “ w h ite”  lig h t by  m eans of 40 W  T u n g sram  ty p e  F-b lue-, 
F -re d - an d  F33 fluo rescen t lam ps for 12 hours a d ay . T he energy  co n te n t o f th e  ligh t was the  
sam e, a b o u t 60 W • m ~ 2, w ith  all th ree  sp ec tra l com positions.

A t the  beginning of th e  e x p erim e n t th e  p la n t s ta n d s  were cu t back  to  th e  ground  level. 
I t  w as th e n  th a t  the  species co m position  and  cover of th e  v eg eta tio n  w ere estab lished . Of the  
sam p les tak en  from  each  su b asso c ia tio n  those  were p laced  in th e  p h o to s ta t  for w hich the  
species com position and  co v er wrere fo u n d  to  be p rac tica lly  th e  sam e, w h e reb y  the  possib ility  
o f co m p arin g  them  for d ry m a t te r  p ro d u c tio n  —by  th e  frac tio n  too —o b ta in e d  w ith  the  d if­
fe re n t ligh t trea tm e n ts  w as en su red .

T he effect of th e  sp e c tra l com position  of lig h t was stu d ied  in th re e  ex p erim en t series 
re p re se n tin g  the  rep lica tio n s , f i r s t  in 1978, th en  in 1981 and  1982, u n d e r p erfec tly  iden tica l 
c o n d itio n s.

T he p lan t s tan d s w ere ra ised  from  1 A pril over 120 days each  y ear. T he f irs t  sam ples 
w ere ta k e n  a fte r 60 d ays, w hile  th e  second occasion of sam pling  was a t  th e  end  of th e  experi­
m e n t period . The p lan ts  w ere  cu t on each  occasion from  h a lf  of th e  a rea  o f th e  cu ltu re  po t 
(2 d m 2). In  th e  m ate ria l o f th e  sam ples th e  liv ing  and dead  p la n t p a r ts  w ere sep ara ted ; th e  
liv in g  m ate ria l was so rted  in to  frac tio n s  o f d o m in an t or p rev a len t species a n d  of o th e r species, 
re sp ec tiv e ly . The liv ing  p a r ts  re p re se n t th e  ne t ab o veground  phy to b io m ass p ro d u c tio n , while 
th e  liv in g  and dead p la n t  p a r ts  to g e th e r  th e  n e t p h y to m ass p ro d u c tio n ; b o th  are given in 
d ry  w e ig h t ( P r é c s é n y i  1975). F o r th e  d e te rm in a tio n  of th e  am o u n t o f d ry m a tte r  th e  m ate ria l 
o f  th e  sam ples was dried  a t  80 °C to  body-balance.

F o r lack of th e  necessa ry  e q u ip m en t th ere  was no possib ility  to  d e te rm in e  th e  energy 
c o n te n t  of the  p lan t p a r ts  fo r th e  e s tim a tio n  of th e  energy  u tiliza tio n  or ecological efficiency, 
th e re fo re  d a ta  of th e  re le v a n t l i te ra tu re  were tak e n  in to  considera tion  (G o l l e y  1961, L ie t h
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Table 1

Quantitative data on aboveground drymatter production  

(g ■ d m “ 2)

Light treatments

Composition blue light red light compound light

1 2 1 2 1 2

S .-F . r. p . festucetosum rup icolae
Living p la n t p a rts :

Festuca rupicola 0.3677 1.2132 0.4357 2.1668 0.4585 2.0945
O th er species 0.2594 0.7087 0.7514 1.5498 0.1992 0.8947

N ecrotized  p lan t p a rts 0.0200 0.7300 0.0000 1.2200 0.1150 0.4100

T otal 0.6471 2.6519 1.1871 4.9366 0.7727 3.3992

S .-F . r. p . stipetosum capillatae
Living p la n t pa rts :

S tip a  capillata 0.5031 0.2365 1.2306 2.6288 0.5684 1.7640
Salvia nemorosa 0.1918 0.3868 0.4318 1.7540 0.1747 0.4936
O th er species 0.1268 0.4677 0.3621 0.6352 0.3508 0.4695

N ecrotized  p lan t p a r ts 0.0000 0.4900 0.1030 1.4600 0.1025 0.6250
T otal 0.8217 1.5810 2.1275 6.4780 1.1964 3.3521

S .-F . r. p . andropogonetosum
Living p la n t p a rts :

Bothriochloa ischaemum 0.3773 0.2315 1.6950 2.9812 0.5040 0.8286
O ther species 0.2604 0.9085 0.4461 1.0702 0.2190 0.7996

N ecrotized  p lan t p a rts 0.1050 1.2015 0.0625 3.8300 0.0950 2.2500

T otal 0.7427 2.3415 2.2036 7.8814 0.8180 3.8782

S.- F . r. p . poëtosum . angustifoliae
L iving p la n t p a rts :

Poa angustifolia 0.5835 1.0984 0.6609 3.0268 0.5193 1.9388
Achillea collina 0.2073 0.0616 0.6875 0.6048 0.3799 0.0774
O th er species 0.1952 1.0720 0.6461 2.0952 0.7077 0.7672

N ecrotized  p lan t p a r ts 0.0265 0.5800 0.0000 1.7900 0.0550 1.0400

T otal 1.0125 2.8120 1.9945 7.5168 1.6619 3.8234

A verage values of d ry m a tte r produc-
tio n 0.8060 2.3466 1.8782 6.7032 1.1123 3.6132

N ote : 1 — a fte r  60 days; 2 == afte r 120 days.

1968, M o ir  1969, P r é c s é n y i  1975, etc .). On th is  basis 1 g d ry m a tte r  of p lan t w as reg ard ed  
as eq u iv a len t to  17580 J  energy.

T he ch lo rophy ll c o n cen tra tio n  was de te rm in ed  in  those  species o f each subassocia tion  
which h ad  th e  la rg est sh a re  from  th e  aboveground  phy to b io m ass. T h ey  were (Soó 1968, 1970, 
1973, 1980, Soó and K á r p á t i  1968):
-  Salvio-F estucetum  rupicolae pannon icum  festucetosum  rupicolae: Festuca rupicola  H euff.;
-  S .-F . r. p . stipetosum  capillatae: S tip a  capillata  L. and  Salvia  nemorosa L .;

— S .-F . r. p . andropogonetosum: Bothriochloa ischaem um  (L .) K en g .;
-  S .-F . r. p . poëtosum  capillatae: Poa angustifolia  L. an d  Achillea  collina B ecker in  R chb.

T he p h o to sy n th e tic  p igm en ts were e x tra c te d  w ith  a c e to n e —w ith  several rep lica tio n s — 
from  th e  fresh  p la n t m a te ria l a t  th e  tim e of sam pling , th en  w ashed  over in to  p e tro leu m  e th e r.
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T he a b so rp tio n  of th e  p ig m en t e x tra c t was m easu red  by  a Spekol sp e c tro p h o to m ete r a t  647 
an d  664 n m  w ave-leng ths, an d  th e  a m o u n t o f ch lo rophy ll (chlorophyll a  +  6) de te rm in ed  
a f te r  Z ie g l e r  and E g l e  (1965). In  th e  course o f p rocessing  th e  d a ta  th e  average  va lues of 
re p e a te d  m easurings w ere ta k e n  in to  acco u n t. F o r th e  sake of a m ore re liab le  com parison  
— k n o w in g  th e  d ry m a tte r  co n cen tra tio n s  — we co n v erted  th e  m easuring  d a ta  o b ta in ed  for 
u n it  w e ig h t o f fresh  m ate ria l to  d ry  w eigh t fig u res too .

T h e  va rian ce  analysis and th e  c o rre la tio n  ex am in a tio n s em ployed in  e v a lu a tin g  th e  
e x p e rim e n t resu lts  were based  on th e  w ork  of Sváb (1973).

In  th e  p ap er we reckon  w ith  th e  m ean  v a lues o f th e  resu lts  of th e  th ree  ex p erim en t 
series, since no s ign ifican t d ifferences w ere fo u n d  be tw een  th e  d a ta  o b ta in e d  in  th e  d if­
fe re n t y ears.

R esults

Aboveground drymatter production , and energy utilization

T h e  q u a n tita tiv e  d a ta  of ab o v eground  p h y to m a ss  p ro d u c tio n , se p a ra ted  to  frac tio n s , 
a t  th e  tim e  of sam pling  are sum m arized  b y  s ta n d  an d  lig h t tre a tm e n t in  T ab le  1 and  re p re ­
se n ted  in  F ig . 1.

T h e  larg est a m o u n t o f d ry m a tte r  w as o b ta in e d  w ith  p la n t s tan d s ra ised  in  red  lig h t 
( th e  av erag e  w eigh t of p h y to m ass  was 1.8782 g • d m -2 on th e  f irs t  and  6.7032 g • d m -2 on 
th e  second  occasion of sam pling ), th e  sm allest one w ith  those  grow n in  b lue  lig h t (m ean 
v a lu es: 0.8060 g • d m -2 an d  2.3466 g • d m -2, resp ec tiv e ly ). T he a m o u n t o f d ry m a tte r  p ro ­
d u ced  in  com pound “ w h ite”  l ig h t w as closer to  th a t  o b ta in ed  in  blue lig h t (1.1123 g • d m -2 
an d  3.6132 g • d m -2, respec tive ly ).

T h e  share  of th e  p h y to b io m ass  o f each  species from  th e  to ta l  abov eg ro u n d  p h y to b io ­
m ass is show n — according to  th e  d iffe ren t lig h t tre a tm e n ts  — in  Fig. 2.

O u t o f th e  species occurring  in th e  h ig h est p ro p o rtio n  Festuca rupicola  and  Stipa  
capilla ta  h a d  th e  la rg est share  in  th e  d ry m a tte r  o f liv ing  p la n t  p a rts  w hen grow n in  com pound  
“ w h ite ”  lig h t, Salvia nemorosa and  Poa angustifo lia  w hen  ra ised  in  blue lig h t, and  Achillea  
collina  a n d  Botriochloa ischaem um  w hen tre a te d  w ith  red  ligh t.

F o r ne t p ro d u c tiv ity  on th e  basis o f ab o v eg ro u n d  p h y tom ass, an d  en ergy  u tiliza tio n  
re la tiv e  to  th e  to ta l  ra d ia tio n  (efficiency) d e ta iled  d a ta  a re  given in Table 2. C onsidering the  
fu ll p e rio d  of th e  ex p erim en t, th e  h ig h est av erage  p ro d u c tiv ity  was o b ta in e d  in  red  lig h t 
(d a ily  v a lu e : +  0.0559 g • d m -2), th e  low est as an  effect o f blue ligh t (da ily  av erage  + 0 .0 1 9 6  
g • d m -2), while in  th e  case of com pound  “ w h ite ”  lig h t th e  daily  m ean  v a lu e  of p ro d u c tiv ity  
w as + 0 .0 3 1 0  g • d m -2 . T he p ro p o rtio n s of energy  u tiliza tio n  are sim ilar. T he va lues of 
e ffic ien cy : 3.72 per cen t in  red  lig h t, 1.30 p e r cen t in  b lue  lig h t, and 2.01 pe r cen t as th e  effect 
of c o m p o u n d  “ w h ite”  lig h t used.

C hlorophyll contents in  the dom inant species

T h e  chlorophyll a +  b co n cen tra tio n s  pe r u n it  w eigh t of the  fresh  p la n t  m ate ria l in  
th e  six  species exam ined  are  given in  Fig. 3. In  genera l, th e  differences w ere n o t  g re a t betw een  
th e  l ig h t  tre a tm e n ts , th e  m ean  values w ere n early  id en tica l: 3.240 fig  • m g -1 w ith  blue, 
3.268 fig • m g -1 w ith  red  an d  3.993 fig • m g -1 w ith  com pound  “ w h ite”  lig h t a f te r  60 d ays; 
3.672 f ig • m g -1 w ith  b lue, 3.129 fig • m g -1 w ith  red  an d  3.480 fig • m g -1 w ith  com pound 
“ w h ite ”  lig h t a t  th e  end of th e  exp erim en t.

C hlorophyll co n cen tra tio n s ca lcu la ted  fo r d ry  w e igh t are co n ta in ed  in  T ab le  3; th e  
low est, h ig h est and  average  values o b ta in e d  w ith  th e  lig h t t re a tm e n ts  a re  show n in  F ig . 4.

As for th e  m ean  va lues o f th e  ch lo rophy ll c o n te n ts  of species on  d ry  w e igh t basis, 
d ifferences betw een  th e  l ig h t tre a tm e n ts  are n o t considerab le  e ither. A t th e  en d  of th e  experi-
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m en t th e  ch lorophyll co n cen tra tio n s w ere a lm o st in  every  case low er th a n  those d e te rm in ed  
a f te r  60 days. T he decrease was th e  g re a te s t  in  th e  case of th e  c o m p o u n d  “ w h ite”  lig h t, w hile 
in  p la n t species ra ised  in  blue and  red  lig h t i t  w as negligible.

T he ch lo rophy ll co n ten ts  o f  th e  p h y to b io m a ss  of species h a v in g  a  decisive o r re la tiv e ly  
larg e  share  in  th e  ab o veground  d ry m a tte r  p ro d u c tio n , as c a lcu la te d  fro m  co n cen tra tio n s 
ch ara c te ris tic  o f th e  d ry  w eigh t are  su m m ed  u p  in  Table 4. In  F ig . 5 th e  am o u n ts  o f p h y to ­
b iom ass an d  ch lorophyll pe r u n it  a rea  a re  show n.

F ig. 1. A boveground  d ry m a tte r  p ro d u c tio n . 1. Salvio-Festucetum  rupicolae pannon icum  fe s tu - 
cetosum rupicolae , 2. S .-F . r. p . stipelosum  capillatae, 3. S .-F . r. p . andropogonetosum, 4. S .-F .

r. p . poëtosum  angustifoliae

F ig . 2. Share of th e  p h y tob iom ass o f species in  th e  aboveground p h y to b io m a ss  p rod u c tio n . 
1. Festuca rupicola , 2. Stipa  capillata, 3. S a lvia  nemorosa, 4. Bolhriochloa ischaem um , 5. Poa 
angustifo lia , 6. Achillea collina. 7. P h y to h io m ass  o f  o th er species; B: b lue  lig h t. R : red ligh t,

C: co m p o u n d  “ w h ite ”  light
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Table 2

Aboveground net productivity (g • dm  2 per day)  and energy

Examination intervals

S .- F .  r . p .
festucetosum  rupicolae

S .-F .
s tip e to su m

r. p .
capillatae

product. eff. product. eff.

In response

In  60 days + 0 .0113 0.72 +  0.0137 0.91

B etw een  60 and 120 days + 0 .0334 2.23 +  0.0127 0.84

In  120 days +  0.0221 1.47 +  0.0132 0.88

In  response

In  60 days +  0.0198 1.32 +  0.0355 2.36

B etw een 60 and 120 days +  0.0625 4.17 +  0.0725 4.83

In  120 days +  0.0411 2.74 +  0.0540 3.60

In response to

In  60 days +  0.0129 0.86 +  0.0199 1.33

B etw een  60 and 120 days +  0.0438 2.92 +  0.0359 2.39

In  120 days +  0.0283 1.89 +  0.0279 1.86

Table 3

Chlorophyll concentrations 
( / 'g •

on dry weight basis 
')

Species

After 60 days’ 
light treatment

After 120 days’ 
light treatment

blue red compound blue red compound

Salvia  nemorosa 21.365 21.442 25.301 16.433 17.704 11.377

Achillea collina 16.505 17.255 21.234 14.945 13.763 15.372

Festuca rupicola 11.873 7.712 13.601 10.186 9.064 9.521

Poa angustifolia 11.929 8.730 10.556 8.957 8.530 8.822

S tip a  capillata 15.918 9.781 13.409 14.912 7.370 10.961

fíothriochloa ischaemum 14.967 12.644 11.456 19.561 9.730 9.298

A verage values 15.426 12.927 15.926 14.166 11.027 10.892
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utilization relative to total radiation  (efficiency, in % )

S .-F .  r. p .  
a ndropogon e t os и m

S .-F .  r. p .
poëtosum  angustifoliae Mean values

product. eff. product. eff. product. eff.

to blue light

+  0.0124 0.83 +  0.0169 1.12 +  0.0134 0.90
+  0.0266 1.78 +  0.0030 2.00 +  0.0257 1.71
+  0.0195 1.30 + 0 .0 2 3 4 1.56 +  0.0196 1.30

to red light

+  0.0367 2.45 +  0.0332 2.22 +  0.0313 2.09
+  0.0946 6.31 +  0.0920 6.13 +  0.0804 5.36
+  0.0657 4.38 +  0.0626 4.17 +  0.0559 3.72

com pound “ w hite”  ligh t

+  0.0136 0.91 +  0.0277 1.85 +  0.0185 1.24
+  0.0510 3.40 +  0.0360 2.40 +  0.0417 2.78
+  0.0323 2.15 +  0.0319 2.12 +  0.0310 2.01

Table 4

Chlorophyll content o f  aboveground phytobiomass in  the dom inant species
(m g • d m " 2)

Light treatments —sampling times

Plant stands — species blue light red light compound light

after after 
60 days 120 days

after 
60 days

after after 
120 days 60 days

after 
120 days

S .-F . r. p. festucetosum  rupicolue

—  Festuca rupicola 4.36 12.36 3.36 19.64 6.24 19.94

S .-F . r. p . stipetosum  capillatae

—  Stipa  capillata 8.01 3.53 12.04 19.37 7.62 19.33

—  Salvia nemorosa 4.10 6.36 9.26 31.05 4.42 5.61

S .-F . r. p . andropogonetosum

—  Bothriochloa ischaemum 5.65 4.53 21.43 29.01 5.77 7.70

S.- F. r. p . poëtosum angustifoliae

— Poa angustifolia 6.96 9.84 5.77 25.82 5.48 17.10

— Achillea collina 3.42 0.92 11.86 8.32 8.07 1.19

Average values: 5.42 6.26 10.62 22.20 6.27 1 1.81
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S p é c i  e s

I  A f t e r  120 d a y s  £ | |  A f t e r  60  d a y s

F ig . 3. C hlorophyll c o n c e n tra tio n s  ch arac te ris tic  o f th e  d o m in an t species in  th e  fresh p lan t 
m a te ria l.  1. Salvia nem orosa , 2. Achillea collina , 3. Festuca rupicola. 4. Poa angustifolia , 

5. S tip a  capillata. 6. Bothriochloa ischaem um

0 2 4 6 8 10 12 U  16 18 20 22  24  26
C h l o r o p h y l l  c o n c e n t r a t i o n  ,pq- m g ' 1

F ig . 4. Lowest, h ighest a n d  average  chlorophyll co n cen tra tio n s o f th e  six d o m in an t p lan t
species on d ry  w e igh t basis
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F ig . 5. A boveground  p h y to b io m ass  p ro d u c tio n  in th e  d o m in a n t species, and ch lorophy ll 
co n te n t o f th e  p h y to b io m ass. 1. Festuca rupicola, 2. S tip a  capillata, 3. Salvia nemorosa, 
4. Bothriochloa ischaem um , 5. Poa angustifo lia , 6. Achillea collina ; a: b lue  ligh t, b: red  lig h t, 

c: co m pound  “ w h ite”  lig h t; A: a fte r 60 d ays, B : a f te r  120 days

Discussion

The am o u n ts  o f d ry m a tte r  p roduced  in  b lue, red  an d  com pound “ w h ite” 
ligh t w ere co m p ared  b y  va rian ce  analysis. T he resu lts  are given in T ab le  5.

U nder th e  in fluence  o f ligh ts  of different sp ec tra l com position  sign ifican t 
d ifferences w ere fo u n d — a fte r  60 and  120 days alike —to  occur b o th  in  th e  
a m o u n t o f  the p h y to m ass  and  betw een  the  p h y to b io m ass q u an titie s  o f th e  
d o m in an t species. T he g re a te s t difference in  average  n e t p ro duc tion  w as 
po in ted  o u t b e tw een  p la n t s ta n d s  grow n in blue an d  red  lig h t, as well as be tw een  
tho se  ra ised  in com pound  “ w h ite ”  and red lig h t, especially  a t th e  end o f th e  
ex p erim en t. The am o u n ts  o f p h y to m ass produced  in  com pound  “ w h ite”  and  
b lue lig h t, resp ec tiv e ly , show ed essential d ifferences on ly  on th e  second 
occasion of sam pling , and  even th e n  a t a low (10 p er cen t) level of p ro b ab ility . 
B etw een  th e  d o m in a n t species no sign ifican t d ifferences in th e  am o u n t of p h y to ­
b iom ass were fo u n d  here. In  b lue ligh t sm aller am o u n ts  of p hy tom ass an d  
p h y tob iom ass w ere p roduced  th a n  in  com pound ligh t.

T he trend  o f p h y to m ass  production  observed  in our experim en t as a 
response to  v a rio u s sp ec tra l com positions of lig h t can  be com pared  to  o th e r 
a u th o rs ’ resu lts  on ly  w ith  re s tric tio n s . The com parison  is m ade difficult by  
the  m ostly  essen tia l d ifferences in  th e  conditions o f th e  experim en ts, f irs t of 
all in  th e  period o f ex am in a tio n  an d  th e  energy c o n te n t of lig h t, b u t  difficulties
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Table 5

Comparison o f  drymatter production by variance analysis

A v erag e  d ifference S ig n ifican t d iffe rence
L ig h t  e ffec ts  com pared (g • d m -2 ) (SD) P ro b a b il ity  level

1 2 in
phytomass

in the 
phytobio­
mass of 

dominant 
species

in
phytomass

in the 
phytobio­
mass of 

dominant 
species

in
phyto-

in the 
phyto­
biomass 
of dom­

inant 
species

afte r 60 days

C om pound ligh t blue light 0.3062 —0.0623 — — — —

C om pound ligh t red light +  0.7660 +  0.4228 +  0.5936 +  0.3874 D /o 5%
B lue lig h t red light +  1.0722 + 0.4851 +  0.8537 +  0.3874 1°/ 1  /o 5%

afte r 120 days

C om pound ligh t blue ligh t 1.2666 — 0.6615 1.0866 — o 
o - 
o

—

C om pound ligh t red light +  3.0900 +  0.9942 +  2.8382 +  0.7821 0.1%

\0o

B lue  lig h t red light +  4.3566 +  1.6557 +  2.8382 +  1.3183

yOo'© 1°/1 /o

N o te : The am ount p ro d u ced  b y  the  tre a tm e n t in colum n 2 in com parison to th a t  in 
co lum n 1 : +  =  larger, — =  sm aller.

are a lso  caused  by the fa c t  th a t  th e d rym atter  data  are n o t gen era lly  g iven  in 
term s o f  unit area. In  sp ite  o f  th is th e  p h ytom ass p rod u ction  ob ta in ed  in  the  
d ifferen t ligh t treatm en ts in  our exp erim en t follow ed m uch th e sam e order as 
es ta b lish e d  b y  the au th ors lis te d  in th e in trod u ction . For ex a m p le , H oover  
(1937), Ga b r ie l se n  (1948), V in c e  and Sto u g h to n  (1957) and K l e sc h n in  
(1960) fou n d  th a t w ith  a ra d ia tio n  o f  th e  sam e energy th e  in te n s ity  o f  p h o to ­
sy n th e s is  in  the leaves o f  m a n y  d ico ty led on ou s and m on o co ty led o n o u s p lants  
w a s su b sta n tia lly  greater in  th e  orange and red w ave ranges th a n  in th e  blue- 
v io le t  on e. K wack  and D u n n  (1961) ob served  w ith  P isum  sa tivum , St e v e n so n  
an d  D u n n  (1965) w ith  Lycopersicon esculentum  and S zász, H orváth  and Sz. 
B a r s i  (1968) w ith Glycine soja  th a t  a t th e  sam e en ergy  le v e l and ligh t in te n s ity , 
r e sp e c tiv e ly , a larger a m o u n t o f  d rym atter  w as produced  in  red th a n  in  blue 
lig h t . In  th e exp erim en ts o f  W a r r in g to n  and Mitch ell  (1976) — includ ing  
th e  sp ec ies  o f  Trifo lium , G lycine, Sorgum  and L olium  —  an increase in  th e  red 
w a v e  range of the com p ou n d  “ w h ite” ligh t resu lted  in a sim ilar increase in  
th e  d ry  w eigh t of p lan ts, w h ile  w ith  th e grow ing proportion  o f  th e  b lue colour  
th e  a m ou n t o f drym atter d ecreased .

A s  to  such resu lts as d iffering from  our fin d in gs (e.g . V o sk r e se n sk a y a  
an d  G r ish in a  1959, K l e s c h n in  1960, H o rváth  and V. F e h é r  1963, K oltay  
an d  H orváth  1967) it  is w o rth  b ein g  m en tion ed  th a t th e  sp ectra l com p osition  
o f  l ig h t  acts on the p rim ary  p rod uction  in  close correlation  w ith  th e  energy
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level. A t d iffe ren t energy levels th e  sp ec tra l effect m ay  be h igh ly  v aried  
— often even th e  opposite ; an d  i t  is also im p o r ta n t th a t  th e  d ry m a tte r  p ro d u c ­
tio n  in the  d iffe ren t species is n o t un ifo rm ly  in fluenced  b y  th e  sp ec tra l com ­
position of lig h t (H orváth  1965, K oltay  an d  H orváth  1967). T he la t te r  has 
been proved  by  th e  resu lts  o f our experim en t to o . The species com posing th e  
p la n t s tan d s  gave d iffe ren tia ted  responses to  th e  sp ec tra l com position , as 
clearly  seen from  th e  fact th a t  th e ir  share  in th e  p h y tob iom ass p ro d u c tio n  
generally  v aried  w ith  the  lig h t tre a tm e n t, an d  — w ith  som e of them  (w ith  Poa 
angustifolia  an d  S tip a  capillata  in  p a rticu la r) —  even depended  on th e  age of 
the p lan ts .

W e found  th a t  th e  energy  o f th e  red  lig h t w as m uch  b e tte r  u tilized  th a n  
th a t  o f th e  b lue  ligh t. I t  can  p robab ly  be ex p la in ed  by  th e  fact th a t  a t  th e  
sam e energy  le v e l— a cond ition  in  our ex p e rim en t too  — th e  n u m b er o f p h o to n s  
o f th e  red  lig h t is ab o u t one and  a h a lf  tim es  h igher th a n  th a t  o f th e  blue 
ligh t, and  th e  in  vivo light abso rp tio n  o f th e  leaves of p lan ts  is also g re a te r  
in  th e  red  sp ec tra l range th a n  in  th e  blue one ( N u e r n b e r g k  1961), so th a t  th e  
chlorophyll m olecules can absorb  an  essen tia lly  la rger n u m b er of p h o to n s  in  
red  ligh t. N am ely , th e  am o u n t o f n e t d ry m a tte r  p roduced  depends f ir s t  o f all 
on th e  n u m b er of p h o tons fixed  b y  th e  p la n ts , as p roved  e.g. by  th e  e x p e ri­
m en ts of H o rváth  et al. (1973), who o b ta in ed  th e  sam e e x te n t of d ry m a tte r  
accum ula tion  in  S in a p is  alba p lan ts  w hen th e  energy  o f  th e  blue lig h t w as 
1.79 tim es th a t  o f th e  red  lig h t. This k ind  o f lig h t t re a tm e n t ensured  th a t  th e  
in  vivo lig h t ab so rp tio n  o f th e  leaves w as a lm o st un ifo rm  concern ing  th e  
num ber of p h o to n s . The ligh t energy fixed  w as th e n  h igher in  b lue th a n  in 
red  ligh t, b u t th e  energy u tiliza tio n  was essen tia lly  lower.

The six p la n t species th a t  h ad  th e  g re a te s t share  in  th e  p h y to b io m ass 
p ro d u c tio n  show ed no sig n ifican t differences in  response to  various lig h t 
tre a tm e n ts , in  resp ec t o f e ith e r  th e  average va lu es  o f ch lo rophy ll c o n te n t in  
th e  fresh  p la n t m a te ria l, or th e  average ch lo rophy ll co n cen tra tio n s on d ry  
w eight basis. T h is w as m ost conspicuous in  th e  red  lig h t tre a tm e n t in  w hich  
th e  larg est a m o u n t o f d ry m a tte r  was p ro d u ced ; a t  th e  sam e tim e  th e  av erag e  
ch lorophyll co n cen tra tio n  in th e  fresh p lan t m a te ria l was th e  low est u n d e r 
th e  in fluence o f  red  lig h t: in  th e  f irs t h a lf  o f th e  ex p erim en t its  value on d ry  
w eight basis w as low er th a n  in th e  o ther tre a tm e n ts , an d  even a t th e  end 
h a rd ly  exceeded th e  m in im um  value m easu red  w ith  com pound  lig h t. T h is 
again  suggests th a t  th e  p ro d u c tiv ity  of th e  v e g e ta tio n  g rea tly  depends on th e  
n um ber of p h o to n s  absorbed  b y  th e  ch lo rophy ll m olecules.

W e tr ied  to  fin d  co rre la tio n  betw een  th e  p h y to b io m ass p ro d u c tio n s p er 
u n it area in  th e  d o m in an t species and th e ir  ch lo rophy ll co n ten ts  w ith  reg res­
sion analysis. T he resu lts  are  show n in Fig. 6. A ccord ingly  th e re  is a very- 
close lin ear regression  co rre la tion  betw een  th e  p h y to b io m ass q u an titie s  an d  
th e  ch lorophyll co n ten ts . T he values of th e  co rre la tio n  coefficient are : r =
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F i g .  6.  Rela t ionsh ip  be tw een  th e  aboveground  p h y to b io m ass  p rod u c tio n  a n d  the  chlorophyll  
c o n ten t  of  the  p hy tob iom ass  in th e  d o m in a n t  species

=  + 0 .9 7 3 1  w ith  th e  com p o u n d  “ w hite” , r =  + 0 .9 4 9 5  w ith  th e  b lu e  and 
r =  + 0 .8 4 6 8  w ith  th e  red  ligh t. T he p ro b a b ility  level o f sign ificance is in 
each  case 0.1% . A sim ila r close positive  co rre la tio n  was p o in ted  o u t be tw een  
th e  d ry m a tte r  p ro d u c tio n  an d  th e  ch lo rophy ll co n ten t e.g. b y  B r o u g h a m  

(1960), W h i t t a k e r  an d  G a r f i n e  (1962), M e d i n a  and  L i e t h  (1963, 1964),
O v i n g t o n  and  L a w r e n c e  (1967) an d  E n d r é d i  an d  H o r v á t h  (1977) and 
b e tw een  th e  am oun t o f d ry m a tte r  an d  th a t  o f ch lo rophy ll-a  b y  R i g a u  and  
B e r b e l  (1972) and R i g a u  (1977).
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CHARACTERISTICS OF PHOTOSYNTHETIC INTENSITY 
AND EFFICIENCY IN SPECIES 

OF A TURKEY OAK-OAK PHYTOCENOSIS*

J .  S u b a  a n d  G y . L é g r á d y

B O T A N I C A L  D E P A R T M E N T  O F  T H E  H O - S I - M IN H  T E A C H E R S  T R A I N I N G  C O L L E G E ,  E G E R ,  H U N G A R Y

(R eceived: 10 O c to b er 1983)

The p a p e r  discusses the  p h o to sy n th e tic  in te n sity  an d  efficiency of 12 p la n t  
species in  th e  “ S ík fo k ú t P ro jec t”  T u rk e y  oak -o ak  phytocenosis. The resu lts  are  based  
on th e  p h o to sy n th e tic  fix a tio n  of 14C 0 2. T he low est in te n s ity  of p h o to sy n th es is was 
c h arac te ris tic  o f Quercus petraea , th e  h ig h es t one —m ax im u m  3.6 m g d m -2 h -1 — of 
L ig ustrum  vulgare. Besides Ligustrum  vulgare , Crataegus oxyacantha , Lonicera xylosteum , 
E u o n ym u s verrucosus and Acer ta taricum  show ed heliophilous ch arac te r in  p h o to ­
syn thesis. T he p h o to sy n th e tic  a c tiv ity  o f V iburnum  lantana  an d  Brom us ram osus was 
m ore in ten siv e  in  poorer light. A t low  te m p e ra tu re s  (7—7.5 °C) in  a u tu m n  th e  p h o to ­
sy n th esis of all species, excep t B rom us ram osus , was sh a rp ly  reduced . The p e rcen tag e  
d is tr ib u tio n  of p h o to sy n th e tic  in te n s ity  v a lu es by  p a rts  o f th e  d ay , season as w ell as 
according to  th e  r a te  of illum ination  is show n  in  tab les. T he effic iency of p h o to sy n th es is  
w as h ighest in  sum m er. The effic iency  v a lu es generally  increased  from  m o rn in g  to  
evening.

T he space la tt ic e  d iagram  show s th e  re la tio n  of p h o to sy n th e tic  in te n s ity  to  lig h t 
energy  an d  te m p e ra tu re . F inally , som e d a ta  calcu la ted  on th e  basis of th e  re su lts  of 
C 0 2 f ix a tio n  re fe r  to  longer periods o f p h o to sy n th es is .

In tro d u c tio n

O ur w ork is co n n ec ted  w ith  the  fo res t ecosystem  research  carried  on in  H u n g a ry  on  
th e  “ S ík fo k ú t P ro je c t” .

T he su b jec t is: “ C om plex investig a tio n s o f  a n  oak fo rest ecosystem  from  th e  n a tu ra l  
to th e  cu ltu re  s ta te  on a h illy  m odel a rea” .

T he su b jec t p e r ta in s  to the  m ain  re sea rc h  line  “ P ro te c tio n  of m an  and  b iosphere  
(M A B)” . T he m ain  ta s k  of th is  c lim atic  zonal o ak  fo res t research  is to  size up  th e  o rgan ic  
m a tte r  p ro d u c tio n  a n d  explore  th e  m ate ria l- a n d  energy  tu rn o v e r  of th e  p h y tocenosis in  
re la tio n  to  th e  effects o f ecofactors.

O ur ob jec tive  w as to  estab lish  the  p h o to sy n th e tic  c h arac te ris tic s  of 12 p la n t species 
rep resen tin g  a considerab le  p roportion  of th e  phy to cen o sis : th e  in te n s ity  and effic iency  of 
their p h o to sy n th e tic  a c tiv itie s  in  d ifferen t periods a n d  un d er d ifferen t env iro n m en ta l co n d itions.

Characterization of the m odel area, material and method

T he grow ing s to ck  of th e  T urkey  oak -o ak  fo res t association  (Quercetum petraeae-cerris) 
o f th e  m odel a rea  is an  a b o u t  70 years old second  g row th . O f th e  tw o denom inative  species 
Quercus petraea occurs in  84, Quercus cerris in  16 p e r  cent. The n u m b er of tru n k s  is 816/ha, 
the  canopy  is closed to  75—80 per cent. T he av erag e  heigh t o f trees  is 17—18 m. T he sh ru b

* “ S ík fo k ú t P ro je c t”  No. 89.
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Table 1

Characteristic and dom inant species 
o f  the Turkey oak-oak forest ecosystem

Test plants

Serial number Specific name
Abbreviation 
of specific 

name

l Quercus petraea Q. p.

