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EDITORIAL NOTE

The nam e o f A cta  Bolanica Academ iae Scien tiarum  H unguricae  h as  been 

ab b rev ia ted  to  A cta  Botanica H ungarica . A cta  Botanica  H ungarica  is a jo u r ­

n a l o f th e  H u n g a ria n  A cadem y o f  Sciences. T he change does n o t affect th e  
s ta tu s  and  th e  e d ito ria l policy o f  th e  jo u rn a l.

1*





A cta  Botanica Hungarica 29 (1 —4 ) ,  jop. 5—12 (1983)

SÁNDOR JÁVORKA 
RORN 100 YEARS AGO

B . ZÓLYOMI

H u n g a rian  b o ta n is ts  p ay  t r ib u te  to  th e  m em ory o f S án d o r J ávo rk a  on 
occasion  o f th e  c e n te n a ry  of his b ir th .  H is w ork  was an  im p o r ta n t  m ilestone in  
re sea rch  exploring  th e  flo ra  of S o u th -E a s te rn  E urope a n d  o f th e  C a rp a th ian  
B asin . H is critical s tud ies rep re sen ted  a syn thesis of th e  in ten s iv e  ex p lo ra to ry  
w ork  o f  th e  n in e teen th  and  early  tw e n t ie th  centuries a n d  a t  th e  sam e tim e  
m ad e  w ay  for a m ore deta iled  re sea rch  o f th e  flora.

S ándor J ávo rk a  was born  in  H e g y b á n y a , in  th e  fo rm er co u n ty  H o n t, 
on  M arch  12th , 1883. H is fa th e r, a v illag e  sm ith  was a d escen d an t of A dám

Acta Botanica Hungarica 29, 1933



6 В. ZÓLYOMI

J á v o r k a  who h ad  fo u g h t in  th e  in su rrec tio n  ag a in st th e  H a b s b u r g s  led by  
P r in c e  R ákóczi. H is m o th e r  w as a sim ple v illage w om an , w ho, a fte r her 
h u s b a n d ’s early  d e a th , w as le ft alone w ith  h e r  six  ch ild ren . She could no t 
s u p p o r t his son S án d o r, w ho a tte n d e d  a g ram m ar-schoo l a t  S elm ecbánya and  
h a d  to  give lessons a n d  do odd jobs from  his ea rly  ch ildhood . B esides, he also 
h e lp ed  her m o ther. H e  b egan  his u n iv e rs ity  stud ies a t  th e  PéterPÁZMÁNYs 
U n iv e rs ity , B u d ap est liv in g  u n d e r sim ilarly  poor c ircu m stan ces h u t  g raduated  
w ith  a docto r’s degree.

In  1905, fo llow ing h is early  inc lin a tio n s, he began  to  w o rk  in  th e  H e rb a ­
r iu m  of the  H u n g a ria n  N a tio n a l M useum  an d  la te r , w hen th is  section of th e  
m u seu m  had  becom e in d e p e n d e n t, in  th a t  o f th e  M useum  o f N a tu ra l Sciences. 
H e  s ta y e d  there  till th e  end  of th e  ac tive  p e rio d  of his life a n d  betw een  1934— 
1940 he was a d ire c to r  o f th e  H erb ariu m . H av in g  re tire d , he w orked th e re  
a lm o s t every d ay  fo r a n o th e r  tw e n ty  y ea rs . I t  w as his second  hom e u n til his 
d e a th . In  ap p rec ia tio n  o f his scientific  w ork  he w as e lec ted  corresponding 
M em ber of th e  H u n g a r ia n  A cadem y o f Sciences in  1936, a n d  becam e F u ll 
M em ber in 1943. H e w as aw ard ed  several h igh  honours an d  in  1952 he becam e 
a K o ssuth  Prize la u re a te . H e died on S ep tem b er 2 8 th , 1961.

H e began to  d ea l w ith  b o ta n y , collect an d  id en tify  p la n ts  a t 15, w hile 
s till a t g ram m ar-schoo l, m a in ly  in  th e  env irons of S elm ecb án y a  and H egy­
b á n y a  and  S itn y a  (1898—). Cs e r e i’s schem atic  p la n t id e n tif ic a tio n  handbook  
w as of great help to  h im , b u t  he was an n o y ed  w hen he cou ld  n o t iden tify  a 
p la n t  because th e  b o o k  included  only  som e species of th e  flo ra . He decided a t 
th is  age to  w rite  a m u ch  b e tte r  and  m uch  m ore com ple te  book. He f irs t  
em b ark ed  on his re se a rc h  tr ip  as a u n iv e rs ity  s tu d e n t in  th e  environs o f 
B u d a p e s t (D orog, V iseg rád ). H is f irs t f lo ris tic  p u b lica tio n s  alo ap p ea red  
d u rin g  th is  period  (1903-1904), and  he s ta r te d  his researches in the  South- 
C arp a th ian s of T ra n sy lv a n ia . H e w andered  in  th e  Alps of th e  G odjan, S u rján  
a n d  th e  R etyezá t (1902 an d  1904), w here he s tay ed  in  th e  co ttag es  of alp ine 
h e rdsm en .

H e a lready  w o rk ed  in  th e  M useum  w hen  his u n iv e rs ity  d o c to r’s d isse rta ­
t io n  w ith  the  t i t le  “ Species H ungaricae  generis Onosma” appeared  in  th e  
A nnales of th e  M useum  in  1906. H is u n errin g  taxo n o m ic  ju d g e m e n t is show n 
b y  th e  fact th a t  th e  E n g lish  tra n s la tio n  of th is  d isse rta tio n  w as published in  
th e  Jo u rn a l of B o ta n y  tw e n ty  years la te r . T he rev ision  of th e  re la te d  E u ro p ean  
species of L in u m  f la v u m  L. (1910) in  w hich, am ong o th e rs , th e  place of th e  
endem ic L in u m  dolom iticum  B orb . was c leared  up  besides t h a t  of L . elegáns 
S p ru n . the  n a tiv e  o f  D a lm a tia  and  G reece, can  be m en tio n ed  from  am ong his 
severa l studies.

He pub lished  a to ta l  n u m b er of som e 220 sc ien tific , ed ucational an d  
p o p u la r  w orks, e leven  of th em  w ere books som e of w h ich  h ad  several ed i­
tio n s.

A da  Botanica Hungarica 29, 1983



SÁNDOR JÁVORKA 7

T he m ost o u ts tan d in g  re su lt o f  S ándor J á v o r k a ’s re sea rch  o f a lm o st 
20 y e a rs  on th e  s ite  and  in th e  h e rb a r iu m  an d  lib ra ry  of th e  M useum  is th e  
book  F lo ra  H u n g a rica  (1924-1925) dealing  w ith  th e  flo ra  o f th e  p re-w orld - 
W a r-I  H u n g a ry . A lthough  i t  h a d  b een  m e a n t to  be an  id e n tif ic a tio n  book , 
th e  scope of th is  c r itica l sy n th e tiz in g  w ork  reach es fa r  beyond  th a t  o f s im ila r 
hooks as reg ard s  its  con ten ts. In  i t  he  gave a tru e  p ic tu re  of th e  r ic h  f lo ra  of 
th e  C arp a th ian s  a n d  th e ir  basin , th e  P an n o n icu m .

L e t me now  m ake a little  d e to u r . I  th in k  i t  is n o t an acc id en t b u t  ju s t  
c h a ra c te ris tic  t h a t  in  Sándor J á v o r k a ’s flo ra  w ork  o f 1925 th e  c ritic a l, p o ly ­
m o rp h  genera w ere elabora ted  n o t  o n ly  b y  specialized  tax o n o m ic  b o ta n is ts . 
T h u s , fo r exam ple , th e  species o f th e  T h ym u s  (thym e) genus o f th e  C a rp a th ia n  
B asin  w ere w orked  o u t by  K áro ly  L y k a , an  a r t  h is to rian  an d  th o se  o f th e  
M entha  genus b y  R o b e rt T r a u t m a n , an  a rc h ite c t. A ccording to  th e  in v e s tig a ­
tio n  m eth o d s o f t h a t  tim e of m ic ro sy s tem a tic s , th e  so p h is tica ted  sense of 
fo rm  w as decisive, a n d  m ostly  c h a ra c te r is tic  of th o se  dealing  w ith  a r ts . V ery  
f in e ly  d is tin g u ish ed  o u te r form al fe a tu re s , w ays o f  fu rca te  b ran ch in g , c h a r ­
a c te rs  an d  form s o f  le a f  n e rv a tio n , le n g th  an d  w id th  p ro p ortions a re  in c lu ­
ded  in  th e ir  tax o n o m ic  keys. I t  is a ty p o lo g y  bu ild in g  on th e  o u te r  fo rm a l 
fea tu re s .

W ith  a fu r th e r  developm ent o f  tax o n o m y , genetic  ta x o n o m y  re ly in g  on 
th e  re su lts  of in h e ritan ce  has com e in to  p rom inence  in  recen t decades. W ith in  
a genus or species each , tax o n o m y  is concerned  w ith  th e  resu lts  o f th e  c h ro ­
m osom e and  gene investiga tions, a n d  p o p u la tio n  research  is considered  to  be 
an in d ispensab le  co n tro l. Thus th e  u n i ty  o f form  an d  function  finds expression . 
B u t fo r all these , w ell-equipped la b o ra to r ie s  an d  exp erim en ta l in v es tig a tio n s  
a re  needed . T he M useum  either t r ie s  to  becom e m odern  or has to  co o p era te  
w ith  research  in s ti tu te s .

Since no illu s tra tio n s  were in c lu d ed  in  th e  book  m entioned , th e  w ork 
Ico n o g rap h ia  F lo rae  H ungaricae (1929-1934) by  S ándor J ávo rk a  a n d  V era 
Cs a p o d y  served  as a supp lem ent to  i t .  F ro m  th e  p o in t o f view  o f th e  t r u th -  
fu ln  ess o f th e  m ore th a n  4000 p la n t  p ic tu re s  an d  th e  fid e lity  of d e ta ils , th is  
is one o f th e  m ost v a lu ab le  works o f  th e  E u ro p ean  b o tan ica l li te ra tu re . I t  w as 
p u b lish ed  w ith  a p reface  in eight lan g u ag es  (inc lud ing  S lovak ian , R o m a n ia n , 
C ro a tian  and  I ta lia n ) . These w orks gave  an  im pu lse  to  fu r th e r  exp lo rin g  a c ­
tiv it ie s . “ A m a g y a r növényvilág  k éz ik ö n y v e ”  (H an d b o o k  of th e  H u n g a ria n  
P la n t  K ingdom ) vols I —I I  (1951) b y  S. J á v o r k a  an d  R. Soó w as p u b lish ed  
b y  th e  H u n g a rian  b o ta n is ts ’ asso c ia tio n . O th er w orks w hich re flec t th e  in ­
fluence  o f th e  Ico n o g rap h ia  in c lu d e  J . D o st a l , K v e ten a  Í S R  (1950), T . 
Sa v u l e s c u  an d  E . J .  N y á r á d y , w ith  th e  g enera l ed ito rsh ip  of E . P o p : F lo ra  
R eip u b licae  P o p u lá ris  R om ániáé I —X I I  (1952—1972) an d  th e  g re a t Sov iet 
flora w ork , th e  F lo ra  SSSR I - X X X  (1934-1964). N evertheless, no w ork  
co m p arab le  to  th e  Iconograph ia  h a s  been  pu b lish ed , w hich w ould h av e  show n
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th e  I l ly r ia n  and  M ed ite rran ean  flo ra  to g e th e r  w ith  th e  species o f th e  C ar­
p a th ia n s , P an n ó n ia  a n d  C roatia . T h a t is w hy  a decade an d  a h a lf  a f te r  
S án d o r JÁv o rk a’s d e a th  a new , p a r t ly  rev ised  second ed ition  o f th e  illu ­
s t r a te d  a tla s  was p u b lish ed , en titled , “ Ico n o g rap h ia  florae p a r tis  austro - 
o rien ta lis  E u ro p ae  C en tra lis”  (A kadém iai K iad ó , B u d ap est, 1975).

In  a h istorica l sy n th esis  JÁVORKA rev iew ed , after p u b lica tion  o f  th e  
KiTAiBEL-H erbarium  (1926-1936), th e  life  w ork  o f  his great p red ecessor, P ál 
K it a ib e l , th e  “ H u n garian  L i n n é ” .

T h e  influence o f S ándor JÁVORKA, th ro u g h  his w orks an d  personal 
a c t iv i ty  an d  connections, on th e  dev e lo p m en t o f th e  H u n g arian  ag ricu ltu ra l 
sc ien tific  research  an d  p rac tice  is h a rd  to  e s tim a te . H e was one o f th e  jo in t 
a u th o rs  o f th e  tw o vo lu m e han d b o o k , “ M agyar gyógynövények  k éz ik ö n y v e”  
(H u n g a ria n  M edicinal P lan ts)  pub lished  b y  th e  M inistry  of A g ricu ltu re  in 
1948. I t  w as his o u ts ta n d in g  m erit th a t  w ith  F . E r d e i as jo in t genera l ed ito r 
in  1959 th e y  s ta r te d  th e  series “ M agyarország  k u ltó rf ló rá ja ”  (Crop F lo ra  of 
H u n g a ry ) . More th a n  100 c o n tr ib u to rs  p a r tic ip a te d  in  th is  v e n tu re  of the  
D e p a r tm e n t of A g ricu ltu ra l Sciences of th e  H u n g a ria n  A cadem y o f Sciences. 
T he series is still be in g  con tinued  an d  th e  n u m b e r of the  c o n tr ib u to rs  has 
grow n to  m ore th a n  200. A t p resen t th e  gen era l e d ito r  o f th e  series is I. MÁTHÉ. 
JÁv o r k a ’s p o sth u m o u s w ork, th e  Castanea  w as pub lished  in  th is  series in
1969.

S án d o r JÁv o r k a ’s pioneer a c tiv ity  in  H u n g arian  n a tu re  p ro tec tio n  
deserves p a r tic u la r  a tte n tio n . W hen n a tu re  p ro te c tio n  was inc luded  in  t i t le  6 
o f th e  so-called “ Second F o rest A c t”  (1935: A rtic le  IV) an d  th e  e s tab lish ­
m e n t o f  th e  H u n g a ria n  Council for N a tu re  P ro te c tio n  was decreed , S ándor 
J á v o r k a  offered a p ro p o sa l e lab o ra ted  in  d e ta il to  p ro tec t an d  reserve 16 
a reas  o f h igh  p r io rity  from  th e  p o in t o f v iew  of b o ta n y  (the cenological reasons 
w ere g iven  b y  th e  A u th o r  of th is  com m em oration ).

A  lis t of th e  p la n t  species to  be p ro te c te d  w as also draw n up  in  1935-36. 
U n fo rtu n a te ly , its  rea liza tio n  was p ro tra c te d , in  m an y  cases, in  fa c t i t  was 
cance lled . (In  th e  sam e w ay  th e  p roposa l m ad e  fo r th e  irrep laceab le  n a tu ra l 
v a lu es  o f Bélkő in  th e  B ü k k  M ountain , w hich  h a d  advised as a q u a rry  su p ­
p ly in g  th e  cem ent-w orks to  be p laced  on th e  n e ighbouring  “ O rdög” -M ounta in , 
h o w ev er, to d a y  th e  new  p la n t is n ea re r to  i t ,  an d  th e  q u a rry  has rem ained  
th e re .)  In  order to  rea lize  th e  proposal S án d o r J ávo rk a  to g e th e r w ith  those  
c o m p e te n t to  deal w ith  it, i.e. w ith  M iksa F ö l d vÁr y , th e  m anag ing  p resid en t 
a t  th e  tim e  of th e  C ouncil for N a tu re  P ro te c tio n  (1940-1944), an d  w ith  G ábor 
M o lcsÁn y i  and o th e rs  (1948-1953) in sp ec ted  th e  sites m any  tim es. (Such, for 
ex am p le , th e  C allunetum  n ear U z sa ,th e  T a xu s  w oods in  the  v ic in ity  o f Szentgál, 
th e  A lcsu t P a rk , th e  do lom ite  v e g e ta tio n  o f th e  Sas M ountain  an d  Kis- 
S zénás, th e  Crambe ta taria , p ro tec tio n  o f th e  h a b ita t  of th e  A d on is vol- 
gensis, e tc .)
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F ro m  th e  beg inn ing  S ándor J á v o r k a  believed in  estab lish ing  close co n ­
n ec tio n s b e tw een  H un g arian  b o ta n y  an d  fo restry . I  can  refer to  L ajos F e k e t e  
a n d  T ibor B l a t t n y ’s work, e n ti t le d  “ Az erdészeti je len tőségű  fák  és c se rjék  
e lte rjedése  . . . (D is trib u tio n  of th e  tre e s  an d  sh rubs o f im p o rtan ce  to  fo re s try )  
(S elm ecbánya, 1913-1914), in w h ich  th e  Ericaceae w ere e lab o ra ted  b y  S á n d o r 
J á v o r k a . D ániel F e h é r  and P ál M a g y a r  also rep resen ted  a fo re s t-b o ta n ic a l 
d irec tio n  know n a n d  accepted  in te rn a tio n a lly , too . K áro ly  K a á n ’s w ork  (1931) 
is o f fu n d a m e n ta l im portance  in th e  h is to ry  of H u n g a rian  n a tu re  p ro te c tio n . 
JÁv o r k a ’s ro le , in  th e  en fo rcem ent o f  th e  1935 A ct, has a lread y  been  m e n ­
t io n e d ,la te r  h is close connection w ith  o th e r  fo rest b o ta n is ts  will also be d escribed .

In  th e  p u b lic a tio n  en titled  “ G uide to  choosing th e  tre e  species to  be  
grow n in forest m an ag em en t” V. A j t a y  (1950) (“ T á jé k o z ta tó  az e rd ő g azd aság ­
b a n  ten y ész ten d ő  fa fa jo k  m eg v á la sz tá sáh o z” ) he gave a d escrip tion  o f th e  
soil in d ica tin g  p la n ts  while th e  f ig u re s  were d raw n  by V era Cs a p o d y . H is 
a rtic le s  iu ten d ed  fo r p ractice  deal w ith  th e  connections betw een  fo re s try  an d  
p la n t  geography .

In  th e  1950ies forest ty p o lo g y  rea lized  its  pu rpose  b o th  n a tio n a lly  an d  
in te rn a tio n a lly . T h e  b iological-ecological view  seem ed to  p lay  a due p a r t  in  
fo re s t-cu ltiv a tio n . O ne can refer to  th e  four-volum es, com piled b y  I. D a n s z k y , 
e n title d  “ M agyaro rszág  erdőgazdaság i tá ja in a k  e rd ő fe lú jítási, e rd ő te lep íté s i 
irán y e lv e i és e l já rá s a i” (Guiding p rin c ip les  and  w^ays of fo rest renew al a n d  
p la n ta t io n  of th e  fo res t m an ag em en t areas of H u n g a ry ; O rszágos E rd é sz e ti 
F ő igazga tóság , 1963), fu rth e rm o re , to  th e  scries, e n titled  “ V egeta tion  u n g a ­
risch e r L a n d sc h a fte n ” , edited b y  B á lin t Zó lyom i, pub lished  betw een  1957— 
1977 b y  th e  P u b lish in g  House of th e  H u n g a rian  A cadem y of Sciences.

U n fo rtu n a te ly , in  the  la te s t d ecad es a m uch m ore narrow ed  econom ical, 
te c h n ic a l, tech n o lo g ica l, fo re s t- in d u s tr ia l v iew poin ts and  p rac tice  have  been  
p re v a ile d  in  th e  fo re s t m anagem en t. T he eco log ist-fo rest-typo log ist seem s to  
be o u sted  from  fo rest cu ltiva tion  a n d  can  only  m a in ta in  secondary  role in th e  
fie ld  o f fo restry  en v iro n m en t p ro te c tio n .

Id ow ever m uch Sándor J á v o rk a  w orked in the  H erb ariu m  of th e  M u­
seum , he reg a rd ed  inev itab le  th e  o b se rv a tio n s  in  n a tu re  and  th e  p a r t ic ip a ­
tio n  in  th e  open fie ld  researches. W ith  th e  possib ilities p rov ided  b y  th e  M u­
seum  he m e th o d ica lly  roved  and e x p lo re d  th e  wKole range  of th e  C a rp a th ia n s , 
m a in ly  th e  areas w h ich  had  p re v io u s ly  been neg lected . As a young  m an  he 
m ad e  several t r ip s  to  th e  N orth  C a rp a th ia n s , th e  m o u n ta in s  an d  valley s  o f  
th e  N o rth -E a s te rn , a n d  South C a rp a th ia n s  to  th e  Low er D anube , th e  K a z a n  
S tra its  (all these  m e a n t 246 days o f  fie ld  w ork an d  a ro u n d  4800 h e rb a riu m  
specim ens). Of th e  rich  resu lts o f  th e se  jo u rn ey s le t us only  m en tio n  tw o 
new  C arp a th ian  endem ism , P ulm onaria  F ila rszkyana  J á v . from  th e  m o u n ­
ta in  p ine  region o f  th e  M áram aros A lps (1916) an d  th e  Draba S im o n ka ia n a  
J á v . from  th e  g ra n ite  rocks of th e  P a ren g  and  B e ty e z á t (1910). H e also
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b o ta n iz e d  in  th e  P a n n o n ia n  flora reg ion , m a in ly  in  th e  env irons o f Budapest» 
in  th e  B u d a , P ilis a n d  V isegrád  m o u n ta in s  a n d  in  th e  low land  o f P e s t (around  
200 d a y s  an d  2100 p la n ts ) .

T h e  following y e a rs  were d ev o ted  to  sy n th esis , w hich, how ever, jiroved  
th e  n eed  for fu r th e r  exp lo ring  w ork. I n  th is , too , J ávo rk a  to o k  an  ac tive  
p a r t .  E v e n  as an  o ld  m a n  he m e th o d ica lly  co llected  and  in v es tig a ted  p la n ts  
on f ie ld  tr ip s  in  th e  P a n n o n ia n  flo ra  reg io n , m ost ex ten siv e ly  in  th e  environs 
of B u d a p e s t, in  th e  B a k o n y  M ountains a n d  a ro u n d  L ake B a la to n , fu rth e rm o re  
in  th e  B ü k k  M o un ta ins an d  m ain ly , f illin g  a gap w ith  i t ,  in  T ra n sd a n u b ia  
(a p p ro x . 1360 days a n d  11 000 p lan ts). H is w ork  “ P la n t D is tr ib u tio n  L im its  
in T ra n sd a n u b ia ”  (P flan zen area le  in  T ra n sd a n u b ie n  in  U ngarn), his in au g u ra l 
speech  a t  th e  A cad em y  in  1937, p u b lish ed  in  1940, th rew  new  lig h t on th e  
p la n t  geographic ju d g e m e n t of th e  reg io n  a n d  opened  th e  w ay  for fu r th e r  
in v es tig a tio n s . Special a tte n tio n  was p a id  to  th e  species of h yb ridogen  origin 
o f th e  genus Sorbus (1926). The new  d a ta  re su ltin g  from  th ese  tr ip s  w ere 
p u b lish e d  in  th e  abov e-m en tio n ed  h a n d b o o k  on th e  H u n g a rian  P la n t K in g ­
dom .

A t a round  th e  age of s ix ty  he re su m e d  his b o tan ic  tr ip s  in  th e  C ar­
p a th ia n s , m ain ly  in C a rp a th ia n  U k ra in e , th e  S zékely-land  an d  in  th e  K elem en 
A lps (1939-1943, 80 d ay s , 1600 p la n ts ) . Fo llow ing  th e  H u n g a ria n  tra d itio n s  
of B a lk a n  research , h e  to o k  p a r t in  an  ex p ed itio n  to  A lban ia  in  1918, on 
b e h a lf  o f th e  H u n g a ria n  A cadem y o f Sciences. B ased on his ow n collections 
as w ell as on tho se  o f  B éla J . K ü m m e r l e  an d  Jó zse f A n d r a so v sz k y , he 
d esc rib ed  a w hole series of new species a n d  o th e r ta x a . T he ex p lo ra tion  of 
th e  se rp en tin e  flo ra  to  be  found th e re  w as h is p a r tic u la r  m erit. T he  following 
species m ay  be m en tio n ed , selected a t  ra n d o m : R anuncu lus degeni K iim m . e t 
J á v . ,  Sanguisorba albanica  A ndrás, e t J á v . ,  L igustrum  albanicum  J á v .,  Рейсе- 
d a n u m  serpentini A n d rá s , e t Já v .. G entiana nopcsae J á v .,  L u n a ria  telekiana  
J á v . ,  E rysim u m  korabense K iim m . e t J á v . ,  Senecio korabensis K üm m . e t J á v .,  
C erastium  hekuravense  J á v .,  Polygonum  albanicum  J á v . (B o t. K öziem . 19: 
1920—1921). H e w as ag a in  in  A lban ia  in  1955, to g e th e r w ith  J .  Ú j h e l y i , b u t  
th e  m a te r ia l th e y  co llec ted  has only  p a r t ly  been  processed. H is research  w ork  
o f 1929 in  B ulgaria  s tre n g th e n e d  his ea rlie r re la tio n s w ith  B u lg a rian  b o ta n is ts  
a n d  en riched  his know ledge of th e  B u lg a rian  flo ra . Of th e  new  ta x a  th e  
O xytrop is uromovii J á v .  endem ic in  th e  P ir in  M ountains can  be m en tioned . 
B esides th e  C a rp a th ia n s , he tu rn e d  h is a t te n tio n  also to  th e  m ed ite rran ean  
a n d  su b m e d ite rra n e an  v eg e ta tio n  o f th e  A d ria tic  coast. A p a rt from  th e  C roa­
t ia n  a n d  D a lm a tian  co asts  he also w en t to  I ta ly  on a s tu d y  tr ip  an d  trav e lled  
in  A u s tr ia  and S w itze rlan d .

A t th e  8 th  In te rn a tio n a l  Congress o f B o ta n y  held  in  1954 he was one of 
th e  delegates of th e  H u n g a rian  A cadem y  o f Sciences. In  1957 he gave a su rv ey  
o f H u n g a ria n  b o ta n ic  researches a t th e  F e d e ra l B o tan ic  Congress held  in  Lenin-
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g rad . H e m a in ta in ed  a con tinuous p ro fessio n a l an d  friend ly  con n ec tio n  w ith  
resea rch ers  of th e  neighbouring  c o u n tr ie s  especially  w ith  th o se  o f Czecho­
slo v ak ia . He w as on  friendly  te rm s  especia lly  w ith  J a n  F u t a k . H e co rre ­
sp o n d ed  w ith  th e  d irec to rs of th e  b o ta n ic  m useum s of P e tro g ra d , L en in g rad  
an d  T bilisi from  1910. In  spite o f th e  severe H u n g a rian  cenzorsh ip , he k e p t 
up a friend ly  an d  professional co rresp o n d en ce  w ith  Boris F e d c h e n k o  and  
V lad im ir K om arov , d irec to r of th e  B o tan ic  M useum  of L en ingrad  an d  la te r  
th e  P re s id en t of th e  Soviet A cadem y o f Sciences.

A lthough  S án d o r J ávorka  d id  n o t choose teach in g  as a pro fession , he 
in flu en ced  severa l genera tions o f H u n g a r ia n  y o u th s  am ong o th e rs , th ro u g h  
th e  m edium  of his sm all id e n tif ic a tio n  h an d b o o k  on th e  H u n g a ria n  flo ra  
(1926 an d  1937) a n d  several ed itions o f “ N ö v én y h a tá ro zó ” (P la n t Id e n tif ic a ­
tio n  Book) (ed ited  b y  T. H o r t o b á g y i 1952, 1962) com piled for u n iv e rs ity  
an d  college s tu d e n ts . A lthough he w as g ra n te d  th e  h o n o rary  title  o f u n iv e rs ity  
p ro fesso r a t Szeged U n iv ersity  in  1939, he n ev e r in  fa c t gave courses. N ev er­
th e less , m an y  peop le  regarded  th em se lv es  as h is s tu d e n ts  from  am ong  those  
w ho m et him in th e  M useum  h u t m a in ly  tho se  w ho p a rtic ip a te d  in som e form  
in h is fie ld  w ork. H e w as an ad v o ca te  o f  th e  co n fro n ta tio n  of d iffe ren t opinions. 
In  a sense he w as a la te  re p re se n ta tiv e  of th e  classic p e rip a te tic  school (like 
T h e o ph r a st o s , th e  “ F a th e r  of B o ta n y ” ). H e o ften  said  th a t  o b se rv a tio n  or 
d e m o n s tra tio n  in  N a tu re  is ex ac tly  as im p o r ta n t  as w ork in  th e  h e rb a riu m . 
H e o ften  took  a long  com panions on h is to u rs , w ho were honoured  to  jo in  him . 
In  th e  diaries of h is tr ip s  he carefu lly  reco rd ed  th e  nam es of tho se  w ho accom ­
p an ied  him . I t  w as V era Csa p o d y , w ho to o k  p a r t  in  m ost o f his co llecting  
to u rs , while his fa ith fu l com panion, B éla  L á n y i  organized  th e  jo u rn e y s . The 
p re se n t a u th o r accom pan ied  him  (on  m ore th a n  hu n d red  occasions) m ain ly  
on h is tr ip s  in  T ra n sd a n u b ia . Of th e  g en e ra tio n  of now  m iddle-aged b o ta n is ts , 
th e re  is h a rd ly  an y o n e  wo had n o t h a d  th e  o p p o r tu n ity  to  b o tan ize  to g e th e r  
w ith  S ándor J á v o r k a  or to  m ake u se  o f his w orks.

A th o rough  know ledge of b o ta n y  is one o f th e  p recond itions o f p h y to - 
cenological w ork. J á v o r k a ’s life w o rk , h an d b o o k s and  id en tif ic a tio n  books 
opened  th e  w ay  fo r developm ent o f  th e  p la n t cenological school s ta r te d  by  
R ezső  Soó in D ebrecen .

J ávo rk a  believed  th a t  his v o c a tio n  did n o t end  a t  th e  scien tific  ex p lo ra ­
tio n  of th e  p la n t k ingdom  hu t he also  w a n te d  th is  to  becom e a p o p u la r  asse t. 
T herefo re , he was a c o n s ta n t a u th o r o f  th e  co lum ns of th e  p o p u la r m agazines. 
M ore th a n  a h u n d re d  th o u san d  copies h av e  been  sold of th e  five H u n g a ria n  
a n d  one S lovak ed itio n s of “ E rdő -m ező  v irá g a i”  (Flow ers of th e  F o re s ts  and  
F ie lds) (1950-1972) he w rote to g e th e r  w ith  V. Cs a p o d y . H is book  “ K e rti 
v irá g a in k ”  (O ur G arden  Flowers) is a n o th e r  exam ple  of his c o n tr ib u tio n s  to  
p o p u la r  science. T he book  “ K ö zép -eu ró p ai d ísznövények  színes a tla sz a ”  (Col­
ou red  A tlas of th e  C en tra l E uropean  O rn a m e n ta ls  P lan ts) w ritten  to g e th e r  w ith
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V era Cs a p o d y  was re a d y  fo r press im m ed ia te ly  before  his d ea th  a n d  w as p u b ­
lished in  1962. O therw ise , a com plete b ib lio g rap h y  o f Sándor J á v o rk a ’s life- 
w ork , a lis t o f his to u rs  andcom p d a tio n  on ta x a  ded ica ted  to  h im  or described  
b y  h im  can  be found  in  A nnales H is to rico -N a tu ra les  Musei N ationalis  H un- 
garici (1962: 726, vol. 54.)

S án d o r J á v o r k a ’s life can n o t be sized u p  on ly  th ro u g h  th e  ob jec tiv e  
in v e s tig a tio n  m eans u sed  in  h is to ry  o f science. H is en tire  p e rso n a lity  m u st be 
called  a t te n tio n  to .

H e was n o t o n ly  a g rea t m an , an  o u ts ta n d in g  p e rso n a lity  o f a period  of 
h is to ry  o f science b u t  a ju s t  m an , a w a rm -h e a rted  h u m an is t as well. A q u ie t, 
m o d est person  who w as n o t self-conceited , d isliked  fo rm alities, an d  o s te n ta tio n . 
H e w as u n co m m u n ica tiv e  b u t friend ly . H e lik ed  his colleagues an d  resp ec ted  
all th o se  w ho were ea rn es t in  th e ir  desire for p rogress and  know ledge. H e esteem ­
ed his Fellow -m en b y  th e ir  h u m an  values an d  w orks done. H e especially  
liked  a n d  helped y o u n g  people eager to  le a rn . A nyone could tu rn  to  h im  w ith  
a p ro fessional questio n  w hich s tro v e  to  give a th o ro u g h , p recise  answ er 
a ltru is tic a lly  and p a tie n tly . H e perfo rm ed  th e  ta sk s  he was e n tru s te d  w ith  or 
ta k e n  v o lu n ta r ily  u p o n  h im self ex ac tly , conscien tiously  an d  w ith  c o n s ta n t 
p e rs is ten ce . H e d isliked  su p erfic ia lity  an d  carelessness b u t only  m ild ly  spoke 
o u t a g a in s t them . H e a lw ays condem ned in ju s tice .

H e  loved  N a tu re  v e ry  m uch, i t  w as a  v ita l  e lem ent for h im . H e liked  
Life a n d  its  b eau ties, th e  p ro d u c ts  of science an d  a r t .  E v en  to  th e  la s t  m om en ts 
he p a id  a tte n tio n  to  th e  ev en ts  of th e  w orld  a ro u n d  him . He w as a w ise m an  
a t  th e  sam e tim e. W ith  his observ ing  eyes an d  m ind  he realized  ea rly  th a t  
e v e ry th in g  is m oved b y  th e  law s an d  reg u la ritie s  of N a tu re  an d  Society . 
A lread y  in  his ea rly  y o u th , he becam e aw are  o f th e  rea lity  of th e  m a te ria l 
w orld , th u s  th a t  of th e  h u m an  life. H e rea lized  an d  acknow ledged th a t  D e a th  
is th e  n ecessary  d ia lec tic  opposite  of Life. T h a t is w hy  he was nev er a fra id  of 
D e a th , o n ly  of a lo n g -lastin g  illness, th e  defencelessness.

H e considered w o rk  to  be th e  m ain  p o in t in h u m an  life, w ork, sc ien tific  
w ork, w hich  serves th e  progress of people, o f all m ank ind . H e gave a good 
ex am p le  of th is  w ith  all his life.
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(R eceived  1. J a n u a ry  1983)

A new  m ono typ ic  genus fro m  H o n d u ra s  is sep a ra ted  from  Rondeletia  L. u n d e r  
th e  nam e Javorkaea  based on th e  species Rondeletia hondurensis D o n n -S m ith .  U p o n  a 
co m p arativ e  m orphological and  a  th o ro u g h  pollen  an a to m ica l s tu d y  of th is  species in 
re la tio n  to  th e  genera Rondeletia  L . Rogiera  P lanch , and  Arachnothryx  P lan ch , its  
generic c h arac te ris tics  are d iscussed . T he new  genus is d ed icated  to  th e  m em ory  of th e  
g rea t H u n g a rian  b o tan ist, S án d o r J á v o r k a  to  th e  cen ten a ry  of his b ir th .

In tro d u c tio n

As i t  w as p o in te d  ou t (B o r h id i  a n d  F e r n a n d e z  1982: 309) th e  o rig ina l co ncep t of 
Rondeletia  L. h as b een  largely  w idened b y  D e  Ca n d o l l e  (P ro d r. 4: 406, 1830) an d  B e n t h a m  
(P I. H a rtw . 1841). B ased upon a c o m p a ra tiv e  m orpholog ical ex am in atio n , B o r h id i  an d  
F e r n a n d e z  (1982a an d  b) de term ined  th e  ch ief generic  ch arac te ris tics  a n d  M agda J á r a i- 
K o m l o d i stu d ied  (ined .) th e  pollen m o rp ho log ical fea tu res  o f Rondeletia  L. based  on  Rondeletia  
am ericana. C om paring  these  ch arac te ris tics  w ith  those  of o th e r groups of R ondeletia , i t  tu rn e d  
o u t, th a t  a close co rre la tio n  can be fo u n d  be tw een  th e  d ifferen t form  of co ro lla -th ro a t, th e  
s tru c tu re s  of p lac en ta , form  and p ubescence  of th e  ov ary  disc and  th e  exine p a tte rn  an d  form  
o f  pollen  grains . In  consequence of th e se  recognized corre lations th e  m en tio n ed  a u th o rs  
se p a ra ted  as in d ep e n d en t genera th e  m o n o ty p ic  C uban Roigella  and  th e  C uban -H isp an io lan  
p o ly ty p ic  Suberanthus (B o r h id i  and F e r n a n d e z  1982a an d  6), fu r th e r  re su rrec ted  th e  C en tra l 
A m erican  Rogiera P lan ch , and c o n tr ib u ted  to  th e  rev a lid a tio n  of th e  neo tro p ica l co n tin e n ta l 
genus A rachnothryx  P lanch . (B o r h id i  1983) re su rrec ted  earlier b y  St e y e r m a r k  (1967).

Rondeletia hondurensis was d esc rib ed  by  D o n n e l - S m it h  in th e  B o tan ica l G aze tte  
27: 335 (1899). T he ty p e  specim en is co llected  in  H o n d u ras, S an ta  B a rb a ra , R io C ham elecón 
a t  an  a ltitu d e  of 300 m eters. We h ad  n o t  o p p o rtu n ity  to  s tu d y  th is  ty p e  specim en, b u t  a 
v e r y  good collection m ade by H ja l m a r s s o n  in  H o n d u ra s  1852, and  classified by  St a n d l e y  
as R . hondurensis; specim ens from  th e  R ik sm u seu m  of Stockholm .

Rondeletia hondurensis was f irs t  se p a ra te d  w ith in  th e  genus Rondeletia , as its  m o n o ­
ty p ic  section: Sectio llondurenses b y  S t a n d l e y  in  th e  N o rth  A m erican  F lo ra  32A: 62 (1918). 
A ccord ing  to  his d esc rip tion , th e  ch ief ch a ra c te ris tic s  o f th e  section  H o n durenses are th e  
follow ing: 44Leaves large, th in , loosely white-tomentose beneath. S tipules large, th in , erect. I n ­
florescence term inal, cymose-corymbose, m a n y  flow ered , the flo ite rs  5-parted , bracts large, calyx  
lobes large, narrow ; corolla very large, sericeous outside , the throat naked
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D escrip tion  of the  g en u s Jav o rk aea

B ased  on our s tu d ie s , Rendeletid hondurensis  D o n n .—S m ith  differs from  
Rondeletia  L . and  from  th e  o ther re la te d  genera  a t  generic level.

I t  is a sh rub  w ith  s to u t, te re te , den se ly  w h ite  or fu lvous pilose-sericeous 
b ran ch es . S tipu les 7 -1 2  m m  long, p e rs is te n t, th e  low er p a r t  co n n a te  in to  a 
4 -7  m m  long ochrea-like  ring , the  u p p e r p a r t  free w ith  1-3  cu sp id a te  lobes. 
L eaves opposite , th e  petio les  2 -8  m m  long , th e  b lades o v a te , e llip tic , oblong- 
e llip tic  or obova te  o b long , 8-16 cm long , 3 -5  cm w ide, acu te  a t  th e  base , 
r a th e r  long  acu m in a te  to  a tte n u a te  a t  th e  apex , th in , d a rk  green an d  sh o rt 
pilose ab o v e , densely  w h ite  a rach n o id -to m en to se  b e n e a th , sericeous along  th e  
veins, th e  costa  s lender, p rom inen t, la te ra l  veins slender, 6 -8  on each  side, 
su b a rc u a te , ascending  a t  an  acute angle. In flo rescence  is te rm in a l, racem ous- 
cym ose, com posed b y  2—3 leafy  w horles a n d  a head-like  te rm in a l, m an y  flow ered 
cym e. F low ers sessile, b ra c ts  lanceo la te, a b o u t 1.5 cm long, sericeous-villous, 
like h y p a n th iu m . C alyx  14-17 m m  long , tu b e  obovoid , 5 -8  m m  long, tw ice as 
long as th e  h y p a n th iu m , nak ed  w ith in ; lobes 5 -7  u n eaq u a l, 7 -10  m m  long, 
one o f th e m  tw ice as b ro a d  as the  o thers a n d  longer, linear-lan ceo la te , cu sp id a te , 
v illous, w ith  a p ro m in e n t dorsal costa . Corolla densely  v illous o u tside , th e  
tu b e  p u b escen t w ith in  n e a r  th e  base, 2—2.5 cm  long, th e  th ro a t  n ak ed ; lobes 5, 
s lig h tly  u n equa l, 1 -1 .5  cm  long, o b o v a te , n a rro w ed  a t  th e  base, a rachno id - 
to m e n to se  ou tside a n d  densely b ea rd ed  on th e  u p p e r surface a t  th e  base. 
A n th e rs  sessile, a d n a te  to  th e  th ro a t, in se rte d , oblong-ellip tic , 3 m m  long. 
P o llen  grains p ro la te -sp h aero id a l, p u n c tite g illa te , 4 -co lpo ra te , w ith  a p ecu liar 
s tru c tu re  (see d e ta iled  descrip tion  a t  th e  pages 17-27). S ty le  sh o rt ex e rted , 
n a k e d  below , g ra n u la te d  above, c lav a te  a t  th e  en d ; stig m a b ilo b a te , lobes 
tr ian g u la r-sem io rb icu la r , condup lica ted . O v a ry  disc a n n u la r , en tire , ascen d en t, 
th in , n o t  lobed, e ssen tia lly  g labrous. O v a ry  e llip tic  to  oblong, 2 -v a lv a te . 
P la c e n ta  ob long-ellip tic , th in , p la te , w ith  a p u n c tifo rm  in se rtio n  to  th e  u p p e r 
p a r t  o f th e  sep tu m , s lig h tly  concave, p o in te d , n o t su lca te . Capsule oblong, 
locu lic ide w ith  n u m ero u s  wingless seeds.

I t  differs from  b o th  Rondeletia , Rogiera  an d  A rachnothryx  in  h av in g  a 
b ro a d , co n n a te  s tip u la r  rin g  w ith  1 -3 -lo b ed  s tip u les , a 2 -3 -s to ried  racem e-like 
te rm in a l-cy m o se  in flo rescence, an 5 -7 -p a r te d  zygom orphic  ca lyx , w ith  long 
tu b e  above th e  h y p a n th iu m , th e  large  co ro lla  w ith  b ea rd ed  lobes a t  th e  base , 
th e  g ra n u la te d  s ty le  a n d  th e  head-like co n d u p lica te  s tig m a  and  the 4 -co lpo ra te , 
p u n c tite g illa te  po llen  g ra ins.

F u rth e rm o re  i t  d iffers
— fro m  Rondeletia  L . in  hav ing  te rm in a l, racem ose-cym ose inflorescence, open 

coro lla  th ro a t  w ith o u t callosity  an d  n a k e d  o v a ry  disc;
— fro m  Rogiera  P la n c h , in  having n a k e d  co ro lla -th ro a t an d  oblong o v a ry  and  

cap su le ;
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F ig . 1. Javorkaea hondurensis (D onn.—S m ith ) B o rh id i e t J .  K om lódi. A : g en era l h a b it ;  B : 
C alyx from  o u tsid e  a n d  in  lo n g itud inal sec tio n ; C: Corolla from  outside  a n d  in  lo n g itu d in a l 
sec tion ; D : Corolla lobes and th ro a t;  E : O v a ry  a n d  sty le ; F : O vary  in  lo n g itu d in a l section  

w ith  p la c e n ta tio n ; G: Stigm a o f s ty le  (o rig ina l, d raw n  b y  Mrs. G izella Gy u r k ó )
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— from  A rachnothryx  P la n c h , in hav in g  5 -6  p a r te d  flow ers, corolla tu b e  v illous 
o u ts id e  and an  e n tire , n o t lobu la te  o v a ry  disc;
from  Roigella  B o rh id i an d  F ern an d ez  in  h av in g  open  corolla th ro a t, loculi- 
cide capsu le and  th in , n o t su lca te  p la c e n ta ;
from  Suberanthus B o rh id i an d  F e rn an d ez  in  h a v in g  ,5 -6 -p arted  flow ers, 
locu licide capsule, c e n tra l  p la cen ta tio n , an d  w ingless seeds.

A ll these  d ifferences su p p o rt th e  se p a ra tio n  of Rondeletia hondurensis as a 
new  m o n o ty p ic  genus, n a m e d  Javorkaea.

Jdvorkaea B orhidi e t J . K om lód i genus novum  R u b iacea ru m  

Syn.: Rondeletia  L. sect. H ondurenses S tand i. N . A m er. FI. 32: 62 (1918)

Frutices H ondurenses ; ram i teretes, ascendentes, dense albo- vel fu lvosericei. 
S tipu lae  ochreiformiter longe connatae, superne 1-3-lobatae, in  dentes subulatae  
term inatae. Folia  opposita ,pergam acea, oblongo-elliptica, antice acum inata , supra  
v ir id ia , subtus arachnoideo-tomentosa In florescen tiae term inales cymoso-racemosae, 
ex verticillis fo lio sis  1—2, atque cym is capitu liform ibus term inalibus compositae. 
Flores sessiles, bracteatae, bracteae lanceolatae, m agnae , villosae. Calyx bilaterális, 
tubus hypanth io  duplo longior, lobi 5 -7 ,valde inaequales, lanceolatae usque lineares, 
subulatae, corolla magna 2—3 cm longa, tubus 2 -2 ,5  longus, extus villosus, in tus basi 
puberu lus, fa u x  glaber, sine callositatibus, lobi 5, obovati extus arachnoideo-tomen- 
tosi, in tu s  basi dense barbati, ceterum glabri. Antherae 5, sessiles, ellipticae, in fa u ce  
corollae a ffixae.G rana p o llin ica  prolato-sphaeroidea,punctato-tegillata,4-colporata. 
S ty lu s exsertus, superne granu la tus, apice clavatus, stigm a 2-lobata, semiorbicula- 
ria, longitudinaliter p licato-conduplicata. Ovarii d iscus integer, an illifo rm is, 
tenuis, adscendens, glaber. Ovarium ellip ticum  vel oblongum, 2-locularis, placenta  
oblongo-elliptica, tenu is, leviter concava, in  septum  supra  medio punctiform iter  
introducta, leviter p u n c ta ta , non sulcata; ovula num erosa, sem ina exalata.

H o lo ty p u s generis: H o n d u ras; D p t. G racias. L eg .: H jalm a rsso n  1852 
(S !); d e t. P . C. St a n d l e y  as Rondeletia hondurensis  D o n n .-S m ith . Iso ty p u s : S !

T y p u s  generis: Javorkaea hondurensis (D onn.—S m ith ) B orhidi e t J .  K o m ­
lódi comb. nova.. —  B asionym on : Rondeletia hondurensis  D o n n .-S m ith  B o t. 
Gaz. 27: 335 (1899).

H oc genus in  h o n o rem  dr-is e t academ ici A lexander J á v o r k a , botan ic i e t p h y to - 
taxonom ici excellentissim i H u n g aric i, ex p lo ra to ris  flo rae  C arp a to -P an n o n icae  a tq u e  B alcan i- 
cae n o tab ilissim i, in  cen ten ario  u a tiv ita tis  ded icav im us.

Pollen Morphology o f Javorkaea hondurensis

P ollen  so fa r in v es tig a te d  in th e  R u b iaceae  seem s to  be ra th e r  diverse (E r d t m a n  1952, 
1963; V e r d c o u r t  1958; B r e m e k a m p  1966; A ie l l o  1979; B o r h i d i , J á r a i-K o m l ó d i, M o n c a d a  
1980). T h is m orphological d iv ers ifica tio n  ap p ears  b o th  in th e  s tru c tu re  (shape, size, sporoderm
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s tra tif ic a tio n , N PC  sy stem  of apertu res) a n d  in th e  scu lp tu re  (sexine p a tte rn s )  o f  th e  pollen 
grains. T h u s, th is  larg e  fam ily  being rich  in  ta x a  (nearly  6000 species) and  very' heterogeneous 
from  palynolog ical p o in t of view, needs fu r th e r  s tu d y .

M aterial and  m ethods

Pollen  was collected  from  h e rb a riu m  ty p e-sp ec im en  (H erb ariu m  o f R ik sm u seu m , 
S tockho lm ; leg. H ja l m a r s s o n , H o n d u ras, 1852). A fte r ace to ly za tio n  according to  E r d t m a n ’s 
m eth o d  th e  pollen g ra ins were exam ined b o th  u n d e r lig h t m icroscopes (LM) an d  w ith  e lectron  
m icroscope (SE M , ТЕМ ). The SEM (Jeo l 35) a n d  th e  LM (Zeiss NU and  O p to n ) m icro­
g rap h s w ere m ade  p a r tly  a t  E ötvös L o rán d  U n iv e rs ity , B u d ap est, p a r tly  a t  H u n g a rian  
Geological In s t i tu te ,  B u d ap es t from  th e  sam e specim en (single grain  p re p ara tio n ). M easure­
m en ts  are  eq u a to ria l (w id th ) followed b y  p o la r  (leng th ). A ll th e  m easurem ents g iven  here  are 
th e  m ean s of th e  d a ta  m easured  of tw e n ty  ace to lyzed  po llen  grains. The m in im u m  an d  m ax i­
m u m  v a lu es of p o llen  size are also given in  p a ren th eses . In  th e  descrip tion  of p o llen  m orphology 
m ain ly  E r d t m a n ’s term inology  is used ( E r d t m a n  1963).

D escription of pollen grain

Pollen  g ra ins are  sm all, cca. 20 p m  (18-22 pm ), isopolar w ith  n ea rly  
rad io sy m m etric  shape  (Pl. I, 1, 3 -4 ; V, 1 -1 8 ; Y I, 2 -1 9 ; V II, 8 -1 4 ; V I I I ,  1 -6), 
so p ro la te -sp h e ro id a l, p u c titeg illa te  (te c ta te -p e rfo ra te )  (Pl. I —I I I ;  IV , 5; У, 
20 -21 ), te tra c o lp o ra te  (NPC 445) (PI. I l l ,  1 -6 ; IV , 1, 4, 16, 20, 23, 27).

E x ine  is cca. 1 pm  th in , in f ra te c ta l  (in fra teg illa r). I t  consists  o f a 
sm o o th , cca. 0.3 pm  th ick  nexine a n d  an  cca. 0.7 pm  th ick  te c ta te -p e rfo ra te  
sexine (P l. V, 9 -1 1 , 19; V I, 10).

U nder lig h t m icroscope (num . ap . 1.4) th e  colum ella layer o f sex ine seems 
to  be “ g ra n u la te ”  an d  the  surface seem s to  be sm ooth . B u t th e  Т Е М  m icro ­
g rap h  (F ig . 2.) ex h ib its , th a t  th e  colum ella lay e r consists of rod -like  bacu- 
lu in s. (P l. V, 7, 13, 17-18; V I, 2 -8 , 12, 17-18; V II , 7; 9 -11 , 13 V I I I ,  2 -6 ; 
F ig . 2.). “ G ran u lu m s”  are cca. 0 .2 -0 .3  pm  in  d iam eter. The fo u r colpi are 
long  n a rro w  slits  from  pole to  po le  in  th e  sex ine (P l. I —I I I  ; IV , 1 -4 , 7, 16, 20, 
2 3 -2 5 ; V, 34; V I, 1; V II , 4 -5 , 13—14; V I I I ,  8). T he po ri are lig h t, c ircu la r, sub- 
c ircu la r open ings, 2 -3  pm  in d iam e te r. T h ey  ta k e  p lace in  th e  e q u a to r ia l zone, 
a n d  b re a k  th ro u g h  b o th  layers (endex ine  +  sexine) of exine (P l. I —I I I ;  IV , 
9 -1 1 , 15, 25; V, I ,  4; V I, 2, 16; V II , 3, 9, 13; V I I I ,  2 -4 , 7-8).

In  th e  e q u a to r  2 -3pin  w ide, lig h t possible so lu tion  area is v isib le  a ro u n d  
th e  pollen  g ra in . Since in th is lig h te r  zone th e  s tru c tu re  of th e  co lum ella  layer 
is also well v isib le  therefore  th is  so lu tio n  a rea  should  be in  th e  endexine 
(nexine). (P l. I , 1; IV , 11-12, 2 1 -2 3 ; V I, 2 -3 , 16, 27; V II, 9; V I I I ,  4 -8 ).

T he th in  la y e r  of tegillum  (te c tu m ) is con tinuous w ith  the  ex cep tio n  of 
a p e rtu re s  (P l. IV , 22). Since u n d e r lig h t m icroscope th e re  is no v isilde  te c tu m
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Plate 1
1—4. Colpi, pori and so lu tio n  area of th e  po llen  gra ins o f Javorkaea hondurensis (SEM  cca

X 3000)
5. P u n c tite g illa te  scu lp tu re  along a colpus (SEM  cca X 10 000)
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Plate II

1. SEM  m icro g rap h  of th e  pollen g ra in  o f  Javorkaea hondurensis  (cca X4800)
2. N arrow  slit o f a  colpus and tec ta te -p e rfo a te  scu lp tu re  (SEM  cca X 10 000)
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Plate III

1—6. S inuosited  g ra ins o f  Javorkaea hondurensis  w ith  ap ertu res  in  d iffe ren t angle (SEM  cca
X 3000)

7-8 . Colpi (SEM  cca X 5400)



r i a l e  í v

1 3. S inuosited  g rain  of Javorkaea hondurensis (SEM  cca XlOOO)
4. P a r t  of a colpus (SE M  cca X 3000)

5- tec ta te -p e rfo ra te  sc u lp tu re  (SEM  cca X 3000)
6 6 I , °  analysis o f th e  sam e specim en u n d e r  d iffe ren t foci, from  equato ria l view  on one
face th ro u g h  p o lar view  to  eq u ato ria l view  o f  th e  o th e r face  o f th e  g rain  (LM cca X 10001 
E q u a to r ia l  view : 6-10  and  16-25; ha lf po lar v iew : 11-15 a n d  26. SEM  and 6 -26  T m  m ic ro ­

g rap h s m ade  from  th e  sam e  single g ra in  specim en 
27. Com posite a p e r tu re s  o f  th e  pollen  g ra in
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1. C olpi, pori and so lu tion  a rea  of th e  pollen gra ins o f Javorkaea hondurensis (SEM  сса X 1800) 
2—18. LO  analysis of th e  sam e specim en u n d e r d iffe ren t foci and  from  th e  d iffe ren t faces o f 

th e  n o n  s in u a te d  rad io sy m m etric  po llen  g ra in  (LM сса X 1000)
19. Sporoderm  s tra tif ic a tio n  (SEM  and  LM m icro g rap h s of 1—19 were m ade  fro m  th e  sam e

single pollen  g ra in  specim en)
20—21. P u n c titeg illa te  scu lp tu re  ( SEM  сса X 10 000)
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Plate VI

1. P a r t  of a colpus o f th e  pollen g ra in  o f Javorkaea hondurensis (SEM  cca X 3000)
2—19. R ad io sy m m etric  g ra ins under d iffe re n t foci (LM cca X1200) LM m icrographs w ere  

m ade  fro m  five  d ifferent specim ens (2 -4 , 5—8, 9—12, 13-16, 17—19)

Acta Botanica Hungarica 29, 1983



24 A. BORHIDI, M. JÁRAI-KOMLÓDI

Plate VII
1. SEM  m icro g rap h  o f th e  pollen g ra in  o f Javorkaea hondurensis (cca X2400)

2—13. LM m icrographs of d iffe ren t specim ens. 2—3 a n d  4—7 are m ore or less sinuosited , 8—9, 
10-11, 12 a n d  13 are rad io sy m m etric  g ra ins (LM cca X1200)

14. SEM m icro g rap h  cca X 2400
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Plate VIII
1. SEM  m ic ro g rap h  сса X 1000

2 -8 . LM m icrographs of d ifferen t specim ens. T h e  co lum ella layer seems lo  be  “ in frageranu- 
la te ”  on  th e  rad io sy m m etric  grains (2—6). C olpi, m erid io n al solution area  a n d  p o ri are visible 

b o th  on th e  rad io sy m m etric  and  s in u o sited  (7—8) grains (LM сса X 1000)

Acta Botanica Hungarica 29, 1983
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tectum

baculum
perforatio

perforatio

F ig . 2. ТЕМ  m ic ro g rap h  of te c ta te -p e rfo ra te , s im p lib acu la te  s tru c tu re  of exine

a n d  even b a cu la te  sex ine above th e  a p e rtu re s  i t  seem s so, th a t  the  colpi an d  
th e  ligh te r e q u a to ria l so lu tion  zone d iv ide  th e  te c tu m  in eight, ra th e r  eq u a l 
a n d  sym m etric  g ra n u la te  p a r ts  (Pl. У, 17-18; V II I ,  4—7).

The so lu tion  a re a , s itu a te d  p ro b a b ly  in  th e  en d ex in e , can n o t be seen 
on th e  SEM m icro g rap h s because w ith  th e  excep tion  o f  th e  well v isib le  slits  
o f four colpi an d  c ircu la r pori) th e  w hole surface o f th e  sexine is te c ta te -p e r ­
fo ra te . The ir re g u la rly  (cca 0,4 pm ) spaced  p e rfo ra tio n s  are cca. 0.2 p m  in  
d iam ete r (P l. I —I I I ;  IV , 5; V, 20-21; IX ) . B u t in a few  cases, when th e  c o a t­
in g  is o p tim al th e  so lu tio n  area is fa in tly  o u tlin ed  as a darker zone (even  
on th e  SEM  m icro g rap h s) p ro b ab ly  due to  th e  few er outgoing seco n d a ry  
e lectrons because o f th e  less re flec ted  ch a rac te r of th e  th in n e r exine.

Т Е М  m icro g rap h  (cca X 20 000) ex h ib its  th e  te c ta te -p e rfo ra te , s im p li­
b acu la te  s tru c tu re  w ith  m ore or less eq u id is ta n tly  (cca 0.3 pin) spaced b a c u la  
(cca 0.2 pm  w ide a n d  0.4 pm  long), an d  cca 0.1 p m  perfo ra tions. F o o tla y e r  
is nearly  th e  h a lf  in  th ickness (cca 0.2 pm ) th a n  th e  tec tu m  (cca 0.4 pm ). 
(P l. IX ).
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Remarks

T he aceto lysed  spherica l pollen  gra ins have  s in u o sity  w hereupon  th e  
pollen  gra ins o ften  len g th en  in  th e  d irec tio n  o f po la r ax is. In  th e  s in u osited  
g ra in s—because o f th e  th in  ex ine — b o th  th e  po ri an d  th e  colpi a re  b e tte r  
v isib le  (P l. I I I - I V ; V II . 2 -7 ; V I I I ,  7 -8 ). T he o th e r consequence of th is  le n g th e n ­
ing  is th a t  the  pollen  gra ins often  seem s to  be a tr ic o lp o ra te -fo s sap e rtu ra te  in 
p o la r view  (P l. V I I I ,  8).

On th e  rad io sy m m etric  g ra in s th e  lig h t lines of fou r colpi an d  e q u a to ria l 
so lu tion  area ex h ib it a h a rd ly  recogn isab le  s tru c tu re  u n d e r LM because  th e  
sp h erica l g rains a lm ost n ev er can  be s tu d ie d  in  r ig h t p o la r o r e q u a to r ia l posi­
tio n  (P l. V, 2 -1 8 ; V I, 2 -1 9 ; V II , 8 -1 1 ; V I I I ,  2 -6).

In  a few cases th e  u p p e r surface o f th e  teg illum  is bese t w ith  m icro- 
g ran u lu m s. I t  can  be seen on ly  th e  10 000 X elec tron  m icrographs (P l. I I .  2.).

A m ong th e  m an y  ex am in ed  te tra c o lp o ra t pollen g ra ins a few tr ic o lp o ra te  
w ere also found . I t  is possible due to  th e  co n tam in a tio n  of th e  h e rb a riu m  
m a te ria l.
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STUDIES IN RONDELETIEAE 
(RUBIACEAE), Y

LOS L IM IT E S  D E L  G É N E R O  S U B E R A N T H U S  

A. B o r h i d i  y M a y r a  F e r n a n d e z  Z e q u e i r a  

(R eceived: 1 S ep tem b er 1982)

T he a u th o rs  trac e  th e  m orphological lim its  o f th e  recen tly  described genus 
Suberanthus , am plify ing  its  descrip tion , g iv ing  a n  an a ly tic a l k ey  for th e  d e te rm in a tio n  
of its  species an d  o th e r  ta x a . T h ey  describe a new  subgenus: Moscosoa, a new  h y b rid  
an d  p u b lish  som e new  com binations re la te d  to  th e  genus: Suberanthus X angusta tus  
(G riseb .) B orh id i, S . hincheanus (U rb. e t E k m .) B orh id i an d  S. pungens (U rb .) B orh id i.

E l género  Suberanthus  fue reconocido y sep arad o  del género Rondeletia  por ten e r cápsu las 
sep tic idas, e líp ticas u  obpirifo rm es, cub iertas p o r len tice las suberosas esparcidas g ran d es, 
p lacen tas basa les, sem illas a ladas y  fim b riad as y  adem ás de e s tas  caracterís ticas, p o r  ten e r  
polen  g rande  con u n  exine re ticu lad o , co m p le tam en te  d is tin to  de lo de la R ondeletia , que 
es foveolado.

E n co n tram o s 5 especies pertenec ien tes a este  género, 3 de las cuales fueron  d e sc rita s  
o rig ina lm en te , com o las de o tro s géneros (Exostem a , F erdinandea) y  las incluyeron con p o s te r io ­
rid ad  en el género Rondeletia. Las 5 espécies v iven  en Cuba y  u n a  de ellas se e n c u e n tra  en 
E sp añ o la  tam b ién  (S . br achy carpus).

Al rev isar de las espécies de Rondeletia  y  Neomazaea  ex is ten tes  en E sp añ o la  se e n ­
co n tra ro n  o tra s  dos especies m as p e rtenec ien tes al género Suberan thus: Rondeletia h incheana  
U rb . e t E k m . y  Neomazaea pungens  U rb . A m bas especies tien en  la e s tru c tu ra  c a ra c te ris tic a  
de la  corola, ovario , p lac en ta  y  polen del género Suberanthus. E n  c u an to  a la form a de cáp su la , 
su pubescencia , los lóbulos del cáliz persis ten tes  y  el num ero  de las sem illas, estas dos u ltim a s  
especies tien en  c ie rtas d iferencias com unes, que p u ed en  ju s tif ic a r  la decision del a u to r  senior 
ag ru p án d o las  com o m iem bros de un  subgénero  endém ico n uevo  de E sp añ o la , bajo  el n o m b re : 
Moscosoa.

D u ra n te  la  rev is ión  de las especies cu banas, los au c to res  en co n tra ro n , que el Sub era n ­
thus br achy corpus , la especie de m ayor d is tribuc ión , v a ria b ilid ad  y  del m ayor vigor a p a re n te , 
es capaz de fo rm ar h íb ridos in terespecíficos con v a ria s  o tras  especies del género, en la s  a rea s, 
donde sus poblac iones se en cu e n tra n  ju n ta s . Las poblaciones h ib rid ó g en as son m uy v a ria b le s  
p o rque  a lg u n as sem ejan  m as a uno de los pa rien tes , y  o tra s  al o tro . Se aclaró , que la colección 
típ ica  de la Rondeletia angustata  W r. in Sauv . —  en su  m ay o r p a r te  —  pertenec ía  a u n a  p o b la ­
ción h ib rid ó g en a , y  en e s ta  m an era  el dicho ta x o n  no es idén tico  con la Rondeletia neriifo lia  
(A. R ieh .) U rb . como lo h a  sido supuesto .

L a descripción  am p liad a  del género es la  sigu ien te :

Suberanthus B orh id i e t F ernandez , A c ta  B o t. A cad . Scient H ung . 27: 314 
(1981 p ub i. 1982)

A rb u sto s  y  a rb o lito s  de h a s ta  12 m  de a ltu ra , m ay o rm en te  in e rm es, a 
veces espinosos. R a m ita s  m ay o rm en te  cilindricas, g lab ras , o m as ra ras  sericeo- 
p u b éru las. E s típ u la s  p eq u eñ as, tr ian g u la re s , coriáceas. H ojas opuestas, a m e-
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F ig . 1. G rano de po len  del Suberanthus pungens  (U rb .)  B orhidi (2000 X )• SEM  m icro g rap h
b y  Dr. K . VÁNKY

n u d o  te m a d a s , a veces v e rtic ü a d a s , m a y o rm e n te  g labras, co riáceas, con m a r­
gen  en te ro . In flo rescencias te rm in a les , a veces term inales y  ax ila res, cim osas 
de cim as m ay o rm en te  9 -flo ras, co m p u estas  en un rácim o tirs ifo rm e  m a y o r­
m e n te  no m uy  largo . F lores ro jo -n eg ru zcas, 4 -m eras, g lab ras o scriceas, n u n ca  
to m e n to sa s  o vellosas. H ip an tio  o b o v a to -p irifo rm e , o subgloboso-elíp tico . L ó b u ­
los del cáliz 4, iguales o desiguales, m as co rto s  que el h ip an tio . Corola p eq u eñ a , 
4 -m era , ac tinom orfa , co riácea, ro jo -n eg ru zca ; el tubo  g labro  p o r d e n tro , la  
g a rg a n ta  m uy  engrosada  y  es trech ad a  sin calosidades de fo rm a  de d ien tes, 
lám elas  o de anillo , po r fu e ra  m a y o rm e n te  g labra mas ra ra m e n te  sericea; 
ló b u los 4, aovado-o rb icu lares, im b ricad as. E s ta m b re s  4, in se rto s  sobre la  m ita d  
del tu b o , filam en to s m uy  co rto s o a u sen te s , a n te ra s  ob longo-elíp ticas in se rta s  
en  la  g a rg an ta , dorsífijas. E stilo  b re v e m e n te  b ilobado, co m p le tam en te  la m ­
p iñ o . Disco del ovario  an illa r, en te ro , g lab ro . G rano de polen  3 -co lpora to , 
e líp tico  a subgloboso, el ex ine re ticu lad o , no foveolado, con u n  re tícu lo  ancho , 
p ro fu n d a m e n te  a reo la to . O vario  obovado , p irifo rm e o subg loboso-elíp tico ; p la ­
c e n ta  obovada u  ob longo-elíp tica  in se r ta  en  la  base de las ce ldas, ascen d en te , 
co riácea  u  ósea, v e rtic a lm e n te  su rcad a , óvu los num erosos, v e rtic a lm e n te  d is­
p u es to s , im bricados. C ápsula p irifo rm e, o b o v a d a  u  ob longo-elíp tica , g lab ra  o 
dep rim ido -pelosa , m ay o rm en te  cu b ie rta  p o r  len ticc las suberosas g randes, sep ti- 
c id a , 4 -valva . Sem illas discoideas, a lad as  e irreg u la rm en te  f im b ria d a s  o la c i­
n ia d a s .
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Especie típ ic a : Exostem a neriifo lium  A. R ich.
G énero endém ico de las A n tilla s  M ayores, con  7 especies de C uba y  

E spaño la .

Clave an a lítica  p a ra  los tax o n es  pe rten ec ien tes  al género:
1 a C ápsula subglobosa o p irifo rm e, c u b ie r ta  por lenticelas su berosas g randes; lóbu los del 

cáliz no p e rs is ten tes  en el f ru to ; lio jas de 3—12 cm de la rg o ; sem illas 15—25 en  cad a  celda
(subgen. Suberanthus) ..............................................................................................................................  2

b  C ápsula ob longa, deprim ido  pelosa, sin  len ticelas suberosas; lóbulos del cáliz p e rs is ten tes  
en el fru to ; h o jas  de 1—4 cm  de la rg o ; sem illas 5—10 en cad a  celda  (subgen. M oscosoa) 8

2 a In flo rescencia, cáliz y  corola g lab ros ...............................................................................................  3
b  In flo rescencia, cáliz y  corola pelosos a  pubéru los, a veces m u y  esp arc idam en te  . . .  6

3 a H o jas lanceo ladas a obovado-oblongas u  ob longo-lanceo ladas, agudas u  o b tu sa s  en  el
á p i c e ..................................................................................................................................................................  4

b  H o jas o b o v ad as , red o n d ead as en el áp ice ...................................................................................... 5
4 a H oj as sésiles ..................................................................................................................  1. S . y u m u rien sis

b H o jas con pecíolos de 3-10 m m  de largo  ......................................................... 2. S . neriifo lius
5 a L óbulos del cáliz i  iguales, de lto ideos, agudos, m uy co rtos ..........................  3. S . stellatus

b  L óbulos del cáliz desiguales, aovados a espatu lados, de 1—2 m m  de largo .............................
............................................................................................................................................  4. S . canellifolius

6 a H o jas escabridu las ad  ásperas y  m a te s  en el haz, p u b é ru la s  a  h írtu la s  en el envés, b a r ­
b u d a s  en las ax ilas de los nerv ios; inflorescencia p u b é r u la ...................... 5. S. br achy carpus

b H o jas lam p iñ as en am bas caras, m ay o rm en te  lu strosas en  el haz; in flo rescencia  gla- 
b rescen te  ........................................................................................................................................................  7

7 a  Hoj as ao v ad as a lanceo ladas, lóbu los del cáliz i  iguales ...................... 6. S .X  angustatus
b  H ojas obovadas, lóbulos del cáliz d e s ig u a le s ......................................................... 7. S .X n ip e n s is

8 a P la n ta  inerm e; h o jas  e líp ticas o a o v ad as , agudas en el áp ice , pelosas en las ax ila s de los
nervios del envés . ...........................................................................................................  8. S. hincheanus

b P la n ta  v irg u lto sa , a m enudo esp inosa ; ho jas obovadas, re d o n d ea d as  en el áp ice, g labras 
en  el e n v é s ...................................................................................................................................9. S . pungens

S ubgenus: Suberanthus

C apsula le v ite r  o b o v a ta  ve l pyrifo rm is, le p id o ta  e t len ticellis suberosis 
inagnis o b tec ta , lobulis calycinis deciduis, p lerum que g lab ra . P lacen ta  o b o v a ta , 
sem ina 15-25 in  quo q u e  loculo.

Suberanthus brachycarpus (G riseb.) B o rh id i e t  F ernandez
— T oda C uba, H a ití  y  San to  D om ingo.

Suberanthus canellifolius (B ritt .)  B o rh id i e t  F ernandez
— C uba: S ierras de Ñ ipe, C ristal y  M icara.

Suberanthus neriifolius (A. R ich .) B o rh id i e t F ernandez
— C uba: Is la  de P inos, P in a r del R io , H ab an a , M atan zas , L as Villas.

Suberanthus stellatus (G riseb.) B orh id i e t  F e rnandez
- C uba: S ierra  de M oa, Cuchillas de Toa y  B aracoa, M onte  L íbano, Sierra de Guaso. 

Suberanthus yumuriensis (B ritt .)  B orh id i e t  Fernandez
— C uba: V alle del R io Y u m u ri, a l E  de B aracoa.
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S u b e ran th u s  X angustatus {W r. in  G riseb.) B orhidi com b, e t s ta t. novus. (Suberanthus nerii-
fo liu s  X  brachycarpus) — B asionym on: Ferdinandea angustata W r. in  Griseb. Cat.
P la n t. Cub. 1866: 127. S y n .: Rondeletia angustata  W r. in  Sauv. A nal. A cad. H abana
6: 122 (1869).

F ru te x  caracteribus p a r ie n tu m  in te rm ix tis  in  co m b ination ibus variis  m anifestis . R am i 
h o rn o tin i g labri, folia lan c eo la ta  ve l oblongo-elliptica, r a r i te r  ova to-e llip tica, 4—12 cm  longa e t 
1,5—4 cm  la ta , ápice p le ru m q u e  a c u ta , ra rite r  o b tu siu scu la , basi a tte n u a ta  e t  longe vel brevi- 
te r  c u n e a ta , supra n itid u la  vel p au llo  opaca, su b tu s p a llid a , u trin q u e  g lab ra , ch artacea  vel 
r a r i te r  subcoriacea; nerv is la te ra l ib u s  p lerum que u tr in q u e  obsoletis vel in foliis subcoriaceis 
su p ra  im pressis et su b tu s p ro m in u lis . In flo rescen tia  te rm in a lis , cym oso-racem osa a tq u e  tu b u s  
calycis corollaeque ex tu s  p ilis  adpressis sparse vel sparsissim e pilosuli. C alycis lobi 4, t r i ­
an g u la res , acuti vel o v a ti, r o tu n d a t i ,  p lerum que aeq u a les, ra rite r  in aequales m ix ti. Capsula 
p le ru m q u e  subglobosa vel b re v ite r  o b o v a ta  “ b rach y carp ifo rm is” .

A  S. neriifolio in flo re scen tiis , calycis a tq u e  corollis sparse adpresse p ilosis, foliis supra  
n itid u lis  vel opacis, ra r i te r  n e rv is  la te ra lib u s  im pressis, te x tu r a  subcoriaceis, c asu a litc r ova tis 
vel o b o v a tis  e t calycis lobis ro tu n d a t is  capsulaque a b b re v ia ta  differt.

A S. brachycarpo foliis p le ru m q u e  lanceo la tis , a cu tis , supra  n itid u lis , essen tia liter 
g lab ris , nervatione  obso le ti, f lo rib u sq u e  sparse pilosis, n o n  sericeis, calycis lob is saepe b rev i­
te r  tr ia n g u la rib u s , acu tis  d iv ersu s.

H o lo typus: Ch . W r ig h t  2681 in NY !, C uba; P in a r  del Rio P rov . In  pa ludosis prope 
T o scan o . Iso typ i: S, G O E T , B M , НАС p.p .

Specim ina e x a m in a ta :  P in a r  del R io: A l a in  51; S ierra  del R osario , se rp en tin e  barrens, 
Z am b u m b ia , R angel (N Y , Н А С ): P rov . M atanzas: L e ó n  8844; Lom a J a c á n , San Miguel de 
los B añ o s, in  decliv. se rp en t, va llis  rivu li, НАС, G H , N Y , S. — Prov . L as V illas: H o w a r d  
5489; C ascajal, open sa v a n n a s , G H , НАС, NY, U S; L e ó n  5295: se rp en tin e  h ill La L anza, 
M a n a ja n ab o ; GH, НАС, N Y , U S ; H o w a r d  422, 433, B r it t o n  and  Co w e l l  13305, Serpentine 
b a r re n  n e a r San ta  C lara, A , G H , НАС, M ICH , N Y , U S ; A l a in  1537, 1586, S av an n as SE of 
S a n c ti S p iritu s GH, НАС, N Y , US.

E n  la colecta n r . 2681 de Сн. W r i g h t  d esc rita  como Ferdinandea angu­
stata W r. in G riseb. se e n c u e n tra n  e jem plares de dos pob lac iones d is tin tas . 
U n a  de estas co rresponde a la  especie Exostema neriifolium A. R ich , in  S a g r a  

X I :  7. 1850; como lo d e te rm in ó  U r b a n  [Sym b. A n t. 9: 514 (1928)] hundiendo  
el n o m b re  de W r i g h t  en  la  sinonim ia. Según n u estro  concep to , la  o tra  — y 
m a y o r  — p arte  de los e jem p la res  pertenece  a u n  h íbrido  in te rm ed ia rio  en tre  
Suberanthus neriifolius y  S. brachycarpus. L a partic ip ac ió n  de la  especie S. 
neriifolius y  del h íb rid o  en  los ejem plares d is tribu idos en los d istin to s  h e r­
b a rio s  son m uy d ife ren te s . E n  el e jem plar de N Y  ninguno de las dos ram itas  
re p re se n ta n  el Suberanthus neriifolius, sino am b as pertenecen  al h íb rido . E ste  
ex p lica  lo, que B r i t t o n  conociendo este e jem p la r, describió el Suberanthus 
neriifolius n u ev am en te  com o Rondeletia caldcóla. W r i g h t  a p a re n te m en te  con­
sid eró  las dos pob lac iones com o variaciones n a tu ra le s  de la  m ism a  especie y  su 
descripción  no p e rm ite  decid irlo , que p a ra  cua l de las dos pob lac iones refiere el 
di agnosis. Pues la  m a y o r  p a r te  de la  co lecta  n r . 2681 de W r i g h t  rep resen ta  
el h íb rid o  y  la m enor c a n tid a d  del m a te ria l rep re sen ta  el Suberanthus nerii-
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folius (A. R ieh .) B orh id i e t F ernandez , p referim os no h u n d ir  el nom bre  de 
W r i g h t  com o sinónim o de esta  u ltim a  especie, sino m an ten erlo  válido  a p lic á n ­
dolo p a ra  el h íbrido .

Suberanthus X nipensis B orh id i e t F ernandez hybr. nova
(Suberanthus canellifolius X brachycarpus)

F m te x ;  ram i lio rno tin i g lab ri, folia te rn a ta , o b o v a ta  vel ob longo-obovata, ápice ro tu n -  
d a ta , o b tu sa  vel ra rite r  b rev issim e ap icu la ta , 4—10 cm  longa e t 2—3,5 cm la ta , basi longe 
cu n ea ta  e t in p e tio lu m  p ro tra c ta ,  sup ra  n itid a , su b tu s  opaca, p a llid a , u tr in q u e  g labra  vel ad 
nervo m edio sparsissim e pilosa e t scabridu la, nerv is la te ra lib u s  su p ra  im pressis, su b tu s  p ro- 
m inulis. In flo rescen tiae  te rm in a les , cym oso-racem osae, calycibus corollisque adpresse p ilosae. 
Calycis lobi 4, o v a ti, sem io rb icu lares vel sp a th u la ti, ápice ro tu n d a ti ,  p lcrum que in aequales. 
F ru c tu s  non  visus.

H o lo ty p u s: E k m a n  1812; Cuba, O riente , S ierra  de Ñ ipe, p rope  Rio P ied ra , in  p in e tis  
locis saxosis (S).

Specim ina e x am in a ta : E k m a n  2155; C uba, O rien te , S ierra  de Ñ ipe, p rope R io P ie d ra , 
loe. h um id is in  p in e tis  (S). —  L e ó n  19158; C uba, O rien te , S ierra  de N ipe, p inelands n e a r 
W oodfred. A lt. 600 m. (G H , НА С, NY).

A S . canellifolio  (B r i t t .)  B orhidi e t F e rn an d ez  in flo rescen tiis , calycibus corollisque 
pilosis, foliis su b tu s  ad  nervo  m edio  scabridulis d iv ersu s; a S. bruchycarpo (G riseb.) B orh id i e t 
F e rnandez  foliis su p ra  n itid is , p rac tice  glabris, calycis lobis p le ru m q u e  la te  ovatis , inaequali- 
bus d iffert.

E n  este h íbrido  la  pelosidad  del S. brachycarpus se m an ifies ta  m as 
a c e n tu ad am en te  que en el S. X angustatus, deb ido  al hecho , que las poblaciones 
orien ta les del S. brachycarpus tienen  u n a  pubescencia  m ucho m as fu e rte  y 
densa en las  ho jas  e in florescencias, de la  que  tien en  sus poblaciones en C uba 
cen tra l y  occiden tal.

S ubgenus: Moscosoa B orh id i subgen. nova

C apsula ob longo-ellip tica , adpresse p ilosa, sine lep id ibus e t len tice llis  
suberosis, ápice lobis ca lycin is p e rs is ten tib u s co ro n a ta . P la c e n ta  oblongo ellip- 
tica , sem ina 5—10 in q u oque  loculo. F rú tices  ram ulis  v irg a tis , ra r ite r  sp inosis, 
m icrophyllis.

T y p u s subgeneris: Rondeletia hincheana U rb. e t E km .
E l subgénero  Moscosoa B orhidi se d istin g u e  del subgénero  típ ico  de 

Suberanthus en te n e r  cáp su la  a la rgado-e líp tica , deprim ido-pelosa, sin escam as 
y  len ticelas suberosas, con lóbulos del cáliz p e rs is ten te s  en el ápice del fru to . 
Su p lacen ta  es a largado  e líp tica  y  sem illas 5—10 en cad a  celda. Las dos especies 
perten ec ien tes  aqu i son frú tices  m icrofilos con ra m ita s  v irg a ta s , a veces e sp i­
nosas. Subgénero  endém ico  de E spaño la  con 2 especies-

Suberanthus hincheanus (U rb . e t E km .) B orhidi comb, nova
-  B asio n y m o n : Rondeletia  hincheana U rb . e t E k m . A rk . B ot. 22A 5: 114 (1929) 

E sp añ o la : H a ití, S an to  Dom ingo
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S u b e ran th u s  pungens (U rb .) B orh id i com b, nova
— B asionym on: Neomazaea pungens  U rb . A rk. B ot. 21A 4: 83 (1927) — E sp a ñ o la : 

H a iti

E l subgénero Moscosoa es ta  d ed icada  al h o n o r del ilu s tre  b o tán ico  dom in icano , R . M. 
M o sco so , au c to r del C atálogo de la flo ra  de  E sp añ o la .

A G R A D E C IM IE N T O S

Los auctores exp resan  sus ag rad ec im ien to s a los d irectores y  cu ra to res  de los h e rb a ­
rio s  A , BM , B P , G H , G O ET , НАС, K , M IC H , N Y , S, U P S , US, por h ab er env iado  sus m a te ­
ria les  p a ra  las investigaciones tax o n ó m icas. E l e stu d io  fue apoyado  p o r el convenio b ila te ra l 
f irm a d o  p o r las A cadem ias de Ciencias de C uba y  de H ungría  re sp ec tiv am en te , com o una  
c o n trib u c ió n  al p royecto  N uev a  F lo ra  de C uba. Los au to res son agradecidos al Dr. К . V á n k y , 
m icólogo de la U n iversidad  de U ppsala , p o r h a b e r  confeccionado la  fo to  e lectronm icroscópico  
del po len  del Suberanthus pungens.
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B o rh id i, A ., Já ra i-K o m ló d i, M., M oneada, M. (1980): A cunaeanthus , a new  genus of R ub iaceae . 
A cta  Bot. Acad. Sei. H ung. 26: 277—287.
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STUDIES IN ROTSDELETIEAE 
(RUBIACEAE), VI

E ST U D IO  T A X O N Ó M IC O  D E  LA R O N D E L E T IA  O D O R A T A  JACQ. 

M a y r a  F e r n a n d e z  Z e q u e i r a  y  P .  H e r r e r a  O l i v e r

I N S T I T U T O  D E  B O T Á N IC A , A C A D E M I A  D E  C IE N C IA S  D E  C U B A , L A  H A B A N A , C U B A  

(R ecib ido : 15 N ovem ber 1982)

The d esc rip tio n  of Rondeletia  odorata Ja c q . is rev ised  and  ex tended . A t th e  
classic locality  lec to ty p e  specim en  w as collected an d  selected . Two in fraspecific  ta x a  
new  to  science: ssp. grandifo lia  a n d  ssp. bullata are described . R . odorata var. breviflora  
H ooker is based  on  a ty p e  specim en  hav ing  obvious te ra to lo g ica l fea tu res  in th e  flow ers, 
consequently  th e  n am e m u st be considered  as an  illeg itim a te  one.

L a especie Rondeletia odorata J a c q . está  com unicada p a ra  P a n a m á  y  to d as  las p ro v in ­
cias cu b an as, excepto  las an tig u as  de C am agüey  y  O riente y  la  Is la  de P inos (hoy  Isla  de la  
Ju v e n tu d ) . Aparece en  casi todos los tip o s  de suelos (calizos, se rpen tín ico s, p izarrosos, la te rít i-  
cos) y  de vegetación  (cuabales, m an ig u a  costera , bosques a orillas de ríos, bosques sem i- 
deciduos, m ogotes).

A m uchos b o tán ico s an te rio res  les llam ó la a ten c ió n  la  d iv ers id ad  de aspecto  que 
p re sen ta  la especie en el cam po y el polim orfism o ecológico y  v eg e ta tiv o  in h eren tes  a  este  
tax o n . R . odorata no tie n e  preferencia  p o r  suelo alguno, se d e ja  c u ltiv a r  con facilidad  y  no 
tie n e  exigencias h íd ricas especiales. P o r  to d o s estos m otivos y  p o r su d is tribuc ión  d isy u n ta  
C uba—P a n a m á  es que se h a  em prend ido  este  estudio  taxonóm ico .

N ic o l a u s  J o s e p h  J a c q u in  a l d e s c r ib ir  la  especie  (1788) h a c e  u n  e s tu d io  m in u c io so  de  
la  m ism a , s in  e m b a rg o  c o n s id e ra m o s  q u e  a lg u n o s  c a ra c te re s  t a n t o  v e g e ta t iv o s  com o f lo ra le s  
p u e d e n  e n riq u ece rse .