2 Quercus cerris Q. c.

3 Ligustrum  vulgare L. V .

4 Cornus mas C. m.

5 Acer campestre A. c.

6 E uonym us europaeus E. e.

7 E uonym us verrucosus E. V .

8 Acer tataricum A. t.

9 V iburnum  lanlana V. 1.

10 Lonicera xylosteum L. X .

11 Crataegus oxyacantha C. o.

12 Brom us ramosus B. r.

s t r a tu m  is rich , th e  n u m b er of stem s per h ec ta re  is over 93 th o u san d  ( J akucs  e t al. 1973, 
J aku cs  1978). On th e  m odel area  fo res t c u ltiv a tio n  has no t been carried  on for 20 y ears.

F or te s t p lan ts  we chose species d o m in a n t in  q u a n ti ty  and ch arac te ris tic  of th e  T u rk ey  
o ak -o ak  fo rest assoc ia tion  (T able 1).

F rom  fu lly  dev elo p ed  leaves of th e  te s t  p la n ts  average sam ples were tak en , som e 
30—40 leaves per species. F o r th e  purpose  of m easu rin g  th e  in te n sity  o f p h o to sy n th es is  30 
discs o f 7 m m  0  w ere c u t o u t  of th em  by  m eans of a corkscrew . The discs were placed on w et 
f i l te r  p a p e r and p u t in  th e  pho tosyn thesis a p p a ra tu s  w here the  p h o to sy n th e tic  fix a tio n  of 
14C 0 2 w as carried  o u t. T h e  in te n s ity  of p h o to sy n th es is  was d e term ined  b y  m easuring  th e  
ra d io a c tiv ity  of th e  lea f  discs. From  th e  values o f ra d io a c tiv ity  th e  q u a n ti ty  of C 02 u p ta k e  
w as conv erted  in to  m g. F o r th e  descrip tion  of th e  a p p a ra tu s , procedure  an d  calcu la tion  see: 
Su b a  J .  e t al. (1982). T h e  tim e- and  m ic roclim atic  d a ta  of C 0 2 f ix a tio n  are con ta ined  in 
T ab le  2. T he C 0 2 co n ce n tra tio n  was increased  fou rfo ld  com pared  to  th e  average and  could  
th u s  be considered a s tab le  fac to r fav o u rab le  for th e  p h o to sy n th e tic  process. T he w a ter su p p ly  
w as o p tim um .

T he p h o to sy n th e tic  in te n s ity  of th e  species exam in ed  w as m easu red  u n d e r th e  l ig h t 
co n d itio n s o f the  h erb - an d  tree  s tra tu m  (a t  a h e ig h t o f 2 and 20 m , respec tive ly , from  th e  
g ro u n d  level).

T he resu lts  are  reg ard ed  as se m iq u a n tita tiv e , g iving a sound  basis for com parison. 
T h e  values o b ta in ed  are  close to  th e  ne t p h o to sy n th es is  values. I t  m u st be tak en  in to  co n ­
s id e ra tio n  th a t  du rin g  th e  one-hour period  of f ix a tio n  a m inor e x te n t of reassim ilation  of C 0 2 
co n ta in ed  in  th e  gas m ix tu re  m ay  also occur. V o z n e s e n s k i  (1971) suggested  to d istin g u ish  
th e  ca rb o n -14 m eth o d  fro m  o th e r techn iques, e.g. from  th e  “ in frared ”  gas analysis, even  as 
re g a rd s  i ts  results .

In  calcu la ting  th e  va lue  of efficiency (E ) expressing  th e  p h o to sy n th e tic  u tiliza tio n  of 
l ig h t energy  we used  th e  follow ing form ula :

E ° о -
fixed  C 02) (nm ol • dm  • h -1) X  energy req u ired  fo r th e  in co rp o ra tio n  of 1 nm ol C 0 2 

in c id en t lig h t energy  (Jo u le  d m -9 • h _I)
X  100
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Table 2

Tim e and microclimatic data o f  CO , fix a tio n

8-9 a.m. 1-2 p.m. 6-7 p.m.

°c Lux Jouledm-2 • h-1 °C Lux Jouledm-2 • h- 1 °C Lux Jouledm-2 • h'

Spring  (1981)**

17 Ju n e  in shade 
(2 m*) 17,9 342 753 20.9 544 1 004 19.3 151 335

18 Ju n e  in sun­
shine (20 m*) 20.7 45 800 21 181 19.8 33 140 11 720 18.9 9170 6697

Sum m er  (1980)**

19 Ju n e  in shade 
(2 m*) 19.9 550 1 172 23.9 1 220 1 674 18.8 11.5 84

20 Ju ly  in  sun­
shine (20 m*) 23.2 31 330 20 030 23.7 22 830 5 776 21.7 438 209

A u tu m n  (1980)

3 O ctober in 
shade 7.4 975 2 051 9.8 1 200 1 004 6.2 7.4 42

4 O ctober in 
sun-shine 7.7 41 800 21 558 10.5 10 625 10 381 9.2 3193 963

*The p h o to sy n th etic  in ten sity  was m easu red  under field conditions in n a tu ra l ligh t. 2 m 
and 20 m m ean th e  he igh ts above’ ground level w here th e  C 0 2 f ix a tio n  to o k  place.

** By sum m er tim e.

The energy req u ired  for th e  in co rp o ra tio n  of 1 nm ol C 0 2 was ta k e n  fo r 0.0047 Jo u le . 
A ccording to  B o lt o n  (1978) 52 per cen t o f th e  to ta l  in cid en t lig h t en erg y  m easu red  in Jo u le  
fa lls w ith in  th e  range of p h o to sy n th e tica lly  ac tiv e  rad ia tio n  (P H A R ). T he effic iency  values 
g iven  in th e  p ap er are based  on th e  P H A R .

Results and evaluation

The p h o to sy n th e tic  in te n s ity  o f th e  species was sum m ed up  on th e  basis o f  th e  resu lts  
o f m easuring  a t  18 d iffe ren t tim es (F ig. 1). V ery  low  p h o to sy n th e tic  a c tiv ity  was ch arac te ris tic  
o f Quercus petraea (F ig . 2) w hich in co rp o ra te d  an  average of 0.08 m g C 0 2 d m -2 • h -1 . The 
h ig h es t p h o to sy n th e tic  p erfo rm ance  was show n b y  Ligustrum  vulgare (F ig . 3) w ith  a 0.64 mg 
C 0 2 d m -2 • h -1 u p tak e , 7.8 tim es as m uch  as th e  fo rm er. T he re s t o f th e  species can  be p laced 
in  th ree  categories:

T he in te n sity  o f p h o to sy n th es is  is:

low
0.15-0.28 

B ro m u s ramosus 
Quercus cerris 
E u o n ym u s europaeus 
V iburnum  lantana

m edium  
0 .35-0 .37  

Acer tataricum  
Acer campestre  
Cornus mas

high
0.45—0.51 m g C 0 2 d m -2 • h -1 
E u o n ym u s verrucosus 
Lonicera xylosteum  
Crataegus oxyacantha
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T he correlations o f th e  p h o to sy n th e tic  ch arac te ris tic s  of th e  species are  in d ica ted  by 
th e  d iag ram s of the  c lu s te r  analysis (F ig . 4). The analyses w ere m ade w ith  th e  O dra  1204 
ty p e  co m p u te r of the  H o-S hi-M inh  T eachers T rain ing  College, E ger, acco rd ing  to the A LGO L 
pro g ram m e.

T he corre lation  is th e  closest be tw een  L ig ustrum  vulgare an d  E u o n ym u s europaeus 
(F ig . 4a). Their p h o to sy n th e tic  in ten sitie s  change a t  a  sim ilar ra te , th o u g h  w ith Ligustrum  
in  a  h igher order of m ag n itu d e . T he co rre la tio n  is close — 90 per cen t — betw een  E uonym us  
verrucosus and Crataegus oxyacantha ; h ere  th e  abso lu te  va lues o f p h o to sy n th e tic  in te n sity  are 
also nearly  equal. The low est co rre la tio n  is show n by  B rom us ram osus to  w hich  Quercus pet- 
raea is th e  closest, w ith  57 p e r  cen t. As fo r th e  re la ted  species, th e  co rre la tio n  betw een Quercus 
petraea  and  Q. cerris is 76 p e r  cent.

T he cluster d iag ram  in  F ig. 4b show s th e  co rre la tions o f p h o to sy n th e tic  in te n sity  b y  
o rd e r, on the  basis of E u c lid ea n  d is tan ce  function .

The following species a re  closest to  one an o th er:

E uonym us europaeus — V iburnum  lantana  
Quercus petraea — Brom us ramosus 
Crataegus oxyacantha  — E u o n ym u s verrucosus 
Crataegus oxyacantha  — Lonicera xylosteum  
Crataegus oxyacantha  — Cornus mas

Owing to  its  o u ts ta n d in g  p h o to sy n th e tic  p ro d u c tiv ity  L ig ustrum  vulgare is fa rth e s t  
from  th e  o ther species.

T he seasonal d is tr ib u tio n  of th e  p h o to sy n th e tic  in te n s ity  is seen in  T ab le  3.
On th e  basis o f th e  av ailab le  l ig h t energy  (Jo u le ) i t  can  be estab lish ed  th a t  the e ffi­

c iency  of p h o tosyn thesis is m u ch  h igher in sum m er th a n  in  spring . L ig u stru m  vulgare, in  p a r ­
tic u la r , was found to  in crease  its  p h o to sy n th e tic  a c tiv ity  to  a co n sid erab le  ex te n t, a lm ost 
tw ofo ld  com pared to  th e  sp ring  v a lu e ; g re a tly  increased  th e  p e rfo rm ances o f E uonym us ver­
rucosus and  Crataegus oxyacantha  too. B rom us ram osus fix ed  th e  la rg est a m o u n t of C 0 2 in  
a u tu m n  (Fig. 5). The d ifferen ce  in th e  va lue  of p h o to sy n th es is  be tw een  h erb - and  tree  s tra tu m  
s th e  g rea tes t, some 10-fold in  spring , decreasing  to  5.3 in  sum m er, a n d  is 7.6-fold in  au tu m n .

Fig. 1. A bsolute va lues o f p h o to sy n th e tic  in te n sity  an d  th e ir  p e rcen tag e  d is tr ib u tio n  am ong 
th e  species. The n u m bers beside th e  colum ns refer to  th e  ra tio s  of va lues ob ta in ed  u n d e r the  

lig h t cond itions o f th e  tree- an d  h e rb  s tra tu m

-tela Bot anil Hungarica 31. 1985
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Table 3

Seasonal d istribution  o f  photosynthetic in ten sity  
on the basis o f  all data o f m easuring

Season
Herb

stratum
Tree

stratum Total
Total

incident
energy
(Joule)

%

Spring 3.54 39.09 42.6 38.7

Sum m er 7.03 36.2 43.3 27.8

A utum n 1.23 12.66 14.1 33.5

T otal 11.8 87.95 100.0 100.0

Acer tataricum  fix ed  very  lit t le  C 0 2 w ith  th e  poor ligh t cond itions o f th e  herb s tra tu m , and  
so th e  differences betw een  th e  tw o s t r a ta  w ere g reater. This is re la te d  w ith  th e  heliophilous 
n a tu re  of the  species. T he p h o to sy n th es is  o f V iburnum  lantana  in  th e  shaded  h e rb  s tra tu m  
w as ch aracterized  in ev ery  case b y  a m u ch  h igher p roduction  co m p ared  to the  o th e r  species.

Ouercus petraea

Spring Summer Autumn

Evening

Midday

„0.015 
( O j “ 0.0i2 
4 '  2205 nmol

a097°2mg dm*  h-i 
82.32 nmol 
0.0036 mg

0.13668
*'0113041

608.58nmol 
0.0267 mg 
232.26nmol 
0.0102mg

C02 dm’^h '1

004622
( & ’ '  003358 

687 96 nmol
00302mg œ  ditf'-h
41.l6nmol
00018mg

/  \  0.066 
/  _ ^ 0 . 0 6 / ^ \  „0.03966 

i f  —Af- "  001614 ( M f  —0.00359

16425.6 nmol 
0.7727mg
1293.6 nmol 
0.0569 mg

C02 dm"z-h"1

1984.5nmol
00873mg
1402.38nmol
0.0617mg

CO2 d m '^h '1

793.8 nmol 
0.0349mg 
426.3nmol 
0.0l87mg

CO2 dm'2h_1

Morning
„0.019 

--0.0013

593.88nmol 
0.0261 mg 
305.76 nmol 
0.0l34mg

CO2 drrf2h '1

0.05447 
— 0.0Ю5 -0.00245 

' ~ 0 0064

4709.88nmol 
02072 mg 
1358.28nmol 
0.0597 mg

C02 d m '2 h“1

1126.0 2 nmol 
00722 mg 
279.3nmol 
00122mg

CO2 dm"2 h"1

Fig. 2. COo fix a tio n  v a lues in  Quercus petraea. The ou ter circle re p re se n ts  th e  p h o to sy n th e tic  
re su lts  for th e  tree- (20 m ), th e  in n er circle fo r th e  herb  s tra tu m  (2 m ), in  p ro p o rtio n  to  area. 

T he s tr ip ed  sectors re fe r  to  th e  efficiency v a lu es
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F ig. 4. C luster d iag ram s of re la tio n s be tw een  th e  p h o to sy n th e tic  c h arac te ris tic s  o f th e  species.
A: b y  co rre la tio n , B : b y  d istance

Table 4

Percentage distribution o f  photosynthetic intensity  
over the day in  relation with the available light energy, 

on the basis o f  all data o f  measuring

Part of 
the day

Intensity of photosynthesis

Herb
stratum

Tree
stratum Total Joule

%

M orning 5.83 27.77 33.62 62.01
Noon 5.87 39.5 45.37 30.25
E vening 1.05 19.95 21.01 7.73

Table 5

Ratios o f  photosynthetic in tensity  and light 
energy in  the herb- and tree stratum

Part of 
the day

Photosynithetic intensity Light energy (Joule)

Herb stratum : Tree stra­
tum

Herb stratum : Tree 
stratum

Morning 17 : 83 5.95 :: 94.05
Noon 13 : 87 11.66 :: 88.34
E vening 5 : 95 5.53 :: 94.47
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W hen m easured  in  sum m er C 0 2 f ix a t io n  was only one an d  a h a lf  tim es h igher in  d irec t 
lig h t th a n  in  shade.

The p e rcen tag e  d is tr ib u tio n  of p h o to sy n th e tic  in te n s ity  o v er th e  d ay  re la tiv e  to  th e  
va lues o f th e  availab le  l ig h t energy is sh o w n  in  T able  4.

As seen from  th e  tab le  th e  e ffic ien cy  of p h o to sy n th es is is h ig h es t in  th e  evening and  
low est in  th e  m orning.

Table 5 show s th e  ra tio  of p ro d u c tiv i ty  to  th e  av ailab le  l ig h t en erg y  (Jou le) in  th e  
h e rb - and  tree s tra tu m .

In  th e  tree  s t r a tu m  th e  u tiliza tio n  o f lig h t is poorer in  th e  m o rn in g  th a n  in th e  evening. 
In  th e  h erb  s tra tu m  i t  is th e  o ther w ay  ro u n d .

The u tiliza tio n  o f lig h t energy i.e. th e  efficiency va lues fo r th e  d iffe ren t species a re  
rep re sen ted  in Fig. 6. T h e  lowest e ffic iency  (0 .071% ) was found  in  Quercus petraea , th e  h ig h est 
(0 .4 % ) in  Ligustrum  vulgare. The o th e r species can  be p laced in tw o  categories:

I. E  =  0.153-0 .197%  
B ro m u s ramosus 
Quercus cerris 
E u o n ym u s  europaeus 
A ce r  tataricum  
A cer  campestre

I I .  0 .277-0 .332%  
Lonicera xylosteum  
E u o n ym u s verrucosus 
V iburnum  lantana  
Crataegus oxyacantha  
Cornus mas

In  Fig. 7 th e  v a lu e s  of p h o to sy n th e tic  efficiency in th e  tree - an d  herb  s t r a ta  o f th e  
species are seen. In  sp ite  o f a  tenfold d ifference  in lig h t energy  th e re  is n o t m uch  d ifference 
in  average efficiency b e tw een  the  tw o s t r a ta .  H ow ever, w ith  th e  species ev a lu a ted  one b y  
one, considerable d ifferences are found:

The efficiency in creased :

I. In shade

II. In direct light

Tree s tra tu m , H e rb  s tra tu m ,
о/о о/  /о

Quercus petraea 0.06 0.082
B ro m u s ramosus 0.08 0.21
V ib u rn u m  lantana 0.26 0.38

Quercus cerris

H erb  s tra tu m ,
0//о

0.14

T ree s tra tu m .

%
0.25

A cer tataricum 0.16 0.20
A cer campestre 0.16 0.23
Lonicera  xylosteum 0.21 0.34
E u o n ym u s  verrucosus 0.22 0.34
C ornus mas 0.25 0.41
Crataegus oxyacantha 0.26 0.38
L ig u stru m  vulgare 0.27 0.52

T he high ra te  in c rease  of p h o to sy n th e tic  efficiency in  V ibu rn u m  lantana  and  B rom us  
ram osus u n d e r poorer l ig h t  conditions su g g ests  th e ir  shade lov ing  n a tu re . T he p h o to sy n th e tic  
effic iency of Ligustrum  vulgare in stro n g  lig h t is nearly  tw ice as h igh  as in  shade, w hich is 
connected  w ith its  ex p ressed  heliophilous c h arac te r.
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13.7*/.

F ig . 6. Percentage d is tr ib u tio n  of p h o to sy n th e tic  efficiency va lues am ong  th e  species

F ig . 7. P h o to sy n th e tic  e ffic ien cy  values o f th e  species in  h e rb  s tra tu m  (2 in) and in  tree
s tra tu m  (20 in)
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Daily Seasonal

P20 P2 P20 P2

F ig. 8. Percentage d is tr ib u tio n  of p h o to sy n th e tic  p ro d u c tiv ity  (P ) and efficiency (E ) by  
season and p a r t  of d ay  on th e  basis of all d a ta  of m easuring. T h e  areas of th e  circles are p ro ­
p o rtio n a te  to the va lues o b ta in ed  in th e  h e rb  s tra tu m  (2 m ) a n d  tree  s tra tu m  (20 m). R  =  

m orning, D — noon , E  =  even ing , S =  spring, Su =  sum m er, A =  au tu m n

Figure 8 shows th e  percen tage d is tr ib u tio n  of p h o to sy n th e tic  in te n s ity  an d  efficiency 
v a lu es by  p a r t of th e  d a y , season and s t r a tu m  on th e  basis o f all d a ta  of m easuring . T he p a rts  
o f th e  d a y  are ch arac te rized  b y  a g rad u al in crease  of efficiency — from  0.18 to  0 .53%  on the  
average  — in th e  tree s t r a tu m  from  m o rn ing  till  n igh t. This te n d e n c y  is n o t fo u n d  in  th e  herb 
s tra tu m  which showed an  average effic iency  value  of ab o u t 0 .2%  durin g  th e  day . As fo r th e  
seasons: th e  highest p h o to sy n th e tic  e ffic ien cy  was m easured  in  sum m er, 0 .32%  in  th e  herb 
s tra tu m  and  0.42%  in  th e  tree  s tra tu m . T h e  a u tu m n  u tiliza tio n  of lig h t energy  w as sim ilar 
to  t h a t  in  spring, 0.1—0.2 p e r cen t on an  av erag e .

F igure 9 rep resen ts  th e  average v a lu e s  of p h o to sy n th e tic  efficiency. I t  can  be seen 
th a t  th e  efficiency in creased  from  m o rn in g  till n ight, w ith  th e  difference t h a t  in  sum m er 
th e  herb  s tra tu m  show ed th e  highest p h o to sy n th e tic  efficiency in  th e  m orning. T he m easu r­
ing  d a ta  are w idest s c a tte re d  in the  m o rn in g  and  come closer to  one a n o th e r a t  noon. The 
la t te r  was m ost c h arac te ris tic  of Lonicera xy lo steu m , Acer tataricum  a n d  Cornus mas. In  au tu m n , 
an d  p a rticu la rly  in th e  m o rn in g  the  effic iency  values were v e ry  low  in  th e  tree  s tra tu m  because 
of th e  low  tem p era tu res  (7—7.5 °C).

Acer tataricum . Quer eus petraea a n d  E u o n ym u s verrucosus w ere h ighly responsive  to 
low tem p era tu res  (E  =  0.0027, 0.0025 a n d  0 .0 0 3 % , respectively). I  .<ess so was B rom us ramo- 
sus  (E  =  0.068% ) w hich a tta in e d  the h ig h es t efficiency values in  a u tu m n  in the  h e rb  s tra tu m  
(F ig . 10). M axim um  effic iency  was d isp lay ed  b y  m ost species in  sum m er evening in  th e  tree  
s t ra tu m ; th e  highest v a lu e — 1.54%  — was fo u n d  in  Ligustrum  (F ig . 11).

T he space la ttic e  d iag ram  (Fig. 12) show s the  re la tion  of p h o to sy n th e tic  in te n s ity  
w ith  lig h t energy and tem p e ra tu re . I t  is c le a rly  seen th a t  w hen  th e  tem p e ra tu re  falls below 
18 C th e  in ten sity  of p h o to sy n th es is  g ra d u a lly  decreases, an d  th e  decrease considerab ly
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F ig . 9 . E fficiency va lues on  th e  av erage  of th e  species (E % )  by  p a r t  o f th e  d a y  and season 
2 m  =  h e rb  s tra tu m , 20 m  =  tree  s tra tu m ; R  =  m orn ing , D =  noon, E  =  evening; S =  

sp rin g . Su =  sum m er, A =  a u tu m n )

Fig. 10. E ffic ien cy  values in  B rom us ram osus (E % )
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F ig . 11. Efficiency v a lu es in  Ligustrum  vulgare  (E % )

accelerates below 9 °C. W ith  the ligh t e n erg y  reduced  to  less th a n  ab o u t 30 Jo u le  th e  photo- 
sy n th e tic  activ ity  slow s dow n.

Some p ro d u c tio n  d a ta  calculated  fro m  th e  values o f C 0 2 f ix a tio n :

Photosynthetic production  values o f  the vegetation period:

in  the  tree s t r a tu m 150 g • m -2, L A I value  208.6
(average o f th e  species)

in  the  herb s tr a tu m 22 g • m -2, L A I va lue  31.4
(average of th e  species)

Ligustrum  vulgare average: 158.7 g C 0 2 • m - 2
m axim um : 891.0 g CO, • m - 2
average of 1 sh ru b : 56.8 g CO, • m - 2

Quercus petraea average: 20.9 g C 0 2 • m - 2
m axim um : 05 CO IQ
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F ig. 12. V alues of p h o to sy n th e tic  p ro d u c tiv ity  (P ) in  re la tio n  w ith  te m p e ra tu re  and ligh t 
energy  (A P  =  re la tiv e  va lues o f ra d io a c tiv ity  in  leaves)

D iscussion

A ccording to  th e  re su lts  of in v estig a tio n s th e  species exam ined  are 
ch a rac te rized  hy  th e  follow ing:

-  T h e  p h o to sy n th e tic  a c tiv ity  o f Quercus petraea  w as found  to  be of low 
in te n s ity  on each  occasion of m easuring . This s ta te m e n t is su p p o rted  by  
th e  p roduction  d a ta  o f  th e  tab le  com piled  b y  H . W . A r t  an d  P . L. M a r k s  

(1971) too. The low p h o to sy n th e tic  p ro d u c tiv ity  is supposed  to  be re la ted  
w ith  th e  an a to m y  o f th e  oak le a f  w hich g rea tly  increases th e  diffusion 
resistance  ( S i b a  e t al. 1982).
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—  Quercus cerris show ed in  m ost cases a higher p h o to sy n th e tic  p ro d u c tiv ity  
th a n  Qu. petraea.

—  A t h igh  in tensities o f lig h t th e  p h o to sy n th e tic  a c tiv ity  increased  m ost of 
all in  Ligustrum  vulgare , Crataegus oxyacantha, Lonicera xylosteum  and  
E u o n ym u s verrucosus, and  to  a so m ew h at lesser e x te n t in  Acer tataricum , 
Acer campestre an d  Cornus ?nas.

—  V iburnum  lantana  m ad e  a m u ch  b e tte r  use of a p o o re r lig h t th a n  th e  
o th e r species; e.g. in  sum m er, m easu rin g  in  th e  m orn in g  in  th e  shaded  
h e rb  s tra tu m  p o in ted  o u t a h ig h er ra te  of C 02 f ix a tio n  (0.673 m g CO., •
• d m -2 • h “ 1) in  it  th a n  in  species w ith  th e  highest p h o to sy n th e tic  in te n s ity .

-— A cer tataricum  was m ore resp o n siv e  th a n  th e  o th e r species to  poor lig h t 
co n d itions and  low  te m p e ra tu re s ;  u n d e r  such cond itions its  p h o to sy n th e tic  
a c tiv ity  was sh a rp ly  red u ced .

—  B rom us ramosus occupies a p ecu lia r place am ong th e  species exam ined . 
I ts  p h o to sy n th esis  genera lly  is ch a rac te rized  b y  low  va lues, it  does n o t 
m ake m uch use o f s tro n g  lig h t, in  sum m er its p ro d u c tio n  was h ig h er w hen 
in  sh ad e  th a n  w hen  in  d irec t lig h t. In  au tu m n  its  p ro d u c tio n  increased  
3 .47-fold com pared  to  th e  su m m er perform ance.

— T h e  species genera lly  w ere ch a rac te rized  by  a v e ry  low  p h o to sy n th e tic  
a c tiv ity  in  a u tu m n , even  in  in ten s iv e  lig h t, owing to  th e  low  te m p e ra tu re  
(7—7.5 °C). T here w as h a rd ly  a n y  difference in  p h o to sy n th e tic  in te n s ity  
b e tw een  th e  shaded  h e rb  s tr a tu m  an d  th e  tree  s tra tu m , a lth o u g h  in  ligh t 
energy  th e  difference w as 42-fold. In  cold a u tu m n  m orn ings th e  species 
fix e d  th ree  tim es less C 0 2 w ith  a doub le  ligh t energy  su p p ly  th a n  a t  noon . 
Acer tataricum  was th e  m o st sen sitiv e  to  cold. The p h o to sy n th es is  o f Bro­
m us ramosus was h a rd ly — if  a t  a ll— affected  b y  th e  cold, w hich in d ica tes  
t h a t  th e  h ea t o p tim u m  o f its  p h o to sy n th es is  is low . T he sam e applies, 
th o u g h  to  a lesser e x te n t, to  Lonicera  xylosteum.

—  In  a u tu m n  th e  low est va lu es  o f  p h o to sy n th e tic  in te n s ity  w ere found  in 
th e  tw o  E uonym us  species. In  com p ariso n  to  th e  su m m er resu lts  o f m easu r­
ing  E u onym us verrucosus show ed a 9.8-fold, E . europaeus an  8.1-fold 
decrease o f p h o to sy n th e tic  in te n s i ty  com pared to  th e  th ree-fo ld  average.

- W ith  all m easuring  d a ta  ta k e n  in to  consideration , th e  la rg es t am o u n t of 
C 0 2 (3.5 m g • d m -2 • h _1) w as fix e d  by  Ligustrum  vulgare on 20 J u ly  in  
th e  m orn ing , a t  a lig h t in te n s i ty  o f 20.030 Jo u le  an d  te m p e ra tu re  of 
23.2 °C [ H e in ic k e  (1966) o b ta in e d  a n e t p h o to sy n th es is  v a lue  of 7.4 m g 
C 0 2 • h _1 w ith  app le  tre e .]  A t t h a t  tim e  Crataegus oxyacantha  also fixed  
m u ch  C 0 2 (2.315 m g d m ~ 2 ■ h -1 ). As a co n trast to  th e  fo rm er species only 
0.207 m g was m easu red  in  Quercus petraea  and 0.235 m g in B rom us ram o­
sus. T he  w idest difference is th u s  17.3-fold.

T he percen tage  va lu es  o f effic iency  estab lished  b y  us com e close to  those
pu b lish ed  b y  G. M. V a n  D y n e  e t al. (1975) as average  values o f various
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v eg e ta tio n  types. A cco rd ing  to  L arc he r  (1980) in th e  n a tu ra l p lan t associa­
tio n s  the  efficiency is below  1% . W ith  th e  excep tion  o f Quercus petraea, Bro- 
m u s ramosus and  V ib u rn u m  lantana  th e  va lu e  o f effic iency  in  th e  species 
ex am in ed  increased in  s tro n g e r lig h t, w hich in d ica tes  th e ir  heliophilous n a tu re . 
T h e  increase was o f p a r tic u la r ly  g rea t e x te n t in  L igustrum  vulgare and Cornus 
m as. The u tiliza tio n  o f  lig h t energy  w as m ost effic ien t u n d e r  poorer lig h t 
cond itions. This co n fo rm s to  th e  s ta te m e n t o f H artt  and  K ortschak  (1967) 
a n d  S hagina (1955) w ho  p o in t o u t th a t  u n d er th e  poor even ing  light cond i­
tio n s  th e  light en erg y  ab so rb ed  is used  f irs t o f all in th e  p h o tosyn thesis  ra th e r  
th a n  in  o ther processes dem an d in g  energy , as e.g. th e  m a te ria l tra n sp o rt.

The summ er m a x im a  o f  the  p h o to sy n th e t ic  in te n s i ty  and eff ic iency  
v a lu e s  m ay be re la ted  w ith  the  d eve lop m en t  stage  and m etabo lism  of p lant  
an d  leaf, respective ly ,  a n d  w ith  the en v iron m en ta l factors (S a e k i  and N omoto 
1958, P isek  and W i n k l e r  1958).

The space la tt ic e  d iag ram  th a t  shows th e  in fluence  o f ecological factors 
on th e  in ten sity  o f  p h o to sy n th es is  expresses well th e  h e re d ita ry  features of 
p la n ts  and th e ir a d a p ta t io n  to  th e  site  cond itions. S im ilar re la tionsh ips are 
suggested  by a n u m b e r  o f au th o rs  (L archer  1969, 1973, 1980; Moo ney  et al. 
1978; Sawada  an d  M i y a c h i  1974; Str a in  et al. 1975; B e r r y  and B jö r k - 
M A N N  1980).

R E F E R E N C E S

A rt,  H . V., M arka, P . L . (1971): A su m m ary  tab le  o f b iom ass and  n e t a n n u a l p rim ary  p roduc­
tion  in forest e co sy stem s of th e  w orld. 15th In ternat. U nion Forest Res. Organ. Congr., 
3-32.

B e r ry ,  J . ,  B jörkm an, О. (1980): P h o to sy n th e tic  response an d  a d a p ta t io n  to tem p era tu re  in 
higher p lants. A n n . Rev. P lant. Physiol. 31 î 491-543.

B o lto n , J . R. (1977): S o lar en erg y  conversion  efficiency. Proceedings o f  the Fourth In t. Congress 
on Photosynthesis' 77. T h e  B iochem ical Society , L ondon , 621-634.

H a r t t ,  С. E ., K o rtsch ak , H . P . (1967): T ran slo ca tio n  of 14C in  th e  sugarcane  p lan t during  
th e  day and n ig h t. P la n t P hysiol. 42: 82-94.

H e in ich e , D. R. (1966): T h e  effec t o f n a tu ra l shade on p h o to sy n th es is  an d  lig h t in ten sity  in 
R ed Delicious a p p le  trees . Proc. A n n . Soc. Hortic. Sei. 88: 1-8.

J a k u c s ,  P. (1973): “ S ík fő k ú t P ro je c t” . E g y  tölgyes ökoszisztém a környeze tb io lóg ia i k u ta tá sa  
a bioszféra p ro g ram  k e re tén  belü l (“ S ík főkú t P ro je c t” . E n v iro n m e n t biology research  
in an oak ecosystem  in  th e  fram ew ork  of th e  b iosphere  p rog ram m e). M T A  Biol. Oszt. 
Közi. 16: 11-25.

J a k u c s ,  P. (1978): E n v iro n m en ta l-b io lo g ica l research of an  oak-forest ecosystem  in H u n gary . 
“ Síkfokút P ro je c t” . A cta  B iol. Debrecina 15: 23-31.

L a rc h e r , W. (1969): T h e  effec t o f en v ironm en ta l and  physiological v a riab les  on th e  carbon  
dioxide gas ex ch an g e  o f trees. Photosynthetica  3: 167 198.

L a rc h e r, W. (1973): Ökologie der P flanzen . L im er, S tu t tg a r t .
L a rc h e r, W . (1980): P hysiological P lan t Ecology. Springer V erlag, B erlin .
M ooney , H. A., B jö rk m an , O ., Collatz, G. J .  (1977): P h o to sy n th e tic  acclim ation  to te m ­

peratu re  and w a te r  stre ss  in  th e  d ese rt sh ru b  Larrea divaricata. Carnegie Inst. 76: 
328-335.

P ise k , A ., W inkler, E . (1958): A ssim ilations-V erm ögen u n d  R esp ira tio n  der F ichte ( Picea 
excelsa) in v e rsch ied en e r H öhenlage und  der Z irbe (P in u s cembra) an  de r alpinen W ald­
grenze. Planta 51: 518—543.

S aek i, T ., PSomoto, N . (1958): On th e  seasonal change of p h o to sy n th e tic  a c tiv ity  of some 
deciduous and ev erg reen  b ro ad leaf trees. Bot. M ag. (Tokyo) 71: 235-241.

A da  Bolanici Hunearici 31, 1935



CHARACTERISTICS OF PH O TO SY N TH ETIC  IN TEN SITY 2 9 9

S h a g ira , Z. J .  (1Ç65): Influence of 2.4 D on  th e  o u tflu x  of c a rb o h v d ra te s f  rom  to m a to l eaves. 
F izio l. R ast. 2: 1039-1044.

Saw ada, S-, M iyachi, S. (1974): E ffec t o f g row th  tem p e ra tu re  on p h o to sy n th e tic  carb o n  
m etab o lism  in green p lan ts  I. P h o to sy n th e tic  ac tiv ities  of various p lan ts  acclim atized  
to  v a ried  tem p era tu res . P lant Cell P hysio l. 15: 111-120.

S tra in , B. R ., H igg inbotham , K . O ., M alroy , J .  C. (1976): T em p era tu re  p recondition ing  an d  
p h o to sy n th e tic  capacity  of P in u s  taeda L. Photosynthetica  10: 47 53.

Suba , J . ,  N ém eth , V ., L égrády, G y. (1982): A fo toszin tézis in ten z itá s  összehasonlító  v izs­
g á la tá n a k  eredm ényei b ükkös és tö lgyes tá rsu lá s  növényeinél (R esu lts  of co m p ara tiv e  
s tu d ies  on  ph o to sy n th e tic  in te n s ity  in p lan ts  o f beech- an d  oak  fo res t ecosystem s). 
A cta  A cad . Paed. A griensis XVI: 511—525.