E l estudio  realizado  po r J .  H . K ir k b r i d e , J r . (1969) de las especies p an am eñ as del 
género Rondeletia , m u es tra  que la  especie R . odorata Jacq . v a r . breviflora  H ooker es u n  ta x o n  
d iferen te  de los que v iv en  en  C uba, p re se n ta  caracteres p ecu liares ta n to  en el núm ero  y  fo rm a 
de los lóbulos del cáliz y  la  corola com o en  su h a b ita t,  es tá  re s tr in g id a  a la Zona del C anal de 
P a n a m á , donde fue co lec tad a  y  no se e n cu e n tra  localizada en  C uba com o re p o rta  K ir k b r i d e .

E n  la tab la  1 se m u es tra n  c o m p a ra tiv am e n te  a lgunos asp ecto s analizados p o r n o so tro s 
y  los au to res  an terio res.

Con el fin  de u b ica r co rre c ta m en te  los tax o n es que v iv en  en  C uba, se m idieron largo y  
ancho  de las ho jas y  f ru to s , largo  del cáliz y  la  corola, del p ed ú n cu lo  de la  inflorescencia y  del 
pecíolo, procesándolos y  ev a luándo los p o ste rio rm en te  según  los v a lo res en co n trad o s en  el 
índ ice  o relación (R ) larg o /an ch o  de la  h o ja . A dem ás, en tre  los rasgos v eg eta tiv o s, se an a liza ­
ro n  la  calidad  y  d en sid ad  de la p u b escen c ia  en las ra m ita s  y  to d a s  las p a r te s  m encionadas, 
ecó topo , aspecto  del secado , co nsistenc ia  y  m argen  fo liar; fo rm a  ta n to  de las p a rte s  flo rales 
com o v eg e ta tiv as y  el g rado  de co m p actac ió n  de la inflorescencia.

E l análisis de to d a s  las ca ra c te rís tic a s  necesarias p a ra  este  tip o  de estudio  ev idencia  
que en  la descripción de la  especie d eb en  ser incluidos los sigu ien tes carac te res:

1. Las estípu las son cu sp id ad as o subuladas, no a te n u a d a s , a  veces m uy an ch as 
en  la  base

2. L a base fo liar a  veces es aco razo n ad a

3* A c ta  B otánica  H ungarica  29 , 1983



36 M  F E R N A N D E Z  Z E Q U E I R A ,  P .  H E R R E R A  O L IV E R

F ig. 1. Rondeletia odorata J a c q . ssp. odorata po b lac ió n  en la  loca lidad  c lásica, en H ab an a

3. E l ápice fo liar p u ed e  ser cusp idado  o c o rtam en te  acum inado
4. E l envés fo liar es p u b escen te  a g lab ro , estrigoso a g lab rescen te  en los nervios
5. A m edida que la  p u b escen c ia  en el envés se hace m ás lax a , se d is tin g u en  barb as en 

las ax ila s  de los nervios p rim a rio s  p a ra  la  m ay o ría  de los ejem plares e stu d iad o s (con am plifica­
c ión  ó p tica  generalm ente)

6. La transic ión  e n tre  las h o jas norm ales y  las b rác teas flo rales es m u y  v ariab le  y  se 
hace  difícil en m uchos casos d is tin g u ir  el ú ltim o  p a r  de hojas norm ales de las b rá c tea s  florales

7. Las b racteo las, no  m en cionadas en la  descripción, ra ra s  veces d ifie ren  de los lóbulos 
del cáliz en form a y  m edidas

8. E l tubo  del cáliz (h ip an to ) es d en sam en te  seríceo
9. Las flores p u ed en  ser 4—5—6(—7)-m eras

10. La corola es ro jo -n aran ja -sa lm ó ri, a veces escarla ta
11. E l tubo  de la co ro la  es h irsu tico  a re tro rso-pe loso , con to d as  las fo rm as in te rm ed ias 

e n tre  am bos caracteres
12. El tubo  de la co ro la  tien e  largo v a riab le , h a s ta  de 2 cm
L a especie se cara c te riz a  p o r ten e r rasgos vegeta tiv o s m uy  v ariab les  de acuerdo al 

ecó to p o  y  caracteres sexuales m u y  estables.
L a  exposición, sobre  to d o , in fluye ace n tu a n d o  en m ayor o m enor escala  las carac­

te r ís tic a s  del tax o n ; po r e jem plo : a la som bra d ism in u y en  las ab o llad u ras, a u m e n ta  el tam año  
de la s  ho jas y  flores y a u m e n ta  la  pelosidad.
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L a separac ión  de los e jem plares p o r tip o s  de vegetac ión  no in tro d u jo  d iferencias a nivel 
v eg e ta tiv o  que  perm iten  sep ara r, a p a r t i r  de la  especie, nuevos tax o n e s  p a ra  la  ciencia.

Roncleletia odorata Jacq. E m m i. Pl. Carib. 16

Syn.: R .  obova ta  L., error tipográfico. Syst. ed. X II . 163
R .  sp e c io sa  Lodd. B ot. Cab. t. 1893; P axt. Mag. B ot. II (1836) 242

A rb u s to  de h asta  2 m , a veces colgando de las rocas, ram as g lab ras , ra m ita s  fe rrug ínco- 
h irsu tica s ; estíp u las  trian g u lare s , cu sp idadas o su b u lad as , a veces m u y  anchas en  la  base , 
de 2—10 m m , seríceas; pecíolo de h a s ta  8 m m , a veces subnulo ; ho jas aovadas a o vales, oval- 
oblongas, obovado-oblongas u  o b o v ado-elíp ticas, de 1 12 p o r 0.5- 6^—7) cm , o b tu sa s  a  aco ra ­
zonadas en la base, redondeadas a cu sp id ad as o co rtam en te  acu m in ad as en  el áp ice, co riáceas 
a m em brarios *.s, g labras a escabrosas en  el haz , el envés pub escen te  o g labro y  estrigoso  o 
g lab rescen te  en  los nervios, con b a rb as  v isibles en las axilas de los nerv ios p rim ario s, nerv ios 
la te ra les  4 -6 ( -7 )  pares, m uy p ro m in en tes  en el envés en dependencia  de las ab o lla d u ra s  del 
haz, m arg en  p lano  a m uy rev o lu to ; infl. en cim as corim bosas, a veces algo cap itu lifo rm es, 
tran s ic ió n  e n tre  h o jas norm ales y  b rá c tea s  flo rales v a riab le , pedúnculos de h a s ta  5 cm , p ed i­
celos de h a s ta  1 cm , b racteo las gen era lm en te  no d iferen tes en fo rm a y  m edidas de los lóbulos 
del cáliz: h ip a n d o  densam ente  seríceo, globoso, lóbulos 5 o 6, linea l-espa tu lados, de h a s ta  
1 cm , o b tu so s o agudos, algo pelosos; corola a sa lv illad a , ro jo -n aran ja -sa lm ó n , a  veces e sc a r la ta , 
el tu b o  h irsu tico  a  re trorso-peloso , de h a s ta  2 (-3 ) cm , lóbulos 4 ^ 6 (-7 ), de h a s ta  5 m m ; e s tam ­
bres 5, fijo s en  la  ga rg an ta  de la  corola, lig e ram en te  exertos, a n te ras  ob longo-elíp ticas, de 
2 -2 .5  m m ; estilo  delgado, lineal, h irsu to , al m enos en su tercio  in ferior, estigm as 2; cáp su la  
globosa, de h a s ta  5 m m , p e losita ; sem illas n um erosas, angulosas, d im inu tas . C uabales, 
m an iguas costeras  y  bosques: P in a r  del R ío, L a  H a b an a , C iudad de la  H a b an a , M atan zas , 
V illa C lara, S an c ti-S p íritu s , Cienfuegos. —  E n d ém ica .

Se com unica  su fragancia : 44odore v io la ru m  suav issim o” ( J a c q u i n , 1788), pero  h a s ta  el 
p re sen te  no  se ha  v uelto  a d e tec ta r .

H o lo ty p u s; L inn. Syst. 177: PI. am eric. p ic t. ta b . 61 (ram ulus florifer).
L ec to ty p u s : НАС 29780. P ro v . C iudad de la  H ab an a : a n tig u a  b a te ría  de S a n ta  C lara 

(“ H otel N ac io n a l” ), Vedado. Ju lio  7, 1982. Leg.: M. F e r n á n d e z  y P. H e r r e r a .

L a subd iv isión  tax o n ó m ica  es la que sigue:

R. orioi ata Jacq. ssp. odorata

H ojas de tam año variable, desde 1 hasta 6 cm, margen revoluto a m uy  
revoluto, base acorazonada a subacorazonada, pecíolos breves, de 0.5—2 mm, 
nervios bien prom inentes en el envés, el haz abollado; lóbulos de la  corola 
4 a 7. R variable. Corresponde a serpentina excepto la  zona latosólica  de 
Cajálbana y  caliza costera.

Area: Cuabales y  m aniguas costeras: La Habana, Ciudad de la H abana, 
M atanzas, V illa Clara. — Endém ica.
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Table 1

Comparación de las descripciones de J a c q u i n , H o o k e r  ( sensu K i r k b r i d e  1969), F e r n á n d e z  et H e r r e r a  y  A l a i n

para Rondeletia odor ata Jacq.

J a c q u i n H o o k e r F e r n , e t  H e r . A l a i n

Porte A rbusto  no elegante, de­
sordenado, erecto

A rbusto A rbusto A rbusto

A ltura 6 pies — 1.5-2 m 2 m

Ram as
form a cilindricas cilindricas — —
pubescencia glabras g labras glabras glabras

R am itas
form a — — — —

pubescencia vellosas ferrugíneo-hirsu tas ferrugíneo-hirsu tas ferrugíneo- o fu lvo-hírtu las

Hojas
form a subaovadas subaovadas a elíp ticas o 

subobovadas
aovadas, elípticas, obovado- 

elípticas, etc.
ovales, ovaloblongas, oblon­

gas, oblongas u obovado- 
oblongas

consistencia — — m em branosas a  coriáceas m ayorm ente  coriáceas
ápice
base

obtusiúsculas subagudas
subacorazonada

aguditas, cusp idadas, etc. 
ob tusa  a acorazonada

redondeadas a agudas 
ob tusa  a subacorazonada

pubescencia escabrositas densam ente  escabrosas g labras a escabrosas envés 
con barbas

m uy escabrosas en el haz 
estrigosas en los nervios por
el envés

m argen entero entero en tero , a veces revoluto a m enudo revoluto
pecíolo breve breve de h as ta  5 m m —

Inflorescencia descripción com pleja, 
obsoleta

tirso  contraído cim a corim bosa cim oso-corim bosa

fragancia suave olor a violetas no rep o rtad a no d e tec tad a no d e tec tad a

Flores pequeñas, bellas pequeñas tam añ o  variab le , vistosas —

anillo faucia l4' p ro tu b eran te , dorado ca 0.4 m m  de grosor p ro tu b eran te , am arillo —
H a b ita t H ab an a , en m atorrales 

ru pestres, costeros, casi 
siem pre en las concavida-

Zona del Canal de P a ­
n am á; no rep o rta  nicho

Todas las provincias de 
Cuba, excepto Cam., Or. 
e Isla  de la  Ju v e n tu d

LY., M at., H ab ., P R .; P a ­
nam á

des de las rocas
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Floración y  fructifi-
cación estab a  en flo r y  fru to  en 

enero
— Todo el año

Cáliz
lóbulos 5(-6), persisten tes , oblon­

gos, cóncavos, agudos, 
erectos

6, estrecham ente  oblon­
gos

5(-6), persisten tes , lineal- 
espatu lados, agudos

5, lineales a lineal-espatu la- 
dos, obtusos o agudos

Corola infund ibuliforine — asalv illada —

tubo eilíndrico-erecto, 3 veces m ás 
largo que el cáliz, leve­
m en te  ensanchado a rrib a

5-7  m m 2(-3) cm , ensanchado hacia 
la ga rg an ta

1.5 cm

lóbulos 5(—6), suborbiculares, ob­
tusos, 3 veces m ás cortos 
que el tubo

5, obtusos, de 2.8 m m 4 a 7, suborbiculares a 
orbiculares, crenados, de 
h a s ta  5 m m

5, redondeados, de h a s ta  3.5 
m m

color — rojo  b rillan te ro jo -naran ja-sa lm ón  o 
escarlata

ro jo -naran ja

Estambres 5 5 5 5

Gineceo
ovario subgloboso redondeado subgloboso globoso
estilo filiform e, erecto, m ucho m ás 

breve que los estam bres
grueso y  glabro delgado, lineal, m ás breve 

que los estam bres
estigm as 2, oblongos, engrosados, 

divergentes
2 o 3 2

Fruto subgloboso, coronado por el 
cáliz, b ilocular

non viso! globoso, bilocular, coronado 
po r el cáliz

cápsula globosa

semillas m uchas, rom boideas, d i­
m inu tas

m uchas, d im inu tas , angulo­
sas

N ota : J a c q u i n  le llam a “ m argen del tubo  corolino” . H o o k e r  lo c ita  como “ callosidad del orificio de la  corola”
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R. odorata Jacq. ssp. graiidifolia Fernández et Herrera, ssp. nova

A  typo differt: foliis magnis usque ad 12 cm longis et 7 cm latís, margine 
plano vel subrevoluto, basini rotundatis vel obtusis, petiolis longis usque ad 
5 m m , nervis lateralibus subtus conspicuis sed non prom inentibus. Relatio  
lon g/lat foliorum variabilis.

H olotypus: IIAC(LS) 19047. Prov. Pinar del Río. Ensenada de Las D eli­
cias, Y iñales. Julio 20, 1939. L eg.: L e ó n , Cl em en te  y  L y o n n e t .

H o jas grandes, de h a s ta  12 cm , m arg en  genera lm en te  p lano  a su b rev o lu to , base red o n ­
d e ad a  a o b tu sa , pecíolos la rg o s , de b a s ta  5 m m , nervios m arcados en  el envés pero  no p rom i­
n e n te s . R  variable. C orresponde a bosques sobre  caliza o suelos deriv ad o s de caliza.

A rea: Bosques: P in a r  del R ío, L a H a b a n a , C iudad de la H a b a n a , M atan zas , Cienfuegos, 
V illa C lara , S ancti-Sp íritus. — E ndém ica.

R. odorata Jacq. ssp. buHata Fernández et Herrera, ssp. nova

A typo differt: foliis bullatis m edianis usque grandis, margine revoluto, 
basim  rotundatis vel subcordatis, petiolis variabiliter longis, nervis supra valde  
im pressis subtus crassiuscule prom inentibus, inflorescentiis com pactis, ramis, 
foliis atque inflorescentiis hornotinis fulvo- vel ferrugineo-birsutis.

H olotypus: НАС 27714. Prov. Pinar del Río. Cajálbana. Noviem bre 14, 
1974. Leg.: R. O v i e d o  et Y .  S á n c h e z .

H o jas abolladas, de ta m a ñ o  v ariab le , m ed ian as a reg u la rm en te  g randes, m argen  revo­
lu to , b ase  redondeada a su b aco razo n ad a , pecío los de longitud  v a riab le , n e rv io s hundidos y  
b ien  m arcad o s en el h az , m u y  p ro m in en tes en  el envés, p ro d u c to  de las ab o lla d u ra s ; in flo ­
rescen c ias m ás com pactas q u e  en los o tros casos. E s el tax o n  m ás fu lv o -h írtu lo  e n  las ram itas , 
flo res y  fru to s jóvenes. P o r  su  aspecto  x e ro fítico  pertenece al p r im e r  grupo  y  p o r el tam añ o  
fo lia r a l segundo. R  m enor que  dos. Vive sobre  serp en tin a  o suelos d erivados de ella.

A rea: Lugares húm ed o s: C ajá lbana , P in a r  del Río. — E n d ém ica .
E s ta  ú ltim a subespccie , a pesar de su aislam iento , la e stab ilid a d  flo ra l no perm ite  

p ro p o n e rla  como nueva especie.
Se tom ó en cu en ta  el a is lam ien to  geográfico  y  ecológico que  p re sen ta n  los d istin to s 

g ru p o s estud iados y p o r ello consideram os que  desde el pu n to  de v is ta  tax o n ó m ico  tienen  la  
je ra rq u ía  de subespecies.

Clave ecotópica de los tax o n es infraespecíficos de la especie Rondeletia odorata Jacq .
1 a Sobre  rocas serpen tín icas y  suelos de riv ad o s de e l l a s ...................................................................  2

b  Sobre  rocas no se rp en tín ica s ................................................................................................................. 3
2 a Sobre  serpentinas y la toso les de C a já lb an a  .................................................................. ssp. bullata

b  Sobre  serpen tinas y suelos derivados de ellas, excepto  la zona de C ajá lbana  ssp. odorata
3 a  Sobre  rocas calizas co stera s  .................................................................................................ssp. odorata

b  Sobre  rocas calizas rib e re ñ as  y  m o n tan as , no  costeras ....................................  ssp. grandifolia

R .  o d o ra ta  Jacq. var. b r e v if lo r a Hooker. Curtis B ot. Mag. tab . 6350 (1878)

Difiere radicalm ente de las subespecies cubanas en que presenta lóbulos 
del cáliz siempre en núm ero de 6, estrecham ente oblongos, tubo de la corola 
de hasta  7 mm de largo, lóbulos en número de 5, obtusos, estam bres fijos en
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la m itad del tubo de la corola, tota lm ente inclusos, connados en la base del 
tubo corolino con el estilo, anteras elíptico-sagitadas, asim étricas en la base, 
de 1—1.5 m m , estilo grueso, anguloso y  glabro, estigm as 2 o 3.

Estos últim os caracteres se corresponden con el ejemplar estudiado del 
Herbario Kew, con etiqueta del Hort. K ew, Jan. 1878.

C o w e l l  359 (N Y .), colectado en la Zona del Canal de Panam á, M atachín  
a las Cascadas, citado por K i r i c b r i d e  (1969), tam bién presenta caracteres 
sim ilares a los del individuo cultivado en los jardines del K ew B ot. Garden.

Como el ultim o ejem plar de C o w e l l  no hemos logrado ad estudiar, no 
podem os opinar su posición taxonóm ica. Pero el ejemplar típico tiene caracte­
rísticas m uy peculiares, com pletam ente insólitas y  ajenas en el género Rondele- 
tia , como los estam bres insertos en la m itad del tubo de la corola, los fila ­
m entos connados entre si y  con la base del tubo corolino, el estilo anguloso, 
grueso y  glabro. Si el ejemplar no presentara una identidad tan grande en 
todos los demás caracteres vegetativos y  generativos m orfológicos, no exclu iría­
mos la  posibilidad, de que se trate de un género nuevo, no descrito. Sin em bargo, 
es m ucho mas probable, que el ejem plar típico de la var. breviflora  tuviera  
una evolución irregular de sus flores, del carácter teratológica, y  el desarrollo 
anorm al de los estam bres provocó la abbreviatura del tubo de la corola, que 
fue designada como la caracteristica differencial de la variedad. Tenem os que 
m encionar, como un m otivo im portante, que la var. breviflora  no se ha resul­
tado colecta en fructificación. Concluyendo consideram os, que la R . odorata 
var. breviflora  Hooker esta descrita en la base de una forma teratológica, 
consequentem ente el taxon  no es válido y  cae en la denom inación de nom en  
illeg itim um . D e esto se infiere que la especie es endém ica de Cuba.

R E C O N O C IM IE N T O

A gradecem os al Prof. A. B o r h i d i , por la  rev isión  critica  de este  tra b a jo , asi, com o a 
los com pañeros O. B a b i l o n i a  y R . S o l i s ,  po r los d ibujos y  fotos re sp ec tiv am en te .

R E F E R E N C IA S

A lain , H . L iogier (1964): Flora de Cuba. Yol. 5. L a H ab an a  
Ja c q u in , J .  N . (1788): Selectarum S tirp u m  A m ericanarum  H istoria. V ienna 
K irk b rid e , J .  H . J r .  (1969): A rev ision  of th e  P a n a m ia n  species of Rondeletia  (R u b iaceae). 

A n n . M o. Bot. Gard. 55: 372-391.

Acta Botánica Hungarica 29, 1983





Acta Botanica H ungarica 29 (1 —4 ) , p p . 43—53 (1 9 8 3 )

STUDIES IN RONDELETIEAE 
(RUBIACEAE), VII

T H E  S IG N IF IC A N C E  O F L E A F  E P ID E R M IS  F O R  TA X O N O M Y  
IN  N E O M A Z A E A  SE N SU  LATO

M . A . V a l e s

BOTANICAL INSTITUTE OF THE ACADEMY OF SCIENCES OF CUBA, HAVANA, CUBA 

(R eceived: 15 N ovem ber 1982)

The lea f  ep iderm al ch arac te rs  of th e  th ree  species belonging to  th e  genus Neo- 
mazaea sensu  U rb a n  (1927) a re  described in  deta il. Some of th e  stu d ied  featu res such  
as: ty p e  of trich o m e, o rn a m e n ta tio n  of th e  unspecia lized  cells of th e  adax ial surface 
and th e  o rn a m e n ta tio n  of su b sid ia ry  cells reenforce th e  re su lts  o f B o r h id i  e t al., w ho 
segregated  Neomazaea tin ifo lia  from  th is  genus. T he a u th o r  suggests fu tu re  stud ies of 
N . pungens, as well.

In troduction

The genus Neomazaea  was estab lished  by K r u g  an d  U r b a n  on th e  basis of th e  species 
Rondeletia  ? phialanthoides  Griseb. In  1927, U r b a n  described th e  second species of th is  genus 
from  H a iti and  he  n am ed  it  Neomazaea pun g en s , b u t  in th e  sam e y e a r U r b a n  m ade a new  
com bination  of Rondeletia tin ifo lia  G riseb. in Neomazaea tin ifo lia  (G riseb .) U rb.

B o r h id i  c t al. (1980) based  on th e  m orphological and pa lyno log ica l characters o f  t h e  
Cuban endem ic species segregated  th e  species Neomazaea tin ifo lia  as a new  genus th a t  th e y  
nam ed  A cunaeanthus .

Y a l e s  (1982) in a s tu d y  on th e  wood a n a to m y  of th e  C uban  species of th is genus; can  
n o t fin d  g reat d ifferences due to  th e  hom ogeneity  o f th e  secondary  x y lem  of th e  Cuban endem ic 
genera  of th e  R ub iaceae  w hich he in v estig a ted .

In  th is p a p e r  th e  leaf ep iderm al ch arac te rs  of tax o n o m ic  in te re s t  were stu d ied  in 
o rder to  c o n trib u te  to  our u n d e rs tan d in g  of a ffin ities an d  d e lim ita tio n  of th e  genus, and  to  
f in d  add itional a rg u m e n ts  in fav o u r or ag a in st of Neomazaea  sensu  U r b a n  (1927).

M aterial and  m ethods

H erbarium  m a te ria l from  th e  In s t i tu te  o f B o tan y  of th e  C uban  A cadem y of Sciences 
(НАС) and  from  th e  N a tio n a l H e rb ariu m  of th e  U n ited  S ta te s  o f A m erica  (U. S.), S m ithson­
ian  In s titu tio n , w ere ta k e n  for th is  research .

M ature leaves w ere boiled in w a ter an d  a p o rtio n  of th e  m iddle  w as sam pled and used  
fo r ob tain ing  c u ticu la r  m acera tion . M acerations were o b ta in ed  using  F r a n k l y n ’s m eth o d  
(equal volum e of 20%  h y d rogen  perox ide and  co n cen tra ted  g lacial ace tic  acid a t  60 °C o v er­
n ig h t), and m oun ted  in  g licerin-jelly  a fte r  s ta in ing  in S udan  IV.

Scanning e lec tro n  m icroscope (SEM ) stud ies were carried  o u t w ith  th e  Cam bridge 
in s tru m e n t (S tereoscan  S4—10) from  th e  S m ithson ian  In s t i tu t io n  using  gold coated  h e rb a ­
riu m  specim ens.
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Specific description

N eom azaea phialanthoides  (G riseb.) K ru g  an d  U rban

Single unicellu lar h a irs  p re sen t on ad ax ia l a n d  abax ial surfaces. T he base  o f th e  trich o m e 
is th ic k e n e d  and surrounded  by  a ro se tte  o f e p id e rm a l cells (Fig. 1). T he h a irs  m ore  num erous 
on  th e  veins. E p id erm al cells o f adax ial su rface  pen tag o n al to  h ex agonal w ith  s tra ig h t to  
s lig h tly  cu rv ed  an tic linal w alls. C uticu lar flanges pegged a t cell corners. P e ric lin a l w alls of th e  
u n sp ec ia lized  cells sunk w ith  l ittle  p ro tu b e ra n ce  or lowly p ap illa te  (F ig . 2). E p id e rm a l cells 
o f th e  a b ax ia l surface sim ilar to  th e  a d ax ia l’s b u t  recovered  w ith  sm all p a r tic le  o f w ax  (F ig. 3).

Cells overlying m ajo r veins m ore or less re c tan g u la r  and  a rra n g e d  in  row s. S to m ata  
co n fin ed  to  abaxial surface, p a racy tic . S to m a ta l com plex sligh tly  su n k  w ith  re ference to  th e  
e p id e rm a l cells, in average 46 //m  long and  46 ^ m  w ide; guard  cells p a irs  35 ^ m  long  an d  20.3 (um  
w ide, th e  cells elongated ren ifo rm  in p a rad e rm a l view , w ithou t th e  so called  T  pieces a t  poles. 
S u b s id ia ry  cells show fine s tr ia tio n s  m o stly  p e rp en d icu la r to  th e  lo n g itu d in a l axis of th e  
co m p lex  (Fig. 4).

M ateria l stud ied : НА С V a l e s  59 L om a P e lu d a , C ajá lbana, P in a r del R io. 26: 12 (1974).

N eom azaea tin ifo lia  (G riseb .) U rban*

Single unicellu lar h a irs  p re sen t on ab ax ia l a n d  adaxial surfaces, m ore  n u m ero u s on th e  
v e ins o f th e  abax ial surface. T he base o f th e  tr ic h o m e  is th ickened  and  su rro u n d ed  b y  a ro se tte  
o f e p id e rm a l cells. U nspecialized  cells of ad ax ia l su rface  pen tagonal to  h ex ag o n a l w ith  s tra ig h t 
to  s lig h tly  curved an tic lin a l walls. W ith  th e  lig h t m icroscope c u tic u la r  flanges pegged a t 
cell co rners were observed. In  p a rad e rm a l view  th e  periclinal walls show  s tr ia te  o rn a m e n ta ­
t io n  (F ig . 5). E p iderm al cells o f th e  abax ia l su rface  sim ilar to  th e  a d a x ia l’s (F ig . 6).

Cells overlying m ajo r veins m ore or less re c tan g u la r  and a rran g ed  in  row s w ith  num ero u s 
ha irs . S to m a ta  confined to  th e  abax ia l surface , p a racy tic . S to m ata l co m plex  su n k  in  re la tio n  
to  th e  ep iderm al cells, in average  28 p m  long a n d  30 p in w ide; g u a rd  cells p a irs  21 p m  long 
a n d  15.6 //m  wide, cells in p a rad e rm a l view  e lo n g a ted  reniform . P o la r  T  pieces ab sen t. Sub­
s id ia ry  cells w ith  s tr ia tio n  reg u la rly  p a ralle l to  th e  longitud inal axis (F ig . 7).

M ateria l stud ied : Н А С V a l e s  74. Las P ozas, B ahia  H onda, P in a r del R io. 27: 11 (1974).

N eom azaea pungens  U rban**

Single unicellu lar h a irs  p re sen t on ly  on  th e  abax ial surface, m ain ly  on  th e  veins. T he 
base  o f  th e  trichom e is n o t well th ickened  a n d  i t  is su rrounded  by  a ro se tte  o f ep iderm al cells. 
U nspecia lized  cells of ad ax ia l surface p en tag o n al to hexagonal w ith  s tra ig h t to  sligh tly  curved  
a n tic lin a l walls. In  p a rad e rm a l view  th e  pe ric lin a l walls show s tr ia te  o rn a m e n ta tio n  (Fig. 8). 
E p id e rm a l cells of th e  a b ax ia l surface resem ble  to  th e  adax ia l’s. Cells o v erly ing  m ajo r veins 
m o re  or less rec tan g u la r a n d  a rran g ed  in row s. S to m ata  re s tr ic ted  to  th e  ab ax ia l surface; 
p a ra c y tic  (Fig. 9). S to m ata l com plex su n k  in  re la tio n  to th e  ep iderm al cells, averag ing  35 p m  
long  a n d  35 p m  wide; g u a rd  cells pa irs 28 /m i long  and  19.1 /un  w ide, cells e longated  ren iform . 
P o la r  T  pieces absen t. S u b s id ia ry  cells w ith  s tr ia tio n  in p e rp end icu lar d irec tio n  to  th e  longi­
tu d in a l  ax is (Fig. 10).

* A ctual valid n am e: Acuncieanthus tin ifo liu s  (Griseb.) B orhidi.
** I ts  ac tual valid  n am e: Suberanthus pun g en s  (U rb.) B orhidi.
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Fig. 1. A dax ial surface  of N . phialanthoides. X 300

Fig. 2. Periclinal w alls o f th e  unspecia lized  cells o f th e  adax ia l surface  in  N . phialanthoides.
X 1000
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Fig. 3. A b ax ia l surface of N . phialanthoides. X 200

F ig . 4. S to m ata  w ith  p e rp en d icu la r  o rn a m e n ta tio n  and w axy  p artic les  in  N . phialanthoides.
X 2000
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Fig. 5. N . t in ifo lia , adax ia l surface. X 1000

Fig. 6. N . tin ifo lia , ab ax ia l surface tilt . X  35 500
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F ig. 7. N . tin ifo lia , p a ra lle l s tr ia tio n s  to  th e  lo n g itu d in a l axis of subsid iary  cells. XlOOO

F ig . 8. N . pungens, a d ax ia l surface. X 500
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Fig. 9. N . pungens, abax ia l surface. X 300

Fig. 10. N . pungens, p e rp en d icu la r s tria tio n s to  th e  lo n g itu d in a l axis o f su b sid ia ry  cells. X 1000
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Material studied: E k m a n  4553. Presup’ î le  du Nord-Ouest, Port-de-Paix road to Anse- 
Rouge near Hab. St. Raimond. July 12 (1925). Isotype in US.

Survey o f the leaf epidermal characters

Indumentum

Hairs are present in both surface in N eom azaea phialanlhoides and N . tin ifo lia  but 
N . pun g en s show the hairs only on the abaxial surface. The hairs are in all cases unicellular, 
surrounded by a rosette of epidermal cells. These trichomes in Neomazaea pungens  are curved 
at the end and finer as in the other species (Figs 11 and 12). They are also numerous on the 
midrib and in the primary and secondary veins.

Unspecialized cells

The anticlinal walls are usually straight to slightly curved. With the light microscope 
they show minute peg-like protuberances in the cuticular flanges at the cell corners in N . t in i ­
fo lia  and N . phialanlhoides, w hile in N . pungens  these protuberances are present in all the 
cuticular flanges. Periclinal walls of the adaxial surface of N . phialanthoides are sunk and they 
are ornated with minute papillae. In N . pun g en s  and N . tin ifo lia  by other site, they show 
fine striations. Particles of wax were observed only in N . phialanthoides.

Acta Botanica Hungarica 29, 1983
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F ig. 12. T yp ical h a irs  for N . tin ifo lia  an d  N . phialanthoides

Stom atal complex

The s to m ata l com plex in  th e  in v es tig a te d  ta x a  is p a ra c y tic  a n d  re s tr ic te d  to  th e  ab ax ia l 
surface. The sub sid ia ry  cells show  special s tr ia tio n  in  th e  d iffe ren t species: In  N . phia lan tho i­
des an d  N . pungens  th e  s tr ia tio n s  a re  m o stly  p e rp en d icu la r, b u t  in  N . tin ifo lia  are paralle l to  
th e  lo n g itud inal axis o f th e  com plex.

Veins

The m id rib  a n d  th e  com plete  n e tw o rk  of m inor v e ins show  an  a rra n g e m e n t o f re c ta n ­
g u lar ep iderm al cells in  rows. T he s tu d ied  species show th e  p ro m in en ce  of th e  m id rib  on th e  
ab ax ia l surface, b u t  on ly  in N . pungens  w as observed th is  fe a tu re  on  th e  ad ax ia l surface.

Discussion

T he fea tu res  reco rd ed  in  th e  descrip tions are  n o t all o f th e  sam e d iag­
n o stic  or taxo n o m ic  va lu e . J a n s e n  an d  B aas  (1973) an d  o th e rs  h av e  stressed  
th e  re s tr ic te d  v a lu e  o f c h a ra c te rs  such as u n d u la tio n s  of an tic lin a l w alls, 
g ran u la tio n  of th e  cu tic le  a n d  p it t in g  of an tic lin a l flanges due to  th e  g rea t
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v a r ia b ili ty  of these c h a ra c te rs  below  th e  species level. T he only  le a f  c h a r­
ac te rs  considered to  be o f tax o n o m ic  v a lu e  in  d iscussing a ff in ity  or taxonom ic  
b o u n d a rie s  w ith in  N eom azaea  (sensu U r b a n  1927) are  th e  ty p e  o f peric linal 
w alls o f  th e  epiderm al cells o f th e  ad ax ia l surface, ty p e  o f h a irs , th e  o rn a m e n ta ­
tio n  o f th e  subsid iary  cells and  th e  p rom inence  of veins. T he s to m a ta l ty p e  is 
n o t considered  here on acco u n t o f o n ly  one ty p e  (p a racy tic ) w ere o bserved  in 
th e  s tu d ie d  tax a .

In  th e  c lassification  o f a n a tu ra l  g roup , th e  use o f a new  se t o f ch a rac te rs  
sh o u ld  lead  to  a sim ilar c lassifica tion .

A nalyses of ep iderm al fea tu res  in  Neomazaea  (sensu U r b a n  1927) ten d  
to  su g g est th a t  th is  c lassifica tion  h av e  som e problem s, fo r exam ple , N . phialan- 
thoides show  sunk  p e rid e rm a l w alls w ith  m inu te  p ap illae  in  th e  unspecialized  
cells o f u p p er ep iderm is, how ever N . tin ifo lia  p resen t s tr ia tio n s  in  th e  peric linal 
w alls o f th e  ep iderm al cells. On th e  o th e r  h an d , a lth o u g h  th e  tax o n o m ic  value 
o f  th e  course of th e  s tr ia tio n s  of th e  su b sid ia ry  cells is n o t re p o rte d  in  th e  
l i te ra tu re , it  looks like o f  significance v a lu e  for th e  d e lim ita tio n  of th e  Cuban 
species o f Neomazaea due to  in  N . phialanthoides  th is  fe a tu re  has p e rp en ­
d icu la r  d irection  w hile in  N . tin ifo lia  th e  o rn a m e n ta tio n  is p a ra lle l to  th e  
lo n g itu d in a l axis o f th e  s to m a ta l com plex . These re su lts  agree w ith  B o rhidi  
e t al. (1980) who seg reg a ted  th e  species N . tin ifo lia  as A cunaean thus tin i- 
fo liu s  (Griseb.) B orh id i.

T he presence o f w ax  was o n ly  observed  in  N . phialanthoides  w ith  th e  
SE M , i t  proves th e  p o ten tia litie s  an d  lim ita tio n s of b o th , lig h t m icroscope 
a n d  th e  scanning e lec tro n  m icroscope. F o r in stan ce , ch a ra c te rs  such  as a n ti­
c lin a l w all u n d u la tio n s , cu ticu la r flanges pegged an d  a rra n g e m en t of su b ­
s id ia ry  cells are well d e m o n s tra te d  w ith  ligh t m icroscopy, b u t  do n o t show  up 
in  SEM  studies. T he presence o f w ax  partic les is observed  on ly  w itli th e
SEM .

Table 1

Variation o f  some lea f anatomical characters in  Neomazaea 
(sen su  U r b a n  1927)

Species

Length 
of guard 

cells pairs
w

W idth
o f guard 

cells pairs 
(/<m)

Prominance 
o f veins, 
adaxial

Prominence 
of veins, 
abaxial

P res­
ence 

of wax

H airs in 
adaxial 
surface

H airs in 
abaxial 
surface

Periclinal walls 
o f epidermal 
cells adaxial 

surface

N . ph ia la n ­
thoides 35 20.3 m s, 1, 2 in , 1, 2 X X X su n k , m in ­

u te , p a p il­
lae

N . tin ifolia 21 15.6 m s, I s m , 1 — X X str ia te

N . pungens 28 10.1 m s, 1, 2 Ш , 1 — — X str ia te

X , c h a ra c te r  p r e s e n t ;  1, 2, p r im a ry  a n d  seco n d ary  v e in s ; m , m id rib : s, su n k
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T here  a re  som e differences in  th e  le a f  ep id e rm al ch arac ters  b e tw een  
N . phialanthoides  an d  A cunaeanthus tin ifo liu s  in  re la tio n s  to  N . pungens, for 
in stan ce , th e  h a irs  ty p e  (curved  a t th e  end in N . pungens), difference in  th e  
o rn a m e n ta tio n  o f th e  unspecialized  ep id erm al cells o f  th e  abax ia l su rface , an d  
th e  course of th e  su b sid ia ry  cell’s o rn am en ta tio n .

In  conclusions, th e re  are  som e reasons to  suggest th a t  Neomazaea  m ay  
be rea lly  a m o n o ty p ic  endem ic genus o f W est-C uba, and  th a t  Neom azaea  
pungens  m u st he rev ised  because of th e  differences fo u n d  in  the  lea f ep iderm al 
ch a rac te rs  th a t  th e y  could be g rea te r on a m orpho log ical s tudy .

T ab le  1 sum m arizes th e  m ost im p o r ta n t ch a ra c te rs  observed.
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CHROMOSOMAL ABERRATIONS 
AND CHLOROPHYLL MUTATIONS INDUCED 

BY SOME PESTICIDES IN BARLEY

T . P u szta i
RESEARCH INSTITUTE FOR BOTANY, HUNGARIAN ACADEMY OF SCIENCES, VÁCHÁTÓT, HUNGARY

(R eceived : 15 D ecem ber 1982)

W e stud ied  fo u r pestic id es o f various chem ical s tru c tu re s  a n d  of d ifferen t ag ri­
c u ltu ra l ap p lications (V itav a x , T opsin-m ethy l 70 W P , T edion  V-18 and  F u ra d a n  10 G). 
T heir m u tagen ic  e ffects w ere te s te d  b o th  on  cellu la r (chrom osom al changes) an d  on 
organism ic level (seg reg a tio n  of chlorophyll m u ta n ts )  in  b a rle y , H ordeum vulgare L. 
T he in v estiga tions o f th e  pestic ides in qu estio n  w as done in  doses be tw een  150 and  
1000 p pm , depend ing  on th e ir  tox ic ity .

C hrom osom al a b e rra tio n s  were d e tec ted  a t  m e tap h ase . F u ra d a n  10 G an d  
V itav ax  were a lm o st e q u a lly  effective: 14.12%  a n d  12.65% , resp ec tiv e ly . T he s tro n g e st 
effect was d e tec ted  in  th e  case o f F u rad an  10 G (21 .24% ), a t  300 p p m . A p a rt fro m  one 
or tw o tre a tm e n ts , m u ta g e n ic  effect of Tedion V-18 and  T o p sin -m e th y l 70 W P, h a d  n o t 
p ro v en  to  be sig n ifican tly  d iffe ren t from  th e  co n tro l. In  com p ariso n  to  th e  effect o f E l  
(5 .06% ), F u ra d a n  10 G a n d  V itav ax  show a fourfo ld , w hile co m p ared  w ith  th e  effec t 
o f y -ray  (11 .4% ), sev era l pestic ide  tre a tm e n ts  cause  a tw ofo ld  a b e rra tio n  freq u en cy . 
Increase  o f pestic ide  co n cen tra tio n  resu lted  in  h igher frequencies of chrom osom e 
a b erra tio n , e.g. th e  h ig h es t dose of V itavax  (1000 p p m ) gives a ninefold  effect as com ­
pared  w ith  th e  low est one (400 ppm ). D epending on  th e  d u ra tio n  of t re a tm e n ts , m u ta ­
gen ic ity  o f F u ra d a n  10 G an d  of V itavax , as w ell, increase  on  chrom osom al an d  genic 
level alike. S im ilarly  to  E l  t r e a tm e n t, b o th  F u ra d a n  10 G an d  V itav a x  induce ch rom a- 
tid e  ty p e  a b erra tio n s . R eg ard in g  appearance  of ch lorophyll m u ta n ts  in F 2 g en era tio n , 
T ed ion  V-18 ap p ears  to  b e  th e  m ost effective: 1 .88% . A t V ita v a x  tre a tm e n t th e  fre ­
q uency  of m u ta tio n s  w as 0 .79% . T o p sin -m ethy l 70 W P  an d  F u ra d a n  10 G d id  n o t 
induce any  m u ta tio n s .

P ara lle l analyses o f  p o in t and chrom osom e m u ta tio n s  gave d ifferen t e ffec ts , 
for each chem ical. Som e of th e m  (Tedion V-18) caused  p o in t m u ta tio n s , o thers (F u ra d a n  
10 G) induced  ch rom osom e ab erra tio n s. I t  is ad v isab le  th e re fo re , to  use these  tw o  te s t  
system s jo in tly  to  o b ta in  re liab le  m utagenic  r isk  assessm ent.

Introduction

T he ap p lica tio n  of p estic id es in  ag ricu ltu ra l p la n t  p ro tec tio n  is an  im p o rta n t fa c to r fo r 
im proving  th e  level o f p ro d u c tiv ity . H ence, th e ir  fu tu re  use seem s to  be necessary  a n d  
unav o id ab le  in sp ite  o f th e ir  u n w a n ted  side effects.

A m ong these  m u tag en  effec ts rep resen t considerab le  r isk  to  m a n y  organism s. In fo rm a ­
tio n s accu m u la te  y ear b y  y e a r  on  m u tag en ic  effects o f  p estic ides in  v a rio u s  so rts of o rgan ism s 
—  sim ilar to  th e  know n effec ts o f ra d ia tio n  and  chem ical m u tag en s  (W uu and  G r a n t  1966; 
E p s t e in  and  L e g a t o r  1974; Cu r in n y  and  P il in s c a y a  1976). In  H u n g a ry , F ü r e d i  e t al. 
in v estig a ted  cy to logical e ffec ts  o f certa in  pestic ides on  d iffe ren t p e a  s tra in s  (1981). T h ey  
fo und  m ain ly  m ito tic  b u t  also som e m eiotic  irreg u laritie s . O ur p rev io u s w ork  ( P u s z t a i a n d  
VÉGH 1978) re p o rts  on chrom osom e irregu larities, cau sed  b y  a lm o st ev ery  pestic ides s tu d ied  
a lth o u g h  to  va rio u s degree.
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T h e  research of m u tag en ic  a c tiv ity  o f chem icals used in  crop p la n t  p ro tec tio n  is one of 
th e  m o s t im p o rtan t p ra c tic a l ta sk s  of m o d ern  genetics, regard ing  th e  genetica l secu rity  of 
h u m a n  being  and th e  w hole b iosphere. T he in h ered  re la tio n  be tw een  m u tag en ic  a n d  carcino­
genic effects of some chem icals (S o b e l s  1977) fu r th e r  underlines th e  im p o rtan ce  of such  works.

To exam ine th e  m u tag en ic  effect o f p estic ides, one has to  use te s t  o b jec ts on  w hich 
th e  d iffe ren t kinds of m u ta tio n s  can be well reg is te red . As for p la n ts , recen tly  th e  m o st con­
v e n ie n t m u tag en ic ity  te s t  is th e  analysis of chrom osom e ab erra tio n s  (i.e. chrom osom e m u ta ­
tio n s) . T h e  screening of ap p ea ran ce  of ch lo ro p h y ll m u ta n ts  (p o in t m u ta tio n s ) is also a fre ­
q u e n tly  used  m ethod in m u tag en esis research .

A m ong higher p la n ts , b a rley  w ould be  a p ro p er o b jec t to  te s t  m u ta g e n ic ity  o f env iro n ­
m e n ta l facto rs, as i t  is a d ip lo id  species, w ith  low  basic chrom osom e n u m b er a n d  re la tiv e ly  
larg e  chrom osom e size, t h a t  m akes possib le th e  m ore or less e x ac t d e tec tio n  of s tru c tu ra l 
ch an g es in  chrom osom es. B arley  is a se lf-com patib le  p lan t therefo re  th e  recessive m u ta tio n s  
m ay  express them selves in  th e  segregating  g e n era tio n  (M2).

In  th is  paper we d eal w ith  th e  cy to g en etic  effects of four p estic ides, in  p a ra lle l w ith 
th e ir  e ffects in  increasing th e  freq u en cy  of ch lo rophy ll m u ta tio n s .

Materials and methods

T h e  four pestic ides t h a t  we in v es tig a te d  fo r th e ir  m u tag en ic  a c tiv ity , are c u rren tly  
used  in  H u n gary . All o f th e m  were p ro v id ed  b y  th e  P la n t P ro te c tio n  and  A g rochem istry  
Serv ice  o f th e  M inistry  o f A g ricu ltu re  an d  Fo o d  P ro d u c tio n .

T h e  trad e  nam es of these  pestic ides, as well as th e  chem ical nam es an d  s tru c tu ra l 
fo rm a ts  o f th e ir  in g red ien ts are lis ted  in T ab le  1. Y itav ax  and  T o p sin -m eth y l 70 W P  are 
a p p lie d  as fungicids, F u ra d a n  10 G an d  T ed ion  V-18 are used  as insecticides.

T h e  q u a n tity  o f th e  chem ical in  each  t re a tm e n t  w as ca lcu la ted  for th e  a m o u n t of 
a c tiv e  in g red ien t, dissolved in  acetone, d ilu te d  w ith  d istilled  w a te r  a fte rw ard s (up  to  the  
c o n c e n tra tio n  dem anded). T he effect o f one p e r c en t acetone so lu tion  w as p reex p e rim en ta lly  
ch eck ed : i t  d id  no t differ fro m  th a t  of w a te r co n tro l. T he co n cen tra tio n s o f chem icals for th e  
t re a tm e n ts  were chosen in  p ro p o rtio n  to th e  p rev iously  o b ta ined  LC50 values tre a te d  w ith  
fresh ly  p rep ared  solu tions o f va rio u s co n ce n tra tio n s , p H  =  7 for 6 an d  12 h , respec tive ly . 
D is tille d  w a te r  as negative  co n tro l, 0 .1%  e th y len im in e  (E l)  so lu tion  a n d  10 k ra d  y - ray  (60Co, 
384 ra d /m in )  were used as p o sitiv e  contro l.

T h e  barley , H ordeum  vulgare L. (2n =  14) g ra ins were o b ta in ed  fro m  th e  A g ricu ltu ra l 
R e se a rc h  In s ti tu te  of th e  H u n g a rian  A cadem y of Sciences and  labe lled  b y  th e m  as th e  
M v-43 stra in s .

C rite ria  for th e  genetica l effectiveness o f th e  chem icals te s te d  w ere: th e  in d u c tio n  of 
ch ro m o so m al changes a t  th e  cell level, and  th e  ap p earance  of ch lo rophy ll m u ta n ts  in  th e  
second  generation .

Cytological test

T h e  trea tm e n ts  of th e  g ra ins were ru n  in 4—4 paralle ls and  th e ir  to ta l  re su lts  are  p re s­
e n te d  h e re . A ltogether 200 g ra ins w ere g e rm in a ted  in  each experim en ts . 50 d ry  seeds were 
p laced  in to  200 ml pestic ide  so lu tion . T h en  th e  seeds were w ashed  in ru n n in g  w a te r  and  
p laced  on m oist filte r p ap er in  P e tr i dishes k e p t  in  24 °C th e rm o s ta t  for 26—36 h. 3—5 m m  
long  ro o t  t ip s  were used for cyto logical in v es tig a tio n . M etaphase  cells of th e  ro o t tip  m eristem e 
w ere s tu d ied . The fix a tio n , sta in in g  and  th e  sq u ash  p rep ara tio n  w ere done accord ing  to  a 
p re v io u s ly  published m eth o d  of us ( P u s z t a i—G il y a r o v s c a y a  1973).

Chlorophyll m utation test

O u td o o r experim ents w ere ru n  in th e  e x p erim en ta l garden  (B u d ap es t) o f th e  B o tan ica l 
I n s t i tu te  o f th e  H ungarian  A cadem y of Sciences. G rains were tre a te d  for 12 h  as g iven  above. 
In  each  ex p erim en t 800 seeds w ere tre a te d  in fo u r paralle ls th e re a f te r  th e y  were sow n in to
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Trade names, active ingredients, composition and chemical structure o f  the compounds tested

Table 1

Trade mame Active ingredient Chemical name Structu ral
formula

Y itavax

Topsin-m ethyl 
70 W P

F u ra d a n  10 G

Tedion V-18

C arboxin (75% )

T hiop h an atem eth y l
(70% )

Carbofuran (10% )

T etrad ifon  (8% )

2,3-dihydro-6-m ethyl-5-phenyl- 
carbam oyl-1 4-oxath iin Ù TS x  CO.NH-0

l,2 -b is(3-m etoxycarbonyl-2-th iouredio)
benzene

^  NH.CS.NH.CO.OCH,a NH.CS.NH.CO. OCH3

2,3-dihydro-2,2-dim ethyl-benzofuran- 
7-yl N -m ethy lcarbam ate Çc

CH3.NH.C0.0

~ L CH3

■ ° ^ C H 3

Cl1

4-chlorophenyl 2 ,4 ,5-trichlorophenyl 
sulphone o - °

a

ethylenim ine H2C

H2C
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Frequency and distribution o f  types o f  chromosome aberrations induced by pesticides in  barley root tips

Table 2 g

A b n o rm al cells

D is tr ib u tio n P ercen tag e

c h ro m atid e  ty p e chrom osom e ty p e

T re a tm e n t C oncentra- 1 o ta l  INo.
P estic ides tim e, tio n , o f  cells o f  a b n o rm a l S?

h p pm cells 43 01 h m ean  fo r
J3 a b n o rm a l cells each  tim e

C1)8 л  Л
(8Д
-h

Я
a

Csa
V ’О 43

' £ 
C £

period

(8> H a £о
« О43 з*C о

•3
л
О

400 1143 41 12 7 13 2 1 2 3 1 3.59 ±  0.55***
6 800 921 102 53 14 21 4 4 3 3 11.07 ±  1.03*** 8.70

Y itavax

1000 705 98 59 10 19 1 1 1 3 2 13.90 ±  1.30***

400 884 61 18 11 19 3 2 1 2 3 2 6.90 ±  0.85***
12 800 798 116 57 15 27 5 1 1 2 4 4 14.54 ±  1.25*** 12.65

1000 539 О 55 15 22 3 1 2 6 19.29 ±  1.70***

200 684 13 3 2 5 2 1 1.90 ±  0.52
6 400 892 34 14 9 5 3 3 3.81 ±  0.64** 2.85

T opsin-m ethy l 70 W P

600 601 15 4 5 4 1 1 2.50 ±  0.64

200 793 24 7 9 3 3 3.03 ±  0.61**
12 400 838 31 14 9 5 1 2 3.70 ±  0.65*** 3.09

600 632 15 5 2 6 2 2.37 ±  0.61

150 1034 25 7 3 7 2 3 1 2 2.42 ±  0.48*
6 300 973 189 93 30 45 5 8 1 4 2 1 19.42 ±  1.27*** 12.74

F u ra d a n  10 G

450 893 167 102 22 30 5 4 2 2 18.70 ±  1.38***

150 989 67 17 10 24 6 3 2 5 6.77 ±  0.80***
12 300 838 178 101 20 34 4 7 3 2 7 21.24 ±  1.41*** 14.12

450 630 102 56 16 20 2 2 1 2 3 16.19 ± 1 .4 7 * * *
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200 1038 20 5 4 7 2 2 1.93 ±  0.43
6 400 727 15 3 8 2 2 1 2.06 ±  0.55 1.91

Tedion V-18

300 691 13 5 1 5 2 1.88 ±  0.48

200 632 11 4 2 3 2 1 1.74 ±  0.39
12 400 821 19 11 6 2 2.31 ±  0.58 2.01

600 483 9 5 4 1.86 ±  0.72

E I 0.1 % 1422 72 20 12 27 4 2 3 4 5.06 ±  0.58

y-rays 10 k rad 1038 114 3 4 19 29 59 11.40 ±  0.38

H 20 1221 15 4 7 2 1 1 1.23 ±  0.32

* Significant a t  0.05 level o f p robab ility  
** S ignificant a t  0.01 level o f p ro b ab ility  

*** S ignificant a t  0.001 level o f p ro b ab ility
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m icro p lo ts . The area o f each  p lo t w as 1 m 2 an d  th ere  w ere 200 g ra ins sow n o n to  them . The 
d a ta  o b ta in e d  from  four p a ra lle ls  a re  sum m arized  in T able  3.

All pesticide tre a tm e n ts  w ere supp lem en ted  by  n egative  and  po sitiv e  contro ls.
T h e  appearance of ch lo ro p h y ll m u ta n ts  was d e tec ted  in  M2 g en era tio n , therefore  th e  

sp ikes o f  each M, p lan t h a d  been  se p a ra te ly  p lan ted  in to  sand  in  g reenhouse and germ i­
n a te d  o n  10—12 °C. T he freq u e n c y  of ch lorophyll m u ta n ts  w as ca lcu la ted  for 100 M2 seed­
lings, a n d  100 M, spikes, re sp ec tiv e ly .

Experimental results

I . Cytological effects of the pesticides

T he observations o f cy to log ical effects of pestic ides were su p p lem en ted  w ith  su itable 
p o sitiv e  an d  negative con tro ls . As p ositive  con tro l, we app lied  y -ray  a n d  E l  tre a tm e n ts , as 
n e g a tiv e  contro l th e  g ra ins w ere g e rm in a ted  in  d istilled  w ater.

T h e  investiga tion  of th e  pestic ides in  question , was done in  v a rio u s doses, depending 
on  th e ir  tox ic ity . F o r th e  cy to g en etic  analysis, th e  h ighest co n ce n tra tio n  w as equal w ith  th e  
su b to x ic  level, where th e  ro o t t ip  m ito tic  index  is 50 per cen t of th a t  o f th e  con tro l. The o th er 
co n ce n tra tio n  values w ere e stab lish ed  as equal d ilu tions of th e  su b to x ic  co n cen tra tio n .

T h e  cytological re su lts  o f effect are  show n in T able  2. I t  can  be seen t h a t  y -ray  caused
I I .  4 % , th e  E l  t re a tm e n t in d u ced  5 .06%  chrom osom e a b erra tio n s . T he m a jo rity  of pesticides 
e x am in ed  also induced chrom osom e s tru c tu ra l changes, a lth o u g h  to  v a rio u s degrees.

T h e  m utagenic  effec t o f T edion  У-18 h ad  n o t p ro v en  to  be s ig n ifican tly  d ifferent from  
th e  co n tro l, though  w e  d e te c te d  som e increase  in  th e  frequency  of a lte ra tio n s . As for Topsin- 
m e th y l 70 W P, in 6 h o u rs  long  tre a tm e n t th e  effect o f only one dose (400 p p m ) appears to  be 
s ig n ifican t, while th e  12 h rs  t r e a tm e n t  s ign ifican tly  increased  th e  a b e rra tio n s  a t  b o th  200 and 
400 p p m  doses. F u ra d a n  10 G an d  Y itav a x  ex h ib ited  n ea rly  id en tica l effectiveness. The s tro n g ­
e st e ffec t was de tected  in  th e  case o f F u ra d a n  10 G: 21.24% . A m ong V itav a x  trea tm e n ts , the  
p e rce n ta g e  of a lte ra tio n s  show s a g re a te r  and  sm aller increasing  a t  each  of 1 2 h  trea tm e n ts  
co m p ared  to  the  6 h  long tre a tm e n t.  In  th e  case of b o th  F u ra d a n  10 G an d  V itav ax  the  fre ­
q u en cy  of chrom osom e a b e rra tio n s  increases w ith  th e  d u ra tio n  of t re a tm e n ts . Increase of 
p e s tic id e  concen tra tion  re su lte d  h igher frequencies o f chrom osom e a b e rra tio n s , e.g. th e  highest 
dose o f Y itav ax  shows a n inefo ld  effect as com pared  w ith  th e  low est one. On th e  base of 
cy to log ica l analyses, dose effec t cu rve  of F u ra d a n  10 G ap p ears  to  be irreg u la r  a t  the  h ighest 
dose (450 ppm ) in 6 and  12 h  tre a tm e n t a decrease o f a b e rra tio n  freq u en cy  can  be found.

In  com parison to  E l  t r e a tm e n t,  F u ra d a n  10 G and  V itav a x  caused  a tw ofold h igher 
freq u e n c y  of ab erra tio n s (n o t ta k in g  in to  accoun t th e  6 h  long V ita v a x  tre a tm e n t) . F inally , 
in  com parison  to  th e  effect o f  y -ray , we go t sim ilar resu lts .

In  Table 2, th e  ty p e s  o f a b e rra tio n s  are sum m arized . T he y -ray  t re a tm e n t  (as positive 
co n tro l)  induced p re d o m in an tly  reu n io n -ty p e  dam ages (d icen tric , ring) an d  less freq u en tly  
b reak s . O ut of th e  a b e rra tio n s , 84%  w ere reu n io n  an d  18%  frag m en t. T he o ther positive 
co n tro l, E l  tre a tm e n t re su lte d  m o stly  in  ch ro m atid  ty p e  ab erra tio n s . O u t of th e  changes 
o b se rv ed  60%  were c h ro m a tid -tran s lo c a tio n  ty p e  and  14%  frag m en t. T he spon taneous a b erra ­
tio n s  fo u n d  in the  w a te r  co n tro l were ch ro m a tid  ty p e , 60%  being  tran s lo c a tio n a l and 26%  
frag m e n t.

T he spectrum  of th e  a b e rra tio n s  observed a fte r herb ic ide  tre a tm e n ts  shows th a t  F u ra ­
d a n  10 G and V itav a x  in d u ce  som e chrom osom e- an d  m an y  ch ro m a tid -ty p e  aberra tions 
(T ab le  2).

H igher co n cen tra tio n s re su lted  in  th e  increase of th e  p ro p o rtio n  of ch rom atid -type  
a b e rra tio n s  and, a t  th e  sam e tim e , a  decrease of th a t  of chrom osom e ty p e . F o r exam ple,
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Plate  1

C h ro m atid -ty p e  a b e rra tio n s  observed  in H ordeum  ro o t tip  cells. A: N orm al chrom osom e. 
B : C hrom atid b reak s (fragm en t). C: C hrom atid  acen tric  ring. D: Iso ch ro m atid  b reak  w ith  

s iste r ch ro m a tid  reunion. E : C h ro m atid  in te rch an g e

F u ra d a n  10 G 150 ppm  caused  25%  frag m e n ta tio n  an d  60%  tran s lo ca tio n . A t 450 p pm , 
how ever, th e  co rresponding  d a ta  are 56%  and  34% , respectively .

Types of ab erra tio n s  are  show n in P la te s  1, 2.

2. Chlorophyll mutants

The o th er m ark e r for genetic  effect of th e  chem ica ls exam in ed  w as th e  appearance  of 
ch lorophyll m u ta n ts  in  th e  second generation .
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Plate 2

C hrom osom e-type a b e rra tio n s  ol. served in H ordeum  ro o t tip  cells. A: D icen tric  ab erra tio n s  
(asym m etrical in te rch an g e). B: C entric  ring . C: A centric  ring. D: A cen tric  frag m en t

Plate 3

A lbino  m u tan s in M., g en era tio n  of Hordeum vulgare. A: E I ,  0.1°0- B : T edion V-18, 400 ppm
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Table 3

Chlorophyll m utation frequency in  М г generation

C oncentra-
N u m b e r  o f  M x spikes N u m b e r  

o f  M 2 seedlings
M u ta tio n  fre ­

q u en cy  p e r  100 M ean
P esticides tio n ,

pp m scored m u ta n ts scored m u ta n ts
M ,

spikes seed-
lings

fo r each  
p estic ide

400 592 — 10 656 — _ _
Vitavax 800 678 31 9 848 42 4.57 0.42 0.35

1000 418 29 6 688 53 6.93 0.79

200 508 — 8 636 — — —

Top9in-methyl 70 WP 400 535 4 7 490 4 0.74 0.05 0.02
600 581 — 7 553 — — —

150 698 1 11 866 2 — — 0.016
Furadan 10 G 300 621 — 9 315 — — — —

450 556 — 6 672 — — — —

200 607 16 7 284 19 2.63 0.26
Tedion V-18 400 583 61 6 996 132 10.46 1.88 1.01

600 592 36 7 672 71 6.08 0.92

E l 0.1% 621 137 11 799 449 22.06 3.80

y-rays 672 26 13 440 59 3.87 0.44

H20 631 — 13 251 — — —

As th e  m u ta n ts  w ere m ain ly  o f a lb ino  ty p e  (90% ; P la te  3) all ch lorophy ll m u ta n ts  are 
g iven  w ith o u t any  fu r th e r  specification . T h e  frequency  of ch lo rophy ll m u ta n ts  are calcu la ted  
fo r 100 M2 seedlings a n d  100 M, spikes re sp ec tiv e ly  (Table 3). In  th e  n eg ative  co n tro l th e re  
w as no  chlorophyll m u ta n t  a t  all.

I n  our e x p erim en ts , T edion V-18 seem s to  be th e  s tro n g e st in d u cer o f chlorophyll 
m u ta tio n . T he effect o f  V itav a x  is less p ro n o u n ced , while th e  o th e r  tw o  pestic ides, T opsin- 
m e th y l 70 W P  and  F u ra d a n  10 G v ir tu a lly  d id  n o t induced  a n y  m u ta tio n s .

T he increase o f  co n ce n tra tio n  o f T ed io n  V-18 and  V itav a x , u su a lly  re su lted  in  sim ilar 
effec t on  th e  freq u en cy  o f ch lorophyll m u ta tio n s .

Discussion

G enetic effects o f pestic ides w ere s tud ied  a t b o th  cell an d  organism ic 
levels. T he fo rm er w as e s tim a ted  b y  th e  in v es tig a tio n  o f th e  frequency  of 
chrom osom e a b e rra tio n s , while th e  la t te r  was ju d g ed  from  th a t  o f chlorophyll 
m u ta n ts . The cy to log ica l te s t sy stem  reveals th e  chrom osom e m u ta tio n s , the  
ch lo rophy ll te s t d e te c ts  th e  p o in t m u ta tio n s  in  th e  gene system  contro lling  
p ig m en t synthesis (N y b o n  1955).
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U sing th e  cy to log ical m eth o d s one can d irec tly  get d a ta  fo r th e  frequency  
o f ch rom osom al changes. A t th e  sam e tim e  th is  m eth o d  is q u ick  and  cheap for 
th e  ev a lu a tio n  of in d u ced  m u tagenesis  in  p lan ts .

In  barley , cy to g en e tic  o b serv a tio n s often  refe r to  a n ap h ase  changes only. 
M etap h ase  analysis we u sed  in  our ex p erim en t shows a con sid erab ly  m ore 
d e ta ile d  and  accu ra te  p ic tu re  m ak ing  th e  assessm ent o f a b e rra tio n s  m ore 
re liab le  b o th  q u a n tita tiv e ly  an d  q u a lita tiv e ly .

In  th e  pestic ide tre a tm e n ts , th e  m u tagen ic  effect w as cy tologically  
d e te c te d  as b reakage a n d  reu n io n -ty p e  ab e rra tio n s . As a re su lt of chrom osom e 
o r c h ro m a tid  b reak ag e , d icen tric  chrom osom es, isolocus b reak s  w ith  reunion 
or tran s lo ca tio n  could  be  observed  in th e  m icroscopic p rep a ra tio n s . In  our 
e x p e rim e n ts  th e  y -ray  ir ra d ia tio n  caused  m ore reun ion  as frag m en ts , while th e  
o th e r  positive  con tro l, E l  in d u ced  reun ions an d  frag m en ts  a lm o st in  th e  sam e 
a m o u n t. As com pared  w ith  th e  effect o f pestic ides, th e  la t te r  ind u ce  m ostly  
c h ro m a tid -ty p e  a b e rra tio n s . I t  m eans th a t  th e  s tru c tu ra l changes in  ch ro ­
m osom es occur in  th e  d o u b le  s tra n d e d  stage  (S an d  G2 phases o f th e  cell cycle).

In  th e  sp ec tru m , th e re  can be found  a low  n u m b er o f chrom osom e-type 
a b e rra tio n s  th a t  re fer to  changes d u ring  G 1 (before D N A  sy n thesis). These are 
c o n s is te n t w ith  D u b i n i n ’s d a ta  (1968) for several a lk y la tin g  agen ts.

T here are some p u b lish ed  d a ta  regard ing  m u tagen ic  fea tu re s  of F u rad an  
10 G a n d  of Y itav ax  a n d  show  sim ilar resu lts  as ours. N a h l a  e t al. (1980) and  
S oli m in  (1980) p u b lish ed  th e  fungicid  effect o f V itavax . S in g h  e t al. (1979) 
a n d  S at n a ia h  e t al. (1974) docu m en ted  th e  cy togenetic  effect o f F u rad an  
10 G on barley  and o n io n , respective ly .

D epending on th e  d u ra tio n  of tre a tm e n t, th e  m u ta g e n ic ity  o f F u rad an  
10 G and Y itavax  (b o th  on chrom osom al and  genic level) can  be exp lained  b y  
th e  d ifferen t len g th  o f  tim e  for th e  p e n e tra tio n  in to  th e  seed, th u s  affecting 
m ore  cells.

In  Gu st a fsso n ’s an d  McK e y ’s opinion (1948), ch lo rophy ll m u ta n ts  in 
b a r le y  are com parab le  to  recessive le th a ls  o f Drosophila. T h is w ay, th e y  can 
be  u sed  as a m u ta tio n  te s t .

The frequency  o f  a lb in o -ty p e  ch lorophyll m u ta n ts  in  n a tu ra l  conditions is 
a b o u t 1 0 ~ 4 (Sh e v t so v  1969). In  our experim en ts T edion V-18 induced  m ore 
th a n  a hundred-fo ld  increase  of th is  frequency . A lthough  th e  effectiveness of 
Y ita v a x  was so m ew hat w eaker, one should  tak e  in to  consid era tio n  its  m ore 
w id esp read  ap p lica tio n  as a p o te n t fungicide in  our a g ric u ltu ra l p rax is.

Paralle l an a lysis  o f p o in t an d  chrom osom e m u ta tio n s  gives an oppor­
tu n i ty  for a m ore co m p le te  p re sen ta tio n  of genetic  effects o f v a rio u s m utagen ic  
chem icals . C om paring th e  n um ber of chrom osom e ab e rra tio n s  and  th a t  of 
ch lo rophy ll m u ta tio n s , we conclude th a t  Tedion V-18 insectic ide  is very  pow er­
fu l in  inducing ch lo ro p h y ll m u ta tio n s  b u t  h a rd ly  effective in  m aking  chro ­
m osom e ab erra tio n s. O n th e  o th e r h an d , F u ra d a n  10 G p ro d u ced  only  chrom o-
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(1) Furádon 10 G. (2) Vitavox. (3) Topsin - methyl 70 WP. (4) Tedion V -18 

□  chromosome aberrations Щ chlorophyll mutations

Fig. 1. C hrom osom e a b e rra tio n s  and  ch lorophyll m u ta tio n s  induced  b y  some p estic id es in
b arley

som e ab n o rm alitie s . V ita v a x  caused b o th  ch lo rophy ll an d  chrom osom e m u ta ­
tions, w ith  a ten d en ey  to w ard s th e  la t te r  (F ig. 1).

T his w ay, one can  h ap p en  to  classify  a p o in t m u ta tio n -in d u c in g  a g e n t as 
n o n -m u tag en e tic , in  th e  absence of su itab le  cy to log ica l in fo rm ation . I t  is 
adv isab le  th e re fo re , to  use these  tw o te s t  system s jo in tly  to  o b ta in  re liab le  
m u tagen ic  risk  assessm ent.
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CHROMOSOMAL AND ISOENZYME VARIABILITY 
IN CALLUS TISSUE CULTURES 

OF ALBINO MUTANT OF N I C O T I A N  A S Y L V E S T R I S

L. Szilá g y i1 and A . H . N a g y 2
> R E S E A R C H  IN S T IT U T E  F O R  B O TA N Y , H U N G A R IA N  A C A D E M Y  O F  S C IE N C E S , V Á C R Á TÓ T, H U N G A R Y  

* D E P A R T M E N T  O F  G E N E T IC S , EÖ TV Ö S L O R Á N D  U N IV E R S IT Y , B U D A P E S T , H U N G A R Y
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S p o n tan eo u s fo rm ation  of d ip lo ids an d  po lyp lo ids and  aneup lo ids was o b se rv ed  
in  callus cu ltu res  w hich  orig ina ted  from  a s ta b le  hap lo id  a lb ino  N . sylvestris p la n t .  
The k a ry o ty p ic  changes were p ro b ab ly  in d u ced  by in te rac tio n  of e x p lan t w ith  c u ltu re  
condition . T he d ip lo id  form  is discussed as p ro b a b le  o p tim u m  co n d itio n  for these  callus 
cu ltu res. A n a ly sis  o f  specific isoenzym e an d  p ro te in  p a tte rn s  in  callus lines su g g ested  
th a t  q u a n ti ta t iv e  an d  q u a lita tiv e  d ifferences h a d  been  p ro d u ced  b y  v a ria b ility  o f th e  
chrom osom e n u m b er.

In tro d u c tio n

G enetic  and  b iochem ical studies genera lly  assum e th a t  som atic  tissues are gen etica lly  
un iform . H ow ever, in  v itro  studies of m orphogenesis force one to  recognize th e  k a ry o ty p ic  
v a ria b ility  of callus cu ltu re s  derived from  th e  sam e p lan t. T he in  v itro  accu m u la tio n  of 
chrom osom e n u m b er v a r ia b ili ty  appears to  be a g en etic  in s tab ility  of cell an d  tissue c u ltu res . 
A ccording to  cy to log ical s tud ies , polyploid an d  an eu p lo id  cells a ccu m u la te  in  p rolonged callus 
cu ltu res . F o r exam ple , th e  haploid  chrom osom e n u m b e r  w as on ly  m a in ta in ed  during  th e  f i r s t  
passages in s tem -d eriv ed  tissu e  cultures o f A n tliir in u m  m ájus. In  p ro longed  cu ltu res , d ip lo id  
and  te trap lo id  cells a p p e a re d  ( M e l c h e r s  a n d  B e r g m a n  1958). In  tissu e  cu ltu res o f P e la rg o ­
n ium , th e  freq u en cy  o f po lyp lo id  cells increased  d u rin g  th e  course o f cu ltiv a tio n  ( B e n n i c i  

1974). A n o th er ch rom osom al change w hich  occurs fre q u e n tly  in  in v itro  cu ltu res  is an eu p lo id y . 
In  general, aneu p lo id y  is to  be expected in  m a tu re  tissu es ( H e i n z  e t al. 1969).

E x ten siv e  an eu p lo id y  was produced  in th e  f ir s t  ph ases of callus in d u c tio n  in th e  p r im a ry  
e x p la n t of stem  p ith  o f N icotiana  tabacum , cu ltu red  on  a m edium  su p p lem en ted  w h ith  indole  
ace tic  acid ( N a y l o r  c t al. 1954).

Chrom osom e s t ru c tu ra l  changes o f d iffe ren t ty p e s  are n o t ra re  in  p la n t tissue a n d  cell 
cu ltu res , and  these  chan g es also orig inate d u rin g  in  v itro  cu ltu re  (K ao e t al. 1970).

T he analysis o f isoenzym es was p rev io u sly  show n  to  be an  effective  tool for c h a ra c ­
te riza tio n  of genetic  d ifferences in p o p u la tio n  of species ( A l l a r d  e t al. 1970, B a b b e l  a n d  
W a i n  1977). A  d irec t c o rre la tio n  has been o bserved  b e tw een  chrom osom e dose and  c o rre sp o n d ­
ing isoenzym e a c t iv ity  in  m o st isoenzym e sy stem s in  to m a to  species ( F o b e s  1977). S ig n ifican t 
differences in  m ean  chrom osom e n u m b er an d  isoenzym e expression  were d e m o n s tra ted  in 
callus cu ltu res o f H ordeum  vulgare X H ordeum  ju b a tu m  in terspecific  h y b rid  ( O r t o n  1980).

In  o u r earlie r p a p e r , i t  was d em o n s tra ted , t h a t  th e  hap lo id  a lb ino  p la n t of N ico tiana  
sylvestris h ad  a s ig n ifican tly  h igher chrom osom e n u m b e r  s ta b ility  w hen  com pared to  w ild 
ty p e . T he m a jo rity  o f  cells from  th e  a lb ino  p la n ts  rem a in ed  p e rm a n en tly  hap lo id  ( S z i l á g y i  

a n d  N a g y  1978). T h e  p re se n t s tu d y  exam ines th e  occurrence and  degree of chrom osom al 
v a r ia b ility  o f N icotiana  sylvestris tissue cu ltu res  o rig in a ted  from  a hap lo id  albino p lan t. Specific
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isoenzym e p a tte rn s  an d  soluble p ro te in  co m position  o f crude e x tra c t from  calli are p re sen te d  
to  d em o n s tra te  th e  con n ec tio n  be tw een  chrom osom al v a riab ility  and  isoenzym e expression  in 
tis su e  cu ltu re  of sam e source p lan t.

M aterial an d  m ethods

Callus tissues de riv ed  from  a haploid  a lb ino  N . sylvestris p la n t w ere used in  th is  s tu d y . 
A ll tissues were m a in ta in ed  on th e  m edium  d escribed  by  L in s m a ie r  and  S k o o g  (1965) 
en rich ed  w ith  10 mg/1 th ia m in e , 0.1 mg/1 k in e tin  a n d  0.1 mg/1 2,4 d ich lo rophenoxyacetic  acid. 
T h e  cu ltu res were k e p t a t  25 °C in  dark .

The follow ing cito logical techn ique  w as em ployed : fresh pieces of callus tissu e  were 
f ix e d  in F arm er so lu tion  s ta in ed  w ith  ace tocarm ine. A n  N F p K  2 m icroscope w ith  an  M F Zeiss 
c am era  was used  to  m ake  m icrophotographs.

Crude e x tra c ts  o f calli were p rep ared  fo r e lectrophoresis and  electrofocusing.
Tissue sam ples w ere e x tra c te d  w ith  th ree  vo lum e of 0.04 M T ris-H C l buffer p H  7.8, 

co n ta in in g  5 mM d ith io th re ito l, 5 mM 2 -m ercap to e th an o l, 0.01 M MgCl2, 0.25 mM  E D T A  
a n d  0.4 M sucrose. T he e x tra c ts  were su b seq u e n tly  cen trifuged  for 20 m in  a t 5000 X g a t 
2—5 °C and th e  s u p e rn a ta n t  was used for e lectrophoresis. The p ro te in  c o n te n t of sam ples was 
m easu red  according to  th e  m eth o d  of B r a d f o r d  (1976).

A liquots w ith  equal p ro te in  co n cen tra tio n s w ere sep ara ted  on 6%  po ly acry lam id e  gels 
( D a v i s  1964) an d  s ta in e d  for enzym e-specific reac tio n s. The reac tio n  m ix tu re  for g lucose-6- 
p h o sp h a te  dehydrogenase  (G 6PD ) contained  0.05 M T ris-H C l b u ffer p H  7.5, 4 mM  MgCl2, 
2 mM  glucose-6-p h o sp h a te , 0.15 mM N A D P + , 0.2 m g/m l p -n itro te trazo liu in  blue, 0.05 m g/in l 
p h en az in e  m eth o su lp h a te . L eucine am in o p ep tid ase  (L A P ) izoenzym es were s ta in ed  acco rd ing  
to  B r e w b a k e r  e t al. (1968). E sterases w ere se p a ra te d  on an  8 .5%  p o lyacry lam ide  gel, 
w h ich  was p rep ared  b y  m o d ifica tio n  of th e  D a v i s  system . C om ponents o f th e  gel b u ffe r  w ere 
48.0 m l 1 n  HC1, 6.55 g T R IS , and  0.46 m l T E M E D  in 100 ml stock  so lu tion . E lec tro d e  buffer 
co n ta in ed  5.52 g d ie th y lb a rb itu r ic  acid and 1.0 g T R IS  in  1000 m l, p H  7.0. E ste ra se s  were 
s ta in e d  according to  S c a n d a l i o s  (1969). P e ro x id ase  izoenzym es w ere ex tra c te d  w ith  0.1 M 
T R IS-H C 1 p H  8.0 w hich  con ta ined  0 .1%  cy ste in e  hydroch loride  an d  0 .1%  ascorb ic  acid. 
A fte r  c en trifu g a tio n  th e  su p e rn a ta n t was se p a ra te d  on  a v e rtica l g ra d ie n t (7—1 5 % ) p o ly ­
acry lam ide  gel an d  th e  peroxidases} were th e n  v isua lized  by  th e  m eth o d  of M c D o n a l d  e t al. 
(1972). Soluble p ro te in s  fro m  th e  tissues w ere an a ly sed  by  isoelectric  focusing in  a  v e rtic a l 
cy lin d rica l p o lyacry lam ide  gel using  th e  2 .5%  (v /v ) am pholine 3 .5 -10  p H  range ( W r i g l e y  

1968). P ro te ins w ere s ta in e d  w ith  Coomassie b r ill ia n t blue R-250.

E xperim ental resu lts

Callus tissu es w ere induced  from  leaves o f th e  haploid  a lbino m u ta n t  of N ico tiana  
sylvestris. N ine subcalli w ere cu ltiv a ted  in a s te a d y  non-reg en era ted  fo rm  (X l9 X 2, X 3, X 5, X 7, 
X jj , X j2? X 13 an d  X]<)).

The c h a rac te ris tic  v a r ia b ili ty  of k a ry o ty p e s  is show n in F ig . 1. H aplo id  (n  =  12), 
d ip lo id  (2n =  24), tr ip lo id  (2n  =  36) and  te tra p lo id  (2n — 48) cells a re  p resen ted  in  th e  p ic­
tu re s  w hich o rig in a ted  from  d ifferen t tissue c u ltu res . Cells o f th e  d ifferen t subcalli w hich 
o rig in a ted  from  th e  h ap lo id  p la n t have  chrom osom e n u m b ers from  12 to  48 (Table 1). E x ce p t 
fo r  th e  X 7 subcalli, th e  freq u en cy  of diploid cells (w ith  24 num ber) w as m uch  higher, th a n  th e  
o th e r  cell ty pes. Several hap lo id  cells were ordy fo u n d  in X 2, X 2 an d  X u  subcalli. A high 
n u m b er of te trap lo id  cells (w ith  48 chrom osom es) w as d em o n s tra ted  in th e  m ark e d ly  slow 
grow ing  X 7 line.

Specific isoenzym e an d  p ro te in  p a tte rn s  fro m  th e  crude e x tra c ts  o f callus lines show  
c h a rac te ris tic  differences. One m ajo r p ro te in  b a n d  (in  m arked  p osition  in Fig. 2) w as ab sen t 
from  th e  X 3 and  X 12 lines.

V ery low leucine am in o p ep tid ase  a c tiv ity  w as de tected  in e x tra c ts  from  X 3 subcallu s 
line . One slow m oving isoform  of X u  cu ltu re  a n d  one fa st m oving isoform  of X 12 w ere ab sen t
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Fig. 1. Som atic chrom osom es of callus lines o rig ina ted  from  N icotiana sylvestris albino m u ta n t  
p la n t. (1. n  =  12, 2. 2n  =  24, 3. 3n =  36, 4. 4n =  48)

Fig. 2. Soluble p ro te in  com position  of callus lines o rig in a ted  from  N ico tiana  sylvestris a lb ino  
m u ta n t  p lan t. Sam ples were se p a ra ted  b y  po lyacry lam ide  gel iso e lectric  focusing in  th e  
presence of am pholine  p H  3 .5-10 (a =  X „  b =  X 2, c =  X 3, d  =  X 5, e =  X 7, f  =  X n ,

g =  X l2, h  = X 13, i =  X „  lines)
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F ig . 3. Z ym ogram  for leu c in e-am in o p ep tid ase  (L A P ) of callus lines o rig in a ted  N icotiana  
sylvestris a lb ino  m u ta n t  p la n t  (a—i see Fig. 2)

F ig . 4. G lucose-6-phosphate deh y d ro g en ase  isoenzym es of th e  e x tra c ts  o f callus lines orig 
in a ted  from  N icotiana  sylvestris a lb ino  m u ta n t p lan t (a—i see F ig. 2)

- t - a b c d e  f g h i
F ig . 5. E sterase  isoenzym es in e x tra c ts  o f callu s lines o rig inated  fro m  N icotiana sy lvesliis

a lb ino  m u ta n t p la n t  (a—i see Fig. 2)
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F ig. 6. Peroxidase isoenzym es in e x tra c ts  o f callus lines o r ig in a ted  from  N icotiana sylvestris
albino m u ta n t  p la n t (a—i see F ig . 2)

(Fig. 3). Three ty p e s  o f G6PD  isoenzym e p a tte rn  w ere fo u n d , w hich  con ta ined  one, tw o  or 
th re e  active  bands.

T rip le-banded  ty p e s  were show n in  th e  e x tra c ts  o f X 7 a n d  X u  subcallus lines. T w o 
a c tiv e  isoforms w ere d e m o n s tra ted  in c u ltu re s  o f X 3, X 5, X I3 an d  X 19 line. O ne-banded  p a t ­
te rn s  were specific o f  X j ,  X 2 and X 12 subcalli (Fig. 4).

The slow m o v in g  esterases of v a rio u s subcalli w ere co m p le te ly  m issing, b u t m o st o f th e  
v a ria b ility  was c o n n ec te d  w ith  q u a n ti ta t iv e  differences in  b a n d  in ten sity . F as t-m o v in g  
esterases were b e tte r  s e p a ra te d  and four o n e-b an d ed  (X t, X 3, X 5, X 12) an d  five do u b le-b an d ed  
(X 2, X ,, X u , X 13, X 19) fo rm s were d e tec ted  (Fig. 5).

One type  of p e ro x id ase  isoenzym e (in  m ark ed  p o s itio n  of Fig. 6) was u n d e te c ta b le  in  
X 19 lines and it was p re se n t in  very low a c tiv ity  in X t, X 7 subcalli.

Discussion

Callus cu ltu re s  o f  Nicotiana sylvestris  w hich  w ere form ed from  a s tab le  
hap lo id  albino p la n t  show ed differences in ch rom osom e num ber and  of iso ­
enzym e and  p ro te in  p a tte rn s . T he d ifferences w ere m an ifested  in  fo rm a tio n  
o f d iploid, po lyp lo id  a n d  aneuplo id  cells and  also b y  q u a lita tiv e  and  q u a n ti­
ta t iv e  differences in  th e  isoenzym e an d  p ro te in  co m position  of crude tissu e  
e x tra c ts .

V ariab ility  o f  chrom osom e n u m b e r is w ell k n o w n  from  th e  l i te ra tu re  
concern ing  cell c u ltu re , tissue and re g e n e ra te d  fo rm s o f N ico tiana  species a n d  
h y b rid s . G reatly  v a r ia b le  chrom osom e num bers h av e  been  published  re g a rd ­
ing  som atic h y b rid  p la n ts  of N . kn igh tiana  an d  N . tabacum  (Malig a  e t al. 
1978). Y ang  (1965) a n d  S mith (1968) suggested  th a t  in  sexual hybrids o f th e  
d iffe ren t N icotiana  species, the  h y b r id ity  an d  h igh  chrom osom e n u m b er 
alone provides a sa tis fa c to ry  ex p la n a tio n  fo r th e  o bserved  chrom osom e
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Table 1

Variability o f  chromosome number in  callus tissue culture, 
obtained fr o m  albino m utant o f  N icotiana sylvestris

2n 12 15 17 18 24 36 48

Callus 1 т е \ ^ num ber o f cells

Х г 7 169 3

X , 1 172 1 l

X 3 l 29 9

X 5 l 2 3 126 3

x 7 14 96

X „ 3 6 6 55 1

x 12 8 84 3

X ,3 4 30 5

Xj9 7 3

Total 11 7 8 16 686 4 121

8 5 3  ^
0 /

1 .28 0.82 0 .9 3 1.87 80 .42 0 .4 6 1 4 .1 8

in s ta b il i ty . R ecen tly , sp o n tan eo u s p o ly p lo id y  an d  an eup lo idy  w ere observed  
in  ca llu s cu ltu res o f H ordeum  vulgare, H ordeum  ju ba tum , a n d  th e ir  in te r ­
specific  h y b rid  (Orto n  1980). The o b se rv a tio n  of v ariab le  ch rom osom e n u m b er 
in  tis su e  cu ltu res of th e se  species sugg ested  th a t  genom e in te ra c tio n s  w ere no t 
resp o n sib le  for ch rom osom al v a ria b ility  in  h y b rid  tissue cu ltu re s . C hrom osom al 
v a r ia b il i ty  was sp o n tan eo u sly  g en era ted  as a consequence o f th e  in te ra c tio n  
o f  e x p la n t w ith  c u ltu re  condition . T he degree and  e x te n t o f p o ly p lo id y  in an 
in  v i tro  cu ltu re  te n d  to  increase p rog ressive ly  w ith  in c reasin g  age of th e  
p r im a ry  ex p lan t or ca llu s or un d er p a r t ic u la r  ho rm onal reg im es (M elc h ers  
a n d  B e r g m a n n  1958, M u r a sh ig e , N a k a n o  1967, B e n n ic i e t al. 1971). Two 
p h en o m en a  have been  observed  to  p ro d u ce  polyp lo idy  in  p ro life ra tin g  cell and  
tis su e  cu ltu res. I t  h as  been  shown t h a t  som e cells m ay  u n d erg o  one or tw o 
a d d itio n a l en do-redup lica tion  cycles d u rin g  cu ltu re  (B e n n ic i e t al. 1968, 
D e v r e u x  et al. 1971). A n im p o rta n t m echan ism  of p o ly p lo id isa tio n  in  v itro  
a p p e a rs  to  he re s t i tu t io n  nucleus fo rm a tio n  due to  sp indle  fa ilu re  an d  chro ­
m osom e lagging a t  a n a p h a se  (B a y l is s  1973).