Suba, J . ,  K iszely-V ám osi, A., L ég rád y , G y., O rbán , S. (1982): E x am in a tio n  of th e  p h o to ­
sy n th e tic  fix a tio n  ,äCO, on b ry o p h y te  an d  lichen species. Acta  Bot. Acad. Sei. H ung . 
28: 181-191.

Van D yne, G. M., Sm ith , F . M., C saplew ski, R . L ., W oodm ansee, R . G. (1976): A nalyses 
an d  sy n theses of grassland ecosystem  d ynam ics. In :  L ie th , P . H . (ed.) (1978): Patterns 
o f  P rim a ry  Production in  the B iosphere. H u tch in so n  R oss In c ., D ow den, 199-204.

Acta Botanica Hungarica 31, 1985





Acta Botanica Hungarica 31 (1-4), pp. 301-313 (1985)

EFFECT OF DICAMBA 
ON THE HISTOEOGICAL STRUCTURE 

OF SUNFUOWER ( H E L I A N T H U S  A N N U U S  L.) UEAVES

F .  H e r d i

RESEARCH INSTITUTE FOR PLANT PROTECTION, BUDAPEST, HUNGARY*

(R eceived : 3 Ju ly ,  1984)

C hanges tak in g  place in  th e  tissues o f sunflow er leaves in  response to  th re e  
co n cen tra tio n s o f d icam ba (2 -m ethoxy-3 ,6-d ich lorobenzoic  acid) app lied  a t  th re e  d if­
fe re n t tim es were s tud ied . W ith  a  view  to  ev a lu a tin g  the  effect, th e  th ick n ess o f th e  
lea f b lade , th e  len g th  of th e  p a lisad e  an d  sp o n g y  p a ren ch y m a cells and  th e  w a ll th ic k ­
ness o f th e  epiderm is cells on  th e  u p p e r  an d  lower leaf surfaces w ere m easu red ; th e  
n u m b er o f cell row s in  th e  pa lisad e  and  sp o n g y  p a renchym a w ere co u n ted : a n d  th e  
d is tan ces betw een  th e  v ascu la r b u n d les  w ere  estab lished . B y th e  tim e  th e  th ird  sam p le  
w as ta k e n  all th ree  co n cen tra tio n s caused  a  th icken ing  of th e  lea f b lade co m p ared  to  
th e  con tro l. In  com parison  to  th e  effects o f 100 and  5000 p p m  c o n ce n tra tio n s  th e  
1000 p pm  co n cen tra tio n  caused a v e ry  g re a t e x te n t of th icken ing . T he tre a te d  p la n ts  
d iffer considerab ly  from  th e  co n tro l as reg ard s  th e  len g th  of th e  cells in  th e  p a lisad e  
p a ren c h y m a  of th e  leaf: in  every  case th e  cells a re  m uch  sh orte r. T he effect o f 1000 p p m  
is again  n o tew o rth y , since th is  co n ce n tra tio n  produces th e  sh a rp es t re d u c tio n  in  th e  
len g th  of th e  cells. T he cells o f th e  spongy p a ren ch y m a are also sh o rte r th a n  th e  co r­
resp o n d in g  cells in th e  con tro l leaves. D icam ba applied  a t  a co n cen tra tio n  of 1000 p p m  
caused  a sligh t leng then ing  of these  cells, so th e re  was no longer an y  g re a t d ifference  
in  len g th  be tw een  th e  pa lisade an d  spongy p a ren ch y m a  cells. T he walls of th e  ep id e rm is 
cells on b o th  sides of th e  lea f becam e n o ticeab ly  th in n e r com pared  to  th e  c o n tro l in 
response to  all th ree  con cen tra tio n s . On th e  basis o f th e  d a ta  i t  can  be e s tab lish ed  th a t  
th e  g re a te s t changes in th e  tissue  s tru c tu re  o f sunflow er leaves w ere caused b y  th e  
1000 p p m  co n cen tra tio n  of d icam b a; h ig h er concen tra tions no longer re su lted  in  an y  
considerab le  increase in th e  dam age.

Introduction

A gricu ltu re  uses large volum es of horm one-based  herbicides, p a rticu la rly  fo r th e  
chem ical con tro l o f cereals. These herb ic ides are m o stly  sprayed  from  aerop lanes or h e lico p te rs , 
so th ey  m ay  d rif t and  cause dam age an d  d e s tru c tio n  to  d icoty ledonous crops, w h ich  are 
p a rticu la rly  sensitive  to horm one-based  herb ic ides. T hese herbicides cause d e fo rm atio n s in 
b o th  th e  aboveground  and u n d e rg ro u n d  p a r ts  o f  th e  p lan ts  (U b r iz s y  and G im e s i  1969). 
In  th e  aboveground  p a r t  o f th e  p la n t d is to rtio n  an d  tw isting  of th e  shoots, fu n n e l-sh ap ed  
leaves ( B u h l  1958, U b r iz s y  1962), in te rlac in g  of th e  leaves (W a y  1962, 19636, 1964a, K i e r - 
m a y e r  cit. A u d u s  1964), fan leaf an d  g ingko-leaf in  vines (U b r iz s y  1962, S z a t a l a  1967) 
and  o th e r m orphological changes (A n d e r s e n , B a c h t h a l l e r , H a n f  cit. U b r iz s y  1962, T e r p ó - 
P o m o g y i and T e r p ó  1971) are found. W a y  (1963a, 1963c, 19646) also observed th e  d e fo rm a ­
tion  of th e  leaves. C onsiderable d is to rtio n s a re  caused  by horm one-based herbicides in  th e  
fru it (U b r iz s y  1962), and  severe dam age is also found  in the  roots (B u h l  1958. W a y  1962a. 
19636, 1964a).

* A c tu a l adress: M eriklón GT 1525 B u d a p es t, P f. 86. H u n g ary
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The high sen sitiv ity  o f sunflow er is m en tioned  b y  U b r iz s y  (1962). According to  W a t s o n  
(1948) serious dam age is c au sed  by horm one-based  herb ic ides du rin g  cell d iffe ren tia tio n ; 
m u ch  less h a rm  is done to  th e  lea f if it is fully  o r a lm o s t fully developed a t the  tim e o f th e  
tre a tm e n t. In  th e  m e ris te m a tic  tissues and th e  p h lo em  p a ren ch y m a of th e  s ta lk  a h igh  ra te  
o f cell m u ltip lica tio n  occurs u n d e r  the  influence of ho rm one-based  herbicides ( E a m e s  1951). 
These herbicides hav e  a co n sid erab le  influence on  cell-w all fo rm atio n  as well (G o r t e r , G if f o r d  
cit. A u d u s  1964).

T he m esophyllous cells becam e narrow  a n d  o f irreg u lar shape as a response to  t r e a t ­
m en ts  w ith  2,4-D (T u k e y  e t  al. 1945). Cells of th e  pa lisad e  paren ch y m a increase in size in 
all d irections, b u t p a r tic u la r ly  longitud inally  (W a t s o n  1948). The e longation  of the  pa lisade 
p a ren ch y m a  cells re su lts  in  a th icken ing  of the  lea f  ( B r a d l e y  et al. c it. A u d u s  1976).

H a c c iu s  (cit. A u d u s  1964) observed d e fo rm a tio n  of th e  spongy parenchym a cells as 
a consequence of t r e a tm e n ts  w ith  horm one-based he rb ic id es. On th e  abax ial surface of th e  
lea f th e  veins p ro tru d e  consp icuously  (F e l d e r  1948, W a t s o n  1948). T he vascu lar b u n d les  in 
th e  lea f  are placed close to  one  a n o th e r ( E a m e s  1949, W a t s o n  1948).

In  th e  case o f w h e a t a n d  barley  dicam ba h ad  a n  effect sim ilar to  th a t  of 2,4-D ( F r ie s e n  
et al. 1964). P a t e  e t al. (1965) found  lesions in th e  ph loem , cam bium  and  the  ad jacen t p a re n ­
ch y m a in p lan ts  t re a te d  w ith  dichlobenil and d icam b a.

Material and m ethod

Sunflow er p la n ts  (v a r ie ty :  V N IIM K  6541) w ere used in th e  experim ent. Sowing was 
carried  o u t on 12th M ay; th e  p la n ts  were trea te d  on  12 th  Ju n e , on reach ing  a heigh t o f 12 cm.

T he herb ic ide  a p p lie d  w as d icam ba (2 -m ethoxy-3 ,6-d ich lorobenzoic  acid) o f te c h ­
n ical g rade.

T he herb ic ide  w as a p p lie d  on to  the  surface  o f th e  p lan ts  by  sp ray ing .

The tre a tm e n ts  w ere:
d icam b a  100 ppm
d ica m b a  1000 ppm
d icam b a  5000 ppm
co n tro l

L eaf sam ples w ere co llected  on three  occasions:

1st sam p le  14th Ju n e
2nd sam p le  21st Ju n e
3rd  sam p le  11th Ju ly

On all th ree  occasions th e  sam ples w ere ta k e n  in th e  m orn ing , th en  fixed  in  40%  
alcohol. Excisions w ere m ad e  from  th e  m iddle of th e  le a f  b y  m eans of an  MC-2 slide m ic ro to m e 
f i t te d  w ith  a KTOC-2 e lec tr ic  freezer. The sections w ere s ta in ed  w ith  E h rlich ’s acidic haem a- 
to x ilin . T he e x p erim en t w as  s ta tis tica lly  ev a lu a te d . T he th ickness of th e  leaf b lade , th e  
th ick n ess o f th e  ep id e rm is cell-w alls on the  ad ax ia l su rfaces of th e  lea f an d  the  leng ths o f th e  
pa lisade and spongy p a re n c h y m a  cells were m easu red . In  th e  case of spongy p a ren ch y m a  
cells, th e  te rm  len g th  m ea n s  th e  d istance betw een  th e  tw o  fa rth e s t  p o in ts  of the  cells.

T he d a ta  w ere e v a lu a te d  by  th e  double i- te s t .  T h e  nu m b er of cell rows in  th e  pa lisade  
an d  spongy p a ren c h y m a  w as also counted , and  th e  d is tan c e  be tw een  th e  vascu lar b u n d les  in 
th e  leaves was m easu red .
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Results

Tissue lesions caused  b y  d icam ba are show n in Figs 1-3.

E xam ina tion  o f  the control lea f

Sam ple 1 ( ta k e n  on 14th Ju n e). The leaf is b ifacia l (F ig. 4A ); s to m ata  are fo u n d  in 
b o th  th e  u p p e r an d  low er ep iderm is of th e  leaf. T he palisade p a ren c h y m a  consists o f 2 row s 
of e longated  cells n o t  closely se t (Fig. 6A). The len g th  of th e  cells is 2 -3  tim es th e ir  w id th . 
The spongy p a ren c h y m a  is 2 -3  cell-rows th ick : th e  loosely a rra n g e d  cells are of irreg u la r 
shape (Fig. 6G). T he lea f p ro tru d es  slightly  along th e  m ajo r lea f veins. The vascular bu n d les 
are w idely spaced , a t  an  average  d istance of 113 p m  (88-139 p m )  fro m  one another.

Sam ple 2 ( tak e n  on 21st Ju n e ). The a rran g em en t o f th e  pa lisade  an d  spongy p a ren ch y m a 
cells is sim ilar to  th a t  in Sam ple  1 (Fig. 4B). The pa lisade  p a ren ch y m a  is 2 cell-rows th ick  and  
the  spongy p a ren c h y m a  2-3  cell-row s th ick  (Fig. 6H ). T he cells o f th e  palisade p a ren ch y m a 
are slightly  e lo n g a ted  (F ig . 6B ), th e ir  length  being 3 -4  tim es th e ir  w id th . The vascu lar bu n d les 
are arranged  in  a m an n e r sim ilar to  th a t  observed in Sam ple  1; th e  average  d istance b e tw een  
th em  is 119 p m  (98-140  p m ). T he leaf blade is u n ifo rm ly  th ick , no p ro tru sio n s or depressions 
being found on e ith e r th e  u p p e r o r the  lower surface of th e  leaf.

Sam ple 3 ( ta k e n  on  11 th  Ju ly ). The cells o f th e  palisade p a ren ch y m a  are a rran g ed  in 
2 cell-rows (F ig . 6C) an d  those  of th e  spongy p a ren ch y m a  in 2 -3  cell-row s (Fig. 61), in m uch  
the  sam e w ay as in Sam ple  1 (Fig. 4C). T he cells o f th e  pa lisade p a ren ch y m a are 4 -5  tim es
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++++ = p <0.1 %. C= control; 1=100 ppm; 2 = 1000 ppm; 3= 5000 ppm

Fig. 1. C hanges in  th e  th ick n ess of th e  lea f in  response  to  tre a tm e n ts  w ith  dicam ba
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longer th a n  th ey  are w ide. T he a rran g em en t o f  th e  palisade and spongy  p a ren ch y m a  cells 
a n d  of the  vascu lar b u n d les  is sim ilar to  th a t  in  Sam ple 1. The v ascu la r bund les a re  a t  an 
av erag e  d istance of 107 /лш  (82-132 ^m ) from  eac h  o ther. The leaf b lad e  is of un ifo rm  th ic k ­
ness; th e  epiderm is on b o th  sides is sim ilar to  t h a t  o f Sam ple 1.

ĵm
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F ig . 2. Changes in  th e  le n g th  of palisade p a re n c h y m a  cells in response to  tre a tm e n ts  w ith  
d icam b a  (a). Changes in  th e  len g th  of spongy  p a ren c h y m a  cells in response  to  tre a tm e n ts

w ith  d icam b a  (b)
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++++=p<0.1% C = control 1=100 ppm 2 = 1000 ppm 3 = 5000 ppm

F ig . 3. Changes in th e  th ick n ess o f epiderm is cell-w alls on the up p er le a f  surface as a  re su lt 
o f tre a tm e n t w ith  d icam b a  (a). Changes in th e  th ick n ess of cell-walls in  th e  low er lea f ep i­

derm is (b)
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Structure o f  lea f treated with di camba 

E ffec t o f 100 ppm  d icam ba

Sam ple 1 (14 th  Ju n e). The palisade p a ren c h y m a  (Fig. 6D) is 1 2 cell-rows w ide; cells 
to w ard s th e  cen tre  o f th e  m esophyll are sh o rte r , th e ir  leng th  being once or tw ice th e ir  w id th , 
w hile those  im m ed ia te ly  below th e  ep iderm is a re  2 -3  tim es longer th a n  th ey  are w ide. The 
cells are no t close set. T he spongy p a ren ch y m a  cells (Fig. 6K) are ro u n d ish , oval or occasionally  
o f irre ru la r  shape, a rran g ed  loosely in 3 -4  cell-row s. The vascu lar b u n d les  are m uch closer to 
one a n o th e r th a n  in th e  con tro l, th e  average  d is tan c e  betw een th em  being  32 p m  (27 -37  p m ). 
T he lea f b lade is o f u n ifo rm  th ickness (F ig. 4D ); th e  epiderm is on b o th  sides of th e  lea f is free 
from  p ro tru sio n s and  depressions. On th e  a b a x ia l surface  of the  leaf th e  veins p ro tru d e  sligh tly .

Fig. 4. C ross-sections o f leaves in th e  co n tro l a n d  in p lan ts tre a te d  w ith  100 ppm  d icam b a. 
— A — C =  contro l: D —F =  100 p p m ; A , D =  Sam ple l (14 th  Ju n e ) ;  B, E  =  S am p le  2 
(21st Ju n e ); C, F  =  Sam ple  3 (11th  Ju ly ). — F igs B, C, E  and F  a re  to  the  sam e scale
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3 0 6 F. HERDI

T he thickness of th e  le a f  is g re a tly  reduced com p ared  to  th e  con tro l (F ig . 1). A considerab le  
red u ctio n  in len g th  is fo u n d  in th e  cells of th e  pa lisad e  paren ch y m a, an d  even  m ore so in  those  
o f th e  spongy p a ren c h y m a  (F ig . 2). The th ickness o f  th e  epiderm is cell-w alls on bo th  th e  u p p e r  
an d  lower leaf surfaces is ex trem ely  reduced co m p ared  to  th e  con tro l (F ig . 3).

Sample 2 (21st Ju n e ) . The palisade p a ren c h y m a  cells are a rra n g e d  in 1-2 cell-row s 
(F ig . 6E ); th e  cells below  th e  epiderm is are 2 -4  tim es longer, and th o se  to w ard s the  m esophy ll 
a re  2 -3  tim es longer th a n  th e y  are wide. The cells a re  m uch  closer se t th a n  in Sam ple 1. T h e  
ro u n d ish , oval or ir re g u la r ly  shaped  cells of th e  sp o n g y  p a ren ch y m a (F ig . 6L) form  a lay e r 
3 -5  cell-rows w ide; th e y  a re  sligh tly  closer se t th a n  th o se  of Sam ple 1. T he epiderm is o f th e  
u p p e r  leaf surface is free  o f p ro tru sio n s and depressions, while on th e  low er leaf surface th e y  
a re  found  in fairly  la rg e  n u m b ers  (Fig. 4E). On th e  low er leaf surface th e  leaf veins p ro tru d e  
to  a considerable e x te n t.

F ig. 5. Cross-sections o f leaves from  p lan ts  tr e a te d  w ith  1000 an d  5000 ppm  dicam ba. — 
A— C =  1000 p p m ; D — F  =  5000 p pm ; A, D =  Sam ple  1 (14 th  Ju n e ) ;  B, E  =  Sam ple 2 
(21 st Ju n e); C, F  =  Sam p le  3 (11 th  Ju ly ). — Figs A , В and F  are  to  th e  sam e scale, as a re

Figs D an d  E

Acta Botár ica Hungarica 31, 1985



EFFECT OF DICAMBA ON SUNFLOWER 3 0 7

Fig. 6. P alisade and  spongy  p a ren ch y m a  cells in  the  leaves o f  th e  con tro l and  o f p la n ts  
tr e a te d  w ith  100 p p m  dicam ba. — A — F  =  palisade p a ren ch y m a  cells; A — C =  co n tro l; 
D —F  =  100 p p m ; G—M =  spongy p a re n c h y m a  cells; G—I =  co n tro l; K —M =  100 p p m ; 
A, D , G, K  =  Sam ple 1 (14 th  Ju n e ); B , E , H , L  =  Sam ple 2 (21st Ju n e ) ;  C, F , I ,  M =  S am p le  3 
(1 1 th  Ju ly ) . — Figs A, B , C, E , F , G, H , I ,  L  a n d  M are to th e  sam e scale, as are F igs D a n d  K
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The vascular b u n d les  o ccupy  one-th ird  o f th e  th ickness o f th e  lea f  blade: they  are  
lo ca ted  close to  one a n o th e r , th e  d istance betw een th e m  ranging  from  16-24  /an .

In  com parison to  S a m p le  1 th e  leaf blade has th ick en ed  and  reach ed  a thickness sim ilar 
to  t h a t  o f the  control (F ig . 1).

T he cells of th e  p a lisa d e  parenchym a are sim ila r in  len g th  to  th e  cells of Sam ple 1. 
con sid erab ly  shorte r th a n  in  th e  contro l (Fig. 2). T h e  len g th  of th e  sp o n g y  parenchym a cells 
has sligh tly  increased c o m p a red  to  Sam ple 1 (F ig . 2), b u t  are m uch  sh o rte r  th an  those in 
th e  contro l.

A lthough  the  th ic k n e ss  o f th e  cell-walls in th e  epiderm is is v e ry  s lig h tly  increased on 
b o th  sides of the lea f c o m p a re d  to  Sam ple 1; i t  is su b s ta n tia lly  red u ced  com pared to  th e  
co n tro l (Fig. 3).

Sam ple 3 (11th  Ju ly ) . T h e  palisade p a ren ch y m a  consists o f 1-2 row s of cells w hich are 
n o t closely set (Fig. 6 F ); cells to w ard s the  cen tre  o f  th e  m esophyll are  1 -2  tim es longer, an d  
th o se  tow ards the ep iderm is a re  3 -4  tim es longer th a n  th e y  are wide. T h e  spongy  parenchym a 
consists of 3-4 rows of ro u n d ish , oval or irreg u la rly  shaped  cells (F ig . 6M). The cells a re  
loosely arranged  in th e  row s. T he thickness of th e  le a f  b lade  is n o t u n ifo rm  (Fig. 4F). T he 
ep iderm is on the  u p p e r le a f  su rface  is free of p ro tru s io n s  and depressions; th e  lower surface, 
how ever, is ra th e r u n d u la to ry  w ith  a noticeable p ro tru s io n  of th e  lea f veins. Some one-th ird  
o f th e  th ickness of th e  le a f  b lad e  is occupied by  th e  v ascu la r bundles, w h ich  are placed close 
to  one ano ther, a t an  a v e ra g e  d istance of 36 p m  (24 -4 6  pm ). T he le a f  b lade is som ew hat 
th in n e r  th a n  in Sam ple 1 (F ig . 1), b u t  in com parison to  th e  contro l it h as becom e considerably 
th ic k e r. The edges of th e  le a f  h a v e  th ickened ab o u t tw o-fo ld  com pared to  th e  section tow ards 
th e  m iddle  of the  leaf; h e re  th e  closely spaced v a sc u la r  bundles tak e  u p  m ore th an  ha lf th e  
th ick n ess of the leaf. T he cells o f  th e  palisade p a ren c h y m a  (Fig. 2) show  a considerable red u c­
tio n  in  leng th  com pared to  b o th  th e  previous sam ples an d  th e  contro l. T h e  cells of the  spongy 
p a ren ch y m a  (Fig. 2) are  a lso sh o rte r th an  in e ith e r th e  previous sam ples or in the  control. 
A lth o u g h  the  cell-walls in  th e  epiderm is (Fig. 3) a re  sligh tly  th ick e r on  b o th  leaf surfaces 
th a n  in  th e  previous sam p les, th e y  are very th in  co m p ared  to  th e  con tro l.

E ffect of 1000 p p m  dicam ba

Sam ple 1 (14th  Ju n e ) . T h e  cells of the  pa lisad e  p a ren ch y m a (F ig . 7A) are arranged in 
1 -2  cell-rows. The len g th  o f cells n ear the  epiderm is is 2 -3  tim es th e ir  w id th , while cells tow ards 
th e  cen tre  of the  m esophyll a re  1-2 tim es longer th a n  th e y  are wide. T he cells are arranged  
fa irly  close to one an o th er.

The spongy p a re n c h y m a  (Fig. 7G) consists o f 3 -5  rows of loosely arranged  cells. T he 
cells a re  round ish  or oval, a n d  occasionally of irreg u la r shape.

T he thickness o f th e  le a f  b lade is fairly  un ifo rm  (Fig. 5A); on th e  u p p e r leaf epiderm is 
th e re  are no pro trusions o r d ep ressions, b u t th e  ep iderm is o f the  low er le a f  surface is slightly  
u n d u la to ry . The leaf ve ins on  th e  abaxial surface show  a considerable e x te n t of pro trusion . 
T he vascu lar bundles o ccu p y  on e-th ird  of the  th ick n ess  o f th e  leaf: th e y  are placed a t an  
av erag e  d istance of 28 //m  (2 7 -3 0  p m )  from  each o th er.

The thickness o f th e  le a f  b lade (Fig. 1) is g re a tly  reduced  com pared  to  b o th  the  contro l 
and  Sam ple  1 of the  100 p p m  trea tm e n t. The cells o f  th e  palisade p a ren c h y m a  (Fig. 2) are 
m u ch  shorte r th an  e ith e r in  th e  contro l or in Sam ple  1 o f th e  100 p p m  tre a tm e n t. The cells 
o f th e  spongy p a ren ch y m a h a v e  only become n o ticeab ly  sh o rte r (F ig. 2) com pared to th e  
co n tro l; in  com parison to  S am p le  1 of the  100 p p m  tre a tm e n t there  is h a rd ly  any  difference. 
T he w alls of the  epiderm is cells a re  very  th in  com p ared  to  th e  con tro l on th e  up p er and lower 
lea f  surfaces alike (Fig. 3): h o w ev er, in com parison w ith  Sam ple 1 of th e  100 ppm  trea tm e n t 
a ce rta in  ex ten t of th ic k en in g  can  be observed.
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Fig. 7. P a lisad e  an d  sp o n g y  p a renchym a cells in  th e  leaves o f p la n ts  trea te d  w ith  1000 and  
5000 p p m  d icam ba. — A — F  =  palisade p a ren ch y m a  cells; A —C =  1000 p p m ; D — F  =  
5000 p p m ; G —M =  sp o n g y  p arenchym a cells; G — I =  1000 p p m ; K —M = 5000 p p m ; A , D, 
G, K  =  Sam ple 1 (1 4 th  Ju n e ); B, E , H , L =  Sam ple 2 (21st Ju n e );  C, F , I , M =  Sam p le  3 
(11 th  Ju ly ) . — Figs A , B , C, F , G, H , I and  M are  to  th e  sam e scale, as are Figs D , E , K  a n d  L
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Sam ple  2 (21st Ju n e ) . T he palisade p a re n c h y m a  is 1-2 cell-rows wide (F ig. 7B). T he 
cells are  n o t so loosely a rra n g e d  as in Sam ple 1. T h e  len g th  of cells below th e  lea f  epiderm is 
is 2 -3  tim es th e ir  w id th , w hile  cells tow ards th e  m idd le  o f th e  m esophyll a re  sh o rte r, a t  m ost 
tw ice  as long  as th ey  are  w ide.

T he spongy p a re n c h y m a  consists o f 3 -4  row s o f rou n d ish , oval o r irreg u la rly  shaped  
cells; here  and  there  som e lo n g ish  cells sim ilar to  th o se  in  th e  palisade p a ren ch y m a  are found ; 
th e  la t t e r  a re  a t  m ost tw ice  as long as th e y  are  w ide. T hese cells, like those  in  th e  palisade 
p a re n c h y m a , are fa irly  c losely  se t. The th ick n ess o f th e  lea f  b lade is no t un ifo rm  (Fig. 5B); 
th e re  is a m odera te  n u m b e r  o f p ro trusions a n d  depressions on th e  u p p e r surface  an d  con­
sid e rab ly  m ore on th e  low er le a f  epiderm is. On th e  low er surface  of the  lea f th e  veins p ro tru d e  
sh a rp ly . T he v ascu la r b u n d le s  occupy a p p ro x im a te ly  h a lf  th e  th ickness o f th e  lea f  an d  are  
fo u n d  close tog e th e r, in  p laces  a t  a d istance of on ly  17-23  p m .  T he leaf b lade  is th in n e r  (F ig. 1) 
th a n  in  th e  con tro l a n d  in  S am p le  2 of th e  100 p p m  tre a tm e n t,  b u t  in  com parison  to  Sam ple 1 
m a rk e d  th ick en in g  can  b e  observed . The len g th  o f th e  pa lisade  p a ren ch y m a cells (F ig. 2) 
h as n o ta b ly  decreased c o m p a red  to  th e  co n tro l, to  Sam ple  2 o f th e  100 p p m  tre a tm e n t an d  
to  Sam p le  1 alike. T he cells o f  th e  spongy p a ren c h y m a  (F ig . 2) have becom e su b s ta n tia lly  
sh o r te r  th a n  in  th e  c o n tro l, b u t  only sligh tly  so in  com p ariso n  to  Sam ple 2 o f th e  100 ppm  
t r e a tm e n t;  how ever, w hen  co m p ared  to  Sam ple  1 th e y  show  some increase  in  len g th .

Cell-walls in th e  u p p e r  leaf epiderm is (F ig . 3) a re  m u ch  th in n e r th a n  in  th e  co n tro l 
W hen  com pared  to  Sam ple  2 o f the  100 p p m  tre a tm e n t  a  sligh t th icken ing  is found , while in  
com p ariso n  w ith  Sam ple 1 a  s lig h t th in n in g  can  be  observed . On th e  ab ax ia l surface  of th e  
lea f th e  walls o f th e  ep id e rm is cells are very  th in  co m p ared  to  th e  contro l (F ig . 3); th e  e x te n t 
o f th in n in g  is m inim al in  com parison  to  Sam ple 2 o f th e  100 p p m  tre a tm e n t an d  to  Sam ple 1.

Sam ple  3 (11 th  Ju ly ) . Cells in th e  pa lisad e  p a ren c h y m a  (Fig. 7C) are  a rran g ed  in 1-3 
row s in  a sim ilar w ay to  th o se  of Sam ple 2. T he le n g th  of th e  o u ter cells is 2 -3  tim es th e ir  
w id th , w hile th e  cells in th e  in n er row are a t  m o st tw ice  as long as th ey  are  wide.

T he 1-3 cell-rows of th e  spongy p a ren ch y m a (F ig . 71) resem ble th e  pa lisad e  paren ch y m a 
as reg ard s  th e  a rra n g e m e n t o f th e  cells. T he cells are  generally  longish, occasionally  roundish , 
o v a l o r o f irregu lar shape . T h e  longish cells are tw ice  as long as th ey  are wide.

T he lea f  blade is n o t  o f uniform  th ick n ess (F ig . 5C). A lthough larg e r or sm aller p ro ­
tru s io n s  an d  depressions a re  fo u n d  on th e  u p p e r  lea f  ep iderm is, those on th e  epiderm is of th e  
low er surface  of th e  lea f  a re  considerably  larg e r. L am in ar and  angular co llenchym a layers, 
lo ca ted  like  islands below  th e  epiderm is are fo u n d  on b o th  th e  up p er an d  low er sides of th e  
leaves. O n th e  lower le a f  su rface  th e  veins p ro tru d e  to  a considerable ex te n t. T he vascu lar 
bu n d les a re  closely p ack e d , a t  some places a t  a d is tan ce  of on ly  23-29 /o n , an d  occupy one- 
th ird  (a t  th e  leaf edges m ore th a n  half) th e  th ick n ess o f th e  lea f blade.

T he th ickness o f th e  le a f  blade show s a  considerab le  increase com pared  b o th  to  th e  
co n tro l, to  Sam ple 3 o f th e  100 ppm  tre a tm e n t a n d  to  Sam ple 2 (Fig. 1).

T he len g th  of th e  p a lisad e  pa ren ch y m a cells (F ig . 2) has been m ark ed ly  reduced  com ­
p a red  to  th e  contro l, to  S am p le  3 of th e  100 p p m  tr e a tm e n t  and  to Sam ple 2.

T he cells of th e  sp o n g y  p a renchym a (Fig. 2) a re  som ew hat shorter th a n  in  th e  contro l, 
b u t  s lig h tly  longer th a n  in  Sam ple  3 of th e  100 p p m  tre a tm e n t and in  Sam ple 2 of th e  1000 
p p m  tre a tm e n t.

T he difference in  cell len g th  betw een  th e  p a lisad e  and  spongy p a ren ch y m a has decreased 
to  a m in im um .

T he th ickness o f th e  cell-walls in th e  u p p e r  a n d  low er leaf epiderm is has fu rth e r d e ­
creased  com pared to  th e  co n tro l, to  Sam ple 3 o f th e  100 p p m  tre a tm e n t an d  to  Sam ple 2 of 
th e  1000 p p m  tre a tm e n t (F ig . 3).
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E ffect o f 5000 p p m  dicam ba

Sam ple 1 (14 th  Ju n e ). T he cells of th e  palisade pa ren ch y m a (F ig . 7D) are  a rran g ed  in 
1 -2  row s and are n o t closely packed . T he len g th  of th e  cells below  th e  ep iderm is is 3 -4  tim es 
th e ir  w id th , while cells to w ard s  th e  m iddle  o f th e  m esophyll a re  2 -3  tim es longer th a n  they  
are  wide.

The spongy p a ren c h y m a  (F ig. 7K ) consists of 3-5 rows of loosely a rran g ed  cells. The 
cells a re  roundish , oval o r occasionally  of irreg u la r  shape.

The leaf b lade is o f un ifo rm  th ick n ess (F ig . 5D); th ere  are no p ro tru sio n s o f depressions 
on  th e  up p er surface  a n d  on ly  a few on th e  low er leaf epiderm is. T he lea f veins do n o t p ro ­
tru d e  to  any g reat e x te n t.

T he average d is tan ce  be tw een  th e  v ascu la r  bundles is 36 fim  (34-38 //m ); th e y  occupy 
som e one-th ird  of th e  th ick n ess o f th e  lea f b lade. T he leaf blade is on ly  sligh tly  th ic k e r  th a n  
t h a t  o f th e  con tro l, b u t  considerab ly  th ic k e r com pared  to  Sam ple 1 o f th e  1000 ppm  t r e a t­
m e n t (F ig. 1).

T he cells of th e  pa lisad e  and  spongy  p a ren ch y m a  are m uch  sh o rte r  th a n  in  th e  contro l 
(F ig . 2); in com parison  to  Sam ple 1 o f th e  1000 p p m  tre a tm e n t th e  d ifference in  th e  len g th  
of th e  palisade p a ren ch y m a  cells is slight, b u t  th e  cells of th e  spongy  p a ren ch y m a  are som e­
w h a t elongated.

Cell-walls in b o th  th e  u p p e r and low er lea f epiderm is are considerab ly  th in n e r  th a n  in 
th e  con tro l (Fig. 3), a n d  even in com parison  w ith  Sam ple 1 o f th e  1000 p p m  tre a tm e n t a 
s lig h t degree of th in n in g  can  be  observed.

Sam ple 2 (21st Ju n e ) . T he palisade p a ren ch y m a  (Fig. 7E ) fo rm s a lay er 1-2 cell-rows 
th ic k  w ith  fa irly  close-set cells. Cells below  th e  epiderm is are 2 -3  tim es longer th a n  th ey  
a re  w ide, while th e  le n g th  of those  to w ard s  th e  m iddle of th e  m esophyll is a t  m o st tw ice 
th e ir  w id th .

T he spongy p a ren c h y m a  (Fig. 7L) consists o f 3 -4  row s of ro u n d ish , oval or irregu larly  
sh ap ed  cells. The cells a re  spaced  fa irly  close to g e th e r, in  a sim ilar w ay  to  those  in  th e  palisade 
p a ren ch y m a .

T he th ickness o f th e  lea f b lade is re la tiv e ly  uniform  (Fig. 5 E ); p ro tru sio n s an d  depres­
sions are found only on  th e  low er lea f ep iderm is, and  even these  are o f m inor e x te n t. On the  
low er surface of th e  lea f  th e  veins p ro tru d e  m arked ly .

The average d is tan c e  betw een  th e  v ascu la r bundles is 34 ^ m  (32-36 p m )  an d  th ey  
occu p y  no t qu ite  o n e -th ird  o f th e  th ick n ess of th e  leaf. The leaf b lad e  is considerab ly  th in n e r 
(F ig . 1) th a n  in th e  co n tro l, in  Sam ple 2 o f  th e  1000 ppm  tre a tm e n t or in Sam ple  1 of the  
5000 p p m  trea tm e n t.

T he cells o f th e  pa lisade  p a ren c h y m a  are su b s tan tia lly  sh o rte r  th a n  in  th e  con tro l 
(F ig . 2); in com parison  w ith  Sam ple 2 of th e  1000 ppm  tre a tm e n t an d  Sam ple 1 of th e  5000 
p p m  tre a tm e n t th e  d ifference is less.

T he spongy p a ren c h y m a  cells (F ig. 2) are  m uch  sh orte r th a n  in  th e  con tro l, b u t  differ 
on ly  v e ry  slightly  fro m  th e  corresponding  cells in Sam ple 2 of th e  1000 p p m  tre a tm e n t and 
Sam ple  1 of th e  5000 p p m  tre a tm e n t.

T he walls of ep iderm is cells on th e  a d ax ia l surface of th e  lea f  (Fig. 3) a re  considerab ly  
th in n e r  th a n  in th e  co n tro l; in  com parison  w ith  Sam ple 2 of th e  1000 ppm  tre a tm e n t and 
Sam ple  1 of th e  5000 p p m  tre a tm e n t, on th e  o th er hand , th e  e x te n t  of th in n in g  is only 
slight.

T he walls of ep iderm is cells (Fig. 3) on  th e  abax ial surface of th e  leaf are su b s ta n tia lly  
th in n e r  th a n  in th e  co n tro l; in  com parison  to  Sam ple 2 of th e  1000 p p m  tre a tm e n t a slight 
th in n in g  can be obse rv ed , while th ere  is no d ifference in th e  th ick n ess of th e  cell-w alls com ­
p a re d  to  Sam ple 1 o f th e  5000 p p m  tre a tm e n t.
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Sample 3 (11 th  Ju ly ) .  T he pa lisade p a ren ch y m a consists o f 1-2 row s of fairly  close­
sp aced  cells (Fig. 7F). Cells im m ed ia te ly  below th e  ep iderm is are 3 -4  tim es longer, and those  
to w a rd s  th e  m iddle o f th e  m esophy ll 1-2 tim es longer th a n  th e y  are wide.

The cells of th e  sp o n g y  p a ren ch y m a (Fig. 7M) are a rran g ed  in  3 -4  rows; th ey  are 
ro u n d ish , oval or o f i r re g u la r  shape. T he shape of som e cells resem bles th a t  of the  palisade 
p a ren c h y m a  cells; these  a re  tw ice  as long as th ey  are w ide. T he cells are fa irly  close-set, in 
m u c h  th e  same a rra n g e m e n t as in th e  palisade paren ch y m a.

The thickness o f th e  lea f  b lade is re la tiv e ly  un ifo rm  (Fig. 5F); m inor p ro trusions and 
depressions are found o n ly  o n  th e  lower leaf epiderm is. T he lea f veins on th e  abax ial surface 
p ro tru d e  to  a considerab le  e x te n t. T he vascu lar bund les a re  closer to  one an o th er and are 
occasionally  found side b y  side. T he average d istance  be tw een  th em  is 28 /an  (24-32 /an ); 
th e y  occupy one-th ird  o f th e  th ick n ess o f th e  leaf b lade. In  com parison  to  th e  contro l and  th e  
p rev io u s sam ple the  lea f  b lad e  show s som e th icken ing  (F ig . 1), b u t  i t  is th in n e r  th a n  in Sam ple 3 
o f th e  1000 ppm  tre a tm e n t.

The cells of th e  p a lisad e  paren ch y m a (Fig. 2) a re  su b s ta n tia lly  sh o rte r th a n  in th e  
co n tro l; in com parison w ith  th e  p rev ious sam ple th ey  show  a sligh t increase  in len g th , and  
a  considerable increase co m p ared  to  Sam ple 3 of th e  1000 p p m  tre a tm e n t.

The cells of th e  sp o n g y  p a ren ch y m a are h a rd ly  an y  sh o rte r th a n  th e  corresponding 
cells o f the  control. T h ey  show  a sligh t increase in  len g th  com pared  to  th e  p revious sam ple, 
a n d  som e reduction  in co m p ariso n  w ith  Sam ple 3 o f th e  1000 p pm  tre a tm e n t.

T he cell-walls in  th e  u p p e r  lea f epiderm is (Fig. 3) a re  th in n e r th a n  in  an y  o th er sam ple; 
th e  th in n in g  of the  cell-w alls in  th e  low er epiderm is is v e ry  g rea t com pared  to  th e  con tro l, 
w hile  th ere  is no d ifference in  com parison  w ith  th e  p rev ious sam ples in th e  5000 ppm  t r e a t ­
m en t (Fig. 3).
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PROLINE STAINING AS A NEW METHOD 
FOR DETERMINING THE VITALITY 

OF POLLEN GRAINS IN WIND 
AND INSECT POLLINATED PLANTS
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(R eceived: 22 D ecem ber, 1983)

In  five p la n t  species o f th e  fa m ily  Legum inosae, C om positae  and  G ram ineae , 
respec tive ly , th e  p ro line  c o n ten t o f  th e  pollen was found  to  be in  d irec t ra tio  to  i ts  
v ita lity .

W e have  e lab o ra ted  a new  is a tin  sta in ing  m ethod  b y  w hich  th e  pollen  g ra ins 
assum e q u ite  d iffe ren t colours acco rd in g  to  th e ir re sp ec tiv e  p ro line  co n cen tra tio n s . 
T he colours o b ta in ed  th ro u g h  a d iffe re n tia te d  sta in ing  o f p o llen  grains by  o u r isa tin  
reag en t in d ica te  th e  d iffe ren t degrees o f  v ita lity .

The re su lts  o f p ro line  s ta in in g  w ere supported  by  th e  p e rcen tag e  va lues o f in 
v itro  pollen germ ination .

As a considerab le  ad v an tag e  o f th e  new stain ing  m eth o d  in  com parison to  o th e r  
techn iques, th e  fo rm er v ita lity  levels o f  fixed  pollen gra ins can  also be a p p ro x im a te ly  
d e term ined  w ith  i t ,  if  w ith in  24 h o u rs  following th e  p o llin a tio n  th e  pollen g ra ins are  
d ried  a t  90 °C and  sto red  in  d a rk , h e rm e tica lly  sealed u n til  th e  exam in atio n .

The isa tin  sta in in g  of th e  p o llen  grains can  be used  in  th e  case of insect- an d  
w ind po llina ted  species alike, if  th e  p ro lin e  con ten t of th e  p o llen  grains exceeds 1.0 
p e r cen t of th e  d ry m a tte r ,  th a t  is, i f  th e  species has “ p ro lin e  ty p e ”  pollen.

Acta Botanica Hungarica 31 ( l —4 ) ,p p . 315-321 (1985)

In tro d u c tio n

I t  has been found  th a t  th e  proline c o n te n t of amino acid e x tra c ts  from  th e  pollens of 
m an y  p la n t species is v e ry  h igh  and is in d ire c t ra tio  to  its v ita lity  (L in s k e n s  and  Sc h r a u w e n  
1969, D a sh e k  and  H a rw o od  1974, B r it ik o v  1975, Yamada a n d  K ono  1976, Ahokas 1978, 
Zh an g  e t al. 1982, etc.).

I t  has also been  rep o rte d  th a t  w h en  herbaceous m esophytic  p la n t species a re  g row n 
in d ry , cold or sa lty  soil th e  proline in  th e ir  leav es accum ulates in  a n  ex trem e ly  g reat m easu re , 
i ts  co n cen tra tio n  even am o u n tin g  to  2 -3  p e r  cen t of the  d ry -m a tte r  (K u d rev  1970, Aspin a l l  
e t al. 1973, B ates e t al. 1973, T ymms and  G a f f  1979, L ew itt  1980, P á l f i e t al. 1978, P á l f i 
1980, T yankova  e t al. 1982).

I t  is know n th a t  th e  op tim u m  w a te r  c o n ten t in the  leaves o f herbaceous m eso p h y tic  
p la n t species is u sua lly  80-90  per cen t of th e  fresh  weight. A t th e  sam e tim e  th e  w a ter c o n te n t 
of m a tu re  pollen is m ax im u m  40-50 pe r c e n t of the  fresh w eigh t, o r even less. T he po llen  
can th ere fo re  be regarded  as cells w ith  e x tre m e ly  reduced w ater c o n te n t. T h a t is supposed  to  
be one of th e  reasons w hy in  th e  pollens o f m an y  p lan t species th e  p ro line  reaches 2 pe r cen t 
of th e  d ry -m a tte r , as m uch  as in the  leaves o f  h igh ly  w ater defic ien t p la n ts  ( P á l f i  et al. 1981).

Z hanc  and  Croes (1983) g e rm in ated  pollens of L ilium  long iflo rum  L. in v itro . In  th e  
germ in atio n  m edium  of som e v a ria n ts  th e y  dissolved l4C-proline iso tope, while th e  cu ltu re  
m edium  of th e  con tro ls d id  no t co n ta in  exogenous proline. T he co n tro l and  a p a r t  o f th e  
pro line  trea tm e n ts  were g e rm inated  a t to o  h igh  and too low  tem p e ra tu re s , re sp ec tive ly ,
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w hile o th er v a r ia n ts  in  w a te r  defic ien t m edia. A ccording to th e ir  re su lts  th e  pollens hav ing  
ta k e n  up  exogenous p ro lin e  g e rm inated  su b s ta n tia lly  b e tte r  a t  b o th  th e  op tim um  and th e  
ex trem e  tem p era tu res , a n d  even  in the  w a te r d e fic ien t m edia. T he a u th o rs  assum e th a t  in 
th e  course o f th e  g e rm in a tio n  of pollens o f n u m ero u s p lan t species th e  h igh proline con­
c en tra tio n  enhances th e  re s is tan ce  in the  case o f u n fav o u rab le  te m p e ra tu re  and w ater condi­
tio n s , increasing th e re b y  th e  chances of successful fertiliza tion . S im ilar conclusion was arrived  
a t  b y  K ursanov  an d  R u zh k o v  (1980) who g e rm in a ted  pollens o f R ibes nigrum  L. in v itro  
a n d  found th a t  in  m ed ia  c o n ta in in g  a larger q u a n ti ty  of proline th e  le n g th  of the tu b e  grew 
2-3-fold.

I t  has been p o in te d  o u t  th a t  in th e  course o f pollen g e rm in atio n  th e  proline plays an  
im p o rta n t role as a c t iv a to r  o f th e  c itra te  cycle, source of n itro g en ; fu r th e r , it controls th e  
w a te r  regim e, m a in ta in s  th e  fu n c tio n  of enzym es, an d  in  th e  fo rm  o f hydroxypro line  is an  
im p o rta n t bu ild ing  e lem en t o f p ro te ins in th e  w all of th e  pollen an d  th e  tu b e  (T u py  1963, 
L in sk e n s  1974, B r it ik o v  1975, A hokas 1978, H e s l o p -H a rriso n  1979, D a sh ek  and Mills 
1981, Zhang  e t al. 1982).

Our p resen t w ork  h as  th e  aim  of m ak ing  up  a reagent w hich s ta in s  th e  pollen grains 
d iffe ren t colours acco rd ing  to  th e ir  prolin c o n te n t, w h ereby  we m ay  o b ta in  inform ation  ab o u t 
th e  degree of v ita lity .

Isa tin  is know n  to  g ive  an  ex trem ely  good re ac tio n  w ith  p ro line  a n d  forms w ith  it an  
in ten siv e  blue or d a rk  b lue  co lour, if th e  d ev elo p m en t is carried  ou t a t  90 °C. A t the sam e tim e, 
w ith  am ino acids o th e r th a n  proline  the  isa tin  gives a very  poor re ac tio n  appearing  in a pale 
yellow ish  or b row nish  co lour. I f  th e  pollen g ra in  co n ta in s a considerab le  am o u n t of proline, 
th e  la t te r  m ay form  w ith  th e  isa tin e  a dark  b lue  co lou r on th e  wall o f th e  pollen  (exine), which 
suppresses (sta ins over) th e  pa le  colours o f th e  o th e r  am ino acids.

F u rth e r, we e x am in ed  w h e th er the  su itab le  isa tin  reag en t cou ld  be equally  used for 
live- and fixed pollen  g ra in s , as well as for w ind- a n d  insect p o llin a ted  species, respectively.

The resu lts o f o u r new  pollen sta in ing  m eth o d  are  com pared w ith  th e  in  v itro  germ ina­
tio n  percentages o f po llen  g ra in s and  w ith  th e  p ro line  co n ten ts of am ino  acid  ex trac ts  from  
pollen  grains as well.

M aterial an d  m ethod

In  the  fam ily  L eg um inosae  pollens from  th e  in sect po llinated  species Trifolium  hybri- 
du m  L. and Lotus cornicula tus  L. were exam ined . Inflorescences were cu t o ff to g e th e r w ith  the  
sh o o ts , and th e  a n th e rs  w ere  p re p are d  in lab o ra to ry .

From  H elian thus a n n u u s  L. m ixed pollen  w as collected fro m  d iffe ren t p a rts  of th e  
c ap itu lu m . In  th e  case o f C hrisanthem um  hortorum  L . pollen  was o b ta in e d  f i r s t  from  th e  o u te r  
circle  of the  c ap itu lu m , th e n  a d ay  la te r  from  a n  in n e r  ring tow ards th e  cen tre , and n ex t day  
fro m  th e  cen tre  o f th e  c a p itu lu m .

D esignations fo r th e  w in d  po llina ted  v a rie tie s  o f Secale cereale L ., fam ily  G rainineae, 
a n d  for th e  inbred  lines o f Zea m ays L. are g iven  in  T ab le  1. The rye- a n d  m aize pollens were 
co llected  on th e  d ay  of th e  g re a te s t  sca tter.

T he proline c o n te n ts  o f  am ino acid e x tra c ts  from  th e  pollen w ere  m easured  according 
to  A spin a ll  e t al. (1973).

F or the  pu rp o se  o f p o llen  sta in ing  we tr ie d  o u t  solu tions an d  con cen tra tio n s of the  
isa tin  reagent p re p are d  w ith  several hun d red  k in d s  o f  so lvent. I t  h a d  to  be  tak en  in to  con­
sid e ra tio n  th a t  th e  so lu b ility  o f pro line  in w a te r a n d  certa in  organic  acids w as fa r the  highest 
o f all am ino acids (a t  25 °C 166 g proline is d isso lved  in 100 ml d is tilled  w a te r!) . Therefore 
such  a basic so lven t o f  th e  isa tin  was req u ired  — e.g. acetone — t h a t  w ould no t dissolve 
e ith e r th e  proline o r o th e r  am in o  acids. A t th e  sam e tim e, th e  isa tin  re a g e n t had  to contain  
a m in im um  a m o u n t o f o rg an ic  acid  (or an  aqueous so lu tion  of it) to  d issolve  th e  free proline 
from  th e  cell by  p e n e tra t in g  th e  pollen g rain  to  be  exam ined , enab ling  th e re b y  th e  isa tin  
re ac tio n  to tak e  p lace  on  th e  exine. I f  the  re ag e n t co n ta in s b u t s lig h tly  m ore th an  necessary
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Table 1

Comparison o f  in vitro germ ination percentages o f  pollen grains 
to the proline  contents o f  pollen extracts and to the results o f  isa tin  staining  

( v ita lity  sta in ig)

Plant families, species 
and varieties

In vitro 
germination

Proline content 
(in dry matter)

%

Positive 
staining 

with isatin

Leguminosae
Trifo lium  hybridum * 71 1.64 76
Lotus corniculatus* 68 1.56 74

Compositae
H elianthus a n n u u s*
Chrysanthemum hortorum,* flowers o f  th e

72 0.03 —

outerm ost circle of the capitulum  
Ch. hortorum,* flow ers of the second circle

81 1.84 94

of th e  cap itu lu m 66 1.50 73
Ch. hortorum,* flow ers of the centre o f th e

cap itu lum 45 1.31 47

Gramineae
Secale cereale,** cu ltiv a r S344 83 2.02 94
Secale cereale,** cu ltiv a r S361 56 1.73 63
Secale cereale,** cu ltiv a r S382 45 1.26 49
Zea mays,** in b red  line Z326 87 2.54 97
Zea mays,** in b red  line Z340 68 1.82 73
Zea mays,** in b red  line Z366 44 1.37 46

A verage dev ia tion  below + 5  per cent; n  =  3.
* insect po llinated  

** wind po llinated

of th e  so lv en t o f p ro line , th e n  the  isa tin  re ac tio n  s ta in s  n o t on ly  th e  exine b u t  dissolves in to  
th e  m ed iu m  and s ta in s  i t  an  in tensive  blue colour, w hereby  false re su lts  are ob ta ined . A t th e  
sam e tim e , isa tin  m u s t be in excess in th e  m ed iu m  in d ica ted  b y  a c ry sta lliza tio n  a f te r  th e  
sta in in g .

F o r  th e  new isa tin  re ag e n t f irs t 0.01 M c itric  acid  w as p re p are d , th a t  is, 0.21 g c itric  acid  
was d issolved in 100 m l d istilled  w ater. T he com position  of th e  re ag e n t: to  100 m l ace to n e  
1.5 ml o f th e  0.01 M c itric  acid  is added and 0.5 g isa tin  d isso lved  in i t .  Considering th a t  th is  
isa tin  re ag e n t can be s to re d  in  refrigerato r fo r 2 -3  w eeks w ith o u t changing , only h a lf  o r  one- 
f if th  o f th e  given a m o u n t should  be p rep ared  a t  a tim e , and  w hen  it  is used  up , th e  re a g e n t 
is new ly  m ade.

S ta in in g  was ca rried  o u t on the  slide o f th e  m icroscope. 1 -2 , o r 5-10 mg of po llen  
w ere p laced  w ith  a la n c e t in  th e  m iddle of th e  slide, and  a d rop  o f isa tin  reagen t ad ded  w ith  
an  ey e-d ro p p er to  it. T h e  pollen  grains were im m ed ia te ly  th o ro u g h ly  m ixed w ith th e  so lu tio n  
w ith  th e  aid  of th e  la n c e t, u n til  th e  acetone com p le te ly  e v ap o ra ted . S ta in ing  w ith  a d rop  of 
isa tin  reag en t, and  m ix in g  were repea ted  tw ice . T h en  th e  slide w ith  th e  pollen was h e a te d  
fo r 10 m in u te s  in  an  e x sicca to r of 90 °C, to  develop  th e  colours. W hen  th e  slide rem o v ed  
fro m  th e  exsiccator cooled dow n the  yellow excess o f s ta in  ro u n d  th e  pollen was w iped o ff 
w ith  w et co tto n  b y  m ean s o f a forceps. S u b seq u en tly  on  th e  m ass o f pollen sta ined  d a rk  an d  
s tu ck  on th e  slide a t in y  d ro p  of paraffine  oil w as app lied  w ith  a  g lass-rod , th e  pollen g ra in s  
th o ro u g h ly  m ixed (d isp e rg a ted ) in it, and  g a th e red  in th e  m iddle  o f th e  slide, and  f in a lly  
covered  w ith  a slide a n d  s lig h tly  pressed.

W hen alive p o llen  g ra ins are sta ined , th e  ace to n e  in th e  re ag e n t, and  the d ev elo p m en t 
o f colour a t  90 °C fix  th em . Alive pollen has to  be  fixed  a t  90 °C and  dried  on th e  d a y  of 
collecting. In  th a t  case w ith  pollen sam ples s to red  in  sm all air- an d  lig h t- tig h t flasks d e te r ­
m in a tio n  b y  s ta in ing  can  be  carried  o u t even 5 -6  m o n th s  la te r.
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T he colours o f s ta in in g  w ith  th e  isa tin  re a g e n t w ere exam ined by  m icroscope as m agnified  
100-300  tim es. W ith  fiv e  fie lds o f vision su rv ey ed  even  an  ap p ro x im ate  p e rcen tag e  ev a lu a tio n  
co u ld  be  carried  ou t.

F o r  th e  p u rp o se  of in  v itro  g e rm in atio n  th e  solid cu ltu re  m edium  w as p rep ared  on th e  
b asis  o f a p u b lica tio n  b y  Sta n ley  and  L in s k e n s  (1974). E ach  ex am in atio n  an d  analysis w as 
c a rr ie d  o u t in  3 rep lica tio n s , and  th e  average  re su lts  w ere recorded. I f  th e  d e v ia tio n  o f e v en  a 
sing le  re su lt of an  analysis fro m  th e  average  ex ceed ed  + 5 % ,  the  w hole analy sis  w'as re p e a te d .

Results and discussion

In  th e  course o f th e  m icroscope ex am in a tio n  of pollen grains s ta in ed  
w ith  th e  isa tin  re a g e n t i t  teas found  t h a t  in  pollen  grains w ith  h igh  free pro line  
co n c e n tra tio n s  th e  cell-w alls were s ta in e d  d a rk  blue or b lack  in  consequence 
o f  a reac tio n  w ith  th e  isa tin . I f  th e  p ro lin e  co n ten t was low er th e  w alls o f th e  
p o llen  grains assum ed  a b lue, lig h t b lu e  o r greenish b lue colour. A nd w hen 
th e  pollen  grains co n ta in ed  p ro line in  q u ite  sm all q u a n titie s  or in  trace s , 
th e ir  walls tu rn e d  b row nish  yellow , or w ere n o t sta ined  a t  all, th a t  is, re ta in e d  
th e ir  original pa le  yellow  colour.

On th e  b lack -an d -w h ite  pho to  th e  po llen  grains s ta in ed  d a rk  b lue or 
b la c k  ap p ea r eq u a lly  in  b lack  (Fig. 1). T h e  o th e r colours give v a rio u s shades 
o f  g rey . In  Fig. 1 th e  qu ite  lig h t g rey  po llen  grains are sterile .

F rom  F ig . 1 i t  can  th u s  be e s tab lish ed  th a t  th e  po llen  grains do n o t 
c o n ta in  equal am o u n ts  of pro line, an d  th e  new m ethod  o f isa tin  s ta in in g  
in d ic a te s  th e  p ro line  co n ten ts  and  th e  degrees of v ita lity  b y  a sh a rp  d iffe ren tia ­
tio n  o f colour.

In  th e  in sec t p o llin a ted  species Chrysanthem um  hortorum  L. pollen grains 
co llec ted  from  v a rio u s  p a rts  o f th e  c a p itu lu m  were found  to  show  q u ite  d if­
fe re n t degrees o f v ita li ty .

W e also p o in te d  ou t th a t  o u r new  m ethod  of s ta in in g  gave id en tica l 
re su lts  w ith  th e  alive an d  fix ed  po llen  g ra in s o f th e  sam e sam ple.

The d a ta  o f F ig . 1 give ev idence o f a w ide v a ria tio n  o f v i ta l i ty  of th e  
p o llen  of d iffe ren t ry e  varie ties  and  in b re d  m aize lines.

In  th e  course o f exam in ing  p o llen  sam ples collected from  th e  sam e 
v a r ie tie s  of ry e  an d  m aize in  3 successive years we found  th a t  th e  v i ta l i ty  
degrees of p u re  v a rie tie s  or in b red  m aize lines rem ained  re la tiv e ly  u n ch an g ed  
fro m  y ea r to  y ea r, th a t  is in  th e  s ta b le  c u ltiv a te d  species th e  v i ta li ty  level o f 
th e  pollen  can  be regarded  as a specific  ch a rac te r if  th e  p la n ts  are grow n 
u n d e r  o p tim u m  cond itions.

I t  shou ld  be n o ted  th a t  th e  degrees of v ita lity  of po llen  grains in  th e  
d iffe ren t rye- an d  m aize va rie tie s  g en era lly  are no t as ex trem e  as show n b y  
F ig . 1. In  m ost v a rie tie s  th e  v i ta l i ty  o f po llen  is ab o u t 70 p e r cen t. F o r th e  
sak e  of d em o n stra tio n  we d e lib e ra te ly  looked for varie ties w ith  a v e ry  h igh  
v i ta l i ty  of po llen  g ra ins, as well as one w ith  a large n u m b e r of sterile  p o l­
len  grains.
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As seen from  T ab le  1 th e  new  isa tin  re a g e n t can  be used for de te rm in in g  
th e  v ita li ty  level of pollen in  the  exam ined  species o f th e  fam ilies Legum i- 
nosae, C om positae  and G ram ineae  excep t H elian thus a nnuus  w hich while 
show ing a 72 p e r cen t in  v itro  germ ination  co n ta in ed  free proline in  th e  am ino 
acid e x tra c ts  a t  a m in im um  co n cen tra tio n .

Fig. 1. T he p ro lin e  co n ten ts o f po llen  grains in th e  species C hrysanthem um  hortorum  (ABC) 
Secale cereale (D E F ) an d  Zea m ays  (G H I) are in d irec t ra tio  w ith  th e ir degrees of v ita lity . 
O ur isa tin  re ag e n t s ta in s  th e  v iab le  pollen grains d a rk  b lue  or b lack . Pollen  grains o f low 
v ita lity  becom e lig h t blue or g reen ish  blue (in th e  figu re  va rio u s shades o f grey). S terile  pollen 
grains do n o t  s ta in , th e y  re m a in  yellow  (in th e  p ic tu re  lig h t grey). A =  pollen ob ta in ed  from  
th e  o u term o st circle o f th e  cap itu lu m  of C hrysanthem um  hortorum ; В =  pollen gra ins from  
th e  second circle o f th e  c ap itu lu m ; C =  pollen gra ins co llected  from  th e  cen tre  of th e  cap itu lu m . 
D E F  pollen g ra in s from  th re e  cu ltiv a rs  o f Secale cereale (S344, S361, S382). G H I =  pollen 

gra ins from  3 in b red  lines of Zea m ays  (Z326, Z340, Z366)
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T able 1 reveals th a t  on th e  basis o f th e  proline c o n ten ts  o f po llen  grains 
v i ta l i ty  can be d e te rm in ed  b y  th e  new  m ethod  o f sta in in g  b o th  in  in sec t and  
w ind  po llin a ted  species.

I t  also can  be seen th a t  s ta in in g  w ith  th e  isa tin  re a g e n t gave in  each 
case a som ew hat h ig h er p e rcen tag e  o f v i ta l i ty  th a n  th e  p ercen tag e  o f in  v itro  
g e rm in a tio n . I t  can  be supposed , how ever, th a t  a p a r t from  th e  pro line  co n te n t 
o th e r  fac to rs  in h ib itin g  th e  g e rm in a tio n  m ay  also occur in  th e  pollen  g rains.

A ccording to  T ab le  1 th e  h ig h est value of v ita li ty  p e rcen tag e  p o in ted  
o u t b y  s ta in ing  w as o b ta in ed  w ith  th e  pollen sam ple ta k e n  from  th e  o u te r ­
m ost circle of th e  cap itu lu m  o f C hrysanthem um  hortorum , as also show n by  
F ig . 1. T ow ards th e  cen tre  o f th e  c ap itu lu m  th e  v ita li ty  o f  th e  po llen  con­
s id e rab ly  decreases. T his s ta te m e n t is su p p o rted  b y  th e  d a ta  o f g e rm in a tio n  
a n d  th e  proline c o n te n ts  of th e  po llen  e x tra c ts .

In  th e  Secale cereale v a rie tie s  and  in b red  Zea m ays lines in  T ab le  1 the  
v i ta l i ty  p ercen tage  p o in ted  o u t b y  is a tin  s ta in in g  is show n to  change w ith  
th e  sam e ten d en cy  as th e  in  v itro  g erm in a tio n . The pro line  c o n te n ts  o f am ino 
acid  e x tra c ts  of pollen  d isp lay  th e  sam e ten d en cy  of change.

F ro m  th e  re su lts  o f th e  ta b le  we can  d raw  th e  conclusion th a t  th e  isa tin  
reag en t can  be used  only  for species w ith  a proline c o n c e n tra tio n  exceeding 
1.0 p er cen t of th e  pollen  d ry  w e igh t. In  H elianthus annuus  th e  pro line  c o n te n t 
is m uch lower (0.03 p e r cen t). T he pollen  of species like th a t  m ay  be called 
“ n on-p ro line  ty p e ”  pollen.

H igher th a n  1.0 p er cen t p ro line  co n te n t o f v iab le  p o llen  w as p o in ted  
o u t b y  T u p y  (1963) in  app le , b y  L i n s k e n s  and  S c h r a u w e n  (1969) in  P etunia  
hybrida, by  St a n l e y  and  L i n s k e n s  (1974) in  Cynodon dactylon, b y  Y a m a d a  
an d  K ono  (1976) in  rice , b y  A h o ka s  (1978) in  b a rley  an d  b y  K u r s a k o v  and  
R y z h k o v  (1980) in Ribes n igrum . T he  au th o rs  unequ iv o ca lly  s ta te  th a t  th e  
h igh  proline co n ten t o f pollen  in  th e  above p la n t species, th o u g h  n o t th e  cause, 
is u n d o u b te d ly  an  in d ic a to r  o f v ita lity .

T he v ita li ty  o f pollen grains can  be dete rm in ed  in m a n y  w ays: e.g . by  
in v itro  g e rm ina tion , o r colouring  m a tte rs  like th e  aniline b lue , th e  TTC , th e  
ace to carm in e , etc. H ow ever, th e  above lis ted  and  all o th e r m e th o d s ap p lied  so 
fa r  on ly  p o in t ou t how  m an y  of th e  pollen grains were live or dead  a t th e  
b eg in n in g  of th e  ex am in a tio n . O ur new  m eth o d  has th e  v e ry  a d v a n ta g e  th a t  
w hen  th e  m a tu re  pollen  grains are fix ed  on th e  d ay  of co llecting  th e ir  v i ta l i ty  
can  be d e te rm in ed  even w eeks la te r , th a t  is, th e  m ethod  does n o t req u ire  
live pollen.
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RESULTS OF PHYTOPHENOLOGICAL OBSERVATIONS 
IN THE POPLAR CLONE-TESTING 

AREA (POPULETUM) NEAR KECSKEMÉT

T .  L a c z a y

FOREST RESEARCH INSTITUTE, EXPERIMENT STATION, KECSKEMÉT, HUNGARY

(R eceived : 15 M ay, 1983)

F o u r phenophases of 64 d iffe re n t po p lar clones were observed d u rin g  4 su b ­
seq u e n t y ears . T h eir b u rstin g  tim e, “ green p eak ”  period , g row th  period  an d  fo lia tion  
w ere re la te d  to  tem p era tu re  and ra in fa ll d a ta  and coincidences were s tu d ied .

Introduction

On th e  in it ia tiv e  of th e  Országos E rd észe ti Fő igazgatóság  (O E F) (N a tio n a l Chief 
B o ard  of W oods a n d  F orests) poplar c lo n e-testing  areas w ere established in e igh t fo restries a t  
th e  end of th e  1950s.

T he c lone-collections were in tro d u ced  w ith  th e  in te n tio n  of im provem en t. I t  w as a 
desire to  m ake  a com parison  betw een th e  b e s t clones of ou r n a tiv e  poplars in  th e  p o p u le tu m  
region by  reg ion  an d  niche by  niche as well as to  com pare th e  clones proved  good a b ro ad  w ith  
th e  clones im p ro v ed  from  our best p lus-trees an d  the  eu ram erican  poplars grow n in our 
co u n try  up  to  now.

I t  was a p u rp o se  to  select and p ro p ag a te  clones w hich are best su itable for th e  ecological 
co n d itions o f th e  H u n g a rian  sites and resis t diseases.

Such a p o p la r  p lan ta tio n  (P o p u le tu m ) can  be found  n ear K ecskem ét, c en tra l H u n g ary , 
too . T he 64 species an d  clones, respectively , in tro d u ced  in 1961 gave a favourab le  o p p o rtu n ity  
for o b se rv a tio n s o f phenology  and grow th  d y n am ics.

General description o f the populetum

T he p o p u le tu m  w as established in a spac in g  of 1 0 x 1 0  m in the  spring  of 1961. T he 
soil is san d y  m eadow -soil and  its  com b in a tio n  w ith  o th er soil ty p es , respectively . I t  belongs 
to  th e  hyd ro lo g ical ca teg o ry  where th e  e ffec t o f g ro u n d -w ate r is periodical o r p e rm a n en t. 
I ts  c lim ate  is th a t  co rrespond ing  to fo res t-s tep p e  v eg eta tio n . D ue to th e  spacing o f p la n ta tio n  
of 10 X lO m s i t  seem ed to  be su itab le  for ca rrin g  o u t  phenological o b seraa tions as p ra c tic a lly  
no opressed  in d iv id u a ls  could be found. E ac h  tree  ind iv idual could to le ra te  th e  w ea th e r effects 
to th e  sam e ex te n t.

Methods

T he phenolog ical observations w ere be ing  carried  o u t th e  Populetum  th ro u g h  four 
y ears  (from  1976 to  1979). D uring  our o b se rv a tio n s  th e  tim es of th e  following phenopM ases 
w ere reco rded  clone b y  clone:
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Table 1

Climatological data

Monthly average temperature in °C

XII.

Annual
average,

°C

Average 
of growing 

period
1. IV.-30. IX.I. II. HI. IV. V. VI. VII. VIII. IX. X. XI.

1976 0.0 — 0.7 2.3 12.2 16.4 19.5 22.5 18.4 15.2 11.9 7.0 0.2 10.4 17.4
1977 0.3 4.5 8.9 9.6 17.1 20.7 20.6 19.8 14.1 12.1 5.1 - 1 .9 10.9 17.0
1978 0.0 0.4 7.0 10.3 14.0 18.6 19.7 18.7 14.6 11.1 1.5 1.2 9.8 16.0
1979 2.5 1.9 8.0 10.2 18.2 22.5 19.2 20.1 17.5 9.6 5.3 3.9 11.6 17.95

Monthly rainfall in mm During the
_______________________ ______ _________________________________________________________________________________________ —-------------------- growing

Year Total period

L II. III. IV. V. VI. VII. VIII. IX. X. XI. XII. 1. IV.- 
30. IX.