A neuplo idy  also orig inates d u rin g  in  v itro  cu ltu re , as c learly  show n b y  a 
p ro g ressive  increase in  frequency  a n d  e x te n t of an eu p lo id y  w ith  increasing  
age o f  th e  cu ltu res  o f  d ifferent p la n t  species (T o r r e y  1967, M u r a sh ig e , 
N a k a n o  1965, 1967). A n im p o rta n t o b se rv a tio n  is th e  dependence  o f degree

Acta Botanica Hungarica 29, 1983



CHROMOSOMAL AND ISOENZYME VARIABILITY 73

and ex te n t o f  a n eu p lo id y  on th e  organ  from  w hich  ex p ia n ts  are tak en  (S h im a d a  
1971, Y am ada  e t al. 1967).

N on-ran dom  selection  o f  p articu lar ch rom osom es w as ob served  b y  Sin g h  
et al. (1972) in  Vicia hajastana  cu ltu red  in v itro .

This s tu d y  d em o n stra ted  th e  a tte n u a tio n  of h a p lo id y  in  callus cu ltu res  
o rig inated  from  a stab le  haploid  a lb ino  p la n t of N icotiana  sylvestris. C ytological 
analysis suggests a higher s ta b il i ty  o f d iploid s ta te , how ever th e  presence of 
polyplo id  and  aneup lo id  cells d em o n stra te s  a k aryo log ica l in s ta b ility  in the  
tissu e  cu ltu res. T h is in stab ility  d id  n o t o rig inate  from  th e  p a re n t p lan ts , it  was 
g enera ted  as a consequence of c u ltu re  condition . The v a r ia b ili ty  o f chrom osom e 
n u m b er was fo u n d  to  be asso c ia ted  w ith  v a ria b ility  o f p ro te in  a n d  isoenzym e 
p a tte rn s . In c reased  activ ities o f  isoenzym es of esterase  a n d  a sp a r ta te  am ino­
tran sfe rase  w ere p roved  by  O r t o n  (1980) in  H ordeum  a u to te tra p lo id s , as 
com pared  to  d ip lo ids. Ill our e x p e rim e n ts  q u a n tita tiv e  v a r ia b ili ty  was found  
in  th e  a c tiv ity  o f  leucine am in o p ep tid a se  and  esterase  isoenzym es. This d if­
ference suggests a chrom osom e dose dependen t isoenzym e expression  in cu l­
tu re s . The absence o f some so lub le  p ro te in  m olecules, p ero x id ase , esterase, 
g lucose-6 -phosphate  dehydrogenase  and  leucine am in o p ep tid ase  isoform s m ay 
be connected  w ith  d ifferen tial gene expression or n o n -ran d o m  chrom osom e 
elim ination  in an eu p lo id  cell lines o rig in a ted  from  a n o n -v ariab le  hap lo id  p la n t.
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MORFOLOGIA DEL POLEN 
DE LAS ESPECIES CUBANAS 

DE GYMNOSPERMAS

L. S t u c h l i c k 1 y  M i l a g r o s  M o n c a d a 2
» IN S T I T U T O  D E  B O T Á N IC A , A C A D E M I A  D E  C IE N C IA S  D E  P O L O N I A , C R A C O V IA , P O L O N I A  

* I N S T I T U T O  D E  B O T Á N IC A , A C A D E M I A  D E  C IE N C IA S  D E  C U B A , L A  H A B A N A , C U B A

(R ecib id o : 1 N oviem bre 1982)

P o llen  m orphology o f 13 species belonging to  th e  G ym nosperins rep re sen ted  in 
Cuba correspond ing  to  th e  g en era : Z am ia , M icrocycas, Podocarpus, P in u s  an d  J u n i-  
perus is described . In  th e  g en u s Podocarpus tw o ty p e s  o f pollen grains can  be  d is­
tingu ished , t h a t  suggest th e  ex is ten ce  of no t m ore th a n  tw o species or species group  
in  Cuba. Also in  th e  C uban species of the  genus P in u s  a re  found  some differences in  
size as in  th e  p a t te rn  of th e  re ticu lu m .

Introducción

Con esta p u b licac ió n  com enzam os varios trab a jo s  que  conciernen a la m orfología de 
po len  de d iferentes p la n ta s  cubanas, con el objeto  de v iab iliz a r  e stud ios que se d e sa rro lla rán  
ten iendo  como base  la  palinología. E n  el presen te  tra b a jo  se describen  los tip o s de g ranos 
de polen en las G im nosperm as c u b an as . E l conocim iento de  é s tas  y  o tras  e s tru c tu ra s  p e r­
m itirá  a sen tar las b ases p a ra  los e s tu d io s  geobotánicos, tax o n ó m ico s , paleobo tán icos y  geo­
lógicos.

E n la a c tu a lid a d , en lo que re sp e c ta  a los G im nosperm as, no hay  u n a  un ifo rm id ad  de 
criterios en re lación  a  algunos ta x a , u n  ejem plo de ello es el caso del género Z am ia  en C uba, 
y  en general p a ra  L as A ntillas, deb ido  esto , p robab lem en te  a la  v a riab ilid ad  de las especies. 
P o r  lo que, al rea liza r  e s ta  investigación  hem os decidido confeccionarla  ten iendo  en c u en ta  el 
p rob lem a de la n o m en c la tu ra  para  las especies cubanas.

E n  los años rec ien tes , los tra b a jo s  acerca  de la h is to ria  de la  vegetación  y especialm ente  
aquellos que conciernen  al C uaternario  y  Terciario  se v an  in c rem en tan d o  cada vez m ás en 
m uchos países, en  el n u e stro  p rá c tic a m e n te  no existen , pues la  fa lta  de un  estudio  de la  m o r­
fología de los granos de polen  de las G im nosperm as y A ngiosperm as, así como, el de las esporas 
de heléchos, ha  im p o sib ilitad o  este tip o  de investigación. S in  em bargo , es b ien  conocida la  
im p o rtan c ia  de las G im nosperm as en los estud ios de p a le o b o tán ica , paleoecología y  geología. 
E s ta s  investigaciones se c o n tin u a rán  con  o tros grupos de p la n ta s  de la flora de C uba, con el 
f in  de realizar un  a tla s  de polen.

M ateriales y métodos

Se utilizó m a te ria l  de polen fresco  colectado en el cam po , así como, el ex tra íd o  del 
H e rb ario  del In s t i tu to  de  B otán ica  de la  A cadem ia de C iencias de C uba (НАС). Las m u es tra s  
fu e ro n  procesadas seg ú n  la técnica de  E r d t m a n  (1943, 1966), de A cetolisis y  C lorinación, 
y  m o n tad as en ge la tina-g licerina  con p a ra f in a  alrededor. L a  term ino log ía  usad a  p rin c ip a l­
m en te  ha  sido la de E r d t m a n  (1966). E n  algunos casos se u tilizó  la term inología in tro d u c id a
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por F a e g r i  e t I v e r s e n  (1964). L a  observac ión  de la  m orfología del grano de p o len  se realizó 
m ed ian te  u n  m icroscopio ó p tico , A m pliva l Carl Zeiss con ocular de P K  10 X y  o b je tiv o  plano 
acro m ático  40 X , inm ersión 100 X . Las m ediciones acerca  de la  e s tru c tu ra  f in a  de las m em b ra­
nas del g ran o  de polen se h ic ie ro n  con el o b je tiv o  de inm ersión  y  el to rn illo  m icrom étrico  
MOB 15 X . L as fotografías con el scann ing  se rea liza ro n  con m ate ria l p rev iam en te  ace to lizado , 
em pleando  la s  técnicas usuales p a ra  este  tip o  de observación.

R elación  de las especies investigadas

Cycadaceae

1. Z a m ia  k ic k x ii  Miq., C uba, 1930; L eón  14278, НАС
2. Z a m ia  angustifolia  Ja c q .,  C uba, 1864—66; W r i g h t  597, НАС
3. Z a m ia  latifoliolata  P ren le lo u p , C uba, 1948; A l a i n  682 А, НАС
4. Z a m ia  pygm aea  Sims., C uba , 1950; L eón  1703, НАС
5. M icrocycas calocuma (M iq .)  A. DC., C uba, 1974; M o n c a d a  163, НАС

Taxaceae

6. Podocarpus ekm anii U rb a n , C uba, 1950; A l a i n  y A c u n a  5645, НАС
7. Podocarpus angustifolius G riseb ., C uba, 1956; A c u n a  20291 , НАС
8. P odocarpus aristulatus P a r i .,  C uba, 1864—66; W r i g h t  1402, НАС

Pinaceae

9. P in u s  tropicalis M orelet, C uba, 1955; K i l l i p  4 4562 , НАС
10. P in u s  cubensis G riseb . ,  C u b a ,  1946: Cl e m e n t e  5160, НАС
11. P in u s  caribaea M orelet, C uba, 1930; L eó n  14752, НАС
12. P in u s  maestrensis B isse, C uba, 1955; L. F i g u e i r a s  2111, НАС

Cupressaceae

13. J u n ip e ru s  lucayana  B r i t to n ,  C uba, 1974; M o n c a d a  1280, НАС

D escripciones de los granos de polen

Cycadaceae

Z a m ia  k ickx ii. — G ranos de po len  b ila te ra le s , m onocolpados. Oblongos a globosos de 26-35 p m  
de la rg o . E x in a  1.6—2.4 p m  de grosor; e lem en tos de la  colum ela im percep tib les. N ex in a  menos 
de 0.5 p m .  Sexina 1.3—2.1 p m  de grosor. La superficie  ap aren tem en te  con u n a  e scu ltu ra  m uy 
f in a  (L O ), los elem entos i  im percep tib les (L ám . I, 1-4).
Z a m ia  angustifolia. -  G ranos de polen b ila te ra le s , m onocolpados. E líp tico s a globosos de 
29—37 p m  de largo. Los colpos con m em b ran as  p resen tan d o  ondulaciones irregu lares. E x in a  
cerca  de  2.2 pm  de g rosor; e lem entos de co lum ela  im percep tib les. N ex ina  m enos de 0.5 p m  
de g rosor. Sexina 1.6-1 .9  p m  de grosor. L a superficie  con m uy fina  e scu ltu ra  (L O ?), los ele­
m en to s  ¡L im percep tib les (L ám . I, 5—7).
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Z a m ia  latifoliolata. —  G ranos de po len  b ila tera les, m onocolpados. E líp tico s a globosos de 
26 -3 6  ¿¿m de largo. E x in a  cerca de 2.0 ¿/m de grosor, elem entos de la  colum ela im perceptib les. 
N ex in a  m uy fin a  cerca  de 0.5 ¿¿m de grosor. Sexina 1.3—1.6 ¿¿m de grosor. L a  superficie con 
m u y  fin a  escu ltu ra  (L O ?), los e lem entos ±  im percep tib les (L ám . I, 8—11).
Z a m ia  pygmaea. — G ranos de polen  b ila te ra le s , m onocolpados. O blongos a  globosos de 29—35 
¿mi de largo. E x in a  1.9—2.9 //m  de grosor; e lem entos de la colum ela im percep tib les. N exina 
m enos de 0.5 ¿nn de grosor. Sexina 1.5—2.5 fo n  de grosor. L a superficie  del g rano de polen 
con m uy  fina  escu ltu ra . La e s tru c tu ra  com o LO. Los elem entos m enos de 0.5 /u n  de ancho 
(L ám . I I ,  1—4).
M icrocycas calocoma. —  G ranos de po len  b ila te ra les , m onocolpados. Oblongos a globosos de 
22—33 ¿¿m de largo. Los colpos m as b ien  gruesos. M em brana a lred ed o r de los colpos ligera­
m e n te  ondulada. E x in a  2.3-3.3 /u n  de g rosor; elem entos de la colum ela im percep tib les. N exina 
m u y  fina  menos de 0.5 /u n  de grosor. L a  superficie  del te c tu m  con d im in u tas  ondulaciones 
(L ám . I I ,  5-10).

Taxaceae

Podocarpus angustí fo liu s. —  G ranos de po len  b ila tera les, bivesiculados, ocasionalm en te  3 vesi­
cu lad o s h asta  sin vesiculados de 50—69 ¿/m de ancho , com puestos del cuerpo  c en tra l y  dos vesí­
cu las, en ocasiones u n id as h a s ta  fo rm ar u n a  vesícula  a lrededor del cuerpo.

E l cuerpo c en tra l ob lato  de 29—33 X  33—40 /u n  de d iám etro , te c tad o , con u n  lep to m a en 
la  p a r te  distal. E x in a  m ás gruesa en la p a r te  p ro x im al desde 1.7—2.5 ¿¿m de grosor, en la  p a r te  
d is ta l  desde 0.9—1.4 ¿¿m. L a  superficie m ás o m enos lisa h a s ta  con irreg u larm en te  LO modelo. 
T e c tu m  apoyado sobre  las colum elas m u y  fin as  de m enos de 0.5 ш  de d iám etro . L a sexina 
en  el cuerpo ligeram en te  on d u lad a , e sp ecia lm en te  la p a rte  p rox im al. N ex ina  de 0.5 ¿¿m de 
grosor. Las vesículas c ircu lares h a s ta  ovales de 25—43 X  13—24 f im  de d iám etro . L a  ex ina en las 
vesícu las de 1 /im  de g rosor con una  e sc u ltu ra  sem ejan te  a u n  re tícu lo , con los m uros m ás o 
m enos fragm entados de 1 /o n  de grosor. Las lám in as  desde 1—9 ¿¿m de d iám etro  (L ám . 111,1—10). 
Podocarpus aristulatus. —  G ranos de po len  b ila te ra les , b ivesiculados, de 43—50 /m i de ancho, 
com p u esto s del cuerpo cen tra l y  dos vesículas. E l cuerpo cen tra l ob la to  de 21—25 x 2 7 —33 /nn  
de d iám etro , tec tad o , con u n  lep tom a en la  p a r te  d istal.

E x in a  m ás g ru esa  en  la p a r te  p ro x im a l de 2.1 ¿¿m de grosor, en  la p a r te  d is ta l h a s ta  
1.2 ¿nn. Sexina d is tin ta m e n te  ondulada. T ec tu m  apoyado sobre las colum elas m u y  finas de 
m enos de 0.5 ¿/m de d iám e tro . N exina de 0.5 ¿¿m de grosor. V esículas reg u la rm en te  ovales de 
29—31 X  16—22 ¿¿m de d iám e tro . E x in a  con las vesículas m uy finas m enos de 1 ¿¿m de grosor, 
con u n a  escu ltu ra  sem ejan te  a un  re tícu lo , con m uros m uy finos e ir reg u la rm en te  frag m en tad o s 
L ám . IV , 1—5).
Podocarpus ekm anii. —  G ranos de polen b ila te ra le s , b ivesiculados de 56—78 ¿¿m de ancho, 
com p u esto s de un  cuerpo  cen tra l y  dos vesículas. E l cuerpo cen tra l o b la to  h a s ta  c ircu lar desde 
20—32 X  32-37 fim  de d iám e tro , tec tad o , con u n  lep to m a en la p a r te  d ista l. E x in a  m ás gruesa 
en la  p a r te  prox im al h a s ta  2.9 ¿¿m, en la p a r te  d is ta l h a s ta  0.9 ¿¿m. Sex ina d is tin ta m e n te  
o n d u lad a . T ectum  ap o y ad o  sobre colum elas m u y  finas de m enos de 0.5 ¿¿m de d iám etro . 
N ex in a  de 0.5 ¿¿m de grosor. Las vesículas m ás grandes que en las especies an te rio res  de 
31.49 X  17—40 ¿¿m de d iám e tro , u sua lm en te  el dob le  que el cuerpo. E x in a  en  las vesículas m uy 
fin as , m enos de 1 ¿¿m de g rosor con una  e sc u ltu ra  parec ida  a un  re tícu lo , con los m uros a la rg a ­
dos e irregu larm en te  in te rru m p id o s . Las lám in as  desde 1-10 ¿mi de d iám etro  (L ám s. IV —V, 
6- 10).
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Pinaceae

P in u s  tropicalis. — G ranos de  po len  b ila tera les, bivesiculados, de 65-86  ¿un de largo, com ­
p u e sto s  del cuerpo cen tra l y  dos vesículas. E l cuerpo cen tra l gen era lm en te  ob la to  de 32—64 X 
34 -5 0  p m  de diám etro , te c ta d o . E x in a  considerab lem ente  m ás gruesa  en la  p a r te  proxim al 
h a s ta  2.8 pin  en la cim a o c a sq u e te , adelgazándose hacia la p a r te  d is ta l h a s ta  1.5 pm . N exina 
de 0.5 p m  de grosor. La su p e rfic ie  del cuerpo cen tra l verrucosa  h acia  la p a r te  dorsa l y  escabrosa 
en  la  p a r te  ventral. T ec tu m  ap o y ad o  sobre colum elas pequeñas. V esículas globosas h a s ta  
o b lad as  de 3 0 -5 0 x 1 9 —31 p m .  L a  superficie de las vesículas in tra -re tic u la d a s , el d iám etro  de 
las lú m in a s  de 1-6 p m . Los m u ro s  de 0.5—1 p m  de ancho (L ám . "VI, 1—4).
P in u s  cubensis. — G ranos de  po len  b ila te ra les , b ivesiculados de 77—85 ¿un de largo, com ­
p u e sto s  del cuerpo cen tra l y  dos vesículas. E l cuerpo c en tra l o b la to  de 38—62 X 36—42 ¿un de 
d iá m e tro , tec tado . E x in a  m ás  g ru esa  en la  p a r te  p rox im al, h a s ta  3.5 p m  en la  cim a o casquete, 
adelgazándose  hacia la p a r te  d is ta l  h a s ta  2.3 p m .  N exina m ás o m enos de 1 ¿un de grosor. 
L a  superficie  del cuerpo c e n tra l  y  tec tu m  como en P in u s tropicalis. L as vesículas g lobulares 
h a s ta  o v a ladas de 36—50 X 32—36 ¿un de d iám etro . I a superficie  de las vesículas in tra -re ticu la ­
das, el d iám etro  de las lú m in a s  de 1—6 ¿un. Los m uros de 0.6 ¿¿m de ancho  (L ám . V I, 5—6). 
P in u s  caribaea. — G ranos de po len  b ila tera les, b ivesiculados, de 62—87 ¿un de largo, com ­
p u e s to s  del cuerpo cen tra l y  dos vesículas. E l cuerpo cen tra l o b la to  de 54—65 X 27—52 ¿¿m de 
d iá m e tro , tec tado . E x in a  m ás  gruesa  en la p a r te  p rox im al h a s ta  2 ¿un en la  cim a o casquete, 
adelgazándose  hacia la  p a r te  d is ta l  h a s ta  1 ¿un. N exina m enos de 0.5 ¿un de grosor. L a su p er­
ficie  del cuerpo cen tra l y  te c tu m  como en P . tropicalis. V esículas g lobulares h a s ta  o b la tas de 
27—50 X 22-31 ¿un de d iá m e tro . Superficie de las vesículas in tra -re ticu la d as . Las lúm inas de 
1—4 ¿un de diám etro. Los m u ro s  de 0.5 p m  de ancho (L ám . V II , 1-5).
P in u s  maestrensis. —  G ran o s de polen  b ila tera les, b ivesicu lados, de 69—100 ¿un de largo, 
co m p u esto s del cuerpo c e n tra l  y  dos vesículas. E l cuerpo cen tra l o b la to  de 46—7 3 x 4 2 —60 ¿¿m 
de d iám e tro , testado . E x in a  m ás gruesa en la  p a r te  p ro x im al h a s ta  4 ¿un en la  cim a o casquete , 
adelgazándose hacia la  p a r te  d is ta l h a s ta  1.7 p m . N exina m ás o m enos de 0.7 ¿tm de grosor. 
L a  superficie  del cuerpo c e n tra l  y  te c tu m  como en las especies an te rio res . V esículas globulares 
h a s ta  ovales de 42—62 X 34—42 ¿un de d iám etro . Superficie  de las vesícu las in tra -re ticu lad a . 
L as lúm inas de 1—5 ¿un de d iám e tro . Los m uros de 0.7 ¿un de ancho (L ám . V II I ,  1—4).

Cupressaceae

J u n ip e ru s  lucayana. —  G ran o s de po len  in ap e rtu ra d o s  h a s ta  m o n o lep tad o s (m icroleptados), 
in te c ta d o s , esferoidales h a s ta  ovalados de 19—31 ¿un de d iám etro . E x in a  1 ¿un de grosor. 
S ex in a  m ás gruesa que la  n e x in a . L a superficie de la ex ina  p silad a  con a lgunas escrobículas 
(L ám . V II, 6-8).

Discusión y conclusiones

El estudio palino lóg ico  de las g im nosperm as de C uba h a  ap o rtad o  los 
sigu ien tes re su ltad o s:

1. No ex is ten  g ran d es  diferencias e n tre  los granos de po len  de las c u a tro  
especies del género Z a m ia . Los granos de po len  pe rten ecen  a un  tip o  m o r­
fológico. S olam ente los elem entos de la  superfic ie  de los granos de Z a m ia  
pygm aea  y  Z . k ic k x ii  son  u n  poco d istin to s  que los de las o tra s  especies.
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E n  la  F lo ra  de Cuba, L eón  (1946), ex is ten  ac tu a lm en te  ocho especies 
del género Z a m ia .  E n  el S up lem en to  de la  F lo ra  de Cuba, A l a in  (1969) m en ­
ciona  cu a tro  especies de las re p o rta d a s  p o r S ch u s t e r  en 1932. R e a d  (1967), 
en  u n  estud io  acerca  de las C ycadaceae de Las A ntillas y  La F lo rid a  h a  tr a ta d o  
de se p a ra r  la s  especies cu b an as, de las c itad as  por L eón  (1946). P o r  esta  
ra z ó n  hem os e s tu d iad o  la  m orfología de polen del género de las especies que 
en co n tram o s en  el H erbario  con b u en  m a te ria l polinífero.

2. M icrocycas calocoma p e rten ece  a un  solo tip o  de grano de po len  que se 
d iferencia  del tip o  de Zam ia  p o r p re se n ta r  la  ex ina  m ás gruesa y  ondu lación  
en  la  m e m b ra n a  de los colpos.

3. D en tro  de los granos de po len  de Podocarpus se pueden  d is tin g u ir  dos 
tip o s . U no p e rten ece  a Podocarpus angustifo lius  y  P . aristulatus, el segundo 
tip o  co rresp o n d e  a Podocarpus ekm an ii. E s to  puede sugerir que so lam en te  se 
e n c u e n tra n  en  C uba dos especies o dos grupos de especies del género. S t a s z k ie - 
W icz (com unicación  personal) confirm ó  la posib ilidad  de esta d iv isión. E r d t m a n  
(1965), es tu d ió  la  m orfología de los g ranos de po len  de dos especies c u b a n a s  de 
Podocarpus, de m odo que, n u es tro s  re su ltad o s concuerdan  con los ha llados 
p o r él. E l tip o  angustifo lius  re p re se n ta  po len  cuyo cuerpo es m ás o m enos del 
m ism o ta m a ñ o  que  las vesícu las; el tip o  ekm an ii tien e  el cuerpo m ás pequeño  
en  co m p arac ió n  con las vesícu las, ellas son dos veces el tam añ o  del cuerpo .

P o r o tra  p a r te , so lam ente en  el tip o  angustifo lius  se pueden  e n c o n tra r  
g ran o s de po len  b ivesicu lados h a s ta  sin vesicu lados.

Sólo en el tip o  ekm anii se en co n tró  u n  cuerpo esferoidal; el o tro  t ip o  tiene  
siem pre  cuerpo  o b la to  h a s ta  o b la to -esfero idal. E l tip o  ekm anii t ie n e  la  ex ina 
de la  p a r te  d is ta l  m ás fin a  (m enos de 1 pm ) que el tip o  angustifo lius  (h a s ta  
1.9 pm ).

E x is te n  ta m b ié n  algunos ca rac te re s  d iferen tes den tro  de las especies del 
tip o  angustifo lius. L a  exina en Podocarpus angustifo lius  es lig e ram en te  o n d u ­
la d a , en las especies de P. aristu la tus  la  ex ina es d is tin tam en te  o n d u lad a .

4. L a m orfo logía  de los g ran o s de polen de las especies c u b a n a s  del 
género  P in u s  es m u y  uniform e y  pe rten ece  a u n  solo tipo . No o b s ta n te , h a y  
c ie rto s  ca rac te re s  com o el ta m a ñ o , la  fo rm a del cuerpo  y  las d iferencias en  las 
d im ensiones del re tícu lo  que p e rm ite n  d is tin g u ir las especies e s tu d iad as .

P . cubensis y  P . maestrensis p re se n ta n  granos de polen con el cuerpo  
c e n tra l siem pre o b la to  h a s ta  ob la to -esfero idales, con las vesículas m as b ien  
g ran d es. P . caribaea y  P. tropicalis tien en  el cuerpo  cen tra l esfero idal h a s ta  
o b la to -esfe ro id ales , y  las vesícu las de m enor ta m a ñ o .

L a ex ina  de la  p a rte  p ro x im al en P . cubensis y  P . maestrensis es m ás 
g ruesa  (cerca de 4 pm ) que en las o tra s  dos especies (m enos de 3 pm ). Sin 
em bargo  en la  p a r te  d ista l, P. caribaea tiene  la  ex ina  m ás fin a  (1 pm ) que 
P . tropicalis  (1.5 pm ) acercándose al g rosor que p re sen tan  las dos especies de 
la  p a r te  O rien ta l de la  Isla . P o r o tro  lad o , la  e s tru c tu ra  in tra -re tic u la d a  de las

i
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vesícu las en P. tropica lis , P . cubensis y  P . m aestrensis  p resen tan  el m ism o 
grosor en  las lám inas y  m u ro s. Las lám in as  de 1—6 p m  de d iám etro ; m uros de 
6 .5—1 p m  de ancho. P . caribaea tiene  lám in as de 1—4 p m  de d iám etro  y  m uros 
de 0.5 p m  de ancho.

Se en cu en tran  ad em ás o tros ca rac teres  que  d iferencian  a P. cubensis y 
P. m aestrensis. Los g ran o s de polen de P. m aestrensis  son de m ay o r tam añ o  
que  los de P . cubensis, así com o tam b ién  las vesícu las  son m ás g randes, a lcan ­
zando  casi el tam añ o  del cuerpo .

E n  P . caribaea y  P . tropicalis los granos de polen  son m ás o m enos del 
m ism o tam añ o  y  en am b as  especies las vesícu las son m ás pequeñas en com ­
p a rac ió n  con las de P . cubensis y P. maestrensis.

R E C O N O C IM IE N T O

D am os las gracias a los com pañeros del D p to . de S istem ática  y  B o tán ica  E s tru c tu ra l 
po r las sugerencias rea lizad as en  el m anuscrito  y  a E sp e ran z a  S a l a s  por to d a  la p rep arac ió n  
téc n ica  de  este  trab a jo .
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Lámina 1

1. Z a m ia  k ickx ii  M iq., SEM -3200 X 
2—4. Z . k ickx ii  M iq., 1000 X 
5—7. Z . angustifolia  J a c q .,  1000 X 
8—9. Z . latifoliolata P ren le lo u p , 1000 X

10. Z . latifoliolata P ren le lo u p , lado d ista l, SEM -3200 X
11. Z . latifoliolata P ren le lo u p , lado prox im al, SEM -3200 X

Lámina 2

1—3. Z a m ia  pygm aea  S im s., 1000 X
4. Z . pygmaea  S im s., lad o  p rox im al, SEM -3200 X 

5—8. M icrocycas calocoma (M iq.) A. DC., 1000 X
9. M . calocoma (M iq.) A. DC., lado d is ta l, SEM -3200 X

10. M . calocoma (M iq.) A. DC., lado prox im al. SEM -3200 X

Lámina 3

1—10. Podocarpus angustifo lius  Griseb.,
1—6. y  9—10. D iferen tes g ranos de polen, 1000 X 
7 -8 .  F ragm en tos del cu erpo , 2000 X
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Lámina 4

1—5. Podocarpus aristulatus P arí., 1000 X
6. P. ekm anii U rb an , 1000 X
7. P . ekm anii U rb an , fragm ento  del cuerpo  y  u n a  vesícula, 2000 X 

8—10. P . ekm anii U rb an , la e scu lp tu ra  del cuerpo , 2000 X

Lámina 5

1—8. Podocarpus ekm an ii U rban
1—2. y  4—5. G ranos de polen  en d iferen tes posiciones, 1000 X 

3. F rag m en to  del m argen  del cuerpo , 2000 X 
6—7. La escu lp tu ra  del cuerpo, 2000 X

8. F rag m en to  de la vesícula y  cuerpo  d o n d e  se unen , 2000 X

Lámina 6

1-4 . P in u s tropicalis M orelet
1—3. D iferentes g ranos de polen, 1000 X

4. F rag m en to  del m argen  del cuerpo , 2000 X 
5—6. P in u s cubensis G riseb., 1000 X

Lámina 7

1— 5. P in u s caribaea M orelet
1. y  4—5. D iferen tes granos de polen, 1000 X

2— 3. F rag m en to s del cuerpo, 2000 X 
6—8. Jun ip eru s lucayana  B ritt .,  1000 X

Lámina 8

1—4. P in u s maestrensis Bisse 
1—3. G ranos de po len  en d iferentes v is ta s , 1000 X 

4. F rag m en to  de u n a  vesícula, 2000 X
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Lám ina 1
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Lámina 2
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Lám ina 3
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Lám ina 4
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A COMPENDIUM OF THE MORPHOLOGY 
OF P H Y T O P H T H O R A  CIN  NA MO M I  RANDS 

FROM AUSTRALIA

L. G e r r e t t s o n -Cornell
FORESTRY COMMISSION OF NEW  SOUTH WALES 

(R eceived : 15 Ja n u a ry  1983)

T w en ty  iso lates o f P hytophthora cinnam om i from  vario u s S ta te s  o f A u stra lia  
have been described . All d a ta  h a s  been  used to define w h a t could be reg ard ed  as a 
m orphological p ro to ty p e  of P. c innam om i from  th is  c o u n try .

Phytophthora c innam om i R an d s is a p a th o g en  of w idespread  occurrence a n d  has given 
rise  to  serious concern  in A u stra lia  since i ts  association  w ith  die back  in n a tiv e  fo res ts of 
j a r r a h  (E ucalyptus m arginata  Sm .) w as re p o rte d  ( P o d g e r  et al. 1965). W h a tev e r its  origin, 
P . c innam om i has been  assoc iated  w ith  a g re a t deal of dam age to  fo res ts  in  A u s tra lia  including 
p a tc h  die back  of ra in fo re s t in Q ueensland ; die back  of n a tiv e  eu ca ly p t fo res t in  V ic to ria ; 
a n d  d e a th  o f J a r ra h  fo res t in W estern  A u s tra lia  ( G e r r e t t s o n - C o r n e l l  and  D o w d e n  1979). 
I n  N ew  Sou th  W ales P. c innam om i occurs fro m  th e  Q ueensland to  th e  V ic to rian  b o rd ers  and 
as fa r  in land  as P ark es a n d  N arrom ine . I n  sp ite  of its w ide d is tr ib u tio n  th e  fu n g u s has no t 
b een  found  associated  w ith  any  m ajo r a rea s  o f d e a th  or die back  of fo rest trees. N everthe less 
c o n tin u e d  vigilance is req u ired  because on som e occasions i t  w as fo u n d  asso c ia ted  w ith  sm all 
a rea s  of die back an d  ill-health  o f trees  in  th is  S ta te . R esearch  in to  th e  “ P h y to p h th o ra  p ro b ­
lem ”  in  New S o u th  W ales has generally  show n a com bination  of causes. W herev er disease of 
p la n ts  in  th is  S ta te  w as in v es tig a ted  w h ich  m ig h t have been re la te d  to  th e  p resence of th is  
fu n g u s , o th er conditions w ere also p re sen t w hich  m ig h t have rep re sen ted  e ith e r th e  p r im a ry  or 
th e  secondary  cause of d isorder ( G e r r e t t s o n - C o r n e l l  1979«). H av in g  b riefly  rev iew ed  th e  
s itu a tio n  of P . c innam om i in  A u s tra lia , th e  m o st im p o rta n t m orpholog ical fe a tu re s  o f th is 
species from  th is  co u n try  are h e reu n d e r d escribed  and discussed. T he p re sen t s tu d y  w hich 
h as  been  based on tw e n ty  iso lates reco v ered  from  all S ta tes o f A u s tra lia  excep t th e  N o rth e rn  
T errito rie s , is m ean t to  be a un ified , co m prehensive  descrip tion  of th e  fungus.

Materials and methods

(a) Origin o f cultures

T he orig in  of th e  cu ltu res  o f P hytophthora cinnam om i used  in  th is  s tu d y  are  lis ted  in 
T ab le  1. T heir id e n tity  w as assessed or co n firm ed  by  th e  a u th o r p rio r  to  th e  beg inn ing  of th is  
w ork  by  using th e  keys o f W a t e r h o u s e  (1954, 1963) and F r e z z i  (1950).

(b) M ycelial growth and sporangial fo rm a tio n

T he p re sen t s tu d y  w as carried  o u t o n  co rn  m eal agar and  V-8 ag ar as h e reu n d e r ind ica ted  
Corn m eal agar (CMA) (D ifco, 17 g/1). T h is m edium  is com m only  used  in  Phytophthora  
s tu d ies  and was also used  b y  W a t e r h o u s e  (1963) for her key. O n corn  m eal ag ar m any  
P h y to p h th o ra s  show  a “ coralloid”  ty p e  o f g ro w th  w ith  v ery  scarce aeria l m ycelium  w hich 
enab les a clear v ision  of th e  colony b y  d irec t m icroscopical e x am in a tio n  of th e  cu ltu res 
in  th e  p lates.
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F ig . 1. C hlam ydospores in  c luste rs. X 240

—  2 %  V -8 juice agar, u n c en trifu g e d , p H  4.5—4.6. T h is m ed ium , like CMA, enables a d irec t 
ex am in atio n  of c u ltu re s  u n d e r  th e  m icroscope an d  is also an  o p tim u m  su b s tra tu m  for th e  
p ro d u c tio n  of ch lam y d o sp o res , sporangia and oogonia b y  various Phytophthora  species. 
V -8 agar was found  to  be  th e  b es t to  induce sporangia fo rm atio n  by th e  co ty ledon  m ethod  
( G e r r e t t s o n -C o r n e l l , 1975, 1980). T he only n eg ativ e  aspect in th e  use o f th is m edium  
is th e  fact th a t  i ts  co m p o sitio n  m ay  v a ry , especially  from  one c o u n try  to  ano ther. In  
A u s tra lia  results so fa r  o b ta in e d  w ith  th is  m edium  in d ica te  th a t  its  com position  does no t 
v a ry  m uch.

F o r each iso late on  CMA and  V-8 agar th ree  p la te s  were estab lished , inoculated  cen­
tra l ly  w ith  a disc of a g a r m y ce liu m  se t upside-dow n and  in cu b a ted  in da rk n ess a t  25 ±  1 °C. 
T h e y  w ere exam ined ev ery  2 d ay s for 2 weeks w hen d a ta  w ere collected. A fter th is p re lim inary  
ex am in atio n  cultures were co n tin u o u sly  renew ed for fu r th e r  s tu d y 'o v er a period  of 2—3 m onths 
a n d  checked from  all poss ib le  angles.

Finally , fo rm atio n  o f sp o ran g ia  was ob ta in ed  b y  th e  co ty ledon  m eth o d  ( G e r r e t t s o n - 
C o r n e l l  1975, 1980).

(c) Growth rate in the presence o f  malachite green

Nine isolates ra n d o m ly  selected from  those  of th e  p re sen t s tu d y  w ere te s te d  for g row th 
on  V -8 agar w ith d iffe re n t co n cen tra tio n s o f m alach ite  green. The ex p erim en t was carried  
o u t in trip lica te  and re su lts  were com pared  w ith  those  of th e  con tro ls (V-8 agar w ith o u t 
m alach ite ). The te s t  w as c a rried  ou t a t  25 ±  1 °C, in  da rk n ess over a period  of four days.
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(d) Sexua l organs form ation

To induce form ation  of oogonia, th e  few A1 com patib ility  ty p es  o f th is  in v es tig a tio n  
w ere p a ired  w ith  th e  A2 stra in s , on  2 %  V -8 agar. C ultures were k e p t a t  25 ±  1 °C, in  d a rk ­
ness for tw o  weeks and exam ined every  tw o days. H om othallism  was checked in 1 m o n th  old 
single cu ltu res , inoculated  cen tra lly  in th e  p la te .

(e) Term inology

B l a c k w e l l ’s (1949) te rm in o lo g y  h a s  b e e n  u se d  w ith  som e m in o r  a d d i t io n s  as fo llow s.
— Sw ollen h y p h a . I t  is an h y p h a  or p a r t  o f it, usually  a long segm en t th a t  is m ark ed ly  

en larged . I t  m ay  e ither be u n ifo rm ly  or irreg u larly  enlarged.
—  Coralloid h y pha . Coralloid h y p h ae  are  genera lly  b ranches o f f irs t  and  second o rd er and 

are  irreg u la rly  shaped. A m ycelium  is corallo id  if  i t  is form ed p re v a len tly  of coralloid 
h y p h a e , e ith e r w ith  or w ith o u t sw ollen hy p h ae . Coralloid h y p h ae  m ay  be single in  w hich  
case th ey  m ay  be either a lte rn a te  or o p posite  or be arranged  in  v ertic ils  on th e  bearing  
h y p h a . Coralloid hyphae m ay  also b e a r one and  even m ore sw ellings a n d /o r ch lam ydospores.

—  Sw ellings and  chlam ydospores. A sw elling is a com paratively  sm all p o rtio n  of an  h y p h a  
w hich is m ark ed ly  enlarged to  fo rm  a globose, subglobose, or irreg u larly  shaped  body . 
I t  can  be e ith e r sessile, te rm in a l or in te rc a la ry , single or in c lusters. P. c innam om i, p a r tic ­
u la rly  on V -8 agar, produces b o try o se , th in -w alled , greyish to  yellow -brow nish  sw ellings 
a n d /o r chlam ydospores, e ither globose, subglobose or irregu larly  sh aped . I t  is o ften  d ifficu lt 
to  d is tin g u ish  swellings from  ch lam ydospores because th e  sep tu m  w hich  is a m a jo r c h a r­
ac te ris tic  o f th e  chlam vdospore can  ra re ly  be seen.

F ig . 2. Swellings and ch lam ydospores in  th e  process of subdiv ision . x 6 5 0
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F ig . 3. C hain  of 2 ch lam ydospores. X 640

— “ O ospore p roper.”  I t  is h e re in  defined as th e  cen tra l ro u n d ed  bod y  of th e  whole s tru c tu re  
w hich  has no fu r th e r  v is ib le  d iv id ing  layers w hen  view ed u n d e r tra n s m itte d  ligh t b rig h t 
field  or phase m icroscopy. T he in n erm o st wall w hich  bounds th e  oospore and  w hich shows 
no fu rth e r layers u n d e r th e  sam e conditions as above is re fe rred  to  as th e  “ inner oospore 
w all” . In  the  p resen t w o rk  th e  size referred  to  is th a t  of th e  oospora p roper.

Results and discussion

M ycelium

All isolates of P. c in n a m o m i on CMA produced  a colourless to  w hite m ycelium  su b ­
m erged  in to  the  agar w ith  nil o r very  poor aerial g row th . Colonies on  th is  m edium  were e n tire ly  
or a lm o st entirely  corallo id . H y p h a e  were coenocytic  b u t  becam e se p ta te  w ith  age. The d iam ­
e te r  o f th e  regular hyp h ae  w as of ca 6—9 fun.

Swellings were fo rm ed  a n d  were te rm in a l or sessile, sparse  or in  clusters. C hlam ydo­
spores were only form ed in  som e stra in s  and occurred  singly or in g roups of up to  10—15. 
T h ey  were p a rticu la rly  a b u n d a n t  in certa in  s tra in s  such  as D A R  37637, D A R 37651, D A R  
37656 and 6253. N e ith e r sp o ran g ia  nor organs o f fusion  were form ed on CMA.
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On V -8 agar th e  aeria l m ycelium  w as s lig h tly  m ore a b u n d a n t th a n  on CMA b u t  still 
v e ry  poor. I t  was w hite, lanose and com posed m o stly  o f hyp h ae  o f un iform  d iam e te r, coeno- 
cy tic  a n d  la te r  sep ta te , o f ca. 5—8 fun  in  d iam ete r. C oralloid h y p h ae  were p re sen t b u t  n o t as 
m u ch  as on  CMA. The colony w as generally  ra d ia te  an d  of even te x tu re . All iso lates o f P. cin- 
nam om i form ed a b u n d a n t bo try o se , yellow ish-brow nish  or greyish-yellow ish  th in  w alled 
( <  1—2 /im ) swellings and  ch lam ydospores on th is  m edium  (Fig. 1). On one occasion how ever 
a  n e t-like  ty p e  of con fig u ra tio n  was observed  inside one of these  large  groups. I t  w as clearly  
o bserved  to  have o rig in a ted  by  p ro life ra tio n  from  each single sw elling or ch lam ydospore  
r a th e r  th a n  being an  en la rg em en t a t  m ore or less reg u la r in te rv a ls  o f th e  sam e h y p h a  ( G e r - 

r e t t s o n - C o r n e l l  1980). C hlam ydospores w ere m o stly  spherical, an d  born  a t  th e  a p ex  of a 
s ta lk  w hich  v aried  in  len g th  from  a few to  ca. 130 /ш .