1976 46.8 2.1 40.3 43.4 33.6 45.4 31.7 23.2 112.7 54.5 29.7 103.2 526.6 290.0
1977 26.1 74.9 50.1 22.2 25.5 58.1 64.6 31.5 39.2 13.8 79.8 25.4 511.2 241.1
1978 8.9 34.1 30.4 37.7 65.1 95.0 63.6 35.3 69.9 9.5 5.9 53.9 509.3 366.6
1979 57.6 30.6 36.3 37.3 14.0 67.5 69.3 36.6 11.3 18.9 69.1 59.8 508.3 236.0

Number of sunny hours every month During the
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- growing

Year Total period
II. III. IV. V. VI. VII. VIII. IX. X. XI. XII. 1. IV.- 

30. IX.

1976 41.9 100.3 130.4 169.5 225.2 264.6 242.1 189.0 103.3 100.7 58.8 37.4 1663.2 1193.7
1977 47.5 86.0 153.8 150.6 189.6 207.3 216.8 191.9 170.3 143.0 70.9 37.9 1665.6 1126.5
1978 66.2 50.3 140.2 156.7 150.0 201.9 230.4 219.1 148.9 156.2 10.4 27.3 1557.6 1107.0
1979 45.1 68.6 152.2 194.0 241.3 215.3 204.7 209.7 187.0 152.9 27.7 48.1 1746.6 1252.0
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Table 2

Phenologic analysis o f  Leuce poplar clones

Clones made by selection or introduction

Serial 0rigin
number Clone

2. P. tremula S áto raljaú jh ely  184. p lus-tree
9. P . X  canescens Sm R áckeve 143. plus-tree

10. P . X  canescens Sm N agyrezét 52. p lus-tree
32. P. alba K unpeszér 175-1 p lus-tree
33. P . alba K unpeszér 175-2 plus-tree
35. P. alba Poland

Crossed clones

18. P. canescens X  cv. ‘bolleana’ H 372-1 B ugac 132 X  Lajosm izse 176.
19. P . canescens X  cv. ‘bolleana’ H  372-2 Bugac 132 X  Lajosm izse 176.
20. P. canescens X  cv. ibolleana'> H  372-4 Bugac 132 X  Lajosm izse 176.
24. P . canescens X  cv. ‘bolhana' H  428-3 N agyrezét 52 X  Lajosm izse 176.
31. P . canescens X  P . alba H 441-8 N agyrezét 52 X  K unpeszér 181.
36. P. alba X  P . tremuloides H 456-1 K unpeszér 175 X  C anada A ngus 3.
37. P . alba X  P . tremuloides H 456-2 K unpeszér 175 X  C anada A ngus 3.
38. P . alba X  P . tremuloides Czechoslovakia Spalek crossing
39. P. alba X  P . grandidentata H 422-1 A lsóném edi 140. X  C anada, O ntario
40. P. alba X  P. grandidentata II 422-6 Alsóném edi 140. X  C anada. O ntario
43. P . alba X  P . alba H 425-4 Alsóném edi 140. X  K unpeszér 181.
44. P. alba X  P. alba 11 425-10 Alsóném edi 140. X  K unpeszér 181.

— beginn ing  an d  end of flow ering
— beginn ing  of budd ing  — com plete  fo lia tion
— beginn ing  of co louration  of leaves — com plete  d isco loration  of leaves
— beginn ing  of defoliation  — com plete  defo liation

T he d a ta  of th e  daily  average te m p e ra tu re  an d  ra in fa ll of th e  fo res try  m eteoro log ical 
s ta tio n  of K erek eg y h áza  lying ap p ro x im ate ly  6 k ins aw ay  from  th e  P o p u le tu m  w ere also 
co llected  (T able  1).

T he to sa l series o f d a ta  covering th e  64 clones can  be found  in th e  archives o f th e  
D an u b e-T isza  M idregion E x p erim en t S ta tio n  of th e  F o re st R esearch  In s t i tu te  (E rd észe ti 
T u d om ányos In té z e t  D u n a -T isza  közi K ísé rle ti Á llom ása).

F u r th e r  on , 18 clones belonging to  th e  Leuce section  being m ost im p o r ta n t w ith  a 
view  to fo re s try  an d  10 clones belonging to  th e  A igeiros section  will be analyzed  in d e ta il 
(T able 2).

L a te r  on, th e  clones will be described  on th e  basis o f th e ir  serial n u m b er because th e y  
can  be  se p a ra ted  m o stly  in th is  w ay.

Flowering

W ith  p o p lars , th e  beginning of th e  grow ing period  is m arked  by  th e  beginning of th e  
flow ering, ap p ea rin g  of th e  catk ins. The la s t  fro s ty  day  in 1976 was on 22nd M arch, th e  83rd 
d ay  of th e  y e a r an d  up to  th a t  tim e th e  da ily  average  tem p e ra tu re  rose n o t once over -}-8 °C. 
On M arch 3 0 th , 31st and  in the  f irs t week of A pril th e  daily  m ean  tem p e ra tu re  was above 
10 °C. F low ering  of th e  poplars began a lm o st a t  th e  sam e tim e, from  M arch 31st to  A pril 2nd, 
accord ing ly  r a th e r  la te . In  the last w eek of F e b ru a ry  in  1977 th e  daily  m ean  tem p e ra tu re  
w as 8 to  12 °C th ro u g h  several days n o t reg ard in g  th e  fa c t th a t  th ere  were four cold days 
(0 to  - f5 ° C )  early  in  M arch and catk ins ap p ea red  on M arch 3rd. U nder th e  influence of th e
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cold w eath e r flow ering d id  n o t  begin a t th e  sam e tim e: th e  clone No. 36 (P . a lb a x P .  tre- 
muloides H  456-1) began to  b loom  first, on M arch 4 th  while th e  clone No. 43 (P . alba x P .  alba 
H 425-4) la s t, on M arch 16 th .

In  th e  f irs t week of M arch  in 1978 th e  d a ily  average tem p e ra tu re s  a lte rn a ted  betw een  
9 and  12 °C. A gain th e  clone No. 36 b u rst in to  b loom  earliest on M arch 7 th  while th e  clone 
No. 18 (P . canescens X cv. ibolleana’ II 372-1) a t  la te s t ,  on M arch 30th.

A v ery  in te resting  th in g  happened in 1979. F low ering  (9. P . X  canescens Sm .) began  on 
F e b ru a ry  24 th  a lth o u g h  th e  da ily  average te m p e ra tu re  was — 1.1 °C and  it  d id n ’t  rise  above 
4 °C in th e  preceding week. T h e  o th er Leuce p o p la rs , to o , flow ered on th e  f irs t 10 days o f  M arch 
a lth o u g h  th e  daily  average  tem p e ra tu re  was b e tw een  3 and 8 °C.

O f th e  stud ied  fo u r y ea rs  flowering b eg an  th re e  tim es early  in M arch b u t in 1976 it 
began on ly  a t the  end of M arch  (th ree  weeks la te r) .

In  1976 the  average  tem p e ra tu re  in J a n u a ry  w as 0 °C, in F e b ru a ry  —0.7 °C, in M arch 
2.3 °C, consequently  th ere  w as a cold w in ter a n d  e a rly  spring.

In  1977 the  average  te m p e ra tu re  in  J a n u a ry  w as 0.3 °C, in F e b ru a ry  4.5 °C, in M arch 
8.9 °C, consequently  th e  te m p e ra tu re  co nd itions w ere considerab ly  m ore fav o u rab le  th a n  
those  in th e  preceding y e a r , th is  m ay be th e  reaso n  of th e  earlier flow ering. C onsidering th e  
average of the  last th ree  y e a rs  th e  beginning o f th e  flow ering  was w orked ou t as follows.

Day of the
Early-flowering poplars beginning Deviation in days

of flowering

36. P. a lb a x P . tremuloides H  456-1 4. I I I . ± 3
2. P. tremula 5. I I I . +  4
9. P. canescens 5. I I I . + 5  to  9

Late-flowering poplars

32. P. alba 11. I I I . +  5
31. P. canescens X  P . alba H  441-8 14. I I I . ± 3
18. P. canescens X  c x . ‘‘bolleana’ H 372-1 14. I I I . +  14 to  11
19. P. canescens X  cv . ‘bolleana} H 372-2 15. I I I . +  15 to 10

T he o th er clones can  b e  ranked am ongst th o se  flow ering a t average tim e.

Beginning o f foliation

T he phase of flo w erin g  is followed b y  th e  fo lia tion , generally  a t  the  tim e w hen poplars 
have a lread y  d ropped  th e ir  catk ins. I t  could be  experienced during  our ob se rv a tio n s th a t  
th ere  can  be a d ifference o f 16 to  30 days b e tw een  th e  beg inn ing  of th e  veg eta tio n  of th e  po p lar 
clones flow ering  f irs t an d  la s t.  On the basis o f th e  d a ta  o b ta in ed  du ring  th e  four y ears o rder 
of flow ering  of th e  18 pcs o f  Leuce poplars is as follow s.

In  th e  Table 3 by  to ta l  tem p era tu re  th e  sum  of th e  daily  average tem p e ra tu re  is to  
be m ea n t, counted  from  th e  la s t frosty day.

I t  can  be clearly  seen  in the Table 3 t h a t  ev ery  y ear th e  clone No. 44 (P . alba X P . alba 
H 425-10) is in bud earlie st.

D raw ing a p a ralle l be tw een  the m eteoro log ica l d a ta  an d  phenological ob se rv atio n s it 
w as estab lished  th a t  if  th e  f irs t daily av erag e  te m p e ra tu re  is above 10 °C becom es s te ad y
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1976.

1977.

Fig. 1. B egin  of bud b u rs t  o f p o p la r v a rie tie s  in  th e  function  of th e  h ea t-su m  fro m  th e  la s t
fro s ty  day , in th e  y ears  1976-77. — ...........D aily  average te m p e ra tu re  in °C

19 7 8 .

F ig. 2. B egin of b u d -b u rs t o f p o p la r  v a rie ties in  th e  function  of th e  h ea t-su m  from  th e  las t 
fro s ty  day , in th e  y ears 1978-79. — ...........D aily  average te m p e ra tu re  in °C
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Total temperature required fo r  fo lia tio n

Table 3

Number 
of clones

Day of foliation from 
the beginning of the 

year
Total

temperature,
Deviation day

1976 1977 1978 1979 average + -

E arly -bursting ones
44. 95 81 97 85 31. I I I . 192 7 9
36. 100 85 97 88 3. IV. 229 7 8
24. 103 84 100 92 5. IV. 249 8 11

P o p la rs  bursting  a t  average  tim e
31. 105 85 109 93 8. IV. 280 11 13
32. 107 85 111 93 9. IV. 291 12 14
33. 106 87 111 93 9. IV. 296 12 12
39. 106 91 111 93 10. IV. 308 11 9
40. 106 91 109 94 10. IV. 296 9 9
35. 106 87 112 93 10. IV. 299 12 13

9. 109 90 109 101 12. IV. 319 7 12
20. 107 97 109 95 12. IV. 313 7 7
37. 106 97 112 92 12. IV. 313 10 10

L ate-bursting ones
38. 107 102 114 102 16. IV. 350 8 4
43. 110 98 114 104 16. IV. 360 8 8

2. 113 98 115 103 17. IV. 372 8 9
10. 110 102 115 104 18. IV. 370 7 6
18. 110 109 117 104 20. IV. 391 7 6
19. 111 111 118 104 21. IV. 402 7 7

fo r 2 to  3 days early  b u rs tin g  clones (of Nos 44, 36, 24) begins. A t th e  n e x t rise in  te m p e ra tu re  
th e  clones b u rstin g  a t  av erag e  tim e  come in to  lea f th e n , a t  th e  th ird  rise in  tem p e ra tu re , 
th o se  bu rsting  la te  (F igs 1. 2).

Figures are show ing th e  sum m arized  to ta l h e a t in  °C, th e  daily  average tem p e ra tu re  
as well as th e  day  of b u rs tin g  of th e  clones, from  th e  la s t  fro sty  day.

From the beginning of foliation to the complete foliation

The d u ra tio n  of th is  p h en o p h ase , too, is considerab ly  influenced  by  th e  tem p e ra tu re . 
T he h igher is th e  m ean  of th e  da ily  average tem p e ra tu re s  a fte r  bud d in g  th e  sho rte r tim e th is  
phenophase  will last.

I t  is show n in  T ab le  4 how  m any  days th e  to ta l  fo lia tion  tak es from  th e  beginning of 
b u d d in g  and how m uch  th e  av erag e  value of te m p e ra tu re  was du ring  th is  period.

In  case of daily  av erag e  tem p e ra tu re  h igher th a n  12 °C, th e  com plete  foliation  genera lly  
la s ts  a period sh o rte r th a n  10 days while in case o f an  average tem p e ra tu re  ab o u t 7 to  8 °C 
it  m akes even th ree  weeks.

D ura tion  of th e  fo rm a tio n  of th e  com plete fo lia tio n  depends n o t so m uch on the  clone 
as on th e  beginning of b u d d in g .
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Table 4

Phonological data o f  fo lia tion

1976 1977 1978 1979

Clone Time of Mean temper­ Time of Mean temper­ Time of Mean temper- Time of Mean temper­
number Beginning complete ature of Beginning complete ature of Beginning complete ature of Beginning complete ature of

of foliation foliation, the period, of foliation foliation, the period, of foliation foliation, the period, of foliation foliation, the period,
day °C day °C day °C day °C

E arly -b u rstin g  ones 
44. 5. IV. 12 11.5 22. I I I . 7 14.5 7. IV. 17 9.5 26. I I I . 19 8.9
36. 10. IV. 11 13.2 26. I I I . 20 8.8 7. IV. 21 10.1 29. I I I . 16 8.6
24. 13. IV. 9 13.8 25. I I I . 18 8.9 10. IV. 16 9.9 2. IV. 12 9.0

T he ones 

31.

b u rstin g  a t  average tim e 

15. IV. 7 14.2 26. I I I . 17 8.5 19. IV. 10 12.4 3. IV. 15 9.9
32. 17. IV. 6 14.9 26. I I I . 17 8.5 21. IV. 11 13.8 3. IV. 15 9.9
33. 16. IV. 6 14.6 28. I I I . 23 7.3 21. IV. 7 12.8 3. IV. 15 9.9
39. 16. IV. 6 14.6 1. IV. 21 7.3 21. IV. 11 13.8 3. IV. 18 9.5
40. 16. IV. 8 14.3 1. IV. 19 7.0 19. IV. 13 14.1 4. IV. 15 9.6
35. 16. IV. 6 14.6 28. I I I . 23 7.3 22. IV. 10 14.4 3. IV. 15 9.9

9. 18. IV. 5 13.8 31. I I I . 24 7.3 19. IV. 9 12.1 11. IV. 9 10.7
20. 16. IV. 5 14.7 7. IV. 20 8.8 19. IV. 13 13.2 5. IV. 13 10.0
37. 15. IV. 7 14.2 7. IV. 15 8.9 22. IV. 10 14.4 2. IV. 15 9.9

L ate-b u rs tin g  ones 

38. 16. IV. 5 14.7 12. IV. 19 9.4 24. IV. 8 14.2 12. IV. 11 10.9
43. 19. IV. 6 16.0 8. IV. 19 8.8 24. IV. 8 14.2 14. IV. 14 11.6

2. 22. IV. 12 10.8 8. IV. 17 8.7 25. IV. 8 14.2 13. IV. 11 11.3
10. 19. IV. 18 12.7 12. IV. 18 9.7 25. IV. 11 14.7 14. IV. 13 11.7
18. 19. IV. 10 10.7 9. IV. 11 11.8 27. IV. 6 14.6 14. IV. 10 11.2
19. 20. IV. 12 10.5 11. IV. 9 12.0 28. IV. 8 15.3 14. IV. 10 11.2
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Duration o f foliation and increase in tree volume

L eng th  of tim e of fo lia tio n  can be ca lcu la ted
a)  from  the  b eg in n in g  of budding to  th e  beg inn ing  of d isco louration  of leaves,
b) from  th e  b eg in n in g  of budding to  th e  beg inn ing  of leaf-fall.
c) from  th e  b eg in n in g  of budding to  th e  com plete  defoliation.
The best is to  c a lcu la te  th e  d u ra tio n  o f fo lia tion  from  the  beginning of bud d in g  to  

th e  beginning of defo lia tion  because in th is period  th ere  is a m easurab le  increase in  th e  tree  
v o lu m e, too. This period  can  also be called th e  period  of “ green p eak ” .

According to  th e  d u ra tio n  of fo lia tion  p o p la r  clones of long, average, sh o rt an d  ra th e r  
sh o r t  “ green peak” pe rio d s w ere separa ted  (T ab le  5).

T he hybrids P . alba X  P . alba, P . alba X  P . trém ula , and  P . alba X P. grandidentata  are 
o f long  “ green p eak ” p e rio d . The hybrids P . canescens and  P . canescens X cv. кЬо11еапач are 
clones o f sho rt and  ra th e r  sh o r t  growing periods.

W ith  the ex cep tio n  o f tw o clones, “ g reen  p e ak ” period was longest in 1977. I t  can  be 
ex p la in ed  by the  fa c t t h a t  bud d in g  began ea rlie s t th is  year, due to  th e  effect o f th e  fav o u rab le  
av erag e  tem p era tu re  in  M arch  of abou t 9 °C.

The o rder of th e  clones slightly  changes if  th e  d u ra tio n  of v eg eta tio n  is ca lcu la ted  
fro m  th e  beginning of b u d d in g  the  com plete d e fo lia tio n  in days.

T able  5

Length o f  “green p ea k”  period in days

Clone 1976 1977 1978 1979 Average
number

day

Poplars of long “ green peak” period

39. 173 190 178 182 181
40. 172 185 184 169 178
44. 172 183 182 161 175
36. 170 186 171 169 174

Poplars of average “ green peak1” period

2. 179 171 171 152 168
9. 168 186 164 149 167

38. 170 174 161 162 167
32. 160 186 152 164 166
33. 161 182 157 162 165
37. 165 174 158 161 165
35. 157 177 156 157 162
31. 162 163 161 157 161

Poplars of sh o rt “ green peak” period

18. 160 160 158 146 156
19. 156 160 157 149 156
10. 160 162 150 144 154

Poplars of very short “ green peak”  period

43. 153 lo i 135 132 145
20. 146 155 135 141 144
24. 160 150 144 123 144
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I t  is ra th e r  in teresting , how ever, th a t  th e  len g th  of “ green p e ak ” period of th e  clone 
No. 24 (P . canescens X cv. ‘bolleana H 428-3) fro m  th e  beginning of bud d in g  to  th e  beg inn ing  
of defoliation  is 144 days (it is ra th e r  sh o rt) an d  70 days pass from  th e  beginning of th e  d efo lia ­
tio n  to  th e  com plete defoliation. I t  is d ro p p in g  its  leaves during  l /3 rd  of th e  to ta l  grow ing 
period  (in average 213 days) (Table 6).

Size o f basal area increm ent o f various clones under the influence  
of temperature and rainfall

In  1976 and  1977 th e  p e rim ete r-g ro w th  of 12 poplars belonging to the  Leuce section  
was m easured  weekly. In  spring b ronze-strip s  w ere p laced on th e  stem s in a heigh t o f 130 cm 
from  th e  soil surface, according to the  m eth o d  o f Z. J áró. M easuring th e  m easuring  p o in ts  
fix ed  on to  th e  s trip , th e  weekly increase in p e rim e te r  was ob tained . T he basal a rea  in crem en t 
was calcu la ted  in cm2 from  th e  grow ths o f th e  anchor-ring , reg is te red  weekly. In  Fig. 3 the  
ra te  of basal area grow th  of 1976 can  be seen w hile Fig. 4 illu stra tes th a t  o f 1977 in th e  fu n c tio n  
of th e  w eekly ra in fa ll and average tem p e ra tu re .

Table 6

Length o f  the vegetation period o f  the studied poplars

Clone
number

1976 1977 1978 1979 Averagt

day

Clones of long v eg e ta tio n  period

44. 212 231 222 214 220
39. 208 231 208 226 218
40. 210 229 210 222 218
36. 212 221 217 210 215
35. 208 229 202 218 214
24. 206 224 214 208 213
32. 207 227 208 209 213
31. 209 219 207 209 211

Clones of m iddle vegeta tion period

33. 201 219 197 207 206
2. 207 214 204 197 206
9. 203 214 205 199 205

38. 209 204 198 207 205

Clones o f sho rt vegeta tio n period

37. 202 191 200 203 199
10. 202 204 197 194 199
19. 198 195 196 205 199
18. 197 195 197 201 198
43. 202 192 184 191 192

Clone of very sh o rt veg eta tio n  period

20. 195 189 189 180 188
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1976 mm °C

weekly increment of basa l area  in cm 2

F ig . 3. W eekly b asa l a rea  g ro w th  in cm 2 in th e  fu n c tio n  of w eekly tem p e ra tu re s  and p re c ip ita ­
tion  in  1976

To ensure th e  essen tia l conditions of th e  p la n ts  also 1 m m  o p tim a l rainfall in ev ery  
10 °C w ould be desirab le  in  th e  grow ing period. H ence  from  th e  follow ing form ula if th e  period  
w as d ry  or wet:

Sum  of w eekly ra in fa ll (m m ) X 10 
S um  of daily  av erage  tem p e ra tu re s

I f  th is value is less th a n  1 we can speak of a d ry  period. F igu res are showing c learly  
th a t  th ere  was a con sid erab le  basal area in crem en t w hen the  value  calcu la ted  according to  
th e  fo rm ula  was g rea te r th a n  1 or was qu ite  n ea r to  1.

The increase in  th ick n ess  of th e  Leuce p o p la rs  generally  la s ts  b y  th e  end of A u gust, 
th u s  i t  is ex ped ien t to  c o u n t th e  “ green p eak ” p e rio d  to  th e  beg inn ing  of the  defo liation .
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Fig. 4. W eek ly  b asa l a rea  g ro w th  in  cm2 in th e  fu n c tio n  of w eekly tem p e ra tu re s  and  p re c ip ita ­
tio n  in  1977. — ...........D a ily  average tem p e ra tu re  in  °C; = = =  su m  of w eekly ra in fa ll in

. e . r , sum  o f w eekly ra in fa ll in m m  X 10m m ; ----------v a lu es oi th e  fo rm ula: — . — —
sum  of daily  av erag e  tem p era tu res

D iam eter g ro w th  of th e  p o p la rs  is generally  m ore in ten siv e  in  tw o  g re a t periods, fro m  M ay 
to  th e  m iddle  o f Ju n e  a n d  from  th e  m iddle of Ju ly  to  th e  m iddle o f A ugust.

I t  can  be o bserved  t h a t  in th e  course o f th e  im p ro v em en t th e  offsprings o b ta in e d  by  
crossing o f th e  sam e p a re n t  trees M ay have long an d  sh o rt grow ing  periods, too. (E .g . Nos 
36, 37 as well as th e  clones Nos 43, 44.) W hen th e  offsprings are  s tu d ied  th is c ircum stance  
m ust also be ta k e n  in to  considera tion .

T he h y b rid  in tro d u ced  from  Czechoslovakia (clone No. 38) is b u rs tin g  la te r  th a n  th e  
hom e-crossed h y b rid s P. a lb a x P .  tremuloides (T ab le  7).
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A  su m m a ry  made on the basis o f  the phenological observations o f the studied Leuce poplars

Table 7

Beginning of Duration of Duration of
number Species — clone

flowering foliation
“green
peak”

total
foliation

2. P. tremula L. early late average average
9. P. canescens Sm early average average average

10. P. canescens Sm average late sh o rt sho rt
18. P . canescens X cv. ‘bolleana’ H 372-1 la te late sh o rt sh o rt
19. P. canescens X cv. ‘bolleana4 H 372-2 la te late sh o rt short
20. P. canescens X cv. ‘bolleana’ H 372-4 average average ra th e r

short
ra th e r

short
24. P. canescens X  cv. ‘bolleana’ H 428-3 average early ra th e r

short
long

31. P. canescens X P . alba H  441-8 la te average average average
32. P. alba L. la te average average long
33. P. alba L. average average average average
35. P. alba L. average average average long
36. P. alba X  P. tremuloides II 456-1 early early long long
37. P. a lb a X P . tremuloides H  456-2 average average average sho rt
38. P. albaX  P. tremuloides (Spalek) average late average average
39. P. alba X  P. grandidentata H  422-1 average average long long
40. P. alba X  P. grandidentata H  422-6 average average long long
43. P. alba X  P. alba H 425-4 average late ra th e r

short
sho rt

44. P . alba X P . alba H  425-10 average early long long

Phenological analysis o f the poplar clones belonging 
to the Aigeiros section

Som e species and  clones, re sp ec tiv e ly , w hich are im p o r ta n t for th e  
fo re s try , are given below.

Origin

52. P . nigra  L.
54. P. X euramericana  cv. 1-154
55. P. X  euramericana  cv. 1-214
58. P . X  euram ericana  cv. gelrica
59. P . X  euramericana  cv. regenerata
67. P . X  deltoides ssp. m issouriensis  H en ry
74. P . X  euramericana  cv. marilandica
75. P . euramericana  cv. robusta 
82. P . nigra  (h y b rid )
98. P . euramericana

C zechoslovakia
I ta ly
I ta ly
H olland
W est-G erm any
H olland  cv. ‘H e idem ij’
B átaszék  (H u n g ary )
Belgium
L ebeny . H ungary  
N agylózs, H ungary

T he e lab o ra tio n  o f th e  A igeiros p o p la rs  was carried  o u t sim ilarly  to  th a t  
o f  th e  Leuce poplars bu t th e  period  of flow ering  was no t considered  as im p o r­
ta n t  as these  pop lars are m ain ly  p ro p ag a ted  vege ta tiv e ly . F low erings g enera lly  
b eg in  10 days la te r  th a n  in  th e  case of p o p la rs  belonging to o  th e  Leuce section .

T h e  beg inning  of th e  fo lia tio n  w ith  th e  Aigeiros p o p la rs th e  order can  be 
seen a t  th e  T able 8.
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Table 8
Phenological data o f  bursting o f  the Aigeiros poplars

Number Day of bursting front the beginning of the year
of clone 1976 1977 1978 1979 average

E arly -b u rs tin g  ones

67. 103 84 i n 93 98 (8. IV.)
82. 103 85 109 93 98 (8. IV.)
55. 106 87 105 99 99 (9. IV.)

Poplars b u rs tin g  a t average tim e

54. 105 85 109 99 100 (10. IV.)
75. 106 87 111 99 101 (11- IV.)
74. 106 91 111 100 102 (12. IV.)
52. 108 97 111 100 104 (14. IV.)
59. 107 97 114 101 105 (15. IV.)

L a te -b u rs tin g  ones

58. 111 108 118 103 110 (20. IV.)
98. 112 109 115 107 111 (21. IV.)

Table 9
Duration o f  "green peak” period in days

Number 
of clone Species — clone 1976 1977 1978 1979 Average

Poplars of a long “ green peak” period

55. ‘1-214’ 162 182 165 147 164
67. ‘H eidem ij’ 165 171 159 140 159

Poplars of an  average  “ green peak” period

52. P. nigra 160 172 138 148 155
54. ‘1-154’ 159 163 146 149 154
82. P. nigra (hybrid) 165 161 145 143 154
59. ‘regenerata’ 187 151 137 138 153

Poplars o f a sh o rt “ green p eak ” period

75. ‘robusta’ 158 159 138 140 149
74. im arylandica> 158 157 138 136 147

Poplars o f a ra th e r  sh o rt “ green peak”  period

98. P. X euramericana 156 143 139 136 144
58. ‘gelrica 153 140 129 138 140

W hile  the  du ra t io n  of folia tion from  the  beginning  of bu rs t ing  to  the  
beg inn ing  of defoliation is d e m o n s t ra te d  in the  Table 9.

This is the  period of the  v o lu m en-g row th  or of “ green  p eak ”  to. Com ­
paring  th e  “ green p e a k ”  periods of  th e  poplars belonging  to  the  Aigeiros 
section w ith  those belonging to  th e  Leuce  section it  can  be seen th a t  ‘1-214’ 
of  long “ green p e a k ” period could n o t  be ranged  b u t  in  th e  average ca tego ry  
of  th e  Leuce poplars.
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Table 10

Length o f  the growing period o f  various poplars

Number 
of clone

1976
Species — clone ----

1977 1978 1979 Aversge

day

P o p la rs o f long growing period

55. ‘1-214’ 207 223 236 207 218
67. ‘H eidem ij’ 212 220 233 207 218
54. T-154’ 208 227 205 215 214

P o p la rs  o f average grow ing period

59. ‘regeneráld’ 201 195 227 197 205
52. P. nigra  L. 202 197 196 209 201

P o p la rs  of sho rt grow ing period

82. P . nigra  (h y b rid ) 207 203 196 188 199
74. 4m arylandica ’ 191 199 197 190 194
98. 4euramericana’ 196 190 197 193 194
75. 4robusta’ 189 201 182 191 191

P o p la r  o f very  short grow ing period

58. 4gelrica’ 181 177 204 180 186

The o rder o f species from  th e  beg inn ing  of b u rs tin g  to  th e  com plete 
d efo lia tio n  is com piled  in  th e  T ab le  10.

S. K o h a n  in  C zechoslovakia , W . M o r g e n e y e r  and  W . B o r s d o r f  in 
th e  D R G  also ca rried  o u t phenological ob se rv a tio n s. C om paring  th e ir  obser­
v a tio n s  w ith  our ones, p o p la rs  are b u rs tin g  la te r  b o th  in  C zechoslovakia and 
in  th e  D R G  b u t th e  o rd e r o f b u rstin g  is s im ila r to  th e  b u rs tin g  order u n d er 
hom e circum stances. I t  is c lear from  th is  th a t  th e  b u rs tin g  o rd e r depends on 
th e  clone b u t th e  b eg in n in g  o f v eg e ta tio n  depends on th e  s ite  and  w ea th er 
in fluences, re spec tive ly .

The com parison  b e tw een  th e  hom e an d  foreign b u rs tin g  tim es in  case of 
som e Aigeiros clones can  be seen in  th e  T ab le  11.

W hile a su m m a ry  o f th e  ra te  of fo lia tio n  of th e  p o p la r  species of th e  
s tu d ie d  Aigeiros sec tio n  is com piled in  th e  T ab le  12.

P op lar ‘1-214’ h as  th e  longest grow ing period. W hen  th is  clone got to  
H u n g a ry , its  fro s t sen s itiv e  ch a rac te ris tic  w as considered  b y  m an y  experts  as 
n o t favourable . T h is p ro p e r ty  m ay derive from  th a t  i t  is b u rstin g  early , 
consequen tly , a perio d  o f f ro s ty  w eather in  M arch  m ay h av e  a dam aging  effect 
on th e  sap c ircu la tio n  o f p la n ts  a lready  f lu sh ed .

On th e  basis o f th e  tab le s  th e  species w hich beg in  to  come in to  le a f  
la te r  can  be chosen, th u s  th e y  can be p lan ted  in  an  area, w hich  is m ore sheltered  
from  th e  frost. W e estab lish ed  th a t  th e  p o p la rs  of longer an d  average grow ing 
periods generally  p ro d u ce  a h igher ann u a l increm en t.
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Comparison between the home and foreign bursting tim es in  case 
o f  some Aigeiros clones

Table 11

Species — clone

f n days from the beginning of the year
Czechoslovakia,

Eperjes GDR
(the average of Phe average

three years) four Уеаг8)

Hungary, Csalános 
(the average of 

four years)

E arly -b u rstin g  ones

P. deltoides cv. ‘H eidem ij’ 110 98
‘1-214’ — 108 99

Poplars b u rstin g  a t  average tim e
‘1-154’ — 111 100
‘robusta’ 116 118 101
P . nigra 112 109 104
‘m arylandied '’ 125 120 102
‘ regeneratd* 121 117 105

L ate  b u rstin g  ones

tgelrica'> 125 121 110

Table 12

Sum m ary  o f  the rate o f  fo lia tion  o f  the poplar species 
o f  the studied Aigeiros section

Number 
of clone

52. P . nigra 
‘1-154’

average average average
54. average average long
55. ‘1-214’ early long long
58. ‘gelrica;’ late very

short
v e ry

sh o rt
59. ‘regenerata’ average average average
67. ‘H eidem ij9 early long long
74. ‘ m arylandica4 average short sh o rt
75. ‘robusta’ average short sh o rt
82. P . nigra (hybrid) early average sh o rt
98. P . euramericana la te very sh o rt

short

Beginning Duration of
Species — clone of ~ “  complete

bursting peak foliation

W ith  th e  pheno log ica l o b se rva tions of th e  pop lars we tr ie d  to  answ er 
th e  question , w hich  p h enophase  depends on th e  clone or v a r ie ty  and  w hich 
are th e  phenophases th a t  d efin e te ly  depend  on th e  c lim ate  an d  m eteorological 
influences.
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ÜBER DIE VERBREITUNG, ÖKOLOGIE 
UND SYNÖKOLOGIE VON O S T R Y A  C A R P I N I F O L I A  

IN GRIECHENLAND
D. V o l i o t i s

INSTITUT FÜR SYSTEMATISCHE BOTANIK UND PFLANZENGEOGRAPHIE 
DER ARISTOTELES-UNIVERSITÄT, THESSALONIKI, GRIECHENLAND

(E ingegangen: 15 O ktober, 1983)

A  co n trib u tio n  to  th e  know ledge o f Ostrya carpinifolia  Scop, in  special co n sid era ­
tio n  to  th e  synonym s, th e  v e rn acu la r n am es, nam ely  th e  new  greek, an c ien t g reek  an d  
th e  m o st im p o rta n t foreign nam es of th is  p la n t, as well as a co n tr ib u tio n  to  th e  sp re a d ­
ing  a n d  chorology w ith  specim ina graeca  (a d is trib u tio n  d o t m ap  in  th e  G reek a rea ) 
a n d  f in a lly  to  th e  ecology an d  synecology o f hop-hornbeam  is given.

A llgem eines

Ostrya Scop., F lo ra  carniol. 414 (1760) F a m . Corylaceae
D ie G a ttu n g  Ostrya u m faß t n ach  H e s s , L a n d o l t  u n d  H ir z e l  (1967) 3 A rten : О. car­

p in ifo lia  Scop, in  Südeuropa u n d  S üdw estasien , О. virginiana  (Mill.) К . K och  u. 0 . know llonii 
Coville u n d  n ach  K r ü s s m a n n  (1962) 7 A rten  in  E u ro p a , Asien u n d  A m erika.

Ostrya carpinifolia  Scop., F l. carn io l. ed. 2, 2: 244 (1772) (A bb. 1).

S yn .: Ostrya vulgaris W illd. (1805), 0 . italica  Spach (1841), 0 . italica  Scop. ssp. ca rp in i­
fo lia  (Scop.) H . W inkl. (1904), C arpinus ostrya L. (1757), C. italica Scop. (1840) in  H e g i  (1957).

D eu tsch .: Gem eine H opfenbuche. E ng l.: E u ro p ean  hop-h o rn b eam , ironw ood. F ra n z .:  
O strie , C harm e houblon , Bois de fér. I ta l .:  O stria , C arpinella, C arpino nero . G riech.: O s try á . 
O u striá  (P ilio n , C halkidiki). M erán tsia  (T hessalia), M eran tza  (A k a rn an ia , E p iros, C halk id ik i 
u . a.). N e ran tz a . M eliogauros. Skylogauros. M aurogravos (E p iros). G ravos (T h esp ro tia ). 
T e tra m y th o s  (A thos) u n d  A ltgriech .: O stry a , o s try is  oder ó strys (T h e o ph r a st o s  (? ) P f la n z e n ­
h isto rie  3, 10, 3 in  V oliotis  u n d  A th a n a sia d is  1971).

A r. G eogr.: S c h m u c k e r  1942: K a rte  81, 82; Ce r m á k  1955: 67 u n d  77; F e n a r o l i  1967: 
129 in  J a l a s  an d  S u o m in e n  (1976).

B lü teze it: IV bis V (VI).

V erbreitung

D as A rea l von  Ostrya carpinifolia  Scop. e rs tre c k t sich au f das M ed ite rran - u n d  S u b ­
m e d ite rra n g eb ie t von  S O .-F rankre ich , K o rs ik a  u n d  Sardin ien  bis B u lg arien  u n d  bis zum  
E v ro s-F lu ß  in  de r E uropäishcen  T ü rk ei, n o rd w ä rts  b is Südösterre ich  (F lo ra  E u ro p aea  1: 60, 
1964; A tlas F lo rae  E uropaeae  3: 63, K a rte  280, 1976) u n d  w eite rh in  n a ch  O sten  d u rch  K le in ­
asien  o s tw ä rts  b is in  den K aukasus u n d  sü d w ärts  b is zu den T au ru s K e tte n  ( H e s s  e t al. 1967).

D as G esam tarea l der o stm itte lm eerisch -su b m itte lm eerisch en  A r t  e rs trec k t sich  in  
E u ro p a  a u f  d ie A penninen- u n d  d ie B a lk an h alb in se l, vorw iegend a u f  I ta lie n  m it Sizilien*
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Ju g oslaw ien , A lbanien  u n d  G riechenland  und  in  V o rp o sten  au f die In se ln  K orsika  u n d  S a r­
d in ien , wie auch  au f S O .-F ran k re ich , Schweiz, Ö ste rre ich  —in  U n g a rn  is t  sie ausgestorben  — 
B u lg arien  wenig au f die SW . europäische  T ürkei (vgl. B r o w ic z  1978).

D ie ziem lich b e sc h rä n k te  V erb reitung  der re lik tisch en  A rt 0 . carp in ifo lia , die in  E u ro p a  
keine  näh ere  V e rw an d tsch a ft h a t,  is t anscheinend  n u r  a u f  G ründe de r in n eren  E rschöpfung  
zu rü ckzuführen , wie au ch  bei an d eren  re lik tisch en  A rte n  der B a lk an h alb in se l Picea omorica , 
P in u s  heldreichii (P . leucoderm is), P . рейсе , Corylus colurna  u . a. (S t o ja n o v  1930).

In  G riechenland w ä c h s t die H opfenbuche b esonders in  G ebirgsstöcken  von V arnous, 
V oras u n d  K hodopen bis T ay g e to s  u n d  von den Io n isch en  Inse ln  [K ep h allin ia , L eukas, K er- 
k y r a ( ? ) ]  bis au f die A g äischen  Inseln  (E uboea , T hasos u n d  S a m o th rak i) (s. K arte).

Ostrya carpin ifo lia  s te ig t  im  m o n tan en  G riechen land  von  den  B ergfüssen, wie z. B. 
v o n  180 m  in  der N ähe des D orfes P ilim a von  X a n th i  oder andersw o v o n  ca. 250 m , wie in  
C holom on, O lym pos, in  d e r S c h lu ch t des A sopos-F lusses u. a., bis u n g e fäh r 2000 m auf, so in  
iso lie rten  G ruppen  fa s t  u n te rh a lb  der sehr ste ilen , felsigen Gipfel des griechischen Teiles v o n  
A li B o tus. Jedoch  lieg t d ie m itt le re  oberste  H öhe des H opfenbuchen-V orkom m ens b e trä c h t­
lich  n iedriger. So s te ig t sie in  O lym pos bis 1800 m , in  R hodopen  u n d  H ag ion  P neum a bis ca. 
1600 m , in  P indos bis ca. 1500—1600 m, wie z. B . in  W äld ern  von  P e rto u li, W -A th am an ik a- 
G ebirge (T zoum erka) u . a ., in  V oum istos bis 1400 m , in  K erk in i u n d  A thos b is ca. 1300 m  usw .

Jen se its  u n d  in  d e r  N äh e  der griechischen G renze k o m m t Ostrya carpinifolia  in 
N idze PI. [Voras] (D e g e n  u n d  D ö r f l e r  1897), D u d ica  PI. (K ozur) [Tzena] (S c h u l t z e - J e n a  
in  B o r n m ü l l e r  1928a), D ub-G ebirge bei D o iran-S ee (C ir im o t ic  1958), Beles (B elasitsa) 
[K erk in i] bis 1100 m u n d  A li B o tu s, bis 1200 m  (S t o ja n o v  in  M a r k g r a f  1942), stellenw eise 
au ch  im  B ergsystem  R ila -R h o d o p e n , bis 1100-1300 m vo r (S t e f a n o v  1943).

F undorts—Ü bersich t

In te r  v icum  K o u la  e t  p agum  P saradhes, 1 .-5 . 8. 1957, G o u l im is  406, ATH (G r e u - 
t e r  1977).

F lorina-G ebiet, bei d e r W arm grenze der B u ch en w äld er (M o u l o p o u l o s  1965).
Kelli (G ornicova PI.) M ittlere  Lage, 500-1000 m. H agios A th an asio s (Ceganska PI.) 

500-800 m  ( F o r m á n e k  1899).
M. V oras: P a lio u rd a  a m  N eben g ieß b ach b ett von  Ano K o ry fi des O rm a-G ießbaches, 

680 m  u n d  in D ragos, 650 m  (M o u l o po u l o s  1965). — G em ischtes S trauchw erk  des B erg- 
fusses bis zu einer H öhe  v o n  550 (650) in (V o l io t is  1975). — In  geb ü sch ten  degrad ierte  W äl­
de r (V O L iO T is 1976a). — W äld e r der T h erm a-S ch lu ch t (L o u tra  P ozar), 25. 7. 1967 u n d  15. 6. 
1976 (No 1475) m it F rü c h te n ;  L aubw älder der G egenden (von  P efco ton  1000-1500 m ) von  
P e te inos-K oukourou  u. a. 26. 5. 1974 und  18. 6. 1976 (No 1476) m it F rü ch ten  (V o l io t is  
1979). — In  B uchenw älder ( D r o sso s  1977).

H erbarium  S y lv o -B o tan icu m  U n iv ersita tis  T hessalonikensis.
M. Paikon , bei D ö rfe rn  A rchangellos, ca. 1200 m  u n d  A esym i, ca. 600 m  ( H s b u t h ).
M. K erk in i (B eles PL ), M ittlere Lage, ca. 500—1000 m ( F o r m á n e k  1900). — S ch lu ch t 

von  P la ta n a k ia , 550 m , S. W . E xposition  au f G lim m erschiefern , n e b s t B uche (M o u l o p o u l o s  
1965). — Bei dem  D o rf A no Poro ia , 25. 8. 1966 ( H s b u t h ). — E inzelne  Ind iv id u en  zw ischen 
B uchenw äldern  (D r o s s o s  1977).

M. Ali B otus, v o n  d en  Bergfüssen der A bh än g e  u n d  der um liegenden  T äler einzelne 
H o p fenbuchengruppen  ste ig e n  bis ca. 2000 m, fa s t  u n te rh a lb  der ste ilen , felsigen B erggipfel. 
A u f den N W -H ängen  v o n  M ikra  R achi s te ig t die H opfenbuche  n u r bis 1160 m auf, w äh ren d  
sie in  S üdexpositionen  des Paliouv iri-G egenhalts, a u f  unste ilen , N eigungen  bis 1250—1350 m 
( P a p a io a n n o u  1957).

M. Lailias, in  S c h lu ch t von M okra, 980 m , einige In d iv id u e n  im  B uchenm ischw ald , 
11. 7. 1970, frü ch ten d  (V o l io t is  1976c).

M. V rondou, im  W ald k o m p lex  von Ano V rondou  (G o fa s , pers. M itt.).
M. M enoekion bei d e r B uchenw arm grenze, gegen die Serrae-V rondou-S trasse  H o p fen ­

b u ch e  u n te r  allen g em isch t (M o u l o po u l o s  1965).
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Abb. 1. V e rb re itu n g sp u n k tk a rte  von Ostrya carpinifolia  Scop, im  griech ischen  R au m
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M. H agion P n eu m a  (Schilka  PL). 1580 m  u n d  M. F a lak ro n  (B oz-D agh), 1200 m , 8. 6. 
1941 (K ita n ov  1942). — N örd lich  D ram a, zw ischen L iv ad ero n  u n d  T ax iarch ae, 350 m  
(Z o ller  e t al. 1977). — K a tó  N eurokopion  (G o u l im is , ATH).

M. R hodopen: E la tia s-  u n d  Z agran ten ia-G eb ie te , 1400-1600 m  (S m y r is , pers. M itt.) .
— D rym os (C haindou)-G ebiet in  M ischw älder (D rossos 1977). — M auri P e tra , 1280 m 
(Z o ller  e t al. 1977). G e rak as-P ilim a-G eb iet von X an th i H o p fen b u ch en  in B u ch en w äld ern  
m it an d eren  som m ergrünen  E lem en ten . C hionotopos (K arlik  D ere) in  der N ähe v o n  Isan - 
K ag ias am  der S trasse  S ym vola  (von  K om otin i)-M ikra  Ada b e i B uchenw arm grenze  m it 
E ichen  u n d  an deren  som m ergrünen  Gehölze (M oulopoulos 1965).

L ekani von K echrokam pos (G o u l im is , A TH ).
M. P angaeon: K o u ri v o n  M ikron Soulion , ca. 1000 m, N. E x p o sitio n , im  B uchenw ald  

(M oulopoulos  1965).
M. K erk y llia , in  B ergsch luch ten  (M o ulopo ulos  1965).
M. V ertiskos (P a v l id is , unveröff.).
N. O. C halkid ik i, bei N eochorion u n d  K ry o n eri, ca. 500 m  (D a f is  1969).
M. Cholom on: T ax iarch is , I tam o s ( P o l it is  in  Voliotis 1967). — In  W äldern  sp ä rlich  

zerstreu te  u n d  einige v e re in ze lte  In d iv id u en , A pril 1964 und  A ug. 1965 (Voliotis  1967). — 
Bei G a la tis ta , 200 m , 20. 5. 1967; bei T ax ia rch is , 850 m, 7. 6. 1966; bei A rnaea, 950 m , 7. 5. 
1966 (H sb u t h ).

M. C hortia tis : im  M isch laubniederw ald  (G aniatsas 1939a). — In  B uchenw arm grenze, 
ca. 700 m (M oulopoulos 1965).

M. A thos: In  L au b w ald  (R eg el  1942). — Zwischen Iv iro n  u n d  L av ra  (Ma t t f e l d  
1927) u n d  obenhalb  L av ra , 620 m (T u r r il l  1937 in R e c h in g e r  1943). — In  M acchien u n d  
M ischw älder au f dem  W ege von  K ap so k a ly v ia  n ach  Prodrom os u n d  L av ra  (R a uh  1949). — 
Quelle von H agios A th an asio s-L av ra , 24. 5. 1950; F ilo theou, 3. 5. 1951; Z o g rap h o u -K ary ae , 
14. 4. 1952 (G aniatsas 1963). — In  B u ch en w äld ern  der K lo ste r v o n  F ilo theou , G rigoriou , 
Ilag io s Pau los und  M egisti L av ra , ca. 800—1200 m  (Moulopoulos 1965). — Im  T al u n te rh a lb  
der P an ag ia  am  A thos-G ipfel, ca. 1250 m (Z o lle r  e t al. 1977).

Ins. Thasos, B erg lagen  des N. O .-Teiles de r Insel. 1. In  B erg sch luch ten  ob erh a lb  von  
P a tam iá , ca. 600 m , Ju n g in d iv id u en . 2. In  P in e tu m  pallasianae. 3. A u f ka lk h a ltig en , felsigen 
B oden zwischen oberen H y p sario n  und  K am en o s Vrachos, 1000-1100 m , einige S trä u ch e r in 
L ücke felsiger Stöcke (S t o ja n o v  und  K it a n o v  1945: 280).

Ins. S am o th rak i (K a tsik o po u lo s  1936: 303).
M. V ernon (Vitsi): M oriki-B erg: in B uch en w äld er (D r o sso s  1977).
F req u en s in  sy lv is su p ra  Edessa (V odena) (G r is e b a c h  1844). — Pr. Agras, ca. 200 m 

( H s b u t h ).
M. V erm ion: K a ra ta s , u n te re  und m itt le re  Lage, 300-1100 m ( F orm ánek  1899). -  

In  Castanetum  sativae u n d  Fagetum  sylvaticae  (G aniatsas 1939b). — In  B u chenstu fe , ca. 
1200 m (R e c h in g e r  1939). — V ersan t o rien ta l d u  V erm ion sur la  ro u te  de Celi, 750 m . M êm e 
loca lité , 1 km  environ  au n o rd  du  p récéden t 800 m  et 3 km  env iro n  en  am o u t du  re levé n r  2, 
950 m (Q u éze l  1967). In  O stryo-Carpinion orientalis, 300-1000 m  (V oliotis  1975, 1976a).
— In  K astan ien - und  B uchenw älder (D rossos 1977). Seli (K a rk a tso u li)  (G o u lim is , A TH ). — 
H agios N ikolaos, ca. 450-600 m  u n d  M ega R e u m a , ca. 650 m (H s b u t h ).

P r. F y tia  von Y eroea, ca. 450 m (H s b u t h ).
M. V ourinos, in M ischw älder (G o u l im is  1960).
M. Voion: V ythos, 1100 in ; D ragasia , 900 m  ( H s b u t h ).
M. G ram m os; in  va lle  fl. Y o u rm b ian itik o s con tra  pagum  P lik a ti ,  100 m , 13. 8. 1976 

(G r e u t e r  1977, No 14305).
M. Sm olikas: in K o n itsa  u n d  K o n itsa -P a d es  nach  T so tilion  (R e g e l  1942).
M. T y m fi (G am ila) Scam neli (G o u l im is  1954). Bei V rysochori u n d  nach  N eraid o v ry si; 

von  K on itsa -B ru ck en  nach  M oni Stom iou (S f ik a s  1982).
M. L akm os (P eris te ri): in te r  C haliki u n d  K o to u ri ca. 1150 m  u n d  K linovos in  B e rg ­

region bis u n te re  Lage ( F o r m á n e k  1896).
M. A th am an ik a  (T zoum erka): in  de r B ergreg ion  bei K a len tin i, M atsoukion u n d  K a lar- 

ry ta e  (H alácsy  1894). — G elegentlich  e rb lick t m an  au f der W estseite  des Gebirges bis 1450 m  
vereinze lte  E x em p lare  (B a ld a cci 1897). — V ap tis tis , ca. 800 m  (H sbu th ). S ch lu ch t des 
A oos-Fl. zw ischen T ym fi (G am ila) u n d  T rap e z itsa  (Sfikas  1980).

V ikos-Schlucht, die H opfenbuche  b ild e t andersw o sehr d ich te s  u n d  andersw o sp ä r­
liches G ebüsch die S ch luch t e n tlan g  (G a n ia t s a s  1971).

Ad W . pag i K ran ea , in  la t .  laevo v a llis  r iv i K ira  K ali (P a lio ch o ri), 1350 m, 16. 8. 1974 
Ch a r pin  11177, Gr e u t e r  e t al. 12349 (G r e u t e r  1977).

M. P indos, u n te re  L age u n d  B ergreg ion  von  Pineios-Tal, ca. 200 m  bis M alakasi, ca. 
1200 m  u n d  T annenreg ion  oberh a lb  M alakasi, 1200—1450 m  ( F o r m á n e k  1896). — P erivo li
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v o n  G revena, 1300 m ; K a lo m o era ; G ard ik ion  (M onasterion  von P an ag ia ), 1000 m; M esounta 
v o n  A rta , 1200 m ; Y y th o s , 1100 m u n d  D ragasia , 900 m von K ozani ( H s b u t h ). — W ald von 
P e rto u li, 1400-1500 m  ( D a f is  1975). — Acheloos (A spropotam os)-T al, V e lis taen a  und K asta -  
n ia  im  Pindos ( F o r m á n e k  1898). Bei K an alia  v o n  K a rd itsa , 400 m  u n d  H agios N ikolaos v o n  
K a lam p ak a  ( H s b u t h ). — P in d e , 3 km  à l’ou est de K ran ia , 1300 m . E n tre  Pertou lion  e t 
P sy ch i, 1500 m. 3 k m  a v a n t  P sychi, 1300 m . 3 km  à l’est e t 2 k m  à l’ou est de P erto u lio n , 
1550 e t 1300 m. C hapelle d ’A ghia P araskev i, 1400 m . 3 km  à l’ouest d ’E la ti,  1550 m. C alcaires 
( B a r b e r o  und Q u é z e l  1976).

M. A grafa: V o u lg a ra  bei D örfer M olocha u n d  N eraida , zw ischen A bies borisii-regis- 
W ald  (D rosso s  1977). F o u rn a  (G o u l im is , ATH).

M. P ieria: N .-E x p o sitio n e n  (D ia p o u l is  1940). — B ergregion, 650—900 m  (M o u l o p o u l o s  
1965). — M orn a-F te ri, 950 m  (D a f is  1969). — In  Ostryo-Carp in io n  aegaeicum  (V o l io t is  
1976a). — R itin i, 700 m  u n d  K a tafy g io n  von  K o zan i, 1000 m ( H s b u t h ).

M. Olym pos: u n te re  L age u n d  B ergregion, v o n  170 m (L igaria) b is 1200 m ( F o r m á n e k  
1896). — O lym pos (S in t e n is  in  H a l á c sy  1904). — A bhänge no rd w estlich  von L itochoron , 
400 m . U n te r der Z onen  v o n  P in u s nigra  ssp. pallasiana  und  P. heldreichii (D ia p o u l is  1936; 
1940). — E n ip eu s-S ch lu ch t (M o u l o p o u l o s  1965). — Supra  v icum  L ito ch o ro n , ad M onaste- 
r iu m  H agios D ionysios, 850 m , 7. 8. 1973, No 14032 e t in te r  locum  P rio n i e t  refugium  »Spilios 
A gapitos« , 1200-1400 m , 8. 8. 1973, Vo 14783 Leg. P h it o s , G e o r g ia d is  and  T z a n o u d a k is  
(U P A ). — In  O stryo-C arpinion aegaeicum  (V o l io t is  1976a). — 2—3 k m  a v a n t  le prem ier refuge, 
700 m , m ontée p a r L ito ch o ro n , 800 m. 1—4 k m  ap rès le p rem ier refuge 800—1100 m. 2 km  a v a n t  
la  f in  de la rou te  fo res tiè re , 1120 m. Calcaires (B a r b e r o  und  Q u é z e l  1976). — O lym pos 
( D r o s s o s  1977). — O stse ite  des Gebirges ob erh a lb  L itochoron , 700 m (Z o l l e r  et al. 1977). 
— V on Bergfüsse, zw ischen  250—800 m bis 1800 m  u n te rh a lb  von R e fu g iu m  A St r id  1980).

In  valle T em pi ( F o r m á n e k  1896: H e l d r e ic h  in H a lá c sy  1904; B a r b e r o  und Q u é ­
z e l  1976).

M. Ossa, inzw ischen  d ich ten  F o rm a tio n en  v o n  Quercus ilex (M a v r o m m a t is  1971). — 
I n  Ostryo-Carpinion aegaeicum  (V o l io t is  1976a). — O ssa ( D ro sso s 1977). — K a ritsa  (K echria ), 
800 m , 740 m  u n d  560 m . Selom a, 950 m. Zw ischen Selom a und K a rits a , 800 m und  740 m ,
5. 7. 1974 (R a u s  1977).

M. M avrovouni: P a ß h ö h e  südw estl. K e ram id i, H udew älder ( R a u s  1977).
M. Pilion (C h l o r o s  in  H a lá c sy  1904 u n d  M a ir e  und P e t it m e n g in  1908). - Süd-

P ilio n : Passa D endro , 620 m ; V arsam ou, 690 m ; K orom ilia , 860 m  (M o u l o p o u l o s  1965). 
E n tr e  Volos e t P o rta r ia , 1100 m. P rès de M ak rirach i, 300 m. A A ghios Ioannis e t 4 k m  de 
A ghios Ioannis, 700 m . P rè s  de T san g arad a , 250 m . Schistes (B a r b e r o  u n d  Q u é z e l  1976).

V elestinon in T h essa lia  ( F o r m á n e k  in V a n d a s  1909). Ins. E u b o ea  ( H e l d r e ic h  in  
B o is s ie r  1879). — M. T ele th rio n  and  M. D irphys ( B r e t z l  in R e c h in g e r  1943). — M. X iro n , 
be i H agia  A nna, 750-950  m ( R e c h in g e r  1961). — K eras ia , 600 m ( H s b u t h ). — M. K and ilion , 
S ch lu ch ten  10 km  W . P ro k o p io n  ( R e c h in g e r  1961). — M. X erovouni (T o u n t a s  in R e c h in ­
g e r  1943). — Ib id ., in  saxosis regionis superio ris ( H u t h ). V itala  ( H s b u t h ). — M. P y x a ria  
( P h it o s  1960a). — 6 k m  S. K ym i und  M. Ochi, 3 k m  W. K ap K afireu s ( R e c h in g e r  1961).

N ea K erasous v o n  P rev esa , 350 m  ( H s b u t h ).
M. M akrynoros (G o u l im is , ATH).
M. V oum istos, 800-1400  m  (M a ir e  u n d  P e t it m e n g in  1908).
M. A rak y n th o s, in  K le iso u ra  bei A eto likon  (D im a d is  1916).
M. T ym fristos, bei K arpen ision  (M a t t f e l d  1927). — Ib id ., 1500—1900 m (B a r b e r o  

a n d  Q u é z e l  1976). — In te r  opp . K arpen ision  e t p ag u m  S tenom a, ad  E. ju g i K okkino D hiaselo , 
1 1 .-15 . 6. 1952 (G o u l im is , A T H  in  G r e u t e r  1977).

M. O xya, B erg  G oulinas einzelne In d iv id u e n  in  E ichenw älder ( P h it o s  1960b).
M. V ardousia: A r to tin a , 1200 m ( H s b u t h ). — In  d itione pagi S y k ia , ca. 650 m, 20. 6. 

1975 No 17782. Leg. P i i it o s , K a m a r i, P a p a t s o u  e. a. (U PA ). — E n tre  A rto tin a  e t G ram m eni 
O x y a , 900 m. A 8 k m  de G ram m eni O xya dans le m assif du  V ardousia , 950 m. L im ite in fé ­
rieu re  de la Sapinière a v a n t  rem o n tée  vers G ram m en i O xya, 800 m. S ap in ière  après G ram m eni 
O x y a , 1450 m. 5 k m  a v a n t  P e n tag i — ro u te  de V ard o u sia , 1200 m. E n tre  K ro ky lion  e t P e n ta g i, 
1000 m (B a r b e r o  u n d  Q u é z e l  1976).

M. O eta ( H e l d r e ic h  in H a lá c sy  1904). M avro lithari (M a ir e  und  P e t it m e n g in  
1908). — Am O b erran d  d e r Quercion-ilicis- als au ch  im  u n te re n  B ereich  d e r Abietion-cephaloni- 
cae-Zone (V o l io t is  1976b). — Bei S k lith ron . 800 m  ( H s b u t h ).

Descend à 300 m , d an s les gorges de l’A sopos, au  sud de L am ia- (M a ir e  and P e t i t - 
MENGIN 1908).

Au-dessus de T herm o p y les. Calcaires (B a r b e r o  u n d  Q u é z e l  1976).
M. Giona an d  M. P arn asso s (M a ir e  u n d  P e t it m e n g in  1908). — P arnassos, in som m er- 

g rü n e n  L aubw älder (V o l io t is  1976b).
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1 k m  à Test du  L idorik ion , 500 m. F ly sc h  (B a rbero  u n d  Qu éze l  1976).
M. P arn is ( H e l d r e ic h  in H a l á c sy  1904). — K atsim id i (G o u l im is , A TH ).
M. P en te lik o n  (P en teli), N ord se ite , K üm m erex em p laren  von Ostrya ca rp in ifo lia  

( R ik l i  1946).
M. E ry m a n th o s  (O lonos and M. K y llin i (O r p h a n id e s  in  B o is s ie r  1879). E ry m a n th o s , 

in  decliv ibus b o reo -o rien ta libus, ca. 1450 m . in  ru p e s tr ib u s  calc., 25. 6. 1968, No 8472. Leg. 
P h it o s  (U P A )  e t su p ra  pagum  K alen tzi, ad  locum  V a th y , ca. 1500 m. 10. 7. 1975, No 2987. 
Leg. T z a n o u d a k is  u n d  S t e p h a n o u  (U P A ).

M. Chelmos ( H a l á c sy  1904). — K a la v ry ta ,  A bhänge am  V ouraikos, K a stro , H a g ia  
L a v ra , M ega Spilaeon  (obs.) (B o r n m ü l l e r  1928b). — In  ditione pag i A roan ia, ca. 750 m , 
5. 10. 1967, No 13156. Leg. K a m a r i (U P A ) e t in  decliv ibus m erid io -o rien ta libus, ca. 1000 m , 
30. 10. 1969, No 11161. Leg. P h it o s  (U P A ). — A 3—4 km  de K a lav ry ta , ro u te  de P a tr a s ,  
900—1000 m. R o u te  de B ra lia  (B a r b e r o  u n d  Q u é z e l  1976).

K y llin i-O ligy rtos, a d re t après le v illage  de  L a fk a , 1100 m. 200 m  après L a fk a  sous le 
K y llin i, 950 m. S ap in ière  de L afka, 1500 m  e t au -dessus d u  village de L afk a , 1480 m . C alcaires 
(B a r b e r o  u n d  Q u é z e l  1976).

M. M aenalon, M ischw äldern n ö rd lich  v o n  D im itsan a , L eukochorion , L ag ad ia , 700— 
1000 m  ( R o t h m a l e r  1944).

M. P arn o n  (M alevo) ( H e l d r e ic h  e t O r p h a n id e s  in  B o is s ie r  1879). — A ghios P e tro s , 
950 m  e t peu a v a n t  l’em b ran ch em en t ro u te  du  P a rn o n , 1100 m. R egion B am b ak a , 1100 m. 
S ch istes (B a r b e r o  u n d  Q u é z e l  1976).

M . T aygetos P s a r id e s , J u l .  1870, H u t h ; H e l d r e ic h  e t O r p h a n id e s  in B o is s ie r  
1879). — Descend à 400 m . dans la L an g ad a  d e  X iro k am p i (M a ir e  u n d  P e t it m e n g in  1908).
— In  u n te re n  M o n tan stu fe  (Z a g a n ia r is  1934). — Chaos von L akonia  (G o u l im is , A T H ). — 

L a n g a s tra  de T ry p i à l’est de Sparti, 800 m  e t  p rès de T ryp i, 700 m. Calcaires (B a r b e r o  u n d  
Q u é z e l  1976).

In s . K ephallin ia : M. Aenos ( H e l d r e ic h  in  B o is s ie r  1879).
Ins. L eukas, zw ischen A lexandros u n d  P la ty s to m a , ca. 400 m, w enig u n te r  dem  R a n d  

d e r D oline, N .-E xpos. 17. 6. 1966. Auch in  de r S c h lu ch t nörd lich  von K alam its i ( H o r m a n n  1968).
Ins. K e rk y ra  ( H e l d r e ic h  u n d  M il ia r a k is  1925; B etä tigungsbedürftig ).

Ökologie — Synökologie

Ostrya carp in ifo lia  is t eine h a lb sc h a tte n -  bis lich tliebende H o lzart. Sie geh ö rt in  d ie 
F o rm a tio n  der so m m ergrünen , b re itb lä ttr ig e n  G ehölze der griechischen H alb insel u n d  h a t  
fa s t  die gleiche V e rb re itu n g  wie C arpinus orienta lis. Sie s te ig t aber höher als diese, oh n e  b is 
zu r K a ltg ren ze  de r B uche zu gelangen. In  de r T rockenw arm grenze  bev o rzu g t die H o p fen b u ch e  
h a lbsonn ige  P lä tze , w äh ren d  sie im K lim ax-V erein  u n d  an  kühleren  Stellen  im  U m w elt w a c h ­
sen k a n n . D o rt g ed eih t sie au f B öden v e rsch ied en e r Z usam m ensetzung  auch  au f K a lk b ö d en , 
w ä h ren d  sie im  tro ck en w arm en  Teilareal d ie tro ck e n en  B öden u n d  T opok lim ate  m eid e t u n d  
sie, w ie T h e o p h r a s t o s  rich tig  e rw äh n t, zu  e inem  »W asser- u n d  sch luch tliebenden«  B au m  
w ird , de r hyg ro p h ile r als Quercus pubescens is t.

Im  allgem einen g ed eih t die A rt a u f  t ro c k e n e n  u n d  w arm en A bhängen , au f b u sch ig en , 
felsigen u n d  ste in igen , sonnigen, hügeligen E rh ö h u n g e n  an  W ald rän d ern , -lich tu n g en  u n d  in  
v e rlich te te n  W äldern  a u f  k a lkarm em  u n d  k a lk re ic h e m  S u b s tra t.

In  der u n te re n  S tufe  w ächst die H o p fen b u ch e  in  M acchien, P seudom acch ien  bzw . 
S ib ljak  gew öhnlich in S trauchfo rm , ge legen tlich  k a n n  sie an  geschütz ten  S te llen  als ein  B a u m  
m itt le re r  Größe erscheinen . In  größeren H ö h e n  n im m t die A rt an  der Z u sam m ensetzung  des 
U n te rh o lzes versch ied en er L aub- oder M ischw älder teil. Diese W älder b estehen  aus E ic h en , 
K a s ta n ie n , B uchen  ( F agus sylvatica u n d  F . moesiaca  u n d  w eniger F. orientalis), T a n n e n  
(A b ies cephalonica u n d  A . borisii-regis) u n d  K ie fe rn  (besonders P in u s nigra  ssp. p a lla s ia n a  
u n d  P . heldreichii). L o k al k a n n  Ostrya ca rp in ifo lia  no ch  m it folgenden H o lza rten  b e ig em isch t 
a u f tre te n : Quercus pubescens, Q. fra inetto , Q. petraea , Q. coccifera, Q. ilex , Castanea sa tiva , 
T ilia  tomentosa , T . p la typhyllos  ssp. p la typ h y llo s , B etu la  pendula , C arpinus orientalis , C orylus
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avellana , F raxinus ornus , A cer campestre, yl. m onspessu lanum , ^4. platanoides , yl. pseudoplata- 
n u s , U lm us glabra, U. m in o r , U. laevis, Sorbus to rm ina lis . Cornus m as , E uonym us la tifo lia , 
A in u s  g lutinosa , P la tanus orienta lis , Populus trem ula , S a lix  caprea, Ligustrum  vulgare , Sam -  
bucus nigra , Ju n ip eru s oxycedrus , Taxus baccata u . a. Gehölzen.

V erschiedentlich  g ib t es im  griechischen R a u m  B uchenkom plexe , wo m an, b esonders 
a n  de r B uchenw arm grenze, a u f  die E xistenz der H o p fen b u ch e  geradezu  w a rte t, weil diese die 
T ro ck en h eit m ehr als die B u ch e  e r trä g t und  le ic h te r  als sie regenerie rt. So w ächst die B uche  
im  V oras-G renzgebirge b eso n d ers  au f Gneis- u n d  F lysch g este in en  außer m it Ostrya carp in i-  
fo lia  m it  folgenden H ö lzern  gem isch t: Quercus fra in e tto , Q. petraea , Ç. cerris, C arpinus orien­
talise Corylus avellana , F ra x in u s  ornus, Castanea sa tiva , T ilia  p la typhyllos , A in u s  g lu tin o sa , 
P la tanus orientalise S a lix  caprea , Betula pendulae A cer platanoideSe A . pseudoplatanuSe Sorbus 
torminalise Ilex aquifo lium  u . a. (V o l io t is  1975, 1976a, 1979; D r o sso s  1977).

Im  griechischen K e rk in i beteiligen sich a n  B u chenw äldern  au f G lim m erschiefern , 
ausser Ostrya folgende H o lz a r te n : Quercus pubescens , Ç. frainettOe Q. petraea , C arpinus orien­
talise F raxinus ornuSe C ornus maSe Sorbus torm inalise A in u s  g lutinosa, P latanus orientalise 
T ilia  platyphyllose U lm us glabra , P yrus am ygdaliform is  u . a. (M o u l o p o u l o s  1965). Ö stlich e r 
in  einem  B uchenm ischw ald  v o m  L ailias-S tock k o m m en  m it Corylus avellanue Sorbus to rm in a ­
lise Cornus mas, E u o n ym u s la tifo lia  u. a. auch  e in ige In d iv id u e n  von Ostrya carpin ifo lia  v o r 
(V o l io t is  1976c).

Im  b e n ach b arten  W ald k o m p lex  von Ano V ro n d o u  w urden  du rch  ungünstige  a n th ro p o ­
gene E inflüsse Buche u n d  E ich e  aus dem K lim ax-V erein  v e rd rä n g t u n d  die E n tw ick lung  v o n  
H opfenbuche , O rien ta lische  H ainbuche  und  H ase ln ü sse  b eg ü n stig t. In  den W .-R h o d o p en  
[D rym os (C haidou)-G ebiet] k om m en  M ischw älder v o n  Fagus moesiaca , F . orientalise P in u s  
sylvestrise Picea abies, O strya carpinifoliae Betula pendulae Corylus avellana, Sorbus to rm in a lis , 
Cornus mas, Sa lix  caprea , Quercus petraea, A in u s  g lu tinosa  u. a. vor (D ro sso s  1977). In  M isch­
w ä ld ern  von Fagus sy lva tica , P in u s sylvestris m it ylcer campestre , Abies alba und  Picea abies 
d e r  bulgarischen  Z en tra lrh o d o p e n  wachsen als m eisten s buschige H o lzarten  Ostrya carp in i-  
foliae Corylus avellanae P o p u lu s  trem ula , Sa lix  caprea , S. nigricans, Cornus mas, A in u s  g lu ti-  
nosae Betula pendula , Sorbus aucuparia , P runus d ivarica ta , P. spinosa  u. a. E n tsp rec h en d e  
gem isch te  W älder, d ie in  tie fen  scha ttigen  S ch lu ch ten  der O st-R hodopen  (B u) V orkom m en 
u n d  deren  B estan d te ile  v o n  Fagus orientalise O strya carp in ifo lia , C arpinus betulus, Ju g la n s  
regiae V itis vinifera  ssp. sylvestris  u. a. sind, w e rd en  n ach  S t o ja n o v  (1930) wohl b e re c h tig t 
m it te r tiä re n  W äldern  v e rg lichen . In  den b re itb lä t tr ig e n  som m ergrünen  W äldern der A thos- 
H a lb in se l w ächst die B u ch e  m it Castanea sa tiva , Ostrya carp in ifo lia , C arpinus orien ta lis , 
F ra x in u s  ornus, Corylus avellana , Quercus ilex , (). pubescens , ^4cer campestre, yl. pla tano ides , 
Sorbus aucuparitte P ru n u s  mahaleb , Cornus m as , E u o n ym u s la tifo lia , A in u s glutinosa  u. a. 
(G a n ia t s a s  1963; M o u l o p o u l o s  1965). In  L au b g eh ö lzen  von  V erm ion m ischt sich die H o p fe n ­
b uche  m it Castanea sa tiva , T ilia  tomentosa, C a rp in u s orientalis, Corylus avellana, F ra x in u s  
ornuse Acer campestre, yl. heldreichii, A. hyrcanum , yl. platanoides , yl. pseudoplat anus u . v . a. 
(V o l io t is  1975, 1976a; D r o s s o s  1977). In  den sü d lich e r anschließenden B uchenw äldern  v o n  
P ie ria  wachsen au f G lim m ersch iefern  außer Ostrya a u ch  viele andere  b au m artige  u n d  busch ige  
A rten  (M o u l o p o u l o s  1965; V o l io t is  1976a). Im  O lym pos f in d e t m an  die H opfenbuche  in  
d e r u n te rs te n  S tufe , wo sie z. B. bei L itochoron  u n d  im  T em pi-T al, in m itten  von  so m m er­
g rü n en  G ebüschen u n d  in  M acchienvegeta tion  s ied e lt. Im  U nterho lz  der L au b w äld er b ild e t 
sie  S trauchfo rm en , w ä h ren d  sie an  günstigen  S te llen  als ein  B aum  m it einem  m itte lg ro ß en  
S tam m d u rch m esser b is 40 cm  erscheint. Als W a ld b au m  w äch st sie in  gem ischten  L au b - 
N adelw äldern  als au ch  in  re in en  K ieferw äldern  v o n  P in u s  nigra ssp. pallasiana  u n d  in  de r 
h ö ch sten  Stufe von  P in u s  heldreichiie wie z. B. in  k o m p ak te n  B estän d en  der K okk inop los-, 
L ep to k ary a - und  S p arm o s-W äld er (D ia p o u l is  1940; V o l io t is  1976a; St r id  1980). Im  S.- 
Pilion , wo die B uche bis a n  ih re  n iedrigste G renze im  B ereich des Ä gäischen Meeres a u f  eine
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H öhe von ca. 600 m h e rab ste ig t, f in d e t m an  folgende Gehölze: Ostrya carpin ifo lia , Quercus 
pubescens, Q. coccifera, Q. ilex , C arpinus orienta lis , F raxinus ornus , yfcer campestre, T a xu s  
baccata u. a. (Moulopoulos  1965).