A  few  in te rca la ry  sw ellings were observed  in nine iso lates. One iso late , D A R  37635, 
d id  n o t  alw ays produce ch lam ydospores. One iso la te  (No. 8) also show ed an in te res tin g  p h e ­
nom enon . T he swelling w hich  seem ed destined  to  becom e a ch lam ydospore  sh ru n k  in  one or 
tw o  p o in ts  th u s  form ing w h a t ap p eared  to  be th e  in itia l of a sep a ra tin g  sep tu m  (Fig. 2). 
I n  th is  w ay , sm all chains o f tw o  ch lam ydospores were form ed (F igs 3, 4). This p h en om enon  
w as also observed in a few  o th e r  s tra in s , especially  No. 93 b u t  to  fa r less an  e x te n t  th a n  
in  No. 8.

In  T able  2 th e  size o f  50 ch lam ydospores o f each s tra in  on V -8 ag ar is rep o rted .
N e ith e r sporangia no r sexual organs w ere fo rm ed on V-8 agar.

Fig. 4. Chains of 2 ch lam ydospores. X 260
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#

*

Fig. 5. S porangia  a t  th e  edge of co ty ledons. X 280

Sporangia

As regards th e  fo rm a tio n  of sporangia  by  the  co ty ledon  m eth o d , th e y  were p ro d u ced  
a b u n d a n tly  by  all s tra in s , b o th  a t  th e  edge of co ty ledons (F igs 5, 6) and th e  su rround ing  agar. 
S p o ran g ia  were form ed a t th e  ap ex  of a sporangiophore  t h a t  could v a ry  from  a few to  400 ^ m  
in len g th . The d iam ete r o f th e  spo rophore  w hich w as m ore freq u en tly  u n b ran ch ed , was 4—7 p m .  
S y m p o d ial b ran ch in g  of th e  spo rophore  was also o bserved  (Table 3) ex cep t in  isolates N os 103, 
3477, SC50. I t  occurred  im m ed ia te ly  below th e  spo rang ium . B o th  th e  ex ten d ed  and  nested  
(F ig . 7) p ro life ra tion  of th e  sporangiophore  were observed . H ow ever th e  la t te r  ty p e  was never 
show n  by  isolate 3477.

Sporangia w ere non  p a p illa te  ( x < 3  /ш )  an d  h ad  a wide pore ( x >  7 /an). T h ey  were 
no n -p ed ic illa te  (pedicel len g th  =  ca. 2.5 /лт) an d  generally  non-deciduous. H ow ever a few 
iso la tes (D A R  37637, D A R  37651, D A R  37656), u p o n  vigorous h an d sh ak in g  for 1—2 m in u te s  
show ed th e  d e tach m en t o f up  to  50%  of th e  spo ran g ia  from  th e ir  s ta lk  a t  p o in ts  3 to  250 f i m  
from  th e  base of th e  sp o ran g iu m . T h a t is, th e  len g th  of th e  s ta lk  a tta c h e d  to  th e  spo rang ium  
v a rie d  considerably . B ecause a P h y to p h th o ra  species is “ considered caducous only if a c e rta in  
p e rcen tag e  of sporangia  are d e tach ed  a t  m a tu r i ty  a n d  if  de tach ed  sporang ia  carry  a pedicel 
o f  u n ifo rm  len g th ” ( A l - I I e d a i t h y  and T s a o  1979), in  th is  sense th e  spo rang ia  of th e  iso lates
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m en tio n ed  above are  to  be regarded  as non-caducous. O nly a few sporangia  w ere a b s tr ic te d  
from  th e  spo rang iophore  in still cu ltu res .

W ith  reg ard  to  th e  shape of th e  spo ran g ia , th e y  were m ore freq u en tly  b ro a d ly  ovoid , 
ellipsoid, lim oniform  an d  even o b p y rifo rm . T h ey  w ere sy m m etrica l or sligh tly  a sy m m etrica l 
w ith  th e  apex  m ore or less p ro tru d in g , th e  m em b ran e  a t  tim es fo rm ing  a s tru c tu re  rem in iscen t 
o f a cap above th e  ap ex  ( G e r r e t t s o n - C o r n e l l  an d  L i n d  1 9 8 1 ) .  S porangial p o ly m o rp h ism  
w as m ore acc en tu a te d  in  some isolates th a n  o th ers  an d  even  m ore in  spo rang ia  o f second a n d  
th ird  fo rm ation .

F in a lly , in  T ab le  4 th e  dim ensions o f th e  sp o ran g ia  of each  iso late o f P. c innam om i a re  
co lla ted . B oth  th e  d irec t and ind irect ty p e  o f sp o rang ial g e rm ination  were observed. U n d e r 
th e  conditions o f ex p erim en t th e  in d ire c t ty p e  (i.e. b y  zoospores) occurred  m ore freq u e n tly . 
T he d irec t ty p e  (i.e. b y  one or m ore h y p h a e )  was observed  b o th  in v acu o la ted  an d  non- 
v acu o la ted  sporang ia . As a lready  p o in te d  o u t for P. cryptogea ( G e r r e t t s o n -C o r n e l l  1 9 7 9 6 ) ,  

sporang ia  o f P . c innam om i w ith  one or m ore vacuoles germ in ated  by  germ  tu b e ; th e y  w ere 
nev er seen to  fo rm  zoospores. This fa c t cou ld  have  som e im p o rta n t repercussions in  th e  field , 
on th e  p a th o g en ic ity  o f th e  fungus. In  fa c t, d epend ing  on w hich ty p e  of spo rang ial g e rm in a ­
tio n  prevails , th e  degree of infection  b y  th e  fu n g u s could  be d ifferen t. W hen  zoospores w ere 
fo rm ed  w ith in  th e  spo rang ium , th ey  w ere expelled  singly , in  rap id  succession. A lte rn a tiv e ly , 
th e  spo rang ium  expelled  th e  whole p ro to p la sm  and  th is  broke in to  single u n its  im m ed ia te ly  
a f te r  release. Also, b u t  less freq u en tly , th e  p ro to p la sm  w as held  a t  th e  m o u th  of th e  sp o ran g iu m

Fig. 6. Sporangium a t the edge of cotyledon. X  620
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F ig . 7. “ N ested” ty p e  o f sporangiophore. X 560

for a few seconds; from  th is , sm all portions o f p ro to p la sm  se p a ra ted  in regu lar succession and 
gave rise to  one or even  tw o  zoospores.

Zoospores w ere m o tile , 10-19 /on  long; e n cy s ted , 8—15 g m . T h ey  g e rm in a ted  b y  one 
an d  even tw o germ  tu b es  w ith in  2-3 h a fte r  en cy stin g .

M alachite green test

R esu lts o f th is  te s t  a re  collated in T ab le  5.
Two of th e  n ine  s tra in s  tes ted  show ed som e a b ility  to  u tilize m alach ite  g reen  a t  con­

c en tra tio n s  of up  to  1 : 2 000 000 (Table 5). All o th e r  s tra in s  were p rac tica lly  in h ib ited  by  t h a t  
c o n cen tra tio n . T h ey  show ed nonetheless som e g ro w th  a t 1 : 4  000 000 level. All iso lates o f 
P h y to p h th o ra  show ed m o d e ra te  grow th b u t  a lw ay s s ign ifican tly  (P  0.01) less th a n  th e  con tro ls, 
a t  low er co n cen tra tio n s o f m alach ite  green in  th e  m edium .

Oogonia form ation

N one of th e  s tra in s  of th e  p resen t s tu d y  w as fo u n d  to  be hom othallic , u n d e r th e  con­
d itio n s  o f exp erim en t. T h e  organs of fusion w ere  a lw ays form ed h e te ro tha llica lly . T he oogonium
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was a lm ost p e rfec tly  spherical. T he average size w as 43 p m  w hereas i ts  d im ensions ra n g e  
was 33 to  52 pm . T he oospore size varied  from  24 to  45 pm , th e  av erage  being ca. 37 p m . 
I t  was p lero tic  an d  occasionally  ap lero tic . I ts  colour w as grey ish  w ith  a yellow ish-brow nish  
shade a t  th e  p e rip h e ry . T he an th e rid iu m , alw ays am p h ig y n o u s, w as e ith e r spherical or o b long  
(Figs 8, 9). T he sh ap e  of th e  base  o f th e  oogonium  w ith in  th e  a n th e r id iu m  was s im ilar to  a  
b road  funnel, especially  w hen  th e  an th e rid iu m  was ex ten d ed . T he d im ensional range  o f th e  
an th e rid iu m  w as 12—2 7 x 1 4 —21 pm , average 1 9 x 1 7  pm . T he a n th e r id iu m  was generally  u n i­
cellular, occasionally  b icellu lar.

Conclusions

On th e  basis  o f th e  foregoing d escrip tion  th e  m o st im p o rta n t m o r­
phological fea tu re s  o f P. c innam om i from  A u stra lia  are  sum m ed  up  as fo llow s:

C ulture ap p ea ran ce  on CMA ty p ica lly  “ co ra llo id”  or ra d ia te , often  w ith  an  
indefin ite  m arg in . On V-8 agar, m ostly  ra d ia te  w ith  scarce, w hite ae ria l 
m ycelium .

F ig . 8. O ogonium  w ith  an  ex ten d ed  ty p e  o f a n th e rid iu m . X 630
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Fig. 9. O ogonia w ith  a sp h erica l ty p e  of an th e rid iu m . x 6 0 0

- On CMA, h y p h a e  coenocitic , s e p ta te  w hen  old, m o stly  corallo id  (sparse  or 
in  c lusters). M ore reg u la r  h y p h ae  on  V -8 agar. D im ensional range  o f h y p h ae  
on CMA. 6 -9  p m ; on V-8 agar, 5 -8  pm .

— H y p h a l sw ellings p re se n t on CMA as w ell as V-8 agar, sp herica l or irreg u la r, 
th in  tra iled , sp a rse  or in  c lu ste rs , te rm in a l or sessile, ra re ly  in te rc a la ry .

- C hlam ydospores read ily  form ed on V-8 agar, less or none a t  all on CMA. 
T he fo rm er ap p e a rs  to  be th e  b e s t m ed iu m  so fa r te s te d  fo r th e  p ro d u c tio n  
o f these  o rgans. T erm ina l. D im ensional range, 10-70 pm , average  36 pm . 
M ostly  spherica l, b u t  also su b sp h e rica l or irregu lar, th in  w alled , g rey ish  to  
yellow ish b row n , sparse  or in  c lu s te rs .
Sporang iophores m o stly  sim ple or sym po d ia lly  b ran ch ed , th e  new  b ran ch  
o rig ina ting  im m ed ia te ly  below  th e  spo rang ium . P ro life ra tio n  th ro u g h  the  
e m p ty  sp o ran g iu m  also fre q u e n tly  observed . Up to  400 pm ; 4 -7  pm  in 
d iam eter.
S porang ia  n ev er fo rm ed  d irec tly  on  solid m edia. M ore fre q u e n tly  lim oni- 
form , ellipsoid, b ro a d ly  ovoid, o b p y rifo rm . P o ly m o rp h y sm  a c c e n tu a te d  in 
ce rta in  iso la tes m ore th a n  o th e rs . N o n -p a p illa te (x < 3  pm ), non -ped ic illa te  
(pedicel len g th  up  to  2 -3  pm ), n o t-dec iduous in th e  m a jo rity  o f  cases. 
D im ensional ran g e  22-92 X  17-62 p m , average 5 4 x 3 9  pm . R a tio  len g th / 
/b re a d th  ran g e  1 .1 -2 .3 , average  1.4. E x it  pore d iam e te r  range 4 -1 8  pm , 
average 10 pm .

- Zoospores m o tile , 10-19 pm  long , en cy sted  8-15 pm  d iam ete r.
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- M alach ite  green. S tra in s  grew a t  1 : 4 000 000, a few  a t 1 : 2 000 000. 
G row th  a t 1 : 8 000 000.
H e te ro th a llic . O ogonia spherical, g rey ish  to  yellow brow nish , w all sm o o th . 
D im ensions range 33-52  /jm , av e rag e  43 pm . O ospore m ore fre q u e n tly  
p le ro tic , ap lero tic  in  som e cases, yellow ish  brow n, d im ensions range 24-45  
pm , average  37 pm .

-— A n th e rid iu m  am phigynous, sp h erica l to  oblong, m ore freq u en tly  un ice l­
lu la r; d im ensions ran g e  1 2 -2 7 x 1 4 -2 1  pm , average 19 X  17 p in.
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Table 1

L ist o f  isolates o f  Phytophthora cinnam om i used in  this study

Strain
No. Species

M ating
type Area o f origin Donor Host association

8 P. cinnam om i A l O urim bah, N .S.W . A uthor E . saligna

36 P. cinnam om i A2 Eden, N .S.W . A uthor E . sieberi

93 P. cinnam om i A2 Sunny Corner, 
N .S.W .

A uthor P. radiata

102 P. cinnam om i A2 M adden’s P la in . 
N .S.W .

A uthor E . gumm ifera

51 P. c innam om i A2 W yong, N .S.W . A uthor E . paniculata

103 P. cinnam om i A2 W est P e n n a n t 
Hills, N .S.W .

A uthor E . pilularis

D A R
19881

P. c innam om i A2 Mt. K uringai, 
N .S.W .

J .  W a l k e r Pimelea rosea

D A R
25999

P. cinnam om i A2 K en th u rst,
N .S.W .

J .  W a l k e r Actiridia chinensis

T240 P. c innam om i A2 W aterfall Bay, 
Tas.

F .  P O D G E R E . obliqua and  P ul- 
tenea sp.

3477 P. c innam om i A2 K u ran d a , Qld. B . B r o w n R ainforest soil

3392 P. c innam om i A l K u ran d a , Qld. B .  B r o w n R ainforest soil

SC50 P. c innam om i A l M anjim up W .A. J .  T i t z e U nknow n

SC90 P. c innam om i A2 K irrup , W .A. J .  T i t z e E. marginata

D A R
37635

P. c innam om i A2 T asm ania J .  W a l k e r U nknow n

D A R
37636

P. c innam om i A2 B risbane R anges, 
V ictoria

J .  W a l k e r U nknow n

D A R
37637

P. c innam om i A2 B risbane R anges, 
V ictoria

J .  W a l k e r U nknow n

D A R
37651

P. c innam om i A l Bribie Is land , 
Q ueensland

J .  W a l k e r Acacia sp.

D A R
37656

P. c innam om i A l Murvvillumbah,
N.S.W .

J . W a l k e r Dune vegetation

6210 P. c innam om i A2 Bondo (T u m u t, 
N .S .W .) nursery

R . K e i r l e P inus radiata

6253 P. c innam om i A2 Bondi (B om bala , 
N .S .W .) nursery

R . K e i r l e P. radiata seedlings
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Table 2

M ycelium  characteristics o f  the isolates o f  P. cinnam om i on 2 %  V-8 agar

S t r a i n
N o . C H S H

S

T I
Cl C ld  ( ^ m ) S p O f

8 + + + + + — + + 27 (17-53) — —

36 + + + +  + + + + 31 (18-51) — —
93 + + + + +  + + + + 33 (1 0 -5 6 ) — —
102 + + + + + — + + 37 (22-59) — —
51 + + + + + - j - + 35 (18-49) — -
103 + + + + + - - + 31 (15-48) — —
DAK 19881 + + + + + — + + 44 (22-55) —

D A R  25999 + + + + + + + + 33 (15-48) — —

T240 + + + + + — + + 34 (15-55) — —

3477 + + + + + + + + 41 (16-66) — —

3392 + + + + + + + 41 (2 2 -5 9 ) — —

SC50 + + - j - + + + 34 (15-48) — —

SC90 + + — + + — ~T~ 35 (22-48) — —

D A R  37635 + , + + + + + — — t o + 27 (22-48) — —
D A R  37636 + + + + , + + — + + 41 (18-59) — —
D A R  37637 + , + + + + , + + — +  + 38 (18-55) — —
D A R  37651 + + + — + + 38 (18-59) — —
D A R  37656 + + + + — + + 47 (26-70) — —
6210 + , + + -f- + + + 36 (18-55) — —
6253 + + + + + + + 37 (18-62) — —

—  =  none observed 
SH =  swollen hyphae  

I =  in te rca lary  
Cl =  chlam ydospores

+
s
T

Cid

=  scarce + +  =  ab u n d an t 
=  swellings CH =  coralloid hyphae  
=  te rm in a l an d /o r sessile Sp =  sporangia 
=  chlam ydospores O f =  organs of fusion

d im en sio n s
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Table 3

P. c innam om i: Morphological characteristics on 2%  V-8 agar, 
under water and sporangia production by the cotyledon method

S t r a i n
N o .

S p o r a n g i a
f o r m a t i o n

Spo i • o p h o r e  b r a n c h i n g I n t e r c a l a r y
sw e ll i n g s

A В С

8 + + + + +  + + + +

36 + + + + + + + +

93 + + + + + - f — to +

102 +  + + + + + +

51 + + + + + + +

103 + + + + - + +

DAR 19881 + + + + + + +

DAR 25999 + + + + + + +

T240 +  + + + + + +

3477 + + +  + — — +

3392 +  + + + + , +  + + + +

SC50 +  + +  + — + + +

SC90 +  + + + + , + + + + — , +

D A R 37635 +  + + + + —

DAR 37636 +  + + + + + + —

D A R  37637 + + + , + + — , + + + —

D A R  37651 + + + , + + + , + + —

DAR 37656 + + + + " f i  +  + + + —
6210 + + + + + , +  + + , + + —
6253 +  + + + +  + + , + + —

A =  sporophore unbranched в =  sym podial branching
C =  p ro liferation  th rough  the — — none observed

em p ty  sporangium + =  scarce
4~ 4~ — a b u n d an t
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Table 4

M ean value and range o f  length, breadth, length/breadth (L /B )  
and pore diameter o f  sporangia o f  P. cinnam om i

S t r a i n
N o .

L e n g t h  (L )
(,<m)

B r e a d t h  (В )  
(,um) L /В

P o r e
d i a m e t e r  (P)  

0 - m )

8 50 (24-82) 35 (21-48) 1.4 (1.1-2.1) 9 (5-12)
36 52 (22-92) 35 (18-53) 1.5 (1.2-1.9) 9 (5 -1 5 )
93 45 (24-89) 31 (17-56) 1.5 (1 .1-1 .8) 10 (7-15)
102 61 (40-73) 46 (33-55) 1.3 (1 .1 -1 .8) 10 (6-15)

51 52 (33-62) 39 (26-51) 1.3 (1.2-1.7) 10 (5-15)

103 57 (26-73) 46 (22 55) 1.3 (1.1-1.7) 10 (5-15)

D A R  19881 62 (29-81) 43 (27-55) 1.4 (1.1-2.1) 12 (5-18)

D A R  25999 55 (40-77) 39 (27-51) 1.4 (1.1 2.3) 9 (4-15)

T240 54 (37-81) 38 (26-55) 1.4 (1 .2 -1 .8) 10 (7-15)

3477 51 (31 62) 38 (29-62) 1.4 (1.2-1.6) 10 (5-15)
3392 57 (48-70) 43 (33-53) 1.3 (1.2-1.5) 10 (6-15)

SC50 48 (31-71) 33 (26-44) 1.5 (1 .1-2 .2) 10 (5-15)

SC90 56 (37-77) 38 (26-48) 1.5 (1.2-1.7) 10 (6-15)

DA R 37635 48 (29-73) 36 (26-51) 1.3 (1.1 1.8) 9 (5 -1 3 )

D A R  37636 52 (35-71) 37 (26-48) 1.4 (1.2- 1.8) 9 (7 -1 5 )

D A R  37637 59 (33-77) 39 (22-51) 1.5 (1.2-1.8) 1 1 (7 -1 5 )

D A R  37651 49 (37-66) 36 (26-48) 1.4 (1.1 1.9) 9 (6-12)

D A R  37656 53 (37-70) 37 (26-44) 1.4 (1.2-1.9) 9 (6-13)

6210 57 (33 84) 39 (18-55) 1.5 (1.1-2.0) 9 (5-12)

6253 56 (22-92) 37 (22-55) 1.5 (1.2-2.1) 9 (4 -1 2 )

Table 5

Average growth rates (m m ) o f P . cinnam om i on V-8 agar with different concentrations 
o f  malachite green, after 4 days at 25  ±  1 °C, in  darkness

. Concentra- 
tions

S t r a i n
N o .

1 : 2 0 0 0  0 00 1 : 4 0 0 0  00 0 1 : 8 0 0 0  0 0 0 1 : 12 0 0 0  0 00 1 : 16 0 0 0  00 0

N o .
m al­

achite
green

(control)

8 7 9 17 20 25 5 9

36 3 14 23 22 23 61

93 13 11 22 22 23 64

T240 1 7 18 18 27 63

DA R 37635 1 12 14 15 16 5 2

DAR 37636 1 15 30 31 29 6 2

DA R 37637 3 7 22 37 39 5 2

DAR 37651 3 10 17 21 25 57

D A R  37656 3 11 23 26 28 58
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OBSERVATIONS ON THE HYPHOMYCETES 
INHABITING FOREST LITTER OF HUNGARY

J .  GÖNCZÖL and Á .  KÉVAY

(R eceived: 15 J a n u a ry  1983)

O b serv a tio n s on aq u atic  H y p h o m y ce tes  and  o th e r  H yphom ycetes in h ab itin g  
te rre s tr ia l fo res t l it te r  are described. T h ere  w as som e s im ila rity  betw een th e  g ro u p s of 
H y p h o m y cetes  grow ing on decaying leaves in  s tream s an d  on  te rre s tr ia l l it te r .  17 spe­
cies o f a q u a tic  H yphom ycetes were d e te c te d , 14 of th e m  b y  conidia only. O th e r H y p h o ­
m yce tes  w hose h a b ita ts  m ay be b o th  a q u a tic  and  te rre s tr ia l  are illu s tra ted  a n d  d is­
cussed.

Introduction

In  recen t y e a rs  num erous obse rv a tio n s h av e  been rep o rte d  dealing  w ith  a q u a tic  H y p h o ­
m yce tes  found  in te rre s tr ia l  env ironm en ts ( B a n d o n i  1972, P a r k  19746, D y k o  1976, W e b s t e r  

1977, S a n d e r s  an d  W e b s t e r  1978). D esp ite  th ese  rep o rts , we have  little  d a ta  to  p ro v e  i n  

w h a t fo rm  or in w h a t q u a n titie s  those species o f  H y p h o m y cetes  supposed earlier to  be  a q u a tic  
can  ex is t in  te r re s tr ia l  env ironm ents. T he p u rp o se  of ou r o b se rv a tio n s was to  look fo r these  
fungi in  te rre s tr ia l  h a b ita ts , near to  w here  th e y  had  been s tu d ied  earlier in w a te r h a b ita ts . 
In  a d d itio n  to  a q u a tic  H yphom ycetes we p re sen t de ta ils  o f som e o th er species o f  H y p h o ­
m yce tes  in h ab itin g  te rre s tr ia l  forest litte r .

Material and method

T h e  sites ch osen  fo r s tu d y  were in  th e  B örzsöny m o u n ta in s  along th e  M orgó—Szén­
p a ta k  s tre am  sy s te m  as well as in SW  H u n g a ry  (Zala C ounty), w here aq u atic  a n d  o th e r 
H y p h o m y ce tes  had  earlie r been stud ied  ( G ö n c z ö l  1971, 1 975a, 19756, 1976). M o nth ly  col­
lec tions in B örzsöny  M ts. from  Sept. 1979 a n d  occasional collections in  SW  H u n g a ry  (Z ala 
C ounty) were m ade . Som e d a ta  collected fro m  earlier years are  also added.

Sam ples w ere collected  from  te rre s tr ia l  fo res t l it te r  as well as from  tree-hollow s. A lth o u g h  
tree-hollow s m ay be considered as special a q u a tic  h a b ita ts , we have  nevertheless in cluded  
th em  w ith  te rre s tr ia l en v ironm en ts because of th e ir  in te rm ed ia te  position . Some species fo u n d  
in  th ese  hollow s, w ere la te r  also found on  l i t te r  ly ing  on soil.

T he collected  leaves were in va rio u s s ta te s  of decom position . The m ain  p a r t  o f th e  
sam ples w ere ske leton ized  leaves collected fro m  th e  lower lay e r o f th e  l it te r  w hich w as u su a lly  
m oist. T he rem ain in g  sam ples were p a rtia lly  deg raded  leaves collected from  th e  u p p e r  p a r t  
of th e  l i t te r ,  w hich  w as usually  som ew hat d ry e r. None of th ese  sam ples were co llected  from  
su b m erged  h a b ita ts . T he leaves collected from  tree-hollow s, w ere m ostly  skeleton ized  an d  
som etim es subm erged .

T h e  sam ples w ere tran sp o rted  to  th e  lab o ra to ry  in  p las tic  bags. In  th e  la b o ra to ry  th e  
leaves w ere exam ined  b y  two different m eth o d s: F irs t, con id ia  de tach ed  from  leaves w ere 
ex am ined  by  use o f a w ashing technic  as well as in te rface  ex am in atio n  (B a n d o n i  1972, 
W e b s t e r  1977). In  a n  o th er m ethod w et leaves w ere in cu b a ted  fo r various tim e  in  P e tr i-  
dishes, som etim es subm erged . In  add itio n  to  th e  in cu b a tio n  in  P e tri-d ishes, p a r ts  o f th e  
leaves, m ain ly  those  w hich  were highly sk e le ton ized , were p laced  in  little  glass-boxes specia lly  
m ade  fo r these  o b se rv atio n s. The boxes w ere  m ad e  w ith  a low  (3 m m ) sidewall a tta c h e d  to  
th e  slide, so th a t  th e  leaves should be obse rv ed  d irec tly  by  m icroscope, w ith o u t rem ov ing
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th em  from  th e ir  in cu b a tio n  site. The cu ltu res w ere u su a lly  k e p t a t  cca. 10 °C, b u t  som e dishes 
were k e p t  a t  room  te m p e ra tu re . D uring th e  in cu b a tio n , w hich  was a t lea s t one m o n th , th e  
cu ltu res  w ere several tim es carefully  scanned  u n d e r  dissecting  and no rm al m icroscopes. 
W e ex am in ed  th e  m eniscus an d  th e  b o tto m  of th e  d ishes, and the  leaf skeletons, too.

In  th is  p ap er we p re sen t species observed d u rin g  o u r s tu d y  in  tw o p a r ts . In  th e  f irs t  
p a r t  (I)  o f o u r en u m era tio n  we m ention  those  species o f w hich only d e tach ed  conidia could 
be fo u n d  b y  one of th e  spore  de tectio n  m eth o d s. T hese  species — excep t fo r one or tw o — 
are all con id ia  of species well know n from  th e  s tre am s in  th e  area, and belong to  th e  In go ld ian  
H y p h o m y cetes . In  th e  second p a r t  (I I )  a re  e n u m e ra te d  all those  species w hich  w ere collected 
from  te r re s tr ia l  l it te r  an d  w ere seen grow ing an d  sp o ru la tin g  regardless of th e  fa c t th a t  th e ir  
sp o ru la tio n  w en t on in  air o r u n d e r subm erged cond itions.

Enumeration o f species

I. Species 1—15 ex cep t for two, Nos 7 a n d  14 were collected in  th e  B örzsöny M ts.

1. Alatospora acuminata Ingold . N um erous free con id ia  from  lit te r  sam ples th ro u g h  th e  
y ear. R egu larly  fo und  on beech and a ld e r fo res t l it te r .

2. Articulospora tetracladia Ingold . Few  free con id ia  fro m  w ashed lit te r  sam ples.
3. Clavariopsis aquatica de W ild. Some free conidia  on  on ly  one occasion from  w ashed l i t te r  

sam ples.
4. Dactylella aquatica Ingold . On one occasion on ly  tw o  conidia from  w ashed lit te r  sam ples.
5. Diplocladiella scalaroides A rn au d  (P la te  1/5). A few  conidia in  a w ashed  l i t te r  sam ple 

co llected  from  a ld e r l it te r .  This species is well know n  from  foam  sam ples ( I n g o l d  1975a, 
G ö n c z ö l  et T ó t h  1974), b u t  we have never seen i t  grow ing on its su b s tra tu m .

6. Jaculispora submersa H u dson  e t Ingold . F a ir ly  f re q u e n t in  washed l i t te r  sam ples, m ain ly  
in  w in te r . One of th e  ra re s t  species in th e  s tream -sp o ra  of H ungary .

7. Lateriramulosa uniinflata M atsushim a (P la te  1/3). R are ly  found in  w ashed lit te r  of beech  
fo re s t on some occasions in  Zala C ounty. C onidia o f th is  species occurred  in tw o foam  
sam p les collected b y  T ó t h  (1979b).

8. Lemonniera aquatica de W ild . Few  free conidia  m ain ly  in w inter sam ples.
9. Lemonniera terrestris T u b ak i. Some free con id ia  fo u n d  on only one occasion in a w in te r  

sam ple .
10. Monotosporella tuberculata Gönczöl. R a re ly  fo u n d  as one or two conidia from  w ashed 

b eech  lit te r ,  m ain ly  in  w in te r  sam ples.
11. Tetracladium setigerum G rove. Free conidia fo u n d  on several occasions from  w ashed l i t ­

te r  sam ples.
12. Tricladium angulatum Ingo ld . Few free con id ia  fro m  w ashed lit te r  sam ples.
13. Tricladium splendens Ingo ld . Some free conidia  w as found  from  w ashed lit te r  sam ples.
14. Varicosporium elodeae K egel. F ound  severa l tim es b o th  from  w ashed l i t te r  sam ples an d  

tree-ho llow s in  Zala C ounty .
15. Volucrispora ornithomorpha (T ro tte r) H ask ins (P la te  1/1-2). R egularly  fo u n d  from  w ashed 

lit te r .  N o t rare.
I I .

16. Beverwykella pulmonaria (v. Beverw ijk) T u b ak i (P la te  II/1-5) 
sy n .: Papulaspora p u lm onaria  v. B everw ijk.

P la te  I

1—5. D e tac h ed  conidia from  w ashed lit te r :  1—2. Volucrispora ornithomorpha  (T ro tte r)  H askins* 
3. Lateriram ulosa  u n iin fla ta  M atsush im a, 4. C am posporium  pellucidum  (G rove) H ughes. 5. 
D iplocladiella  scalaroides A rn au d  6—7. Dactylella rombospora Grove
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On one or two occasions a sporeball-like  fu ngus w ith  a b lis te red  surface has ap p eared  on 
decay in g  leaves collected b o th  from  fo res t-litte r  a n d  tree-hollow s. These u n usual pro- 
pagu les (p robab ly  re p ro d u c tiv e  bodies of th e  fu n g u s) were found  am o n g st leaf petioles in 
w et o r subm erged con d itio n s an d  consisted  of agg reg a ted  m asses of g lobu lar or m ulti- 
a n g u la r  cells. The shape  o f  th e  p ropagules was globose or som ew hat fla tten e d . The 
in n er cells were da rk -g rey ish , while th e  o u ter (m arg inal) ones w ere pa le r or nearly  hyaline. 
T hese  propagules were b o rn e  on  s tra ig h t or cu rv ed  pa le  coloured, se p ta te  h y p h ae  o f various 
len g th . T heir ap p earance  seem ed very  like th o se  illu s tra te d  b y  B e v e r w i j k  (1954) and  
T u b a k i  (1975). The f irm  ad h esio n  of th e  cells as well as th e  ch arac te ris tic  app earan ce  of 
th e  p ropagu les suggested  th a t  th is  fungus m ig h t be  Beverivykella pu lm onaria . On th e  
sam e lea f-su b stra te  we h a v e  seen several y o u n g er p ropagules, w hich p ro b ab ly  belong 
to  th is  fungus. These p rim o rd ia  were developing u n d e r subm erged  conditions. T he 
m a tu re d  propagules w ere 80-100  ^ m  in d iam . T he cells of th e  young  p ropagules were o f 
v a rio u s  sizes, ab o u t 5 -15  //m . T heir shapes w ere g lobular, an g u la r or lobed.

17. C am posporium  japon icum  Ich in o e . Conidia developed  on decay ing  leaf-skele tons collected 
fro m  a beech-forest n ear s tre a m  S zén-patak  in th e  B örzsöny  M ts., Sept. 1979, O ct. 1980. 
T he occurrence of th is fu n g u s  was m uch  m ore ra re  th a n  th a t  o f Cam posporium  pellucidum . 
I t  w as fo u n d  again  on d ecay in g  a lder leaves co llected  n ea r s tream  M orgó-patak , Nov. 
1982. Conidia were fo u n d  v e ry  ra re ly  in  foam  an d  w a te r sam ples. T h ey  are  cy lindrical 
w ith  a hyaline  p ro jec tio n  b ran ch in g  in th re e  d irec tions. C onidiophores grow ing o u t of 
leaves ve ins were ra th e r  sc a n ty , pale brow n, d en ticu la te .

18. C am posporium  pellucidum  (G rove) H ughes (P la te  1/4). This is a w ell-know n H yphom ycetes 
in h a b itin g  beech and  a ld e r  litte r . U sually  th is  species was th e  f ir s t  fungus to  f ru it  on 
sk e le to n ized  leaves d u rin g  in cu b a tio n . A b u n d a n t sp o ru la tio n  was found  in  all l it te r  sam ples 
co llected  th rough  th e  y ear. I t  has been re p o rte d  several tim es from  vario u s b io topes from  
H u n g a ry  (i.e. stream s, tree-ho llow s, te rre s tr ia l litte r) . T he conidia are  pale  or m id-brow n, 
cy lindrical-fusifo rm , 6 0 - 1 0 0 x 5 - 6  [ira, u su a lly  p rolonged ap ically  in to  a pale or hyaline  
p ro jec tio n , which is so m e tim es up  to  260 /пт long.

19. D acty laria  am pulliform is (T ubak i) B h a tt  e t K en d rick . Conidia w hich were som ew hat 
am p u llifo rm  were seen in  sev era l w ashed l i t te r  sam ples. A b u n d a n t spo ru la tio n  of th e  fu n ­
gus w as observed on d ecay in g  a ld e r l it te r  co llected  from  th e  b an k s of M orgó-streain  B ör­
zsöny  M ts., Oct. 1982, w h en  in cu b a ted  fo r tw o weeks. T his species is id en tified  w ith  
D actylaria  am pulliform is  o n ly  w ith  reserv a tio n , because  of th e  d ifferen t ap p earance  of th e  
con id ia . The hyphae are  h y a lin e  2-3  /im  w ide, a n d  give use to hyaline  u n b ran ch ed , s tra ig h t 
con id iophores of va rio u s le n g th  (up to 50 ^m ) w ith  num erous denticles a t  th e  a p ex . Conidia 
h y a lin e , ra th e r fusifo rm  th e n  cylindrical, 1 -3  se p ta te . T he constric tions a t  th e  u p p e r 
se p tu m  are  no t so m ark e d  as those illu s tra te d  by  T u b a k i  (1958). M oreover th e  rem ark ab ly  
fusifo rm  shape of th e  co n id iu m  w hich tap e rs  g rad u a lly  tow ards its  ap ex  gives a d ifferen t 
sh ap e  to  th e  conidium . T h e  up p er cell of th e  con id ium  is a lw ays in aeq u ila te ra lly  a sy m ­
m etrica l. C onsequently  o u r conidia ap p ear less am pu llifo rm  th a n  those of T u b a k i . A f a r ­
th e r  d ifference is th a t  one p a r t  of th e  con id ium  is b e n t a t  th e  u p p e r sep tu m  (a t th e  con­
stric tio n ) usually  a t  an  an g le  of 135°. In  ad d itio n  to  th is  co n id iu m -ty p e  we fin d  conidia 
w ith  s tra ig h t p ro jec tio n s , to o , w ith o u t an y  w iden ing  a t  th e  base o f th e  p ro jec tion . Conidia 
a re  som ew hat longer th a n  those rep o rted  b y  T u b a k i  (1958) an d  M a t s u s h i m a  (1975), 
u su a lly  betw een 40-50  /im ; only a few conidia are  ab o u t 30 p m  long. T he w id th  of th e

P la te  I I

1—5. P ro p ag u les  of Beverivykella pulm onaria  (v. B everw ijk) T u b ak i: 1. M atu red  p ropagules 
g row ing  on decaying leaf, 2—5. Y oung subm erged  p ropagules grow ing on decay ing  lea f
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conidia 2.5-3.5 fim  a n d  th e  p ro jec tio n  a t  th e  b ro a d es t p a r t  is 1 .5 -1 .8 fim  wide. A lthough  
th ese  differences in th e  a p p ea ran ce  of the  conidiurn  are  w ell-m arked we found  them  in su f­
f ic ien t to ju stify  seg reg a tin g  th is  fungus from  D actylaria  am pulliform is.

20. Dactyhlla rhombospora G rove (P la te  1/6-7). L itte r  sam ples co n ta in in g  m ain ly  alder leaves 
w ere collected in B ö rzsöny  M ts., J a n . 1982. The m a jo rity  of the  a ld e r leaves wrere decay ing

Plate III

1—2. D etached conid ia  o f M agdalaenaea monogramma  A rnaud  on decay ing  beech leaf
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Plate IV

1—2. D etached  conidia  o f M irandina  corticola  A rnaud  from  l i t te r  leaves
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b u t  not skeleton ized . T he leaves were k e p t m oist in P e tri-d ish es an d  a fte r th ree  w eeks 
in cubation  colourless, loose m ycelium  was sp read  over th e  surface  o f th e  leaves.

C onidiophores h y a lin e , s tra ig h t, e rec t, a t  th e  base 4 -5  / ш  w ide, shortly  b ra n ch e d  
an d  2-3 fim  w ide a t  th e  tip . C onidium  in itia ls  c lav a te  fusoid a t  f i r s t  (rare ly  th ey  re m a in  
th is  shape a t  m a tu r i ty ,  too) b u t m uch m ore freq u e n tly  th e  sp ind le-sh ap e  is th e  c h a ra c ­
teristic . On its  n a tu ra l  su b s tra te  th e  len g th  of th e  conidia w as 80 -9 0  fin i, som ew hat longer 
th en  those re p o rte d  D r e c h s l e r  (1937), bu t agreeing  well w ith  th o se  of M a t s u s h i m a  (1975). 
T he w idth  of th e  con id ia  were 9 10 (11) fim , u su a lly  w ith  10 cross-w alls.

21. Dactylella submersa (Ingo ld ) Nilsson. S p o ru la tin g  ra th e r  sc a n ty  on  decaying a ld e r leav es 
on one occasion. R e p ea te d ly  found on decay ing  beech ske le tons collected from  tree  h o l­
lows ( G ö n c z ö l  1976).

22. Dimorphospora foliicola T u b ak i (P la te  V I/4 -5 ). On som e occasions sp o ru la ting  on d e c a y ­
ing leaves co llected  b o th  from  te rre s tr ia l l i t te r  an d  tree-hollow s. (Zala C ounty  1976, 
B örzsöny M ts. 1979.)

23. Endophragmia alternata T ubak i e t Saito  (P la te  V /3-4). G rey ish  colonies of th e  fu n g u s  
w ere grown on  th e  s tro b ili o f alder (A ln u s  plutinosa). S trob ili w ere found  am o ngst l i t t e r  
collected in B ö rzsö n y  M ts. A pr. 1981, p icked  up  an d  se p a ra ted  fro m  th e  leaves a n d  k e p t  
m oist in P e tri-d ish es . T he f irs t colonies ap p ea red  a f te r  one m o n th  incu b a tio n  on th e  s ta lk  
o f the  strob ilus. C onidiophores so lita ry , r a th e r  d a rk  brow n, sm o o th , annella te , to g e th e r  
w ith  the fertile  p a r t  150-200 ftm  long, 5-7  /o n  th ick . Conidia pa le  brow n, cy lin d rica l, 
tru n ca te  a t  th e  b ase  ro u n d ed  a t  th e  apex , 35-50  X 5-8  /im . I t  w as observed th a t  co n id ia  
o ften  rem ained  a tta c h e d  to  the  conidiophore  fo r some tim e (cf. : E l l i s  1976), h o w ever a 
new  conidium  fo rm ed  alw ays term inally .

24. Magdalaenaea monogrammá A rn au d  (P la te  I I I /1 -2 ) .  A b u n d a n t spo ru la tio n  was fo u n d  a t  
one occasion on a b eech  leaf-skeleton , co llected  Sep t. 1974, B ö rzsöny  M ts., and  in c u b a te d  
for a y ear in  re fr ig e ra to r. The leaf-skele ton  was held subm erged  in  a Petri-d ish . I t  w as 
found  once ag a in  as a single conidium  in a w ashed lit te r  sam ple , Sep t. 1979. B o th  sam p les 
were collected fro m  beech  forest litte r . C onidia have  never been  seen in  foam  sam p les 
in  H ungary .

M ain ax is  4 0 - 5 0 x 2 - 2 .5  /an , ex ten d in g  a t  th e  ap ex  in to  p o in ted , la te ra l b ra n c h e s  
30-40 fim  long, tw o  or th ree  on each side. On one or b o th  sides one of the  b ran ch es is a 
secondary  one.

25. Mirandina corticola A rn au d  (P la te  IV /1 -2 , P la te  V /l-2 ) . In  th e  sed im en t of several l i t te r -  
leaf sam ples s tra ig h t ,  h igh ly  sep ta te , hy a lin e  con id ia , ra th e r  p o in te d  a t  b o th  end  w ere  
o ften  seen. Also th e y  w ere seen on several occasions in  th e  w ater-sam p les collected fro m  
tree-hollow s. On som e beech leaf skeletons collected from  a tree-ho llow  in  Zala C o u n ty , 
Dec. 1976, n u m ero u s  pale  brow n, conidiophores grew  out. C onidiophores arose single o r  in  
groups d irec tly  fro m  th e  colourless, 2 -3  fim  w ide, e rect, s tra ig h t  o r flexuous, cy lin d rica l 
hyphae, n o t o r h a rd ly  tap e rin g  tow ards th e  apex . The low er p a r t  of th e  con id iophore  is 
pale or m id b ro w n , th ick -w alled , u p p e r p a r t  pale  brow n or h y a lin e  an d  th in-w alled , sm o o th , 
u sually  2 -4  se p ta te ,  60-80  ^ m  long, 4 -5  fim  w ide a t  th e  base , h a rd ly  tap erin g  to w a rd s  th e  
apex. Conidia b o rn e  a t  th e  ends o f sh o rt den tic les on th e  h y a lin e  tip  of the  con id iophore . 
Conidia are e lo n g a te  fusifo rm  (spear-shaped), hyaline , 90 120 f im  long, u sua lly  3 f im  (4) 
wide a t  th e  b ro a d e s t p a r t ,  g radually  tap e rin g  to w ard s each end , ra th e r  freq u en tly  s e p ta te  
(12-15 sep ta). U su ally  3 -6  conidia can be seen on the  tip  o f th e  conidiophore.

Plate V

1. C onid iophore  of M irand ina  corticola growing on  decay ing  leaf 
2. M ira n d in a  corticola: conid iophores w ith  a tta c h e d  conidia 

3—4. E ndophragm ia  alternata: conid iophores w ith  d e ta ch e d  conidia
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Fig. 1. D e tach ed  coiiidia of D actylaria am pulliform is

The fungus re p e a te d ly  occurs on decaying leaves co llected  b o th  from  w ater (i.e. 
tree-hollow s) an d  te r re s tr ia l  Jitte r. I t s  b eh av io u r som ew hat resem blances to  aero -aq u atic  
H yphom ycetes. S p o ru la tio n  u su a lly  s ta r ts  w hen  th e  w a te r  su rface  is low ered, and  th e  lea f 
su b s tra te  ex tends in to  th e  a ir. T he m ycelium  a n d  th e  base o f th e  conidiophore  rem ain  in  
th e  w ater b u t  con id ia  a re  in  th e  a ir. Also i t  w as observed  severa l tim es th a t  a f te r  to ta l  
d ry ing  of the  s u b s tra tu m  w hen th e  m ate ria l w as w e t again , a b u n d a n t  spo ru la tion  soon 
s ta rte d . I t  is v e ry  lik e ly  t h a t  conidia  i llu s tra te d  b y  I n g o l d  (19756, F ig . 1/7) a n d  col­
lec ted  from  fo am -sam p les o f W est-S co tlan d  belong  to  th is  species.

26. N eta patuxentica S h e a re r  e t  C rane (P la te  V I/1). T h is fungus w as f i r s t  tim e rep o rted  from  
H u n g ary  by T ó t h  (1975) on dung . O ur ob se rv a tio n s show  t h a t  th is  fungus appears fa irly  
freq u en tly  on l i t te r  b u t  in  ea rly  stages o f th e  decay . All o f o u r f in d s  were on b row n  dead  
leaves (Quercus sp p .), b u t  th e y  w ere n o t or h a rd ly  skeleton ized . L it te r  sam ples were k e p t 
in  Petri-dishes w ith  eno u g h  w a te r  to  keep th e m  m oist. Colonies o f th e  fungus fo rm ed  
a f te r  ra th e r long (1 -3  m o n th s) in cu b a tio n . Colonies 400-800  p m  in  d iam , consist o f a 
loose, black n e t w ith  a w h ite , sp len d en t spore m ass in  i ts  cen tre . Conidia hyaline , 1 -sep ta te , 
slightly  curved, 13—16 X 4 -5  ^m . All ou r collections a re  from  fo re s t- l i t te r  o f B örzsöny M ts., 
M ai 1981, Ju ly  1982.

27. P leurophragm ium  p a rv isporum  (Preuss) H o l.-Jech . (P la te  У 1/2-3). D ebris of litte r-leav es 
collected from  B ö rzsö n y  M ts. J a n .  1982, was k e p t  m o is t in  P e tri-d ish es. A fter th ree  weeks 
in cubation  little  g ro u p s of conidiophores w ere seen on th e  pieces o f th e  leaves. Conidio- 
phores were s tra ig h t , e rec t, d a rk  b row n a t  th e  base  a n d  p a le r to w ard s  th e ir  tip , n ea rly  
hyaline  a t th e  t ip . Som e of th e m  w ere cy lind rica l a n d  o th ers  ta p e re d  g radually  from  th e  
b ase  (4.5-5.5 ^m ) to w a rd s  th e  tip  (3 p m ). Conidia developed on th e  pale  brow n or hy a lin e  
u p p e r p a r t of th e  con id iophores on sh o rt dentic les. T he h asa l ends of th e  conidia w ere

P late  VI

1. N eta  p a tuxen tica , p a r t  o f th e  colonie w ith  conidia
2—3. P leurophragm ium  parv isp o ru m , conid iophores w ith  conidia 

4—5. D im orphospora fo liico la  sp o ru la tin g  on decay ing  leaf

Acta Botanica Hungarica 29, 1983



OBSERVATIONS ON HYPHOMYCETES 117

Acta Botanica Hungarica 29, 1983



11 8 J . GÖNCZÖL, Á. RÉVAY

P la te  V II

1—2. Tric lad ium  sp., d e tach ed  conidia from  l i t te r  sam ples
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P la te  V III

1—2. Vargamyces aquaticus, conid iophores w ith  a tta c h e d  conidia grow ing on subm erged  lea f
skeleton
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p o in te d , th e  ap ical one m ore or less b lu n t or ro u n d ed , pale  yellow  som e of th em  nearly  
hyaline . The m a jo rity  o f  th e  conidia had th ree  sep ta . T h ey  m easu red  2 0 -2 5 x 4 -6 .5  / ш .

28. Pseudodictyosporium  sp. (P la te  IX /1 -2 ). The fu n g u s app eared  on decaying b u t no t 
skeleton ized  a lder leaves co llected  n ear th e  s tre am  M orgó-patak , B örzsöny M ts. Sept. 
1982, a fte r one m o n th  in cu b a tio n . T he fungus w as seen f irs t  as sem i-globose sporodochia  
w ith  a silvery surface  in  th e  lig h t. Conidia m urifo rm , d iv ided  b y  tw o  longitud inal an d  2 -4  
tran sv erse  septa. T he lo n g itu d in a l sep ta  divide th e  con id ium  in to  th ree  sections an d  each  
o f th e  sections are  fu r th e r  d iv ided  b y  tran sv erse  sep ta . Conidia m ore or less e llip tical or 
c o rd a te , yellow ish-brow n, f la t te n e d , one cell th ic k , 1 8 - 2 2 x 1 3 - 1 6 x 7 - 8 .5  pin  m easured . 
T he shape and  s tru c tu re  o f th e  conidia are v e ry  s im ilar b o th  to  conidia of Berkleasm ium  
leonense M. B. Ellis ( E l l i s  1976) an d  of Pseudodictyosporium  wauense  M atsushim a ( M a t s u ­

s h i m a  1975) b u t  th e  fu n g u s  d iffers from  b o th  in  i ts  conidiogenesis.
L a te r  we fo u n d  a n  o th e r  appearance o f th e  fungus, lack ing  sporodochia. Loose 

groups of long ( 1 0 0 -3 0 0 x 2 —3 /m i) conidiophores w ere seen on th e  surface of th e  su b ­
s tra te ,  as described in  th e  case o f Pseudodictyosporium  wauense. H ow ever th e  p re sen t 
fu n g u s produced  con id ia  on  th e  apex  of the  con id iophores n o t on ly  singly b u t in  pa irs , 
to o . F u rth e r  s tu d y  is be ing  m ade on th is species to  c la rify  its  b ehav iour.

29. T etrachaetum  elegáns Ing o ld . Sporu la ting  on sparse  conid iophores on decaying beech 
leaves collected from  fo re s t l it te r ,  in  B örzsöny M ts., Dec. 1979.

30. T iic lad ium  sp. (P la te  Y II /1 —2). T he conidia of th is  fungus are  kno w n  from  w ater sam ples 
collected  from  tree-ho llow s in  SW -H ungary  ( G ö n c z ö l  1976). I t  has also been  co llected  
from  various l i t te r  sam ples on  several occasions in  Zala C ounty  (1976) an d  in  B örzsöny 
M ts., Sep t., Dec. 1979, O ct. 1982. M ost recen tly  th is  fungus has been  found  again. Conidia 
w ere growing in  lit t le  g ro u p s on th e  surface of soil w ith o u t a n y  p la n t  rem ains, B örzsöny 
M ts., Nov. 1982.

The hy a lin e  co n id iu m  consits of a s tra ig h t o r sligh tly  cu rv ed  axis, 1 0 0 -2 0 0 x 3 -4 .5  
p u l, from  w hich tw o or th re e  la te ra l b ranches, 40-80  X 3-4  p u i , grow  out. N e ith e r th e  
m ain  axis nor th e  la te ra ls  h a rd ly  ta p e r  from  th e  b asa l cell to  th e  t ip . The la te ra l b ranches 
o rig inate  from  th e  m ain  ax is a t  well defined constric tions.

C onidiophores ra th e r  sh o rt, 10-30 X 3 p u l, u su a lly  defin ite ly  curved, u n b ran ch ed . 
T he conidia are  v e ry  like those  illu s tra ted  by  I n g o l d  (1975a, b) from  foam  sam ples, col­
lec ted  in  E n g lan d  a n d  W ales an d  iden tified  as Tric lad ium  terrestre Park . Our T riclad ium  
sp. differs from  T . terrestre (P a rk  in litt .) :  1. “ in  th e  absence of secondary  b ran ch es” , 
2. “ the  m ain ax is a n d  la te ra ls  do no t tap e r m u ch  from  th e  b asa l cell to th e  t ip ” , 3. “ th e  
conidia of T. terrestre a re  co n sisten tly  larg e r”  th a n  ours.

This fungus also  b eh av ed  like M ira n d in a  corticola; i.e. a f te r  several m on ths d ry ing  
o f th e  leaf-skele ton  s u b s tra te  a b u n d a n t sp o ru la tio n  s ta r te d  soon a f te r  re-w etting .

31. V argainyces aq u aticu s (D u d k a) T ó th  (P la te  V II I /1 —2) syn .: Camposporium  aquaticum  
D udka .

D u d k a ’ s  fu n g u s w as re-disposed by  T ó t h  (1979a) and  d e ta iled  ecological o b se rv a ­
tions were rep o rte d . T he fungus is com m only fo u n d  on va rio u s decaying leaves co llected  
from  fo rest l it te r ,  n o t on ly  subm erged b u t  in  ra th e r  d ry  conditions also. I t  was found  
m ore freq u en tly  in  a u tu m n  an d  w inter sam ples b u t  w as p re sen t th ro u g h  th e  year. U sually  
a b u n d a n t sp o ru la tio n  w as observed n o t on ly  on decay ing  deciduous leaves, b u t  on

Plate  IX

1-2 . P seudodictyosporium  sp., young an d  m a tu re d  conidia from  sporodochium
3—4. U niden tified : 3. Y o u n g , d e tached  conidium  u n d e r  w a ter; 4. D etached  conidia flo a tin g

on w a ter surface
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h e rbaceous p la n t  m ate ria l too. U ncom m on in foam  sam ples. T he large fusiform , b ro w n  or 
d a rk  b ro w n  conidia w ere ra th e r  o b tu se  a t  b o th  ends a n d  m easu red  80-160 X 15-20  /un .

32. U niden tified  (P la te  IX /3 —4). In  a l i t te r  sam ple  o f Sept. 1982, collected n ear th e  stream  
M org ó -p a tak , B örzsöny  M ts., s ix b ran ch ed  conidia  o f an  u n id en tified  fungus w ere seen 
f lo a tin g  on th e  w a te r  surface. T he conidia som ew hat resem bled  in  s tru c tu re  th o se  rep o rted  
a n d  illu s tra te d  b y  G ö n c z ö l  (1971, T ab le  I, F igs 21-22), a n d  I n g o l d  (1975a, p. 91, Figs 
39,5). C onidium  hya lin e , consisting of a long cy lindrical-fusifo rm  axis to  w hich a H -shaped  
b ra n c h  is a tta c h e d  b y  a sh o rt connection . T he axis is 80-100  /u n  long, 5 -6  /u n  w ide in 
th e  m idd le , tap e rin g  g rad u ally  to  b o th  th e  basal an d  ap ical ends, generally  w ith  5-10 
sep ta . T he H -shaped  branches are som etim es developed m ore or less paralle l to  th e  axis 
b u t  som etim es th e y  are  ra th e r  ben t.

C om plete developm en t o f conidia  w as observed on  skeletonized  a ld e r leaves in ­
cu b a ted  in  a v e ry  th in  w a ter layer. F u r th e r  stud ies a re  necessary  to clarify  th e  generic 
c lassifica tion  of th is  fungus.

D iscussion

In  th is  p ap e r we did no t w ish an d  were unab le  to  decide w hich species 
are a q u a tic  and  w hich te rre s tr ia l. W e w an ted  to  ge t as com plete a p ic tu re  as 
possible a b o u t tho se  species of H y p h o m y ce tes  in h a b itin g  fo rest l i t te r  in  an 
area w here  th e  a q u a tic  H y p h o m y ce tes  o f th e  s tream s have been w ell know n 
for som e te n  years.

I t  w as expec ted  from  d a ta  re p o rte d  in  severa l papers, th a t  we m igh t 
m eet species of H vphom ycetes well know n from  w a te r h a b ita ts . A lthough  
th is  p a p e r is on ly  th e  f irs t p a r t o f th e  observ a tio n s aim ed  a t g a th e rin g  d a ta  
and th e  o b serv a tio n s are  ra th e r  p re lim in a ry , we could find  little  s im ila rity  
b e tw een  th e  com position  of species o f H y phom ycetes in h ab itin g  decay ing  
leaves, co llected  from  stream s, and  te r re s tr ia l  litte r .

A lth o u g h  th e  n u m b ers  of spores d e tec ted  in th ese  observations w ere no t 
g rea t, con id ia  of a q u a tic  H y p h o m y cetes  were d iscovered  in nearly  all l i t te r  
sam ples collected  from  various p a r t  o f fo rest litte r . N evertheless, th e  n u m b er 
of con id ia  w ere alw ays v e ry  low' w h ichever m ethod  o f de tec tin g  th e  spó ra  w as 
em ployed . On th e  o th e r h an d  how ever, we could fin d  species w hich w ere v e ry  
ra re  or n o t p rev io u sly  know n in w a te r  en v iro n m en ts  in H u n g ary . These 
inc luded : D im orphospora fo liicola, Jaculispora  subm ersa , Lateriram ulosa uni- 
in fla ta , Volucrispora ornithomorpha. Lateriram ulosa un i i n f  lata , d e tec ted  by  its 
free con id ia  on ly , seem s to  be a m ore fre q u e n t species in  te rre s tr ia l l i t te r  th a n  
in foam  sam ples ( T ó t h  1 9 7 9 ) .

W e could find all 17 species o f a q u a tic  H y p h o m y cetes  from  te rre s tr ia l 
l itte r . O f th e  17  species 14 were fo u n d  only as d e tach ed  conidia wrashed  
from  leaves.

C oncern ing  a q u a tic  H y p h o m y cetes  the  o b serv a tio n s on litte r  leaves in ­
cu b a te d  for v a rious tim e  show ed m ore sc a n ty  re su lts . In  all, th re e  species,
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Tetrachaetum elegáns, Dimorphospora foliicola an d  Dactylella submersa could  
be found  grow ing an d  p ro d u c in g  conidia on l i t te r  leaves k e p t in subm erged 
cond ition . O f th e  th re e  species Dimorphospora foliicola h as n o t been p re ­
v iously  found  from  w a te r  o r te rre s tr ia l h a b ita ts  in  H u n g ary .

All th e  th ree  species w ere seen w ith  sp a rse  conid iophores. A lthough  o u r 
observ a tio n s have been  m ad e  con tinuously  fo r m a n y  y ea rs  an d  the  in cu b a tio n  
o f l i t te r  leaves has been  re p e a te d  several tim es , we h av e  been  unab le  to  f in d  
fu r th e r  species of a q u a tic  H yphom ycetes. W e th in k  th e re fo re  th a t  th ese  
observ a tio n s confirm  th e  suppositions t h a t  th e  a c tiv ity  o f th e  species of 
a q u a tic  H y p h o m y ce tes  well know n from  w a te r  h a b ita ts  m ay  be ra th e r  re ­
s tr ic te d  in  te rre s tr ia l l i t te r ,  as s ta ted  by  S a n d e r s  and  W e b s t e r  (1978).

At th e  sam e tim e , how ever, vigorous a c tiv ity  o f o th e r  H yphom ycetes 
could be observed  in  a lm o s t all l i t te r  sam ples in c u b a te d  e ith e r  in w et or s u b ­
m erged  cond itions. T herefo re  we w an ted  to  o b ta in  in fo rm a tio n  on some o f th e  
rep re sen ta tiv es  o f th e  H y p hom ycetes in h a b itin g  m ain ly  beech  and  alder l i t te r .  
T he m a jo rity  of these  fu n g i are obviously  te r re s tr ia l  species, an d  th e ir  b e h a v ­
io u r shows som e resem b lan ce  to those o f a q u a tic  or, a t le a s t, to  w ate r-b o rn e  
species. Short com m en ts on th e  m ore re m a rk a b le  species of th e  fungi observed  
m ay  be in te re s t.

I t  is a w ell-know n fa c t ( I ngold  1975) th a t  spore p ro d u c tio n  of Campo- 
sporium pellucidum goes on subm erged co n d itio n , too. In  ou r te rre s tr ia l l i t te r  
sam ples u n d e rw a te r sp o ru la tio n  of th e  fu n g u s was o bserved  on num ero u s 
occasions. This species w as also usually  th e  f irs t  to  em erge w ith  a b u n d a n t 
sp o ru la tio n  am ong the  H y p h o m y cetes  co lonising  h igh ly  decayed  leaves. S im ­
ilar b ehav iou r, b u t  w ith  less a b u n d a n t u n d e rw a te r  sp o ru la tio n  was seen in 
Camposporium japonicum. T he appearance  o f Vargamyces aquaticus v as r a th e r  
freq u en t u sua lly  w ith  subm erged , b u t som etim es w ith  ae ria l spo ru la tion . Two 
species (Tricladium sp ., Mirandina corticola) b eh av ed  like each o ther; b o th  
species ap p eared  a fte r  to ta l  d ry ing  of th e ir  leaf-skele ton  su b s tra tu m  an d  th e y  
w ere able to  p roduce  con id ia  under b o th  subm erged  an d  aeria l cond itions.

T he m ost re m a rk a b le  fungus was u n d o u b te d ly  th e  species listed  u n d e r  
No. 32 w hich m ay  be considered  an a q u a tic  one, th o u g h  its  su b stra te  (d e c a y ­
ing leaves) m ay  co llected  from  m o d era te ly  m oist te rre s tr ia l litte r . N ev e r­
theless th e  fungus show ed a com plete a q u a tic  b eh av io u r: an y  p a r t o f th e  
fungus grow ing u n d e r w a te r , p roduced  an d  lib e ra ted  con id ia  w hilst in th e  
subm erged  cond ition . A b u n d a n t and re c u rre n t sp o ru la tio n  w as observed d u rin g  
severa l weeks in cu b a tio n .

In  th e  cases of th e  species m en tioned  above we could  no t define e x a c tly  
th e  subm erged  co n d itio n . We found th a t  th e se  species could find  subm erged  
cond itions even if  th e  w a te r  layer was v e ry  th in  (some h u n d red  pm) am ong  
th e  lea f veins. I t  seem s th a t  th is  very  th in  lay e r of w a te r could  be suffic ien t to  
ensure subm erged  co n d itio n s for ce rta in  fungi.
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T he observations su p p o rt th e  su p p o sitio n  th a t  som e H y p h o m y ce tes  on 
l i t te r  leaves m ay  he in closer c o n ta c t w ith  th e  w ate r en v iro n m en t, th a n  is 
th e  case w ith  tru e  te r re s tr ia l  species. On th e  o ther h an d  th e  w a te r con d itio n s 
in  te rre s tr ia l l i t te r  m ay  he  m ore v a riab le  th e n  in tru e  a q u a tic  en v iro n m en ts  
a n d  th e se  conditions could  be p re fe rred  b y  certa in  species o f a q u a tic  H y p h o ­
m y cetes .
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A n increasing ly  large  n u m b er of m acro d is ju n ct species is em erging from  re ce n t 
l ite ra tu re  dealing  w ith  tax o n o m y  and  flo ristics of tro p ica l b ry o phy tes . T h is p a p e r 
review s p re se n t knowledge concerning A fro-A m erican  d isjunctions in H ep aticae  an d  
seeks to  in te rp rè te  th e  d a ta  in th e  lig h t of cu rren t p h y togeograph ica l th eo ry . N u m erous 
new  flo ris tic  records and  range  ex tensions are given an d  some taxonom ic  n ovelties a re  
p roposed. F o r 35 A fro-A m erican  species know n  th ree  m ain  d is trib u tio n  ty p es  are 
recognized, each fu r th e r  su b d iv id ed : T rop ical A fro-A m erican  (low land, m o n tan e  an d  
th e  a lp ine elem ent), S ub trop ica l-M ed ite rran ean  (so u th e rn , wide e lem ent) and  
T em p era te -S u b an ta rc tic  (so u th e rn , wide elem ent). M ost species belong to  Ju n g e r-  
m annia les ex cep t for th e  su b tro p ica l ones w hich  are  thallose . A few A fro-A m erican  
genera, includ ing  th e  “ p eri-A froam erican” Sym biezid ium  and  B ryopteris , and  v ic a r ia n t 
species-pairs a re  also discussed. A m ong tro p ica l ta x a , low land p a tte rn s  are  n o rm ally  
co n tin u o u s, w hile m on tane  and  a lp ine p a tte rn s  a re  ty p ica lly  “ q u ad ricen tric”  resp . 
“ b icen tric” . D ev iating  p a tte rn s  m ay  due to  insu ffic ien t exploring  or tax o n o m ic  know l­
edge, or re lic t n a tu re . Several species are “ w eedy” an d  in  th e  possession of ex ce llen t 
d ispersal cap acities; th e ir occurrence in o th er p a laeo tro p ic  regions is to  be ex p ec ted  
as well. In te rp re ta t io n  of d isp e rsab ility  is ham p ered , how ever, by  th e  lack  of e x p eri­
m en ta l d a ta  on spore v iab ility  in  liverw orts (as c o n tra ry  to  mosses). I t  is p o s tu la te d  
th a t  m ac ro d is ju n c t A fro-A m erican  species ranges in  m o st cases should have  arisen  
from  successful transocean ic  long-range d ispersal w hereas generic d is ju n ctio n  and  
species v ica rian ce  m ight be th e  re su lt o f ancien t lan d  connections, viz. evo lu tion  fo llow ­
ing th e  d issec tion  of w estern  G ondw analand .

Introduction

44The phenom enon o f  d isjunct taxa has long fascina ted  phytogeographers and taxo­
nom ists , and few  questions have been more discussed by various groups o f  botanists in  recent 
decades”  ( L ő v e  1967: 331).

In  th e  19 th  c en tu ry  th ere  was a com m on belief, th a t  th e  d is trib u tio n  of b ry o p h y te  
species and  of o th e r  spore p lan ts  w as often  w orld-w ide (see e.g. Synopsis I le p a tic a ru m , 
1844—47). L a te r , th e  idea  th a t  b ry o p h y te  species are n o rm ally  re s tr ic ted  to  co n tin en ts  or sm al­
ler regions, becam e m ore w idely accep ted  and  led i.a. to  an  enorm ous increase in th e  n u m b er 
of described  species (e.g. S t e p h a n i  1898 —1924). In  th e  p a s t  f if ty  y ears m onographic  s tu d ies  
hav e  show n th a t  th is  “ geographical species co ncep t”  was ill-founded, and th e  tru e  ran g es of 
th e  species are now  g rad u ally  becom ing know n. M acro -d isjunct b ry o p h y te  species w ere d is­
cussed in recen t p a p ers  by  e.g. G r o l l e  (1969), S c h u s t e r  (1969, 1979), S c h o f i e l d  (1974), 
S c h o f i e l d  and  C r u m  (1972), v a n  Z a n t e n  and  Pócs(1981) and  F r a h m  (1982), b u t all of th ese , 
ex cep t th e  la t te r  tw o  are concerned w ith  tem p e ra te  ra th e r  th a n  tro p ica l p a tte rn s . T he reason
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for th e  re la tiv e  neglect o f  tro p ic a l d isjuncts m ay  be ou r still v ery  incom plete  know ledge of 
th e  ta x o n o m y  of tro p ica l b ry o p h y te s  and th e  dep lo rab le  s ta te  o f th e  flo ris tic  in v en to ry  (see 
P r a n c e  1977; G e i s s l e r  a n d  G r e e n e  1982). N ev erth e less , i t  is ev id en t th a t  an  increasing ly  
large n u m b er o f m ac ro -d is ju n c t species is em erg ing  from  recen t lite ra tu re  dealing  w ith  tro p ­
ical g ro u p s.

A r n e l l  (1958) w as th e  f irs t to  give a  te n ta t iv e  lis t of liverw ort species com m on for 
b o th  S o u th  Am erica a n d  S o u th  Africa. One o f us (P o es  1976a) has recen tly  in v en to ried  the  
m ac ro -d is ju n c t b ry o p h y te  species for tro p ica l A frica  an d  Asia and  could lis t no less th a n  108 
“ p a la co tro p ic ”  species (35 liv e rw o rts , 73 m osses), know n  to  occur in each of th e  tw o co n tin en ts  
b u t  n o t  elsew here. In  a d d itio n , five o th er categories o f m acro -d isjunctions am ong th e  species 
from  A frica  were recognized ; C osm opolitan species (65), T em p era te  species (111), P an tro p ica l 
species (55), S u b a n ta rc tic  species (111) and  N eo tro p ica l species (66). I t  is w ith  th e  la tte r  
ca teg o ry  —  to be qu a lified  m ore correctly  as “ A fro -A m erican”  — th a t  we are  dealing  w ith  
in th is  p a p e r . For p ra c tic a l reasons, we shall confine ou rselves to  th e  A fro-A m erican  liverw orts.

R ela tionsh ips am o n g  th e  trop ical A frican  a n d  A m erican  floras were recen tly  review ed 
for flow ering  p lan ts  by  T h o r n e  (1973), who fo u n d  m an y  paralle ls and resem blances am ong th e  
A ng iosperm  genera o f th e  tw o  regions. K o r n a s  (1981) gave a good accoun t on th e  t r a n s ­
oceanic d isju n ctio n  b e tw een  A frica and A m erica  an d  B o r i i i d i  (1982) e lu c id ated  th e  special 
and  a n c ien t links be tw een  C aribbean  and  A frican  floras.

F o r th e  b ry o p h y te  gen era  a com parison w as m ad e  long ago by  H e r z o g  (1926), who 
w as ab le  to  d em o n stra te  t h a t  b ryoflo ristic  s im ilarities were g rea ter am ong A frica an d  trop ical 
A m erica  th a n  am ong A frica  a n d  trop ical Asia. W hile th is  w ould seem to  in d ica te  th a t  a ph y to - 
geograph ic  subdivision  in to  “ N eotrop ic”  an d  “ P a lae o tro p ic ”  is u n ju stified , H e r z o g  (1926) 
n ev erth e le ss  m ain ta in ed  th is  subdivision  b ecause  am ong  tro p ica l regions tro p ic a l Am erica 
has th e  la rg est n u m b er o f endem ics. I t  w ould be te m p tin g  to  reconsider th is  m a tte r  using  up- 
to -d a te  p h v to g eo g rap h ic  in fo rm a tio n  on th e  tro p ic a l b ryo flo ras. In  any case, we w ould like to 
p o in t o u t  th a t  a  h igher a f f in ity  a t  th e  generic  level be tw een  A frica an d  A m erica  could be 
ex p la in ed  by  th e  m ore com ple te  G ondw analandic  connection  betw een  th e  tw o con tinen ts .

B iogeographers d is tin g u ish  a t least tw o  m a jo r ty p es  o f d is junction  am ong  species (cf. 
F r y x e l l  1967): 1. b icen tric  ta x a ,  in w hich th e  d is ju n c t p opu lations are n o t d iffe ren tia ted , 
a n d  2 . v icarious ta x a , w here  th e  d isjunct p o p u la tio n s  are d ifferen tia ted  a t  th e  specific (“ species 
p a irs” ) o r infraspecific  lev e l (“ geographic race s” , or m ore p ro p erly  called, subspecies) (cf. v a n  

S t e e n i s  1957, T o u w  1982). A lthough  we a re  dealing  p rim arily  w ith  th e  b icen tric  species, 
v ica rio u s ta x a  whose s ta tu s  has been verified  b y  m o nograph ic  w ork (including som e genera 
w ith  b ico n tin en ta l d is tr ib u tio n )  are tak en  in to  co n sid era tio n  as well as th e ir  ranges an d  m ode 
o f d isp e rsa l m ay  offer fu r th e r  insigh t in  th e  ch ara c te ris tic s  and  possible causes o f th e  Afro- 
A m erican  d isjunctions. F u rth e rm o re , we h av e  m ade  a  w orking list of A frican  an d  A m erican  
species sa id  to  be closely re la te d  b u t of u n v e rified  s ta tu s . T his list serves as a basis in our 
fu r th e r  search  for A fro-A m erican  d is trib u tio n s (T able  3).

T h ere  are d iffe ren t approaches to  e x p la in  in te rco n tin en ta l d is junctions am ong b ry o ­
p h y te s . Som e of th em  ( A n d e r s o n  1963, F u l f o r d  1963, C r u m  1972, S c h u s t e r  1969, 1979. Poes 
1976a, 1982a) u n d erlin e  th e  im portance  o f geological even ts, especially  o f co n tin en ta l 
d r if t in  th e  p resen t d is tr ib u tio n  of b ry o p h y te s , w hich  are (especially th e  H ep aticae ) m ore 
co n se rv a tiv e  in th e ir  ev o lu tio n , th a n  p h an ero g am s are. O thers ad v o ca ted  th e  im p o rtan ce  of 
long ran g e  dispersal: am o n g  sou thern  te m p e ra te  m osses v a n  Z a n t e n  has show n co rre lations 
b e tw een  th e  size of a rea  o f d is trib u tio n  an d  spore  resis tan ce  and exp erim en ta lly  p roved  the  
su rv iv a l ab ility  o f th e  spores of m any  species u n d e r conditions sim ilar to  those  of high air 
c u rre n ts  ( v a n  Z a n t e n  1976, 1978, 1979). E v id en ce  opposing and  su p p o rtin g  b o th  view s (and  
som e o th e rs ) is discussed a t  leng th  by  v a n  Z a n t e n  an d  P oes (1981). Som e of th e ir  final 
conclusions (l.c. 544-547) are :
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A) T.and connections p rio r to  th e  co n tin en ta l d rif t a re  v e ry  im p o rta n t for th e  u n d e r­
stand ing  of ev o lu tio n  an d  m ig ra tio n  of b ry o p h y tes . In  th e  m ore con se rv a tiv e  groups (p rim itiv e  
H epaticae  a n d  m u ch  less m osses) a c tu a l species levels m ig h t h av e  been estab lished  a lread y  
before th e  sp lit o f g rea t lan d  m asses. In  o th er liv e rw o rt g roups an d  m ost mosses, how ever, 
these an c ien t lan d  connections a re  considered as e x p la n a to ry  for p re sen t-d ay  re la tio n sh ip s a t  
fam ily-, genus- an d  a t  v ica ria n t species p a ir level.

B) Step  by step dispersal follow ing geological or c lim atic  changes on th e  co n tin en ts  (or 
on islands a n d  iso la ted  lan d  m asses n o t too fa r from  each o th e r)  causes m odifications in  th e  
d is trib u tio n  o f b ry o p h y te s , possib ly  followed b y  iso la tion  an d  spéc ia tion .

C) Long-range dispersal b y  aerial t ra n sp o r t  o f d iaspores be tw een  con tinen ts o r o th e r 
land  m asses can  d ra stica lly  m od ify  th e  p ic tu re  ach ieved  by  p la te  tec ton ics and  step  b y  step  
dispersal. T he effectiveness o f  long-range d ispersal depends on  th e  following conditions:

1. Spores or p ropagules m u st be produced  in  large  q u an titie s .
2. D iaspores m u st be sm all enough for aerial tra n s p o r t.  ( In  general no t larger th a n  

25 p m  in d iam e te r .)
3. T he d iaspores m u st hav e  resistance to  desiccation  an d  freezing.
4. T he a rriv in g  d iaspores need  su itab le  h a b ita ts , an d
5. co m p etin g  ab ility  w ith  th e  au to ch to n o u s v eg eta tio n .
6. T he rece iv ing  area has to be large and  v a ried  enough  to  p rov ide  successful m ig ra tio n  

chances, fin a lly
7. shou ld  possess u n sa tu ra te d  n iches, no t filled b y  au to c h to n o u s  vegetation .
C oncluding from  th e  ab o v e, successful long-range d ispersal becom es likely w hen th e

species is b isex u al, possesses gem m ae, occurs on young  oceanic islands or is w eedy in c h a r­
a c te r , living on b a re , o ften  seco n d ary  surfaces ( v a n  Z a n t e n  an d  P o es 1981). As v a n  Z a n t e n  

established (in v a n  Z a n t e n  and  P o es  1981: 523) d iaspores o f tro p ic a l b ry o p h y tes  have m uch  
less resistance to  desiccation  a n d  freezing th a n  tem p e ra te  ones, th ere fo re  chances for success­
ful transocean ic  d ispersal should  be sm aller in  tro p ica l species, especially  in  those belonging 
to  th e  low land e lem ent.

Results

T ax a , fo r w h ich  A fro-A m erican  d is trib u tio n  has been estab lish ed , are listed  in T ables 1 
(b icon tinen ta l species and  v icarious tax a ), 2 (genera) an d  3 (p resum ed  A fro-A m erican spe­
cies pairs of u n v e rified  s ta tu s).

Am ong th e  earlie st species p roved  to  be d is ju n c t A fro-A m erican  are Radula fla cc id a  
an d  R. stenocalyx  ( C a s t l e  1939), o thers , such as Schiffneriolejeunea polycarpa  ( G r a d s t e i n  

1974), K urzia  capillaris  and  Lepidozia  cupressina  (PÓCS 1983) an d  Lophocolea m artiana  ( th is 
pap er) were long h in te d  a t  to  be A fro-A m erican  in earlier lite ra tu re  before  th ey  finally  p roved  
to  be so. For m ore th a n  h a lf  o f th e  species listed  in  T ab le  1 A fro-A m erican  d is trib u tio n  was 
d em o n stra ted  w ith in  th e  las t te n  y ears, e.g. th ro u g h  th e  w ork  of D r. E . W .  J o n e s ,  Dr. R . 
G r o l l e  and o th e rs  includ ing  th e  a u th o rs  ( G r a d s t e i n  1974, 1980; B i z o t  and  Pócs 1974; 
Pócs 1977, 1983; V Á n a  1980, 1982, V Á n a  et al. 1979). M any of th e m  are th e  resu lt of m ono­
g raphic  com parisons be tw een  A frican  and A m erican  ta x a ,  b u t  in  som e cases th ey  resu lted  
from  new flo ris tic  discoveries, e.g. Lejeunea autoica ( J o n e s  1979), Gymnocoleopsis m ultiflora , 
Lophozia argentina  ( V Á N A  1982) or Exormotheca pustu losa  ( B i s c i i l e r  1976). In  o th er cases, 
e.g. Herbertus subdentatus ( ty p e  from  A m erica), w hich  w as re p o rte d  for A frica here for th e  
f irs t  tim e, an  A frican  synonym  has n o t y e t been  de te rm in ed  a n d  rem ain s to  be de tected  am ong 
th e  various ex is tin g  A frican  b inom ina  of th e  genus.

N o t u n e x p ec te d ly  i t  tu rn s  o u t th a t  for m ost of th e  A fro-A m erican  species type  specim ens 
o rig inate  from  A m erica , wrhich  shou ld  reflect th e  early  d a te  b y  w h ich  flo ristic  exp lo ra tions

9 Acta Botanica Hungarica 29, 1983
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Table 1

List o f  d isjunct A fro-Am erican liverwort species and vicarious taxa

A ltitudinal range* Means o f dispersal

Species or species pair
lowland submontane montane subalpine alpine Gemmae or 

fragments
Spori

autoic dioic

Spore size 
if known, 

/mi

la . Tropical lowland element

1. Acrolejeunea emergens + + — — — + + — 45-60
2. Aneura pseudopinguis + + + — — — — + 13-16
3. Cololejeunea cardiocarpa + — — — + + — > 4 0
4. Lejeunea autoica + ( + ) — — — — + — > 4 0
5. Leucolejeuneu unciloba + — — — — + — 23 X 40-50
6. Lophocolea martiana + — — — — — + — ?
7. M astigolejeunea auriculata + — — — — — + — > 4 0
8. Pycnolejeunea contigua + + — — — — + — > 4 0
9. Radula flaccida + — — — — — — *T 9

10. Rectolejeunea brittoniae + + + — — -j- — + 1 2 -1 9 X <
11. Schiffneriolejeunea polycarpa + + — — — — + — 9
12. Arachniopsis dissotricha and

diplopoda + — — — — ? —

lb. Tropical montane element
15. Aphanolejeunea exigua — + + — — 4- + — 9
16. Arachniopsis diacantha + + + + — ? + — 9
17. K urzia  capillar is — + + — — — — + 12
18. Radula boryana — + + — — — — + 9
19. Radula stenocalyx — + + — — + — + 9
20. Sym phyogyna brasiliensis + -1- — — — — + 24-28
21. Syzygiella concreta + + — — ---- — + 9

22. Diplasiolejeunea nellucida and
albifolia + + — — + — + 20 X <

23. Jungerm annia amoena and borgenii — + + — — — — + 18-22a
14-20b

24. Leptoscyphus amphibolius and
infuscatus — — + + — — — + 13-15a

25. Syzygiella manca and gem inifolia — — + + — — — + 24-32m
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I  *oTropical alpine element 

27. A ndrew sianthus jam esonii 4 + + + + 15-18
28. Gymnocoleopsis m ultiflora — — — — 4- — + — 9

29. Herbertus subdentatus — -f + — — + 9

30. Isotachis aubertii — — -j— 4- + — — + 9

31. M arsupella a fricana — — — — + 9 — -f 10-12
32. Stephanielia paraphyllina — — — — + 9 9 9 9

33. Colura ornithocephala and 
kilim anjarica ,___ ___ _ + __ __ 4 9

34. Gongylanthus liebm annianus and 
scariosus + i . +». 9 25-29s.

35. Lethocolea glossophylla and congesta - — + -J- + + -l-C. +g- 9

11. Subtropical-M editerranean element 

36. Sphaerocarpos stipitatus _L + te tra d  95-135
37. Exormotheca pustulosa 4 4 + — — — -1- — 50-65

l i l a .  Southern temperate element pene­
trating into tropical m ountains

38. Clasmatocolea vermicular is + + 16-20
39. Ileteroscyphus integrifolius 9 9 + — — — 4- — 9

40. Ilyalolejiidozia bicuspidata 4- 4- — 9 — 4 12
41. Lepicolea ochroleuca + -f + — — — 9 9 9

42. Leptoscyphus expunsus + -j- 4 + — — — 4 - 12
43. Lophozia argentina 9 9* + — — — + 9

44. Schistochila alata + + + — — — + 17-23
45. Tylim anthus limbalus 4 + + ' — — — + 9

11 lb. Wide southern temperate element 
penetrating up to A tlantic  Europe

46. Adelanlhus decipiens + 4 12-16
47. Adelanlhus lindenbergianus _L 4- ~h 1T — + — 4 12-16
48. Colura calyptrifolia -L + + — — + 4* — 20-30 X 40-65
49. Lepidozia cupressina + + + + — — — + 10-16
50. Leptoscyphus cuneifolius + + -b — 4~ — 4 9

51. Lejeunea (M icrolejeunea) ulicina  
com plex + + + __ _ _ ___ + 9

52. Telaranea nematodes + “Г + + — 4 14-16

* A pproxim ate  ranges for a ltitu d in a l zones in th e  trop ics are: low land up to 800 m, subm ontane  800—1600 m, m on tane  1600-3000 m , 
subalp ine 3000-3600 m , alpine above 3600 m. These values are valid  in co n tinen ta l areas near the  E q u a to r, and  m uch lower on  oceanic islands w
and  a t  h igher la titu d es.
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s ta r te d  in  S o u th  A m erica and  th e  in h o sp ita lity  o f th e  tro p ica l A frican m ain lan d  to  18 th  and 
1 9 th  c e n tu ry  p la n t collectors. W here  ex ist o lder A frican  nam es, th ey  are u su a lly  from  th e  
E a s t  A frican  islands (e.g. Acrolejeunea emergens, Iso tachis aubertii) or from  th e  Cape (Lepto- 
scyphus expansus , Schistochila alata).

Som e of th e  A fro-A m erican  species d iscussed  here  m ay  ev en tu a lly  tu r n  o u t to  be 
m ore  w ide ly  d is tr ib u ted , especially  w here tax o n o m ic  s tu d ies  are no t ye t w orld-w ide. T his is 
i l lu s tra te d  b y  th e  fa c t th a t  am ong  th e  b icen tric  A fro -A siatic  liverw ort species lis ted  recen tly  
b y  one of us (PÓCS 1976), th re e  have  in  th e  m ea n tim e  p ro v ed  to  ex is t in tro p ic a l A m erica as 
w ell a n d  are  th u s  in  fa c t p a n tro p ica l: A n a stro p h y llu m  auritum  (VÁNA 1982), I u  a tsukia  jish ibae  
(V á n a  1980) and R adula  ja va n ica  (Y a m a d a  in l it t .) .

A lth o u g h  we w ould define  A fro-A m erican  species in a s tr ic t sense as th o se  re s tr ic ted  
in  th e ir  d is tr ib u tio n  to  th e  A frican  m ain lan d  an d  i ts  su rround ing  islands as well as tro p ica l 
a n d  a n tip o d a l A m erica, we w ou ld  include here  in  th is  ca teg o ry  as well those  species w ith  op tim al 
o ccu rren ce  in  these  regions b u t  w ith  occasional ex ten sio n s in to  ad jacen t reg ions, e.g. E u ro p e  
(M ed ite rran ean  and  a tla n tié , W es te rn  E uro p e) or a long  th e  a tla n tié  coast o f N o rth  A m erica 
a n d  Ceylon. The la t te r  is lan d  was considered  to  a c t as eas te rn m o st lim it for th e  range  of 
sev era l A fro-A m erican  L ejeuneaceae  b y  G r a d s t e i n  a n d  I n o u e  (1980).

G r o l l e  (1969) d iscussed  som e exam ples o f  A fro-A m erican  d is tr ib u tio n  ty p es  am ong 
liv e rw o rt species and  recognized tw o flo ris tic  e lem en ts:

a)  T rop ical elem ent (A rachniopsis diacantha).
b)  S u b an ta rc tic  e lem en t (Adelanthus lindenbergianus, A . decipiens an d  Stephaniella  

para p h y llin a ). T he la t te r  species in our op in ion  does n o t belong here.
F r a h m  (1982) rev iew ed  th e  d is tr ib u tio n  o f fiv e  A fro-A m erican species of C am pylopus 

a n d  recognized th ree  e lem en ts:
1. S ou thern  te m p e ra te  (su b tro p ica l) e lem en t,
2. T ro p ical-m on tane  e lem en t,
3. A froalp ine-andine e lem ent.