In  das w estw ärts  u n d  sü d w ärts  liegende B erg land  bis zum  T aygetos-G ebirge se tz ten  
sich die V orkom m en der H opfenbuche  fo r t  (s. K a rte ) . So k o m m t sie in  der P in d o s-K e tte  
von  den u n te rs te n  L agen , wie z. B. an  den  T ä le rn  von A cheloos-F l. u n d  der thessa lischen  
P in ios-F l. in  e iner H öhe  von ca. 200 m bis zu r T an n en stu fe  vor. In  den  W äld ern  von P e rto u li  
im  Z en tra lp indos w äch st die H opfen b u ch e  m it A bies borisii-regis, Quercus cerris, C arpinus  
betulus, C. orientalis , Crataegus monogyna  u . a. zu sam m en  (D afis  1975). Im  V oum istos-B erg  
e rsch e in t sie au f K a lk b ö d en  in  W äld ern  v o n  A bies cephalonica u n d  Quercus coccifera (Ma ir e  
a n d  P e t it m e n g in  1908). Im  G oulinas-B erg  v o n  S te rea  H ellas (M itte lg riechen land) w äch st 
sie in  E ichenw äldern  stellenw eise u n d  v e re in ze lt m it  Sorbus to rm ina lis , F raxinus ornus , Ilex  
aquifolium  u. a. zu sam m en  ( P hitos  1960b). In  Peloponnisos end lich  g ib t es O. carpinifo lia  
in  M ischw äldern der B ergsch luch ten  m eist m it C arpinus orientalis , Quercus coccifera u n d  
A hornsippen  ( R oth ma ler  1944).

Im  pflanzensozio logischen S ystem  e rsch e in t Ostrya carpin ifo lia  im  Ostryo-Carp in io n  
orientalis im  griechischen R au m  bis in  m itt le re  H öhen  von e tw a  1000 m  (Voliotis 1973) 
u n d  im  Ostryo-Fagion  bis in  eine H öhe v o n  1400 m . In  der Quercion fra in e tto -Zone sind  au ß er 
Quercus fra inetto  auch  Q. dalecham pii sowie L au b m isch w ald b estän d e  v e r tre te n . Die le tz te ­
ren  begegnen uns an  den nörd lichen  H än g en  m it s ta rk e r  N eigung als Ü bergang  zu T ilio -  
Castanetum  m it T ilia  tomentosa , Castanea sa tiva , F agus moesiaca, Quercus fra inetto , Q. dale- 
cha m p ii , Ostrya carp in ifo lia , F ra x in u s ornus angesehen  w erden. D iese A ssoziation e rsch e in t 
n u r  in se lartig  (D a fis  1975). Die H opfen b u ch e  w äch s t auch  n ö rd lich er in  B uschw äldern  in  
de r F laum eichen-Z one (Querco-Ostryetum  H o rv a t 1938). Sie n im m t sogar am  P inetum  pal- 
lasianae  te il, wie z. B. au f der Insel T hasos u n d  a u f  O lym pos, au f dem  le tz te ren  als Stachelino- 
P inetum  pallasianae  G rebenscikov prov. H ie r f in d e t  m an  neben P in u s  nigra  ssp. pallasiana  
in  de r B aum sch ich t n ich t n u r L aubgehölze , wie Ostrya carp in ifo lia , Quercus pubescens, F ra x i­
nu s ornus u n d  F agus moesiaca , sondern  au ch  d ie nordgriechische T an n e  (A bies borisii-regis) 
u n d  die E ibe (T a xu s baccata). In  de r S tra u ch sch ich t w erden ebenfalls su b m ed ite rran e  A rte n  
(z. B. B u xu s sempervirens und J u n ip e ru s  oxycedrus) u n d  sogar die im m erg rü n e  K erm eseiche 
( Quercus coccifera) v e r tre te n  ( H orvat  e t al. 1974). Im  G ottesberg  s te ig t die H opfenbuche 
noch höher bis zur N adelw aldzone des P in u s  heldreichii-Gebiets auf.
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E d ito r: G. F e k e t e

W e l l s , K .- W e l l s , E . K . (ed ito rs): B asid ium  an d  B asid iocarp . E v o lu tio n , Cytology, F u n c ­
tio n , and D evelopm en t. S p rin g er V erlag New Y o rk , H eidelberg , B erlin . 1982. IX  -(- 187 pp . 
117 illu stra tio n s

T he large-scale an d  ev er increasing  sp ec ia lization  in re ce n t y ears, and th e  m ass o f 
in fo rm atio n  ap p earin g  in  v a rio u s , often  h a rd ly  av a ilab le  jo u rn a ls  m ad e  it  necessary  to  pu b lish  
m onographs p rom oting  a com prehensive  view. T h e  p re sen t w ork  in w hich  some m ajo r a sp ec ts  
of recen t in v estig a tio n s on b asid iu m  and b asid io carp  are  sum m ed  u p  is a case in po in t.

A fter a sh o rt p reface  a n d  lists of co n ten ts  an d  a u th o rs  th e  vo lum e begins w ith  an  
in tro d u c tio n  w ritten  by  K . W e l l s . C h ap ter 1 deals w ith  th e  p h y lo g en e tic  im p ortance  of th e  
m orpholog ical fea tu res  o f b asid ium . F. Ob e r w i n k l e r , th e  a u th o r  o f th e  ch ap ter, d iscusses 
th e  H etero - and H om obasid iom ycetes sep a ra te ly . T he p r im a ry  ty p e s  are  con ta ined  in  th e  
fo rm er. Besides th e  p ro v ed  phy logenetic  re la tio n s th e  a u th o r p a y s  g re a t a tte n tio n  to those  
n o t y e t suffic ien tly  disclosed to  form  a s ta r tin g  p o in t from  w hich  th e  fu r th e r  course of p h y lo ­
genesis can  be followed. T his p a rticu la rly  applies to  th e  basid ia l y e as ts , and  to tax a  s im ilar 
to  yeasts .

C hap ter 2, on th e  u ltra s tru c tu re  and  cy to ch em istry  o f th e  develo p m en t of basid iu m  
an d  basid iospores, was w r itte n  b y  D. J . McLa u g h l i n . A lth o u g h  th e  in tensive  s tu d y  of th e  
su b jec t s ta r te d  w ith  Co r n e r ’s ligh t m icroscope in v estig a tio n s (1948), electron  m icroscope 
s tud ies began  on ly  in  th e  s ix ties. In v estig a tio n s on  th e  u l tra s tru c tu re  w ere m ostly  concerned 
w ith  species of Aphyllophorales an d  Agaricales. C ytop lasm ic p h en o m en a  were stud ied  f irs t  of 
all in  species o f th e  genus C oprinus. We can n o t say , how ever, th a t  even  an  a p p ro x im ate ly  
sa tis fac to ry  know ledge of th e  la t te r  has been  acq u ired  so far.

In v estig a tio n s on th e  u ltra s tru c tu re  are ex p ec ted  to  com plete  th e  resu lts  of m orphological 
ex am in atio n s w ith  in fo rm a tio n  on th e  d ev elopm en t o f basid ia , w h ereby  we m igh t be able to  
answ er, for in stan ce  th e  tax o n o m ic  questions of P hragm o- an d  H olobasid iom ycetes. T he 
a u th o r  gives, th o u g h , an  acco u n t o f o th er a u th o rs ’ researches on th e  fru itin g  bodies of various 
species, b u t  ab o u t th e  in itia ls  o f basid ium  fo rm atio n , th e  d ev elo p m en t o f th e  basid ia l w all, 
e tc . we are  in form ed f ir s t  of all th ro u g h  th e  d esc rip tio n  of s tu d ies  on C oprinus cinereus.

In  general, a lth o u g h  n o t exclusively, th e  dev elo p m en t o f th e  basid ium  is te rm in a l, 
th a t  is it begins w ith  th e  sw elling of th e  t ip  of a h y p h a . In  th e  te lio sporic  B asid iom ycetes th e  
elsew here uniform  basid ium  is d iv ided in to  p ro b asid iu m  and m e tab asid iu m . The developm ent 
of th e  basid ia l w all shows a ra th e r  wide v a ria tio n . T h e  dev elo p m en t o f th e  p robasid ia l w all in 
Uredinales and  Ustilaginales is un ique. T he a p p ea ran ce  of sep ta  in th e  basid ia , and th e  in itia l 
phen o m en a  of th e  d ev elo p m en t o f s te rig m a ta  are  discussed briefly . T h en , th e  fo rm atio n  of 
th e  basid iospores, th e  d iffe ren tia tio n  of th e  cy to p la sm a  and  th e  d ev elo p m en t of inner m em ­
bran es an d  o th e r organella  a re  discussed in deta il.

T he fusion  of th e  p a ir  o f nuclei and th e  su b seq u e n t m eiosis ta k e  p lace in the  basid ium , 
as p ro v ed  b y  several o b se rv atio n s. The sm all size o f th e  nuclei o f B asid iom ycetes , and th e  fac t 
th a t  th ey  c an n o t be s ta in ed  b y  th e  generally  used  m eth o d s ex p la in  w hy th e ir  detailed  cyto- 
logical ex am in atio n  began  only in th e  th irties . Ch. T h i e l k e , th e  a u th o r  o f C hapter 3, gives 
an  acco u n t of investig a tio n s he and  o th er au th o rs  h av e  carried  o u t concern ing  th e  beh av io u r 
of th e  spindle and  nu c lear m em b ran e  du ring  m eiosis.

T he species o f th e  genus C oprinus offer an  ex am ple  of syn ch ro n ized  m eiosis n o t know n 
elsew here. B. C. L u , th e  a u th o r  o f C hap ter 4, m ad e  his in v es tig a tio n s  on Coprinus cinereus.
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O f th e  basid ia  found  on one fru itin g  body  7 0 -7 5 %  are  in th e  sam e stag e  o f m eiosis, w hich  is 
an  obvious ad v an tag e , especially  in e x p erim en ts  re la ted  to D N A  rep lica tio n  and genetic  
reco m b in a tio n .

Since in th e  C oprinus species all lam in ae  of th e  fru iting  bo d y  show  th e  sam e s tag e  of 
d ev e lo p m en t, th ere  is an  o p p o r tu n ity  to  a co n tin u o u s check of th e  course  o f various phases 
o f th e  m eiosis.

T he tim e req u ired  for m eiosis a t  no rm al tem p e ra tu re  (25 °C) can  be m odified by 
h e a t  (35 °C).

T he effect o f tem p e ra tu re  on reco m b in a tio n  has been s tud ied  b y  g en etis ts . A ccording 
to  th e  a u th o r’s ex p erim en ts  h e a t is e ffic ien tly  app lied  a t any  p h ase  o f th e  m eiosis, while 
cool (5 °C) brings ab o u t m o st reco m b in a tio n s in th e  p ach y ten e  stage. In  th e  a u th o r’s opin ion 
h e a t  an d  cooling hav e  a d e lay ing  effect on  th e  fusion  of th e  chrom osom e pa irs and increase  
th e re b y  th e  change of reco m b in a tio n .

I sao U no and  T atsuo  I s h i k a w a , th e  a u th o rs  of C hap ter 5, give th e  t itle  “ B iochem ical 
a n d  genetic  stud ies on th e  in itia l ph ase  o f fru itin g  body  fo rm atio n ”  to  th is  ch ap te r . T he 
d ev e lo p m en t of basid io carp , th e  fru itin g  b o d y  o f th e  h igher B asid io inycetes , p o stu la te s  th e  
c o -o rd in a ted  a c tiv ity  o f q u ite  a ran g e  of genes responsib le for th e  s tru c tu re  and  reg u la tin g  
th e ir  function ing . U n d er c e r ta in  co n d itions, such  as th e  senescence or in ju ry  of th e  m ycelium , 
o r in  response to  som e chem icals th e  hap lo id  m ycelium , m ay also fo rm  fru itin g  body . T he 
a u th o rs  u n d e rto o k  th e  ta sk  of s tu d y in g  th e  role o f cycling AM P (ad en o sin e  3’-,5’-cvclic m o n o ­
p h o sp h a te )  in s ta r tin g  th e  fru itin g  b o d y  fo rm atio n . T he cyclic A M P seem s to  con tro l th e  
g lycogen  p roduction  of th e  fru itin g  b o d y-fo rm ing  m ycelium . This co m pound  n a tu ra lly  dep en d s 
on  c e r ta in  — so fa r  h a rd ly  k n o w n  — en zy m atic  processes, as reg ard s  b o th  its fo rm atio n  
a n d  action .

T he effect of v a rio u s p a r ts  o f th e  m ycelium  and th e  in te rac tio n  o f d ifferen t m ycelia  
h a v e  an  im p o rta n t role in  th e  g ro w th  of fung i an d  in  th e  evo lu tion  of th e ir  organs. In  C hap­
te r  6, “ T he role o f pileus and  m ycelium  in th e  e longation  of the  stip e  in  F la m u lin a  velutipes 
a n d  o th e r  species o f Agaricales”  by  H. E . G r u e n , th is  question  is ex am ined .

I f  th e  p a r ts  of th e  fru itin g  b o d y  are o f tissue-like  inner o rg an iza tio n , th e  physiological 
c o n n ec tio n  betw een  th em  can  even  be s tu d ied  m acroscopically . T he a u th o r  d iscusses th a t  
p h a se  o f th e  fru itin g  body  fo rm a tio n  w hich is ch arac te rized  by an  increased  ra te  o f cell g row th . 
T h is  p rocess cu lm inates w hen  th e  stip e  reaches its  fin a l length .

As know n from  th e  in v es tig a tio n s  o f  a n u m b er of au th o rs  it is th e  p ileus — an d  th e  
lam e llae  in p a r ticu la r  — th a t  p lay  an  im p o r ta n t  role in  th e  e longation  o f th e  stipe . E x p e r i­
m e n ts  of d ifferen t k ind  hav e  also been carried  o u t, giving in fo rm atio n  a b o u t  th e  im p o rtan ce  
o f m a n y  o th er facto rs (lig h t, w av e-len g th  o f lig h t, period icity  o f illu m in a tio n , role o f cu ltu re  
m y ce liu m , etc.); these  e x p erim en ts  are , how ever, fa r from  being reg ard ed  as e ith e r sa tis fac to ry  
or com pleted .

A n u m b er o f g row th  horm ones of v a sc u la r  p la n ts  (indole ace tic  acid , g ibberellin -like  
su b s ta n c es , com pounds w ith  a cy to q u in in -lik e  ac tio n ) have been d e te c te d  in fungi. N e v e r­
th e le ss , according to  th e  a u th o r  i t  is n o t  k n o w n  as y e t w h a t role — if a n y  — th ey  p lay  in  th e  
f ru i t in g  body  fo rm atio n  in  Agaricales.

A t th e  end of th e  c h a p te r  th e  a u th o r  sum m arizes th e  m ajo r re su lts  o f his p a r tly  u n ­
p u b lish ed  ex p erim en ts w ith  th e  fru itin g  bodies o f F lam m ulina  velutipes. As an in te re s tin g  
co n clu sio n  of th e  ex p erim en ts  th e  stip e  in th e  s tag e  of in tensive  e lo n g a tio n  no longer dep en d s 
o n  th e  g row th  horm one p ro d u c tio n  of th e  lam ellae , w hich o therw ise becom es g rea tly  reduced  
b y  th e n . In  an  earlier s tag e, on  th e  o th e r  h a n d , i t  c an n o t dispense w ith  th e  g row th  horm ones.

T he evo lu tion  of th e  fru itin g  bodies o f m ushroom s is of fu n d a m e n ta l im p o rtan ce  in 
co m m erc ia l m ushroom  p ro d u c tio n . S tu d ies  in th is  su b jec t m ay  answ er q u estio n s re la te d  to 
th e  m ass ap p earance  of fru itin g  bodies and  to  th e  effects of facto rs p ro m o tin g  or h indering  it. 
G. W . Gooday , th e  a u th o r  o f C h ap te r  7, a f te r  a b rie f  m ethodological in tro d u c tio n  p re sen ts  
th e  re su lts  of his s tu d ies  on fru itin g  bodies o f C oprinus cinereus.

A nalysing  th e  treh a lo se  an d  glucose c o n te n t of th e  stipe th e  a u th o r  a rriv ed  a t  con­
c lusions p rac tica lly  iden tica l w ith  those  in th e  lite ra tu re : in th e  course o f th e  e lo ngation  of 
th e  s tip e  trehalose  increases w hile glucose decreases in q u a n tity . T he g lycogene in th e  fungi 
is a genera l po lysaccharide  reserve . T he p ro te in  c o n te n t of the  e longating  stip e  ap p ea rs  to  be 
re la tiv e ly  co n stan t, while th e  increase  o f th e  ch itin  co n ten t is a p re co n d itio n  of th e  long i­
tu d in a l  g row th of th e  stipe.

F rom  th e  scope of su b jec ts  of basid iu m  an d  basid iocarp  those  w o rth ies  o f in te re s t w ere 
chosen  for th e  volum e. T he a u th o rs  are  spec ia lis ts  o f th e  field th ey  u n d e rto o k  to  sum m arize.

T he te x t o f th e  vo lum e is ch arac te rized  by  conciseness. T he re la tiv e ly  large  n u m b er of 
illu s tra tio n s  (the  p a r ts  o f figu res are m u ch  la rg e r in nu m b er th a n  117, th e  n u m b er in d ica ted  
on  th e  fron t-page), on th e  o th e r  h a n d , p re v e n t th is  conciseness from  causing  d ifficu lties in
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u n d e rs tan d in g . T he h igh  ty p o graph ica l level o f  th e  w ork, th e  ex q u is ite  cover are w o r th y  o f a 
volum e of th e  m icrobiological series of S p ringer-V erlag . A t th e  en d  of each c h ap te r  a lis t o f 
references is found , w h ich  is helpful in o b ta in in g  d e ta iled  in fo rm a tio n .

T he volum e, w h ich  rem ains in close c o n n ec tio n  w ith  p ra c tic a l life even w hen d iscussing  
m o st a b s tra c t  th eo re tica l questions, is e q u a lly  recom m ended  to  those  d irecting th e  p rac tice  
o f m ushroom  p ro d u c tio n  an d  to researchers engaged  in th eo re tic a l m ycology.

S. T óth

K arl-H ein z  K r e e b : V eg eta tionskunde . V erlag  E u g en  U lm er, S tu t tg a r t .  1983. pp . 331

I t  seem s th a t  K arl-H ein z  K reeb  c u t  o ff  m ore th a n  one c an  chew when he d e c id ed  to  
w rite  a h an d b o o k , u n d e r  th e  title  “ V e g e ta tio n sk u n d e ” , a im ing  a t  a su m m ariza tio n  o f th e  
field . H e d id  so in a p ecu lia r , long-lasting d e v e lo p m en ta l s tage  o f V egeta tion  Science in w hich 
m ore an d  m ore d iverse  view s appear and  th e  d ev elo p m en t o f new  concepts o r a t  le a s t  new 
m eth o d s is a p p a re n tly  a fash ionable  if  n o t o b lig a to ry  ta sk  of sc ien tis ts . In  th is  s i tu a t io n  th e  
v a s t l i te ra tu re  offers v e ry  l ittle  m o tiv a tio n  fo r sy n th esis, th e  o r ien ta tio n  is d ifficu lt because  
one m ay  easily  miss th e  w ood for the  trees.

T h e  C entra l E u ro p e a n  workers a re  fa ce d  w ith  even m ore difficulties b ecau se  th e  
tra d itio n a l Z ü rich -M o n tp e llie r (and  U ppsala) schoo l of phy to so c io lo g y  is still ac tive . T h u s , one 
has to  be  courageous eno u g h  in  a tte m p tin g  to  com bine th is  non -th eo re tica l, b u t  sy n th e s is-  
o rien ted  ap p ro ach  w ith  th e  analy tical A n g lo -S ax o n  school w h ich  strives for a m ore  th e o ­
re tica l basis.

B y  selecting th e  t i t le  “ V eg eta tio n sk u n d e”  th e  a u th o r w ishes to have th is te rm  accep ted  
all over th e  w orld. In  his view s th e  term  P h y to so c io lo g y  (P flanzensozio logie) has less g en era l 
v a lid ity , being  re s tr ic te d  to  th e  floristic  b a ck g ro u n d  and  th e  a rran g em en t of v e g e ta tio n a l 
u n its  (P flan zen g ese llsch aft) in a h ierarch ical sy s tem , etc. T he ta s k  of V eg e ta tio n sk u n d e , as 
expressed  in th e  book, is to  de lim ita te  and  d esc rib e  v e g e ta tio n a l u n its  keeping in  m in d  th e ir  
sp a tia l asp ec ts  and  also considering the cau sa l ecological re la tio n sh ip s  th a t  are n ece ssa ry  to 
u n d e rs ta n d  th e  occurrence  of a vegeta tion  ty p e  u n d e r th e  g iv en  ecological an d  f lo ris tic a l 
conditions.

K r e e b ’s book falls in to  three sections:

G eneral V eg e ta tio n  Science
M ethods of V eg e ta tio n  Science: The a n a ly s is  and d esc rip tio n  of vegeta tional u n its
Special V eg eta tio n  Science

In  th e  general p a r t  is defined the p lace o f V eg eta tio n sk u n d e  am ong the  o th e r d isc ip lines 
o f g eo b o tany . T he co n cep t o f p lan t c o m m u n ity  is touched  on , a  p la n t co m m unity  is in te r ­
p re te d  as a biological sy s te m  in relation  to th e  co n cep t o f ecosystem . F rom  this p o in t o f view  
are  d iscussed  som e fu n c tio n a l phenom ena, su c h  as p ro d u c tiv ity , an d  some o th e r  m o d ern  
top ics, e.g ., s ta b ility , ty p e s  o f stab ility , c lim ax , clim ax s tru c tu re , th erm o d y n am ics a n d  ir re ­
v e rsib ility . T he p re se n ta tio n  of these ideas is in te re s tin g  by  itse lf, b u t  reading th is  p a r t  th e  
review er has th e  feeling th a t  the  co n sis ten t overv iew  of th e  sub-disciplines of v e g e ta tio n  
science lis ted  on page 14 (synm orphology, synchoro logy , sy n p h y lo g en y , sy n d y n am ics, syn- 
tax o n o m y ) w ould h av e  b een  m ore s tra ig h tfo rw a rd  th a n  th e  sequence of topics fo llow ed by  
th e  a u th o r . F o r in s tan ce , synphylogeny is ig n o red  here, even if  th e re  is some in d ic a tio n  o f it 
m asked  w ith  th e  t itle  “ E co sy stem ” on page 26. S ynd y n am ics an d , in particu la r, i ts  im p o r ta n t  
q u a lita tiv e  aspects are n o t  suffic iently  d e ta iled  a n d  we search  in  v a in  for th e  general p rinc ip les  
o f sy n tax o n o m y  e ither. Som e im po rtan t issues w hich  w ould h av e  received more a tte n tio n  in  
th e  f ir s t  p a r t ,  emerge o n ly  per tangen tem  a t  th e  very  end o f th e  book (in the  S u m m ary ). 
These are, for exam ple, w h a t is a co m m u n ity ?  how* to  d is tin g u ish  be tw een  co m m u n itie s?  e tc .

In  th e  second p a r t  (M ethods of V eg e ta tio n  Science) are seen m o st clearly the  d ifficu lties  
and  p itfa lls  referred  to  in  th e  in troduction . T h e  s ta r tin g  p o in t is offered obsiously b y  th e  
Z ürich -M o n tp e llie r school. H ow ever, it s trik es th e  read e r th a t  th e  B r a u n -B lanquet  a p p ro a c h  
is deg rad ed  to th e  level o f  m ethodology w ith  no  ex p lan atio n . T h e  sam e note holds tru e  fo r th e  
so-called “ new  R u ssian  school” . I t  would h a v e  been  m ore a d e q u a te  to  include a c h a p te r  
under th e  t itle  “ Cenological theories, schools an d  ap p ro ach es” , or som ething like th a t .  I ts  
lack is m ore th a n  obvious. A good and am p le  sou rce  of in fo rm a tio n  for th is could h a v e  been  
R . H . W h itta k er  (ed .): C lassification of p la n t  com m unities (1980, J u n k ).

P ick in g  o u t specia l m eth o d s is im p o r ta n t a lth o u g h  secondary . I t  is questionab le  w h e th e r 
th e  “ new  R u ssian  school”  as presented in th e  book  is a c tu a lly  new . T he au th o r cou ld  have
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b een  ad v ised  to  use d irec tly  one or tw o fu n d a m e n ta l te x ts  by  the  R ussians (e .g ., G eobo tany  
by  J a r o s h e n k o  or A l e x a n d r o v a ’s book) in stead  o f re ferences m ade th ro u g h  W alte r  (1979).

T h e  four su b -ch ap te rs  (sim ila rity  coefficients, co rre la tio n  coefficient, D e  V r ie s ’ p lexus 
d ia g ra m , / 2-tes t) d iscussed  se p a ra te ly  in th e  m eth o d s  sec tion  are in fa c t a lte rn a tiv e  w ays of 
co m p a rin g  cenological re levés o r of th e  analysis of species behavior. T he d esc rip tio n s and  ex ­
p la n a tio n s  are som ew hat to o  len g th y  and  e le m en ta ry , i t  w ould have been  su ffic ien t to  cite  
som e s ta n d a rd  s ta tis tic a l te x ts  (e.g. ju s t  to m en tio n  books in G erm an ,see E . W e b e r ’s 
b o o k s). Follow ing th e  fo u r su b -ch ap te rs , w hich cou ld  h av e  been jo ined  in  a single c h a p te r  
u n d e r  th e  t itle , say , “ S im ila r ity ” , th e  read e r’s logic e x p ec ts  some discussion o f d iv ers ity  b u t  
th is  co n cep t is n o t t re a te d  here, n o r elsew here in  th e  book. I t  rem ains unansw ered  w hy 
cenolog ical d iv ers ity  is n eg lected , as th o u san d s of p u b lic a tio n s  deal w ith  d iv e rs ity  p roblem s. 
I t  is to  be  no ted  r ig h t here  t h a t  w hereas K r e e b  p a y s  a tte n tio n  to th e  tra d itio n a l s ta tis tic a l 
m e th o d s , th e  in fo rm atio n  th e o ry  fu n c tio n s are n o t e v en  m entioned  in th e  book . T he classifica­
tio n  a n d  o rd in a tio n  tech n iq u es are com m only used  in  cenological p ractice  a n d  new m ethods 
a p p e a r  a lm o st every  d ay  in th e  lite ra tu re . A lth o u g h  c lass ifica tio n  and o rd in a tio n  were m entioned  
in  th e  c h ap te r  “ C om p lem en tary  m ethods for th e  s tu d y  of veg eta tio n ” , u n d e r  a title  n o t 
em p h asiz in g  th e  im p o rta n ce  of th e  co n ten ts , i t  is n o t  understood  w hy are  th e  c luste ring  
te c h n iq u es  so u n d erem p h asized . W h a t is th e  reaso n in g  th a t  s tan d ard  tech n iq u es o f m u lti­
v a r ia te  analysis, for ex am p le , p rin c ip a l com ponen ts an a ly sis  (PCA), are n o t  d iscussed  e ith e r?  
T h ese  are  some of th e  fu n d a m e n ta l shortcom ings o f th e  book. A t th e  sam e tim e , how ever, 
th e re  is som e “ su rp lu s” in  th e  m ethods section. M an ip u la tio n s w ith  ecological species g ro u p s 
now  re p re se n t only su p p le m e n ta ry  m ethods in  cenology  and  are by  no m ean s equal in  im ­
p o r ta n c e  w ith  th e  c lass ifica tio n  and  o rd in a tio n  m e th o d s . The concept o f  ecological species 
g ro u p s  is closely re la te d  to  n iche  th eo ry  and  th e  to le ran c e  principle, so t h a t  th e ir  ap p lica tio n  
is in  fa c t  an  ecological m e th o d .

T h e  th ird  section , Specia l V egeta tion  Science, co n ta in s  two subsections: Phytosocio logy 
of C e n tra l E urope  and  T he M ain V egeta tion  T ypes o f  th e  W orld (in th a t  o rd e r!) . The f irs t  is 
n o th in g  b u t  th e  d escrip tion  o f v eg eta tio n a l u n its , especia lly  those of G erm any. As an  in tro d u c ­
tio n , th e  v eg eta tio n  of th e  T e rtia ry , Pleistocene an d  H olocene is described an d  a chronological 
c h a p te r  is p rov ided . T he v e g e ta tio n a l u n its  are  d iscussed  in term s of th e  p rincip les o f th e  
Z ü rich -M o n tp e llie r school, th ese  are alliance (V erb an d ) an d  orders (O rdnung). R eferences and  
d a ta  a re  given reg ard in g  th e  fu n c tio n al p ro p erties  (p ro d u c tiv ity , m ineral n u tr ie n t  ba lance , 
e tc .)  o f  c e rta in  fo rm atio n s (e .g ., forests). T he h igh  m o u n ta in s (Alps), w h ich  rep re sen t an  
u n iq u e  s itu a tio n , are d iscussed  separa te ly . I t  is su rp ris in g  th a t  the  dynam ic v eg e ta tio n  system  
o f A ic h i n g e r  is described  r ig h t here. O ther, sk ilfu lly  w ritte n  special c h a p te rs  (tree  line, th e  
o rig in  o f m eadow s an d  p a s tu re s , weed co m m unities, e tc .)  are o u tstan d in g  p a r ts  of th is su b ­
sec tion .

W hereas C entra l E u ro p e  is ch aracterized  on f lo ris tic a l basis and  by  phytosocio logical 
m e th o d s , th e  v eg eta tio n  of o th e r  regions of th e  w orld  a re  described in m uch  less d e ta il, m ain ly  
in  te rm s  of th e  life fo rm s in  d iffe ren t fo rm atio n s a n d  physiognom ic c h arac te rs . T he princip le  
o f c lass ifica tio n  is c lim atic  an d , w ith in  th e  biom es, geograph ica l also. O ccasionally , d iversified  
c h a p te rs  follow one a n o th e r, fo r in stance, in case o f tro p ic a l forests: p h ysiognom ic  s tru c tu re , 
tax o n o m ic  groups, soil and  m icroclim ate, ecophysio logy  of trop ical fo rests, fa u n a , etc. In  th e  
re v ie w e r’s opinion th is  is th e  b e s t-w ritten  p a r t  o f th e  book.

T h e  m ost em phasized  conclusion of th e  book  is t h a t  there  is no u n iv e rsa l m ethod  for 
d e sc rib in g  and  analyzing  v eg e ta tio n , th e  h igh  d iv e rs ity  o f n a tu re  p rom otes th e  d ev elopm en t 
o f v a r io u s , often  d iverg ing , ideas and views.

E clectic ism  is a fu n d a m e n ta l ch a rac te r of th e  book. This could h av e  been h a rd ly  
av o id ed  w ith o u t changing  th e  ob jec tives of th e  book. T h e  d a ta  provided are  re liab le , a lth o u g h  
n o t  to o  m an y  references a re  c ited . T he selection of l i te ra tu re  is biased. T he a u th o r  relies to  an  
e x te n t  la rg e r th a n  n ecessary  on  s ta n d a rd , com p reh en siv e  tex ts , m ainly  b y  G erm an  a u th o rs , 
w h e reas im p o rta n t p a p ers  an d  m onographs a re  neg lec ted . W orks by  a u th o rs  from  sm all 
c o u n tr ie s , including m on o g rap h s on th e  v eg e ta tio n  o f so u th e rn  E urope, a re  a lm o st com ple te ly  
ig n o red  even if  w ritte n  in  G erm an.

T he above criticism  does n o t change th e  fa c t  t h a t  th is book is a u sefu l a tte m p t to  
sy n th e tiz e  V egeta tion  Science, especially th a n k s  to  its  w ell-w ritten  p a r ts  a n d  th e  d id ac tic  
figu res. T he book is reco m m en d ed  for experts in th e  fie ld  o f bo th  b o tan y  a n d  ecology.

G. F e k e t e
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T. F . H . A llen  an d  T . B. St a r r : H ie rarch y . P erspectives fo r Ecological C om plex ity . T he 
U n iv e rsity  o f Chicago P ress , 1982. 310 pages

T he sim u ltan eo u s analysis of several leve ls o f ecological o rg an iza tio n  relies on h ie ra rch y  
th eo ry . As th is  boo k  b rillian tly  shows, th e  co n cep t of h iera rch ic  levels is p re sen t in  m an y  
stu d ies  even  if  th e  a u th o rs  them selves a re  n o t  aw are o f th is  fa c t. T he general v a lid ity  of 
h iera rch ical o rg an iza tio n  of n a tu re  em phasizes th e  im portance  an d  usefulness of th e  th eo re tic a l 
fram ew o rk  p resen ted  b y  th e  au th o rs , b o th  fro m  th e  U n iversity  o f  W isconsin.

T he book falls in to  th ree  m ain sec tions an d  is su p p lem en ted  w ith  a glossary. In  th e  
In tro d u c tio n  are d iscussed  th e  m idd le-num ber system s th a t  a re  u n d e rs to o d  as being com posed 
of too m an y  p a r ts  to  be ad eq u a te ly  described  by  an  equation  fo r each  and too few p a r ts  to  
o b ta in  a re liab le  e s tim a te  for th e ir average beh av io r. These sy s tem s are betw een th e  large- 
n u m b er system s an a ly zed  by  th e  techn iques o f m u ltiv a ria te  an a ly sis  and the  sm all-n u m b er 
system s to  w hich th e  to o ls  o f popu lation  b io logy  seem m ost ap p licab le . As th e  a u th o rs  p o in t 
o u t, ap p roaches in th e  d o m ain  of large a n d  sm all num bers a re  in ev itab ly  of lim ited  use and 
th ere fo re  a m id d le -n u m b er level approach  is m o st prom ising. As suggested , th is  ap p ro ach  
should  involve h ie ra rch ica l m odels.

T he concep t o f h ie ra rch y  is viewed fro m  a historical p e rsp ec tiv e  in the  f irs t c h a p te r  o f 
Section  1. F o r th e  fo rm al investiga tion  of m id d le -n u m b er system s a term inology  is developed  
in  th e  n e x t th ree  c h ap te rs , th e  m ost im p o r ta n t  term s being th e  holon, scale and f ilte r. T his 
ra th e r  ph ilosophical sec tio n  can no t be sk ip p ed  b y  th e  reader w ith o u t risk ing  th e  in te llig ib ility  
o f th e  co n ten ts.

T he th eo re tica l fram ew ork  of h ie ra rch ica l o rgan ization  is developed in Section  2 by  
discussing v arious s tag es  o f evolution  from  th e  ab io tic  system s to  th e  m ost com plex liv ing  
system s. C hap ter 5 g ives a deta iled  desc rip tio n  o f nested  and n o n -n ested  h ierarchies. E v o lu ­
tio n  b y  n a tu ra l se lection  is considered a h ie ra rch ica l model. In  C h ap te r  6 th e  n a tu re  o f b o u n d ­
aries in h ierarch ical sy s tem s is analyzed by d is tin g u ish in g  fu n c tio n al an d  s tru c tu ra l b o u n d a rie s . 
C h ap te r 7 deals w ith  th e  processes of se lf-rep lica tion . Scaling s tra teg ies , as a defensive too l 
ag a in s t en v iro n m en ta l p e r tu rb a tio n , are d iscussed  in  th e  n e x t c h ap te r .

In  th e  rev iew er’s opin ion th e  last sec tio n  should deserve th e  m ost a tte n tio n  by  th e  
p rac tis in g  ecologist. F u n d a m e n ta l problem s o f th e  concept, d e sc rip tio n  and analysis o f com ­
m u nities are shown to  be associated  w ith  scale id en tification . An im p o rta n t p o in t m ade  by  
the  a u th o rs  is th a t  th e  id en tific a tio n  of th e  scale o f ecological s tru c tu re s  should be based on  a 
stepw ise change of sam p le  an d  universe size. T h ey  could have  gone a little  fu rth e r, how ever, 
by  p o in tin g  o u t th a t  scale changes are in  fa c t im p o rta n t in a n y  k in d  of concep tua l spaces 
assoc ia ted  w ith  ecological studies. F u rth e r  to p ic s  discussed in  th is  section include m a th e ­
m atica l m odelling, d iv e rs ity  and connectedness, m icroscopic a lgal ecology and th e  effect o f 
h u m an  im p ac t. T hese su ffic ien tly  illu stra te  th e  wide ap p licab ility  o f h ierarchy  th eo ry . T he 
section  ends w ith  a th o ro u g h  m ethodological c h a p te r  discussing v a rio u s  approaches to  th e  use 
o f scale as an  in v es tig a tiv e  tool.

T he book is a re ad a b le  and up to d a te  su m m ariza tio n  of a to p ic  w hich receives in c re a s­
ing a tte n tio n  by  ecologists. T he p re sen ta tio n  o f concepts is q u ite  clear and the  te x t  is n o t 
free from  hum our. T he on ly  criticism  re la tes to  th e  selection of illu s tra tio n s , because som e of 
th em  add  n o th in g  to  th e  co n ten ts , for ex am p le , th e  p ictu re  show ing th e  W indsor p o st office 
in C anada. T he exceed ing ly  good overview  o f h ierarch ical th e o ry  m akes th is book in d is­
p ensab le  for those  in te re s te d  in th e  th eo re tica l an d  m ethodological aspects of ecology.

J .  PODANI

L a n g e , O. L .- N o b e l , P . S .- O smond , V. B .- Z i e g l e r , H. (eds): R esponses to th e  C hem ical 
and  Biological E n v iro n m e n t. Physiological P la n t  Ecology I I I .  In  th e  series E ncy c lo p aed ia  of 
P la n t Physiology. Vol. 12 C. Springer-V erlag, 1983. 799 pp.

I t  is in te res tin g  to  su rvey  th e  change t h a t  to o k  place in th e  ch arac te r of th e  encyclo ­
paed ias du rin g  severa l cen tu ries. T h at once m e a n t  a m ere collection  an d  classification  of th e  
ex is ting  know ledge is to d a y  an  extrem ely  d iff ic u lt w ork  of selection requ iring  s tric t discipline. 
This ta sk  is carried  o u t  exce llen tly  and w ith  g re a t  care by  th e  a u th o rs  and  editors o f th e  la s t  
volum e of Physio log ical P la n t  Ecology. T he e d ito rs  them selves d e te rm in e  th e  p lace of th e  
volum e in th e  series as follow s: “ G row th, d ev e lo p m en t and re p ro d u c tiv e  success of in d iv id u a l 
p lan ts  d epend  on th e  in te ra c tio n , w ith in  to le ran ce  lim its , of th e  fa c to rs  in  th e  physical, chem ical 
and  biological en v iro n m en t. The f irs t two vo lu m es of th is series addressed  featu res o f th e
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p h y s ic a l en v iro n m en t (vol. 12 A) and th e  specia l responses of land  p la n ts  as th ey  re la te  to 
w a te r  use and carbon  d iox ide  assim ila tion  (vol. 12 B). In  th is volum e we consider specific 
a sp e c ts  o f th e  chem ical an d  biological en v iro n m en t, an d  w hereas th e  p rev io u s volum es were 
p r im a rily  concerned w ith  th e  a tm o sp h eric  in te rac tio n s , ou r em phasis here  sh ifts  very m uch  
to  th e  soil.”

T he book itse lf is c o n stru c ted  along a line o f increasing  co m plex ity  so th a t  the  f irs t  
c h a p te r  is devoted  to  th e  basic  m echanism s, w hile c h ap te rs  2-7 deal w ith  th e  chem ical en v iro n ­
m en t, as detailed  below.
1 .  T h e  Ionic E n v iro n m en t an d  P lan t Ionic R e la tio n s  (M. G. P itm a n , U. LDtt g e , pp. 30).

T his chap ter b riefly  sum m arizes th e  processes o f ion tran sp o rt a n d  th e  p a rtic ip a tin g  
s tru c tu re s ,  as v a ria tio n s  o f a basic m echanism  a t d iffe ren t stages o f o rg an iza tio n  and ev o lu ­
tio n . T he contro l o f p H  an d  ion c o n ten t is d e a lt w ith  in a separa te  section . T h e  tim e th a t  h ad  
passed  a fte r th e  ap p ea ran ce  of th e  p rev ious tw o  vo lum es m ade certa in  rev is io n  and am p lifica­
tio n  necessary , and a lth o u g h  th e  fu n d a m e n ta l im p o rta n ce  of the  p ro to n  m o tio n  is in v ariab ly  
em p h asized , a tte n tio n  is called  to th e  necessity  o f a com plex view , n a m e ly , th a t  th e  soil 
e n v iro n m en t, the  so il-root in te rac tio n  and  th e  ion  tra n s p o r t  in  th e  p la n t  should  be jo in tly  
co n sid ered  in in te rp re tin g  th e  m echanism  of co n tro l, th a t  the  in te rac tio n s  betw een th e  d if­
fe re n t tra n sp o rt  processes are  im p o rta n t, an d  th a t  th e  general m odel is on ly  a d idactic  basis 
o f d iscussion  while th e re  is a  wide d iv ers ity  acco rd ing  to  th e  d ifferen t ecological situ a tio n s.
2. O sm oregulation  (R . G. W y n  J o n e s , J . G o r h a m , pp . 24).
3. H a lo to le ra n t E u k a ry o te s  (R . Mu n n s , H . G r e e n w a y , G. O. K ir s t , pp . 78).
4. H a lo p h y tic  P ro k a ry o tes  (A. D. B r o w n , pp . 26).

T he effects of ion co n cen tra tio n s a re  an a ly sed  from  m any  asp ec ts , a t  d ifferen t levels 
o f o rg an iza tio n , w ith  a suggestive  exposure o f co rre la tio n s betw een th e  co m p o n en t processes. 
E m p h a s is  is laid on th e  fa c t th a t  a d a p ta tio n  is necessa ry  n o t only to  th e  e x te n t  o f th e  en v iro n ­
m e n ta l stress b u t also to  i ts  v a ria tio n  in  tim e , an d  th a t  in th is  respect th e  cap a b ility  of a d a p ta ­
tio n  v a ries  w ith  th e  ph ases o f life. T he a u th o rs  an a ly se  th e  regu la tion  o f ion con cen tra tio n s 
a n d  balances, th e  im p o rt-e x p o rt processes an d  th e  co m p a rtm e n ta liz a tio n  as well as th e ir  
im p a c t  on o th er processes including en zy m e-m em b ran e  activ ities, w a te r  use  efficiency an d  
h y d ra u lic  conductance.
5. P h y sio logy  and Ecology o f N itrogen  N u tr itio n  (M. R u n g e , pp. 38).

In  th is ch ap ter, too  sh o rt for im p o rtan ce , th e  N cycle, N form s an d  th e ir  d is tr ib u tio n  
by  season  and soil p rofile , N u p tak e  and  conversion , and  th e  re la tio n  b e tw een  N form s and  
p H  are  trea ted . A lth o u g h  M. R u ng e  devo tes a “ specia l p ag e” to th e  specific  req u irem en ts  of 
sp ec ies, and in  one of th e  su b title s  we fin d  th e  te rm  “ in d ifferen t ecosystem s” , these aspects 
h a v e  p rac tica lly  been o m itted . I t  is all th e  m ore su rp risin g  because th e  a u th o r  refers to IB P  
ev id en ces which, how ever, a re  no t given in d e ta il.
6 . In flu en ce  of L im estone, S ilica tes and  Soil p H  on V egeta tion  (H . K i n z e l , pp .  44).

T he au th o r e x p e rtly  places th e  soils in d iffe ren t groups according to  th e  av a ilab ility  of 
u n iv a le n t and m u ltiv a le n t ions, discussing in d e ta il th e  d ifferen t e lem en ts an d  th e  synergetic  
e ffec ts . H ere is — u n fo rtu n a te ly  h idden  in  th e  “ in side”  of the  volum e — th e  fu n d am en ta l 
d ifferen ce  in views th a t  sep a ra tes  ecophysio logy fro m  th e  trad itio n a l ecology. F o r th a t  reason  
a specia l geobotanical an d  a special ecophysio logical term inology  hav e  to  be used, and th e  
d iv e rs ity  of h a b ita ts  an d  th a t  of th e  p la n t responses sep ara te ly  discussed. H . K inzel  fin d s 
th e  so lu tio n  of th e  p ro b lem  in th e  ex tension  of a co m p arativ e  e x p erim en ta l work and th e  
c o n seq u en t e stab lish m en t o f so-called physio -ty p es . I t  is all th e  m ore su rp ris in g  th a t  th e  w ord  
“ n ic h e ” is no t even m en tio n ed .
7. T o x ic ity  and T olerance in  th e  R esponses of P la n ts  to  M etals (H . V. W o o l h o u se , pp. 56).

T he closing c h a p te r  o f  th e  section  d iscussing  th e  effect of chem ical en v iro n m en t deals 
w ith  th e  physiological an d  biochem ical m ech an ism s of m etal to x ic ity  a n d  to lerance, w hile 
su rv e y in g  all m etals th a t  can  be tak e n  in to  co n sid era tio n , and confron ting  th e  tw o sides o f th e  
p h en o m en o n , nam ely  th e  “ chem ism ” , th e  special in d iv id u a l ch arac te ris tic s  o f m etals on th e  
one  h a n d , and th e  m olecu lar biology (m ain ly  en zy m atic  and  m em brane changes) on the  o th er. 
As a special m erit o f th e  c h ap te r  th e  ev o lu tio n ary  an d  genetic  im p lica tions o f m etal to le rance  
a re  also discussed.
8. E cophysio logy  of N itro g en -F ix in g  System s (A H . G ib s o n , D. C. J o r d a n , pp . 90).

Owing to  its  im p o rta n ce  in p ractice  th e  b a c te riu m -ro o t sym biosis is a  th o rough ly  in v es­
tig a te d  field of research . H ow ever, th e  a p p ro x im a te ly  one th o u san d  w orks published in  th e  
su b je c t,  while covering  all aspects from  genetic  engineering  to  econom ic u tiliza tio n , give 
a c c o u n t only of very  few case stud ies m ade in n a tu ra l  situ a tio n .
9. E cophysio logy  of M ycorrh izal Sym bioses (M. Mo s e r , K . H a z e l w a n d t e r , pp . 31).

W ith in  th e  su b je c t so fa r ra th e r  neg lected  fo r its  im p o rtance , th e  a u th o rs  analyse th e  
v a rie tie s  of the  in d iv id u a l m ycorrh izae  an d  th e  s tru c tu re s  thereof, an d  beyond  the  physio-
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logical co rre la tions th ey  deal w ith th e  ecological fu n c tio n s o f th e  roo t-b o u n d  fungi w hich a ffec t 
th e  g ro w th  c h arac te ris tic s  and  d is tr ib u tio n  of th e  h o s t p la n t and its  re sis tan ce  to  diseases.
10. E cophysio logy  of L ichen  S ym bio ted  (U . Ma t t h e s , G. B. F e i g e , pp . 46).

“ . . . a lichen is a m icro-ecosystem  b y  itse lf.”  T h is view  is em phasized  b y  th e  a u th o rs  
who ta k e  th is  fu n c tio n a l in te g rity  as a b a sis  on  e s tab lish in g  th e  physiological ty p es , choosing 
th e  n a tu re  o f th e  tra n s fe r  p ro d u c t as th e  basic  o f ty p if ic a tio n .
11. In te ra c tio n s  be tw een  P la n ts  and A n im als in  M arine S ystem s (W . HÖLL, pp . 30).
12. E cophysio logy  o f C arnivorous P la n ts  (U . L ü t t g e , pp . 30).
13. H o s t-P a ra s ite  In te ra c tio n s  in H igher P la n ts  (P . R . Atsa tt , pp. 38).
14. V irus E cology — “ S tru g g le”  o f th e  G enes (A. J .  G ib b s , pp. 22).
15. E cophysio logy  of Z oophilie P o llin a tio n  (S. V o g e l , p p . 66).
16. Physio log ical E co logy  of F ru its  and T h e ir  Seeds (D. H . J a n s e n , pp. 32).

T hese  ch ap te rs  h av e  th e  com m on fe a tu re  o f d iscussing  th e  ecological and  ev o lu tio n ary  
im p o rta n ce  of b io tic  in te rac tio n s  w hich h a v e  so fa r belonged to th e  w orld o f e x tra o rd in a ry , 
b iza rre , p a rad o x ica l b iological form s, o ften  n o t only from  th e  v iew poin t o f n a tu ra l  h is to ry  b u t  
also from  th a t  of physio logy .
17. Physio logical and  Ecological Im p lic a tio n s  o f H e rb iv o ry  (S. J .  McN a u g h t o n , pp. 22).

An in te res tin g  asp ec t of th e  h e rb iv o re -p la n t re la tio n  is shown by th e  a u th o r  who says 
th a t  w hile a t  an  o n to g en e tic  level th e  h e rb iv o re s are h a rm fu l to  th e  p la n t an d  m an y  p ro te c ­
tio n  m echanism s develop aga in st th em , th e se  p ro tec tio n  m echanism s never fu n c tio n  p e rfec tly  
an d  so in ecological tim e  herbivores a re  u se fu l as dem ograph ic  reg u la to rs  and  p ro m o te rs  of 
recy c liza tio n , and from  th is  c o n trad ic tio n  a p ecu lia r phenom enon of coevolu tion  com es o u t.
18. In te ra c tio n s  be tw een  P la n ts  (E . I. N e w m a n , pp. 30).

I f  m odern  encyclopaed ia  w riting  req u ire s  self-com m and and a c e rta in  sc ien tific  a sce ti­
cism , th en  N e w m a n  w ins th e  palm . T he c h a p te r  w ritte n  by  him  w ith a high, a lm o st ax io m a tic  
precision  is rem ark ab le  also as regards its  conciseness an d  critica l view. T he c h ap te r  is d iv id ed  
in to  th ree  p a rts : m e th o d s, m echanism s (a n d  in te rac tio n s  betw een  m echanism s), and  th e  
a b ility  o f in te rferen ce , as an  ecological s tra te g y .

As to  th e  w hole o f th e  volum e, th e  s tru c tu re  o f each  c h ap te r  as well as th e  sequence of 
c h a p te rs  are  logical a n d  clear. The a b u n d a n t  references (som e 20 pe r cen t o f th e  vo lum e) 
an d  th e  large  n u m b er o f review s am ong th e m  allow  fo r a m odera te  tre a tm e n t o f exam ples, 
w h ich  is a basic co n d itio n  of read ab ility  a n d  lu c id ity . I t  is tru e , on th e  o th e r han d , th a t  ev ery  
a u th o r  feels th e  b u rd en  of th e  co m plex ity  o f his ta sk  an d  th e  resu lting  d ifficu lties o f in te r ­
p re ta tio n .

T he basic con cep tio n  of the  v o lu m e is in  an y  case th a t  we m u st leave beh ind  th e  
physio log ical s ta n d p o in t o f s tudy ing  on ly  th e  genera l, average  basic s tru c tu re s  an d  processes, 
since th e  v e ry  step  t h a t  o u g h t to  be ta k e n  is to  assess and  ty p ify  th e  enorm ous d iv e rs ity  
ap p ea rin g  in th e  p h en o m en a  discussed. H e re  we com e up , how ever, ag a in st d ifficu lties ra ised  
b y  th e  m eth o d s th a t  a re  laborious and n o t easy  to  ap p ly  even  in th e  case o f ta s t  p lan ts  ex am ined  
th o ro u g h ly , so how could  th e y  th en  be su ita b le  fo r ex ten siv e  serial ex am in a tio n s?

T h is p ro g ram m e, th o u g h  sp ec tacu la r  an d  fa r-reach in g , m ust in an y  case be c riticized  ! 
N am ely , th e  p r im a ry  ecological o b jec tiv e  to  be se t is to  u n d e rs tan d  w hy c e rta in  d e fin ite  

fo rm s a p p ea r a t  th e  level o f a given asso c ia tio n  (and  n o t a t  th e  m ostly  au toecological level o f 
th e  book), r a th e r  th a n  to  assess and desc rib e  in  d e ta il th e  d iversity  o f th e  a d a p ta tio n  ty p es  
an d  m echanism s !

A nd th is is p o sitiv e ly  a prob lem  o f n iche th eo ry . T hus, th e  ta sk  of physio logical p la n t  
ecology should  be to  s tu d y  th e  physio log ical b ack g ro u n d  of th e  o rg an izatio n  (com position  
an d  p a tte rn  re a rra n g em en t)  of to lerance n iches. O w ing to  its  d ifferen t view  “ ecological p la n t  
p h y sio logy”  w ould be a b e tte r  title  for th e  p re sen t book . N evertheless, all th ese  p rob lem s are  
too general to  p u t  th e  b lam e on th e  a u th o rs  of th e  vo lum e. I t  is the  volum es o f th is  v ery  series 
th a t  tak e  step s to  b ridge  th e  gap b e tw een  th e  tw o ex trem e  views (physio logical and eco- 
physio log ical on th e  one h an d , and ecological on  th e  o th e r) , and  bring  th em  closer to  each  
a n o th e r.

S. B a r t h a

F . L a m b e r t i , J . M. W a l l e r , N. A. Van  d e r  G r a a f f : D urab le  R esistance in Crops. P lenum  
Press, New Y ork. 1983. 454 pp.

P la n t  diseases an d  p ests are a m a jo r  c o n s tra in t to  ag ricu ltu ra l p ro d u c tio n  d esp ite  th e  
various m eans used  to  con tro l th em . C hem ical co n tro l, a lth o u g h  often  effective , m ay  pose 
en v iro n m en ta l h aza rd s an d  is expensive , especially  in developing coun tries w here i t  m ay  be 
co m ple te ly  uneconom ic.
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C ontrol th ro u g h  genetica lly  m ed ia ted  re s is tan ce  to  diseases and pests is b o th  cheap 
an d  en v iro n m en ta lly  safe an d  a t  p resen t m o st diseases o f s tap le  food crops are con tro lled  
th ro u g h  some form  of re sis tan ce .

One of th e  basic  p ro b lem s in th e  use  o f re sis tan ce  is i ts  freq u en t lack  of d u rab ility . 
T he te m p o ra ry  n a tu re  o f re sis tan ce , due to  th e  d ev elo p m en t o f new  s tra in s  of pest o r p a th o g en  
ab le  to  overcom e it,  h a s  seriously  h indered  th e  im p ro v em en t o f th e  yield p o ten tia l o f m an y  
crops as a con tinu ing  e ffo rt is needed to  rep lace  old cu ltiv a rs  who resistance has fa iled , w ith  
new  ones.

T he Food an d  A g ric u ltu ra l O rganisation  of th e  U N  began  its  In te rn a tio n a l P ro g ram m e 
on H o rizo n ta l R esis tan ce  in  1975 w ith  th e  o b jec tiv e  o f accu m u la tin g  high levels o f supposed ly  
d u rab le  resistance. C onsiderab le  in te res t and  sc ien tific  d eb ate  was g enera ted  by  these  p ro g ram s 
w hich  n ecessita ted  th e  m ee tin g  and in te rac tio n  o f th o se  concerned. FA O  and th e  In te rn a tio n a l 
Society  for P la n t P a th o lo g y  decided to  o rgan ize  a C onference a t  w hich recen t re su lts  o f  these  
p ro g ram s could be co m m u n ica ted  and th e  v a rio u s  stra teg ies  w hich  had  been developed  could 
be a d eq u a te ly  discussed. T h is  Conference w as h e ld  in  M artin a  F ra n c a , I ta ly  from  S ep tem b er 
3 0 -O c to b er 11, 1981.

T his volum e c o n ta in s  th e  lectures an d  co n trib u tio n s  o f th is  Conference. T he p re se n ta ­
tio n s o ften  gen era ted  ex te n siv e  discussions m u ch  of w hich are included  in th e  P roceed ings as 
an  in teg ra l p a r t  o f th em . A t th e  end of th e  v o lu m e th e  read e r fin d  th e  list of p a r tic ip a n ts  and  
lec tu re rs  of th e  C onference a n d  a Subject In d ex .

The 38 P roceed ings are  grouped in to  th re e  m ain  sections:
I. D urab le  p la n t re s is tan ce  and  the  genetics o f  h o s t/p a th o g en  p o pu lations,

I I .  P a ram e te rs  an d  ta rg e ts  o f  durab le  resistance.
I I I .  B reed ing  for d u rab le  resistan ce  and its  p ra c tic a l app lication .

The m ost fre q u e n tly  involved crops are : b a rle y , co tto n , fig , g rape, coffee, co conu t, oil 
p a lm , p o ta to , w h eat, rice  a n d  F ab a  beans.

On th e  o th e r h a n d , th e  m ain  p a th o g en s d iscussed  are: P uccinid  hordei, d iffe ren t k inds 
o f M ildew, n em ato d es, F u sa riu m  ssp., coffee le a f  ru s t  and  B erry  disease, w heat ru s ts , Phy- 
thophtora ssp., etc.

One p re sen ta tio n  d eals w ith  th e  re s is tan ce  of E lm , F ine and  Cypress species and  th e  
re la te d  problem s from  th e  p o in t of view of F o re s t  P a th o lo g y .

The lec tu res rev iew ed  m any  th eo re tica l su b je c ts , p roposed  m odels for th e  H o s t/P a tlio -  
gen system , as welll as p ra c tic a l resu lts o f re sea rc h  p ro jec ts  an d  breed ing  program s.

As in any  re la tiv e ly  new  field of science, th e  ideas are m an y  and diverse, b u t  th e  
p ra c tic a l selection, b reed in g  and  m anagem en t s tra teg ies  in  w hich th ey  resu lt differ m uch  less.

Q uestions w ere rised  on  th e  genetic b a ck g ro u n d , specificity , d u rab ility , and  m odelling 
of resis tan ce ; in e s tim a tio n  of pa thogen  fitn e ss , b io m etric  analysis, and ho st-p a th o g en - 
en v iro n m en t in te rac tio n s  o f  du rab le  resistance.

A t th e  sam e tim e , th is  volum e offers a w ide sp ec tru m  of p rac tica l results and experiences 
concern ing  a series o f crops and  pathogens in  ev ery  m ajo r a g ricu ltu ra l areas.

To sum  it  u p , th is  book  could prov ide a u sefu l reference p o in t and in m any  cases p ra c ­
tica l he lp , too in th e  q u e s t fo r durab le  re sis tan ce  fo r all crop a t  any  environm en t. T herefore  
it can  be recom m ended  fo r ev ery  scientist an d  e x p e rts  engaged w ith  th e  problem s of resistance  
of ever increasing  im p o rtan ce .

Z. Szőcs

M. H . Z im m e r m a n n : X y le m  s tru c tu re  and  th e  a scen t of sap. Springer-V erlag, B erlin , H eidel­
berg , New Y ork, T okyo , 1983. 143 pp., 64 figu res

T his w ell-edited  boo k  is th e  f irs t vo lu m e o f a new S p ringer series in wood science. 
T his is th e  w ork, w here th e  renow n pub lisher M. H . Z im m erm a n n  p rov ides f irs t an  in te g ra te d  
d escrip tion  of sap ascension  from  an an a to m ica l a n d  fu n c tio n al p o in t of view.

T he volum e can  be  d iv ided  into th ree  p a r ts  regard ing  th e  sub ject m a tte r . T he f irs t 
tw o ch ap te rs  are m o stly  dealing  w ith  th e  in tr ic a te  an a to m ica l s tru c tu re  of th e  xy lem . The 
m ain  p a r t  of th is  w ork  (C h ap te rs  3-4) is really  fu n c tio n a l an a to m ica l, regarding th e  cohesion 
th eo ry  of sap ascen t an d  th e  hydrau lic  a rc h ite c tu re  o f p lan t. In  th e  th ird  p a r t  (C hap ters 
5 -7 ) are discussed th e  o th e r  fu n c tio n al a d a p ta tio n s , fa ilu re  of xy lem  function  and th e  p a th o lo g y  
of xylem .

T he f irs t  c h ap te r  beg ins w ith  the  co n d u c tin g  u n its , in tro d u ced  by th e  ev o lu tio n  and 
specia lization  of trac h e id s  a n d  vessels. I t  is co n tin u ed  by  th e  vessel d im ensions and  th e  d if­
ficu lties o f m easuring . D iffe ren t m ethods are in tro d u c ed  to  m easure  vessel-length  d is trib u tio n . 
F u n c tio n a l p a ram ete rs  a re  discussed here such  as flow ra te , p ressu re  g rad ien t, hy d rau lic  
co n d u c tiv ity  and th e  effic iency  of v esse ls— how to  m ove th e  w a te r  th ro u g h  th e  in te rvesse l p its .
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T he second c h a p te r  is d evo ted  to  th e  vessel ne tw o rk  in d ico ty led o n  and m onocotyledon 
stem s. T he a u th o r  g ives a sh o rt ou tline  o f m e th o d s fo r th e  analysis o f vessel ne tw orks. W ater 
m o vem en t and  vessel n e tw o rk  of some species a re  in tro d u ced , m o st de ta iled  being th e  palm  
stem  (R hap is excelsa, a sm all palm ).

T he m ain  p a r t  o f th is  w ork s ta r ts  w ith  C h ap te r 3. I t  is rea lly  functional an a to m ica l 
p a r t  dealing  w ith  th e  cohesion th eo ry  of sap ascen t. H ere are  tre a te d  fu n c tio n al p a ram ete rs  
such as th e  tensib le  s tre n g th  of w a ter, ten s io n  lim its , w a ter sto rag e , sealing concepts, p ressure  
g rad ien ts  and  velocities. T he section  on sto rag e  of w a te r  is n o t in te n d e d  to  be a general review  
on w a te r  sto rage  in p la n ts , b u t  concerns p rim a rily  sto rage m echan ism s th a t  are m ore or less 
d irec tly  re la te d  to  w a te r  m ovem ent. T he follow ing m echanism s are  discussed: e la s tic ity  o f 
tissues, cap illa rity , an d  cav ita tio n .

One of th e  m o st in te res tin g  p a r t  o f th is  book d iscusses th e  h y drau lic  a rch itec tu re  of 
p lan ts  (C h ap te r 4). In  h y d rau lic  considera tions th e  re la tio n sh ip  o f lea f m ass and wood p ro ­
d u c tio n , has been  s tu d ies  connected  w ith  “ H u b e r  v a lu e” , n am ed  a f te r  H u b e r  by  th e  au th o r. 
A fter Z i m m e r m a n n  deals w ith  th e  leaf-specific  co n d u c tiv ity  (LSC). The nam e o rig in a ted  
from  th e  a u th o r  (1978), he rev a lu a ted  H u b e r ’s record  a b o u t th e  effective c o n d u c tiv ity .

T he h y d rau lic  co n stru c tio n  of trees is a v e ry  in te res tin g  p a r t  o f th is  volum e. H ere th e  
read e r can fin d  how' LSC values are re la ted  to  p ressu re  g ra d ie n ts  an d  flow velocities. Com ­
parisons o f LSC are m ade  of m ain  stem s o f rin g -p o ro u s species an d  m easu rem en ts are m ade  
to  in v es tig a te  th e  a n a to m ica l basis of th e  c h a ra c te ris tic  LSC d is tr ib u tio n  w ith in  tree  stem s.

“ T he su b je c t m a tte r  o f th is  book is m u lti-d im en sio n ally  re la te d  in so m an y  d iffe ren t 
w ays th a t  it is d iff icu lt to  accom odate  it logically  in  a one-d im ensional, linearly  p roceeding 
te x t  rep re sen ta tio n . T he organ isation  of th e  su b je c t m a te ria l in to  ch ap te rs  and  sections has 
therefo re  been so m ew h at a rb itra ry . F re q u e n t cross references help  to  resto re  som e of th e  
m u ltid im en sio n a lity ”  as w ritte n  by  M. H . Z i m m e r m a n n .

C h ap te r 5, u n d e r  th e  head ing  “ O th er fu n c tio n a l a d a p ta tio n s” , has th u s  becom e ra th e r  
a collection of odds an d  ends. H ere th e  a u th o r  discusses th e  ra d ia l w a te r m ovem en t in th e  
stem  w hich  has re la tiv e ly  l ittle  ex p erim en ta l ev idence till now% speak ing  ab o u t th e  rad ia l 
d irec t and in d irec t c o n ta c ts , g row th-ring  b rid g es ( B o s s h a r d  1976). V aria tions of an a to m ica l 
ch ara c te ris tic s  from  ro o ts  to  tw igs, th e  d is tr ib u tio n  of trach eid  d im ensions in coniferous trees, 
th e  vessel d iam e te rs  o f w oody d ico ty ledons, th e  v a ria tio n  in  len g th  of trach eid s an d  vessels 
are also discussed. A fte r  th e  fu n c tio n  of th e  w all scu lp tu res  an d  sca larifo rm  perfo ra tio n  p la te s  
are discussed. An in d ep e n d en t p a r t  of th is  c h a p te r  deals w ith  th e  xy lem  tra n sp o rt  in  aq u a tic  
angiosperm e.

C hap ter 6 deals w ith  th e  fa ilu re  and  senescence of xy lem  fu n c tio n , beginning w ith  th e  
em bolism  an d  th e  w in te r  freezing of xylem  w a te r  in trees. H ere a re  discussed d ifferen t m eth o d s 
to in v es tig a te  how  tree s  o f cold c lim ates cope w ith  th e  p rob lem  of w in te r freezing. A fter th is  
follows a l ite ra tu re  su rv ey  a b o u t th e  ty loses, g um s, suberiza tio n  an d  th e  heartw ood  fo rm atio n  
and  its  re la tio n  to  w a te r  tran sp o rt.

T he la s t c h a p te r  (7) is d evo ted  to  th e  p a th o lo g y  of th e  xy lem . M. H. Z i m m e r m a n n  
fe lt necessary  to bu ild  a b ridge betw een  those  w ho were concerned  w ith  xylem  s tru c tu re  and  
th e  ascen t of sap , a n d  p la n t pa th o lo g ist in te re s te d  in  xylem  m alfu n ctio n . T he c h ap te r  is n o t 
a review  of p a th o lo g ica l d is tu rb an ce  of w a te r  re la tio n s in general. H ere are concerned th e  
ascen t o f sap and  its  d is tu rb an ce . W etw ood fo rm a tio n , m o v em en t o f pa th o g en s, th e  effect o f 
disease on su p p ly  and  d em an d  of xylem  w a te r , xy lem  blockage, p a th o g en  effects on x y lem  
d iffe ren tia tio n  and  th e  p rob lem  of in jec ting  liq u id s a re  discussed.

T he w rite r has no in te n tio n  to be encyclopedic, a lth o u g h  th e  n u m b er o f c ita tio n s  is 
over 400. T his vo lum e co n ta in s d ifferen t c h ap te rs  m ain ly  on v a rio u s experim en ta l approaches. 
T here are excellen t g rap h s, d iagram s, d raw ings a n d  scanning  e lectron  m icrographs of h igh 
q u a lity , su p p o rtin g  th e  th eo re tica l aspects.

I t  is an  ideal book th a t  looks a t  old p ro b lem s in  new  w ays an d  h igh ligh ts fa sc in a tin g  
areas o f  c u rre n t re sea rch , trie s  to  b u ilt a b ridge  be tw een  th e  s tu d y  a rea  of s tru c tu re  and th a t  
o f fu n c tio n . M. H. Z i m m e r m a n n ’s book is w a rm ly  recom m ended  to  every  specialist and in s ti­
tu te  dealing  w ith  e x p erim en ta l b o tan y .

D. K o v á t s

Acta Botanica Hungarica 31, 1985
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