W h i l e  h is  f i r s t  e le m e n t  s e e m s  t o  c o r re la te  w i t h  G r o l l e ’s s u b a n t a r c t i c  e l e m e n t ,  a n d  t h e   ̂ t h e r  
t w o  w i t h  G r o l l e ’s t r o p ic a l  e l e m e n t ,  h is  c o m p a r i n g  t h e  d i s t r i b u t io n  o f  A delanthus linden- 
bergianus  a n d  A . decipiens w i t h  t h a t  o f  t h e  A f ro a lp in e - a n d in e  e le m e n t  s u g g e s t s ,  t h a t  t h e  tw o  
c la s s i f i c a t io n s  w ere  n o t  b a s e d  e n t i r e ly  on  t h e  s a m e  p r in c ip le s .

A com parison of th e  m aps and  a lt i tu d in a l  d is trib u tio n s of th e  A fro-A m erican  liv e r­
w o rts  discussed in th is  p a p e r  revea ls th e  follow ing geographical p a tte rn s  (see also T able  1): 

I. T R O P IC A L  A F R O -A M E R IC A N
a )  T rop ical low land  e lem en t (lo w lan d -su b m o n tan e)
b) T ropical m o n ta n e  e lem en t (su b m o n tan e -m o n tan e)
c)  T ropical a lp ine  e lem en t (m o n tan e-a lp in e )

II . S U B T R O P IC A L -M E D IT E R R A N E A N  A F R O -A M E R IC A N
a )  S ou th ern  su b tro p ica l e lem ent
b)  W idely d is tr ib u te d  elem ent

I I I .  T E M P E R A T E -S U B A N T A R C T IC  A F R O -A M E R IC A N
a)  S ou thern  te m p e ra te  e lem ent
b)  W idely d is tr ib u te d  elem ent

I. T R O P IC A L  A F R O -A M E R IC A N  E L E M E N T S

From  Table 1, w here th e  b ic o n tin e n ta l tro p ica l species an ti v ic a ria n ts  are 
lis ted  accord ing  to  th e ir  v e rtica l, a l t i tu d in a l d is trib u tio n , th e  th ree  m ain  t ro p ­
ica l elem ents becom e a p p a re n t. D ivision  in to  a ltitu d in a l zones is accord ing  to
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T r o l l  (1961) an d  reg ional l i te ra tu re  (e.g . H e d b e r g  1951, P ó c s  19766, C u a t r e - 

c a s a s  1954, C l e e f  1978). A few species o f th e  above ca te g o ry  could n o t be 
p laced  w ith  c e r ta in ty  in one o f th e  th re e  elem ents. T h e ir p lacem en t shou ld  
rem a in  te n ta tiv e  pend ing  fu r th e r  s tu d y .

I .a . T rop ica l low land  elem ent

1. Acrolejeunea emergens (M itt.) S tep h . (L ejeuneaceae) (P la te  1/1)

W idespread  in tro p ica l A frica (lack ing  in  S. A frica) from  sea leve l u p  to  1500 m. In  t r o p ­
ical A m erica of m ore re s tr ic te d  occurrence a n d  k n ow n only from  few  collections o f m a in lan d  
S. A m erica  and  C entra l Am erica (G r a d s t e i n  1975). R ecently  th e  species w as rep o rte d  also 
from  Ceylon, p rev iously  id en tified  as A . fe r ti l is  ( G r a d s t e i n  and I n o u e  1980).

A crolejeunea em ergens is a r a th e r  x e ro to le ra n t species occurring  as an  e p ip h y te  in 
m esic forests, deciduous sav an n a  w oodlands, o f ten  to g eth e r w ith  th e  A fro-A m erican  S ch iff-  
neriolejeunea polycarpa an d  M astigolejeunea auricula ta  and w ith  th e  p a n tro p ica l F ru lla n ia  
ericoides (cf. also P ó cs 19826).

I t  is u sually  m onoicous and  p ro d u ces spo res as well as gem m ae (caducous leaves) in  
g re a t a m o u n t. G r a d s t e i n  (1975) suggested  a W est Gondw anic orig in  fo r Acrolejeunea su b ­
genus Acrolejeunea (w hich includes A . emergens) a n d  early  te r t ia ry  m ig ra tio n  to w ard s i ts  
p re se n t a rea  of d is tr ib u tio n  (trop ical A m erica  in c lu d in g  subtropical C en tra l F lo rida, tro p ic a l 
A frica , Indo-C hina and  Ja p a n ). Since A . emergens possesses copious m eans of d ispersal, i t  
seem s unnecessary  to  p o s tu la te  a G ondw anic o rig in  fo r th is species as a n  e x p lan a tio n  of i ts  
p re se n t a rea  of d is trib u tio n .

2. Aneura pseudopinguis (H erz.) P ócs comb. nova (A neuraceae) (P la te  1/2)

B asio n y m : Riccardia pseudopinguis H erzog, B eih . B o t. C entralbl., A b t. B , 62; 560, Fig. l a —b
(1942).

S y n o n y m : Riccardia subm arginata  S. A rnell, B o t. N o t. 1953; 139.
A neura  pseudopinguis was no t long ago described  by H e r z o g  fro m  B razil. J o n e s  in 

his acco u n t o f A frican Riccardia  ( J o n e s  1956) does n o t m ention  o th e r species o f A n eu ra , as 
A . p in g u is . A r n e l l  (1963: 86) was th e  f ir s t  to  recognize  th a t  some S o u th  A frican  p lan ts  a re  
id en tica l w ith  th e  A m erican  tax o n . L a te r  V a n d e n  B e r g h e n  (19726) p u b lish ed  i t  from  tro p ica l 
A frica . P ó cs  (unpublished  m ate ria l) has reco rd ed  i t  b o th  from  E a s t a n d  W est Africa (T an ­
z an ia ; U k ag u ru  M ts. an d  from  th e  Iv o ry  C oast). H e r z o g  (l.c.) gave v e ry  good d escrip tion  
a n d  fig u res o f rep ro d u c tiv e  ch arac te rs  to  d is tin g u ish  th is  species fro m  th e  re la ted  A neura  
p in g u is , nam ely  th e  spores o f A . pseudop ingu is  a re  o f m uch  sm aller size a n d  th e  a th e rid ia l 
b ran ch es  a re  long and  m an y  p a ired . A lthough  A r n e l l  gives vegetative  c h a ra c te rs  too (A r n e l l  
1963: 86), based  on th e  size of th a llu s  cells, th ese  ch a ra c te rs  seem to be in  c o n trad ic tio n  w ith  
his ow n acco u n t on S can d in av ian  A . p in g u is  (A r n e l l  1956: 30). T herefore  we regarded  to  be 
co n firm ed  on ly  th e  records o f p lan ts  possessing e ith e r  m ale branches or spores.

A . pseudopinguis is dioicous an d  in A frican  sam ples usually  on ly  one sex is fo u n d  in 
each  loca lity . V egeta tive  rep ro d u c tio n  is n o t k n o w n . In  Africa i t  lives in h u m id  low land and  
m o n ta n e  fo rests, on m u d d y  e a r th  banks or on  ro t t in g  wood, betw een a lt i tu d e s  of sea level 
a n d  1900 m. T he ty p e  lo ca lity  in  B rasil seem s to  b e  som ehow  secondary  (“ N ähe  des S tausees, 
K ra f tw e rk  am  B rach ino” ). I f  i t  is n o t a re ce n t in tro d u c tio n  in to  tro p ica l A m erica, records of 
th e  species can  easily be h id d en  u n d e r n eo tro p ica l R . p in g u is  records, as a lre ad y  H e r z o g  (l.c.) 
rem ark ed . T he Sou th  A m erican  A neura  la tissim a  Spruce  and A . laurentiana  S teph . should  
also be checked  for possible synonym y.
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3. Cololejeunea cardiocarpa (Nees e t M ont.) S ch u st. (Lejeuneaceae) 
(P la te  1/3)

A species com m on in  coasta l trop ical A m erica  (W est In d ies , G alapagos Is., e tc .) b u t  
a lm o st lacking in th e  in n e r  A m azon  basin  (cf. S p r u c e  1884-85). In  co n tra s t, m ost A frican  
reco rds are from  in lan d , fro m  K enya to  Z im babw e. In  th e  Cape A r n e l l  (1963; 174—176) 
reco rded  it under th e  n a m e  of Leptocolea cristata an d  L . cristata va r. lanciloba: the  descrip tion  
accom panied  by p ic tu res  c learly  refers to  C. cardiocarpa. A d d itio n a l reco rd s from  M adagascar 
and  New Caledonia (hence p a n tro p ica l d is tr ib u tio n ) a re  confirm ed re ce n tly  by  T i x i e r  (1979: 
748). C. cardiocarpa is u su a lly  epiphyllous, b u t lives o ften  am ong ra th e r  d ry  conditions n o t 
f i t  fo r m ost of th e  e p ip h y llo u s  species. I t  has a  w ide ecological to le ran ce , occurring from  
low land  to  lower m o n ta n e  fo res ts  up  to  1500 m (in Zaire, on M t. K a h u z i as high as 2300 m ) 
u n d e r hum id  to  su bxeric  con d itio n s. In  Cuba it is o ften  th e  only ep ip h y llo u s species in sem id ry  
riverine  forests. On th e  G alap ag o s Islands it is one of th e  m ost com m on  liverw orts (G r a b s t e i n  
and  W e b e r  1982). As th is  liv e rw o rt flo ra  is o f recen t origin and  p re su m ab ly  has arisen  v ia  
tran so cean ic  air d ispersa l, th e  p resen t d is tr ib u tio n  of C. cardiocarpa m ig h t best be exp la ined  
b y  long-range m ig ra tio n . M oreover, th e  species is m onoicous and  p ro d u ces  copious spores as 
well as gem m ae.

4. Lejeunea autoica Schust. (L ejeuneaceae) (P la te  1/4)

A rare  and re m a rk a b ly  d is ju n ct species w ith  localities in F lo rid a  (the ty p e) an d  in 
tro p ic a l W est A frica, w h ere  i t  w as recen tly  d iscovered  b y  J o n e s  (1979). A ccording to  Dr. J o n e s  
th e  W est A frican p o p u la tio n s  are  m orphologically  s lig h tly  d iffe ren t from  th e  A m erican ones, 
b u t  “ too  closely allied  . . .  to  ju s tify  sep ara tin g  th e m  as a d ifferen t species”  ( J o n es  1979; 391).

Lejeunea autoica occu rs in hum id  low land  or su b m o n tan e  fo res ts  (subtropical F lo r id a  
a t sea level, G hana 730 m . M t. Cam eroun 1160 m ) as a sciophilous ep ip h y te , rare ly  over ro ck , 
an d  ten d s  to  grow m ix ed  am ong  o th er (larger) b ry o p h y te s . I ts  t in y  h a b it  and likeness to  o th e r  
I.e jeuneae , as well as o u r  poor know ledge of th is  n o to riously  d iff ic u lt, yet very com m on  
tro p ic a l genus, suggest t h a t  th e  ac tu a l d is tr ib u tio n  p a tte rn s  of L. autoica is little  m ore th a n  a 
te s tim o n y  of our in co m p le te  u n d e rstan d in g  of th e  genus Lejeunea.

Lejeunea autoica is u su a lly  copiously fe rtile , y e t m a tu re  sp o ro p h y te s  have no t y e t b een  
recorded . V egeta tive  re p ro d u c tio n  is unknow n in th is  species.

5. Leueolejeunea unciloba (L indenb .) E v an s (L ejeuneaceae) (P la te  1/5)

W idespread in  tro p ic a l A m erica, b u t  k n o w n  on ly  from  sc a tte re d  localities —- in  th e  
W est Indies a lm ost la ck in g  —  excep t in  th e  co asta l p la in  of so u th e a s t U .S.A. from  w here  a re  
m an y  records (Sc h u s t e r  1980). In  Africa L . unciloba is ra re  a n d  th u s  fa r only know n from  
S o u th  Africa (C ape, N a ta l)  and  from  T an zan ia , w here it was re ce n tly  collected by  Dr. J o n e s  
( J o n e s  1973) in su b m o n ta n e  ra in  fo rest and on ro adside  trees. In  tro p ic a l Am erica i t  is a p p a r ­
e n tly  a m esophytic  to  a lm o st xe ro p h y tic  species, occurring  on sm o o th  b a rk  of trees an d  sh ru b  
as well as on rock. I n  B razil i t  is found  in A m azon ian  forests (leg. S p r u c e ) as well as d ry  
cerradao  shrub. In  C olom bia th e  species w as fo u n d  n o t to  be u n co m m o n  as a crown e p ip h y te  
in  m on tane  forests up  to  2500 m  (G r a d s t e i n  u n p u b l.)  a lth o u g h  th e re  was only one p rev io u s 
reco rd  for th e  c o u n try . In  C uba it lives in sem id ry  rock  forests to g e th e r  w ith the  m o n o ty p ic  
M icrocycas calocoma ( G r o l l e  1975). A p p a ren tly  th e  species has b een  overlooked in th e  p a s t 
as m ay  be tru e  fo r o th e r  crow n ep iphy tes (e.g. Pycnolejeunea continua). L . unciloba is au to ico u s  
and  usually  fe rtile , y e t  m a tu re  sporophyte?  a re  ra re ly  reco rded . V eg eta tiv e  re p ro d u c tio n  is 
u n k n o w n  in  th e  genus.
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T ropical low land  species. 1. Acrolejeunea emergens (M itt.)  S teph . ( Sr i  L anka). 2. A neura  
pseudopinguis (H erz .) Pócs. 3. Cololejeunea cardiocarpa (Nees e t M ont.) Schust. ( + N .  Cale­
donia). 4. Lejeunea autoica S ch u st. 5. Leucolejeunea unciloba (L in d en b .) E vans. 6 . Lopho-

colea m artiana  Nees.

6. Lophocolea m artiana Nees in  G., L . e t N ., Syn. H ep . 152 (1845) (Geo- 
calycaceae) (P la te  1/6)

Syn. nov .: Lophocolea congoana S tep h ., Sp. H ep. 3: 170 (1907) 
L . dusen ii S tep h ., Sp . H ep . 3: 178 p .p . (1907)
L . new tonii S te p h ., Sp. H ep. 3: 170 (1907)
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L . m artiana  is a v e ry  com m on species o f r a th e r  m esic low land fo res ts  of th e  W est 
In d ie s , so u th e as te rn  B razil an d  also W est A frica, w here  th e  species was k n o w n  for a long tim e  
as L . n e u to n ii  or L . congoana. T h eir close re la tio n sh ip s w ith  L . m artiana  w ere n o ted  by  several 
a u th o rs  ( E v a n s  1905, J o n e s  1953, S c h u s t e r  1980) an d  J o n e s  (l.c.) h e s ita te d  to  recognize 
th e  A frican  and  A m erican  species as d iffe ren t b u t  decided to  m ain ta in  th e m  because “ th e  
S o u th  A m erican  p lan ts  them selves a p p ea r to  be in  need  of fu r th e r  s tu d y ”  (p. 191). A carefu l 
co m p ariso n  by  one of us (VÁNA, m sc.) in  th e  course o f a  s tu d y  of C uban  L ophocoleaceae 
rev ea led  th e  published  differences as non-ex isting .

L . m artiana  ap p ears to  be  p a r tic u la r ly  com m on in  A tlan tic  coasta l regions b u t is m ore 
ra re  in  low land  areas, a t  lea s t in  S o u th  A m erica. In  E a s t  and  S o u th  A frica  i t  also becom es 
m ore sp o rad ic , occurring  ra re ly  an d  iso la ted  in low land  forests. The species grows on ro t te n  
w ood, o r ra re ly  on e a r th , in  low land  an d  in  su b m o n tan e  forests up  to  1500 m  a ltitu d e , ra re ly  
h igher. I t  is m onoicous and  o ften  fe rtile ; gem m ae are  unknow n.

7. M astigolejeunea auriculata (W ils.) Schiffn. (L ejeuneaceae)

O ne of th e  com m onest species of L ejeuneaceae  in  low land  tro p ica l A m erica  and  A frica  
w ith  a  ra th e r  wide ecological to le ran ce  y e t p ro b a b ly  n o t very  x e ro to le ra n t as i t  is a b se n t 
fro m  th e  G alapagos Is lan d s (G r a d s t e i n  an d  W e b e r  1982). In  A frica th e  species was know n 
as M . carinata  (M itt.) S teph . w hich  w as synonym ized  w ith  M . auriculata  b y  G r a d s t e i n  an d  
I n o u e  (1980). The species also occurs on Ceylon and  possib ly  elsew here in  Asia where a closely 
re la te d  a n d  ra th e r  p o ly m orph ic  species (M . h u m ilis )  occurs. F u r th e r  rev is ionary  w ork  is 
n eed ed  to  estab lish  th e  a c tu a l d is tr ib u tio n  p a tte rn  o f  th is  species. M . auriculata  is polyoicous 
(au to ico u s  or dioicous) and  m ay  disperse b y  spores; gem m ae are u n k n o w n  in th is  genus.

8. Pycnolejeunea contigua (Nees) G rolle (Lejeuneaceae) (P la te  II/7 )

A  tro p ical A m erican  species —  w ith  a  confusing  n o m en c la tu ra l h is to ry  (G r o l l e  
1979) —  w hich was recen tly  d iscovered  in tro p ica l A frica  b y  J o n e s  (1979). A ccording to  Dr. 
J o n e s  th e  species grows in  W est A frica in  hum id  low land  ra in  forests as a  crow n ep ip h y te  of 
la rg e  canopy  trees, and  h as th ere fo re  likely  been  overlooked in th e  p a s t ( J o n e s  1979). In  T a n ­
z an ia  i t  grows on b a rk  a t  1650 m , in  an  open ericaceous h ea th , above w aterfa lls . I t  a p p a re n tly  
lack s in  th e  drier, deciduous fo rests. A b o u t i ts  neo tro p ica l h a b ita t  lit t le  is knowm. I t  sho u ld  
be a  low land  forest species th e re , n o t u n com m on in th e  A m azon basin  (fide S p r u c e ). Dr. V i t a l  
h as  fo u n d  it on tree  bases in  Säo P au lo  S ta te . T he species is au to icous, b u t  m a tu re  sp o ro p h y tes  
h a v e  n o t y e t been recorded . V eg eta tiv e  rep ro d u c tio n  is y e t unknow n.

9. Radula flaccicla L in d en b . e t G o tt. (R adu laceae) (P la te  II/8 )

W idespread  in  tro p ic a l A frica  as well as in  tro p ica l A m erica w here  i t  occurs from  
F lo r id a  (p robab ly  ex tin c t th e re  fide  S c h u s t e r  1980) so u thw ards to  A m azonia  and  also in  th e  
ra in fo re s t n ear Buenos A ires (leg. T o n d u z  1892, now  p ro b ab ly  e x tin c t as well). The species is 
a  com m on  epiphyllous, occasionally  corticolous e lem en t in  hum id  tro p ic a l low land ra in fo re sts , 
o ccu rrin g  a t  a ltitu d es  from  sea level to  1000 m . I t  is dioicous b u t  p ro d u ces p e ria n th s  (an d  
sp o re s? ) frequen tly . In  a d d itio n  i t  h as copious p ro d u c tio n  of m u ltice llu lar, leaf-born  gem m ae, 
w h ich , considering th e ir  size shou ld  be effective m eans for sh o rt d istan ce  dispersal.

W ith  R. stenocalyx  (below ) R . flaccida  belongs to  a p an tro p ica l group of ab o u t ten , 
ch iefly  epiphyllous species: R adu la  sect. E piphyllae  Castle ex Grolle (Ca s t l e  1968, Y a m a d a  
1979). E x cep t for th e  A fro-A m erican  R . fla cc id a  an d  R . stenocalyx th e  species are supposed ly  
co nfined  to  single co n tin en ts , w ith  5 species occurring  in Asia (all of th em  w idespread). S c h u s t e r  
re c e n tly  (1980) regrouped  th ese  species an d  le ft only R . flaccida  and  th e  E a s t  A frican R . pseudo- 
fla cc id a  in  th e  sect. E p ip h y lla e  Castle ex Grolle em end. Schust.
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10. Re^tolejeunea brittoniae E v an s  (L ejeuneaceae) (P la te  II/9)

Since i t  was described  from  th e  B ah am as ( E v a n s  1911), th e  species becam e know n also 
from  th e  g reater A ntilles an d  from  F lo rid a  (Sc h u s t e r  1980), w here i t  seem s to  be qu ite  
w idespread . I ts  A frican occurrence  w as h id d en  by  th e  confusing sy n o n y m y  clarified  by  J o n e s  
(1974), who gave a new n am e  to  th e  A frican  p lan t: Rectolejeunea arnellii E . W . Jo n es  recorded

Plate II
T ro p ical low land species. 7. Pycnolejeunea contigua (Nees) Grolle. 8. R a d u la  fla cc id a  (L indenb .) 
G o tt. 9. Rectolejeunea]brittoniae E v an s , (h a lf  d o ts: unconfirm ed  records). 10. S c h iffneriolejeunea  
polycarpa  (Nees) G radst. ( —f-Sri L an k a , S. In d ia ) . 11. A rachniopsis dissotricha  Spruce (ha lf 
d o ts) an d  A . diplopoda Poes (full dots). 12. H aplolejeunea Grolle a n d  S ym biezid ium  T rev . 
F u ll circle: H . sticta Grolle; sq u a re : i f .  cucullata (S teph .) Grolle; tr ia n g le : H . spec. C ontinuous 
line: S. transversale (Sw.) T rev . an d  S. barbiflorum  (L . e t G.) T rev .; b ro k e n  line: S . madagas-

cariense S teph .
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from  T an zan ia  and from  th e  C ape, K n y sn a , from  where it was p ub lished  u n d e r  th e  nam e of 
Rectolejeunea rhodesiae (S im ) S. A rnell by  A r n e l l  (1963). O th er SE  A frican  reco rds rem ained 
u n co n firm ed . Poes (in O c h y r a  and  P o es  1983) recorded th e  species also fro m  Mt. K enya. 
S c h u s t e r  considers Rectolejeunea brittoniae and  R. arnellii sy n o n y m o u s, th u s  th e  species is 
b ice n tric  in d istribu tion . I t  occu rs n ear th e  sea level in F lo rid a  an d  on th e  B ah am as , becom es 
su b m o n tan e  on the  g rea te r A n tilles, is again  a low land species in su b tro p ica l S o u th  Africa, 
w hile  d e fin ite ly  m on tane  in  E a s t  A frica, occurring  betw een 1500 and  3300 m  (M t. K enya). 
Rectolejeunea brittoniae is in m o st cases corticolous or even ram ico lous, liv ing  on tin y  twigs. 
O nly  one case (Mt. K en y a) i t  w as found  on ro tte n  logs. I t  generally  occurs in  deep shade of 
closed tro p ica l forests, b u t  c an  occur in m ore open v eg eta tio n  ty p es  as well, w hen h u m id ity  
is high .

R . brittoniae is d io icous and  o ften  produces p e rian th s ; m a tu re  sp o ro p h y te s  were ob ­
se rv ed  on ly  in Am erica. T h e  spores are re la tiv e ly  sm all, 12—19 fim  in d iam e te r . V egetative 
re p ro d u c tio n  is know n b y  cad u co u s lea f lobes, w hich leave long sections o f th e  stem  often  
n a k e d . T h ey  develop on a lm o s t unm odified  shoots. T he fallen  (an d  even  th e  unfallen) lobes 
o f te n  p roduce new p la n tle ts  from  th e ir  m arg inal cells. A lth o u g h  th e  p ecu lia r b icen tric  d is­
tr ib u t io n  p a tte rn  is still d iff ic u lt to  exp la in , th e  freely  develop ing  cad u co u s lobes seem to  
en h an c e  long-range aerial d isp e rsa l for th is  species.

11. Schiffneriolejeunea polycarpa (Nees) G rad s t. (L ejeuneaceae)
(P la te  11/10)

T his species is w id esp read  in tro p ica l and  S o u th  A frica , b u t  in  tro p ic a l A m erica it 
seem s to  be largely re s tr ic te d  to  co asta l regions along th e  A tlan tic  O cean a n d  th e  W est Indies. 
I t  grow s as an  ep ip h y te  in  ra th e r  m esic to  subxeric everg reen  fo rests, in  cerradao  sh rub , in  
decid u o u s w oodlands, o rc h a rd s  and  on roadside  trees, a t  a lt i tu d e s  from  sea leve l up  to 1500 m. 
I t s  d is trib u tio n  area w as re c e n tly  ex p an d ed  w ith  rep o rts  from  Ceylon (G r a d s t e i n  and I n o u e  
1980) and  Southern  In d ia  ( U d a r  and  A w a s h t i  1982), b u t  th e  In d ia n  a n d  p a r t  o f th e  Ceylonese 
p o p u la tio n s  are from  h ig h er a ltitu d e s  (1500—2200 m ) and  are  m o rp ho log ically  slightly  d ifferen t 
( tu b u lo se  female b rac teo le , cf. U d a r  and  A w a s h t i  1982, F ig . 1: 1, 20), in d ica tin g  th a t  a 
se p a ra te  subspecies m ig h t be a t  han d . T he specim ens from  low er a ltitu d e s  on  Ceylon, how ever, 
a re  fu lly  identical to  th e  A fro-A m erican  p o p u la tio n s and rep re sen t th e  e as te rn m o st ex tension  
o f th e  area of th e  species k n ow n  th u s  far. Sim ilar d is tr ib u tio n  p a tte rn s  a re  know n for Aero - 
lejeunea emergens an d  M astigolejeunea auriculata.

A closely re la te d  v ic a r ia n t species, S. pulopenangensis  (G o tt.)  G rad st., occurs in 
Indom alesia .

S. polycarpa is a u to ico u s  an d  produces sp o rophy tes freely . V e g e ta tiv e  rep ro d u c tio n  is 
u n k n o w n . I ts  p re sen t d is tr ib u tio n  a rea  resem bles th a t  o f th e  cac tu s  R hipsa lis baccifera 
( T h o r n e  1973, Fig. 1).

12. Arachniopsis dissotricha Spruce and Arachniopsis diplopoda Poes
(Lepidoziaceae) (P la te  11/11)

The two A ra ch n io p sis  species form  an  in te res tin g  v ic a r ia n t p a ir  o f re la ted  species 
w ith in  an  isolated g ro u p  o f th e  genus. A . dissotricha is k n ow n  since long from  th e  upper A m azo­
n ia n  basin, bo th  B razil a n d  P e ru  (S p r u c e  1882, 1885: 357, F u l f o r d  1968: 364). A . diplopoda  
becam e known by  a  co llection  m ade  by  G. Cr e m e r s  in  n o rth e rn  M adagascar, from  th e  h e rb a ­
r iu m  of M. O n r a e d t , described , as a  new  species, b y  one of us (P o es  1984). An ad d itio n a l 
lo ca lity  of the  sam e species has been discovered from  h e rb ariu m  m a te ria l (B R ) collected b y
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T a b le  2

Liverwort genera largely restricted to America and A frica

A lt .  r a n g e G e n u s F  a m ily
T o ta l

sp ec ie s
A m e r ic a n

sp ec ie s
A f r ic a n
sp e c ie s

S p e c ie s
e ls e w h e re

T rop. lowl. Arachniopsis Lepidoziac. 4 3 2 _
T rop. m ont. Bryopteris Lejeuneac. 7 6 1 —
T rop. lowl. Haplolejeunea Lejeuneac. 2-3 î 2 —
S outhern  -f- tr . 

m on t.
Leptoscyphus Geocalycac. 24 19 6 2 E urope 

Azores
T rop. m on t. M archesinia Lejeuneac. ca. 8 4 ? 3 ? 1 E urope
T rop. lowl. Odontolejeunea Lejeuneac. ca. 5 4 ? 1-2 —
T rop . alp. Stephaniella G ym nom itriac. 5-6 5-6 1 —
T rop . lowl. Sym biezidium Lejeuneac. 3 2 1 —

C. J .  M a r t i a l - V o e t s  in Zaire (M ayum bé). I t  w as fo u n d  a t  bo th  loca lities n ear sea le v e r  
in te rm ix ed  in  th e  w efts o f Sprucella succida covering th e  soil surface or l i t te r  on  th e  g round  of 
dense or sem ishaded  eq u ato ria l fo rest. W e do n o t hav e  in fo rm atio n  a b o u t th e  ecology of th e  
A m erican  species collected a t  b o th  localities on ly  by  S p r u c e ,  bu t his s ta te m e n t suggests a 
sim ilar h a b ita t :  “ Ad fluv ium  U au p és , in  rivu li rip is um brosis a rb o ru m  rad ices in v estien s” 
( S p r u c e  1885: 357).

A rachn iopsis d isso tricha  is dioicous, w'hile A . diplopoda  is know n on ly  in  sterile  s ta te . 
V eg eta tiv e  m eans of rep ro d u c tio n  are unknow n. T hese fac ts , toge th e r w ith  th e  pecu liar, very  
iso la ted  an d  d is ju n c t d is tr ib u tio n  of tw o  re la ted  species seem  to confirm  th e ir  com m on 
G ondw an a lan d ic  orig in  and  spécia tion  since th e  G ondw ana d issection. T heir p re sen t d is tr ib u ­
tio n  should  th u s  be considered as o f re lic t n a tu re . T he p o ssib ility  of long-range  air d ispersal 
as an  ex p lan a tio n  for th e ir  d is tr ib u tio n  is a lm ost to  be excluded.

13. H aplolejeunea Grolle (L ejeuneaceae su b fam . T uyam aello ideae)
(P la te  II/12a)

T he A fro-A m erican  genus Haplolejeunea  was re ce n tly  described by  G r o l l e  (1975, 1979) 
a n d  is com prised  o f tw o or th ree  species: H . sticta Grolle from  su b m o n tan e  M adagascar, H . 
cucullata (S tep h .) Grolle from  C am eroun an d  an  u n n am ed  species from  Sao Paolo  S ta te , B razil 
(close to  H. cucullata and  possibly iden tica l). As each species is based  on  a single collection 
on ly , v e ry  lit t le  can  be said  ab o u t th e ir  d is tr ib u tio n  a lth o u g h  th ey  are a p p a re n tly  ra re  as 
th e y  n ev er tu rn e d  up  am ong th e  n um erous A frican collections of L ejeuneaceae m ade b y  
D r. J o n e s  an d  o th e rs  ( G r o l l e  1979).

T he species are au to icous b u t  m a tu re  spo ro p h y tes  hav e  no t ye t been observed. G em ­
m ae are  know n in  o th e r m em bers of T uyam aello ideae  b u t  n o t in  Haplolejeunea.

H aplolejeunea  is th e  only A frican  an d  tro p ica l A m erican  re p re sen ta tiv e  o f th is  m ain ly  
tro p ic a l A sia tic  (Tuyam aella ) and  eu ry su b an ta rc tic  (Siphonolejeunea , Austrolejeunea , Nephelo- 
lejeunea) sub fam ily . As Haplolejeunea w as suggested  to  be th e  m o st p rim itiv e  m em ber of th e  
su b fam ily  its  c u rre n t d is tr ib u tio n  m ay  be considered  of re lic t n a tu re  sim ilarly  to  th e  above 
A rachniopsis species.
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14. Symbiezidium T rev . (L ejeuneaceae subfam . P ty ch an th o id eae )
(P la te  11/126)

K n o w n  from  tro p ica l A m erica  by  tw o com m on, w idespread  species, e ach  w ith  m an y  
synonym s: S. barbiflorum  a n d  S. transversale ( v a n  B e e k  and  G r a d s t e i n ,  m sc.). T he old 
(18th  c e n tu ry ! )  records o f S . transversale from  H aw aii [as S. cryp tocarpum (M itt.) T rev .] and 
from  T asm an ia  [as S. bacciferum  (T ayl.) T rev .] a re  u nconfirm ed , d o u b tfu l and  p ro b ab ly  based  
on e rroneous labels ( v a n  B e e k  an d  G r a d s t e i n ,  m sc.). A th ird  species, S. madagascariense 
S tep h ., is kno w n  from  A frica w here  i t  occurs on  M ad agascar (ty p e) a n d  th e  Seychelles ( G r o l l e  

1978) b u t  lack s on th e  m ain lan d . T h e  A frican a n d  A m erican  species a re  v e ry  d ifferen t, p ro b ab ly  
rep re sen tin g  subgeneric g ro u p s, an d  th u s  in d ic a tin g  a long-tim e sep ara tio n . The pecu lia r 
d is ju n c tio n  in  Sym biezid ium  m ig h t b e tte r  be ex p la in ed  b y  a n c ien t co n tin en ta l m ovem en ts 
follow ing a n  early  ev o lu tio n  in  th e  eas te rn  p o rtio n  of G on d w an a lan d , ra th e r  th a n  b y  long­
d istan ce  d ispersa l, in w hich  case its  absence fro m  m ain lan d  A frica w ould be v e ry  d ifficu lt 
to  exp lain .

Sym biezid ium  does n o t  s ta y  alone w ith  its  pecu liar d is tr ib u tio n  p a tte rn . T h ere  are 
th ree  m oss genera  follow ing th e  sam e p a tte rn :  P hyllogonium  a n d  P otam ium  ( R e n a u l d  et 
C a r d o t  1915: 8, H e r z o g  1926: 215, J o v e t - A s t  1948: 46), f in a lly  Adelothecinm  ( C r o s b y  

1976: 712). T here  are also u nconfirm ed  reco rds on  th e  occurrence of th e  n eo trop ica l genus 
D repanophyllum  from  R eu n io n  Is lan d  (u n c erta in  accord ing  to  R e n a u l d  1897: 121).

T h e  phenom enon , n a m e ly , th a t  tro p ic a l A m erican  p la n ts  occur in L em uria being 
ab sen t in  co n tin en ta l A frica, is well know n am o n g  phan ero g am ic  genera . Sim ilar d isju n ctio n s 
hav e  also been  rep o rted  b y  M o o r e  (1973) fo r ceroxylo id  palm s an d  b y  B o r h i d i  (1982: 237—239) 
fo r Echinochlaena  (P o aceae ,6  A m erican  and  1 L em u rian  species, none in  co n tin en ta l A frica), 
Oliganthes (A steraceae, 12 A m erican  and  9 L em u rian  species, none in co n tin en ta l A frica), 
Carpodiptera (T iliaceae, 5 -J- 1 species o f th e  sam e p a tte rn ) , Oplonia  (A ean thaceae , 13 -f- 5 
species), P henax  (U rticaceae , 25 - f  3 species), R heedia  (C lusiaceae, 37 -j- 13 species), Ravenala  
(M usaceae, 1 A m erican  4- 1 M adagascan  species w hich occurs on  Z anzibar Is lan d  too , b u t  not 
in  m a in lan d  Africa). T hese  genera , called “ p eri-A fro am erican ”  e lem en t, are in te rp re te d  by  
S t e a r n  (1971), as developed  before th e  d issec tion  of th e  A fro-A m erican  su p e rco n tin en t and , 
a t  th e  tim e  of th e  d issection , lack ing  in  th e  in te r io r  o f th is  enorm ous lan d  m ass, w here d rastic  
co n tin e n ta l clim ate changes m ade th em  e x tin c t.  T herefore th e  fo rm al cen tra l p a r t  o f th e  
su p e rco n tin en t bears an  im poverished  flo ra  a n d  som e coasta l a reas o f th e  tw o co n tin e n ts  are 
rich er in  th ese  G o n d w analand ic  elem ents. B o r h i d i  (l.c.) p ro v ides m uch  evidence in  fav o u r of 
S t e a r n ’ s  th eo ry  based on  his analysis on th e  C u b an  phan ero g am ic  flo ra. The sam e phenom enon 
is k n o w n  in  th e  d is tr ib u tio n  of some an im als , e.g. reptiles.

In  tro p ica l A m erica  th e  species o f S ym b iez id iu m  occur as ep iphy tes in m oist tro p ical 
low land  a n d  su b m o n tan e  fo res ts , b u t  th e y  a re  lack in g  in  m ore m esic areas. T hus, th e  genus is 
com m on on Cocos Is la n d , w here  th e re  is p le n ty  o f m oist p r im a ry  forest, b u t  lacks en tire ly  
on th e  m ore m esic G alapagos islands ( G r a d s t e i n  and  W e b e r  1982). T he p lan ts  are  au to icous 
an d  d ispersa l should be b y  spores.

I .b . T ro p ica l m o n tan e  elem ent

15. Aphanolejeunea exigua E v a n s  (L ejeuneaceae) (P la te  III/13)

M any localities are  know n of th is  t in y  ep iphyllous species from  th e  m o n tan e  forests of 
th e  C aribbean  region, w ith  som e ex te n tio n  so u th w ard s to  B razil an d  n o rth w ard s to  C uba and 
M exico. I t  becam e kno w n  from  E a s t A frica on ly  recen tly  (P ó cs  1978: 693—694, w ith o u t precise 
localities), w here lives in  th e  m o n tane  ra in  fo res ts  o f th e  U lu g u ru s and  Mt. K ilim an ja ro . The
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a lt i tu d in a l  ran g e  of th e  species in  th e  m ore equatoria l m o n ta n e  areas lies be tw een  1000-  
3000 m , b u t descends m uch  lower in  is lan d s , like in Cuba (400-1000  m, R e y e s  ined .).

I t  is p ro b ab ly  m uch  m ore w id esp read  in tropical A frica, f i r s t  of all in  th e  E a s t  A frican 
m o u n ta in s , b u t  due to  its m icroscopic size escaped the  a tte n tio n  of th e  n o n-hepatico log ist 
co llectors.

T he species is m onoicous and  p ro d u ces spori and gem m ae as well.

16. Arachniopsis diacantha (M ont.) Howe (L epidoziaceae) (P la te  I I I /14)

A rachniopsis is a  ty p ica l A fro-A m erican  genus and A rachn iopsis diacantha is its  m ost 
w idely  d is tr ib u te d  rep re sen ta tiv e , w hich covers th e  whole ran g e  o f th e  genus, being d is tr ib u te d  
in  E a s t  Africa from  R w an d a  to  Cape in  th e  W es t from  Sierra L eone to  G abon, on M adagascar 
a n d  th e  M ascarenes. In  A m erica is kno w n  fro m  Cuba th ro u g h  th e  V enezuelan , C olom bian and 
P e ru v ia n  A ndes to  th e  A m azonian  b asin , w here  i t  was know n u n d e r  th e  nam e of A . coactilis. 
B ased  on ex am in atio n  c f  th e  ty p es  an d  a w ide selection of specim ens, P o es (1984) p ro v e d  th a t  
A . coactilis does n o t differ specifically  fro m  A . diacantha and  m erits , a t  m ost v a r ie ta l  ra n k  in 
w h ich  case its nam e should be A . diacantha  v a r . fil i fo lia  (Spr.) Poes. As th ere  are m a n y  t r a n ­
s itio n a l form s w ith in  th e  whole range  of d is tr ib u tio n , the  v a rie tie s  a re  sy m p a tric  (see also 
G r o l l e  1969: 578, Fig. 11/3).

T he species occurs b o th  in A frica a n d  in  A m erica from  a lm o s t sea level u p  to  h igh 
a ltitu d e s , b u t  i t  is com m onest in  w et su b m o n tan e  rain  forests. I n  V enezuela A . diacantha  
goes up  to  2000 m a ltitu d e , while in  E a s t  A frica , on Mt. K ilim a n ja ro , i t  ascends as h igh  as 
2850 m  in g ian t h e a th e r (Erica arborea) fo res t, a lm ost reaching th e  fo res t line. I t  lives alw ays 
on  th e  shady , w et g round  of ra in  fo rests, e ith e r on  soil surface or m ore  often  on d ead  wood 
an d  lit te r , occasionally also on living b a rk  or leaves. I t  seems to  be  strongly  acidoph ilous, 
liv ing  to g e th e r w ith  o th e r L epidoziaceae (K u rz ia , Lepidozia , B a zza n ia , Telaranea an d  in  A frica 
also w ith  Sprucella) species. A . diacantha is polyoicous, u su a lly  free ly  produces p e r ia n th s  
a lth o u g h  sporophy tes are rare . R eg en e ra tio n  from  leaf segm ent t ip  cells is described  by  
F u l f o r d  (1968: 362) and  th e  de tach ed , rh izo id  bearing  cells m ig h t serve as tools in v e g e ta tiv e  
rep ro d u c tio n .

17. Kurzia capillaris (Sw.) G rolle (Lepidoziaceae) (P la te  III/15)

T he w idespread A fro-A m erican K u rz ia  capillaris and its  re la tiv e s  were re cen tly  in v es­
t ig a te d  by  P o es (1984). T he A frican ta x o n  w as f ir s t  tre a te d  as a v a r ie ty  o f A m erican  L epidozia  
ca p illa ris , un d er th e  nam e of var. sterilis G o tt., L indenb . et INees. L a te r  i t  was d is tin g u ish ed  
from  th e  A m erican species by  S t e p h a n i ,  as Lepidozia  tabularis S tep h . [ =  M icrolepidozia tabu- 
laris (S tep h .) S. A rn ., K u rzia  tabularis (S tep h .)  Grolle]. Large a m o u n ts  o f m ateria l s tu d ie d  
fro m  b o th  con tin en ts p roved  th a t  none of th e  differences given b y  S t e p h a n i  are s ta b le  an d  
th e  A m erican  K urzia  capillaris and the  A frican  K . tabularis are th e re fo re  considered id en tica l 
<Pócs 1983).

Tw o o th er re la te d  ta x a , Lepidozia verrucosa S teph. [— K u rzia  verrucosa (S teph .) G rolle] 
an d  Lepidozia  stephanii R en. in  S teph . [K urzia  stephanii (R en.) G rolle] fa ll also w ith in  th e  
ran g e  of v a ria tio n  of K u rzia  capillaris. K . stephan ii has leaf segm ents w ith  th e ir  longest p a r t  
consisting  only one cell row  and th e  segm en ts in  general are m uch  sm alle r th a n  those  o f th e  
ty p ic a l K . capillaris. In  ad d itio n , it is re s tr ic te d  in  its  d istrib u tio n  to  M adagascar, th e  M asca­
ren es a n d  th e  old c ry sta lline  blocks of E a s t  A frica  (U luguru  and M ulan je  Mts.). T herefore  its  
se p a ra tio n  a t  subspecies level was p roposed , as K . capillaris ssp. step h a n ii (R en.) Poes (l.c.).

K u rz ia  verrucosa differs from  ty p ic a l K . capillaris only in its  s tro n g e r p ap illo sity  o f th e  
lea f cuticles. As th e  tw o ta x a  are sy m p a tric  in  d is tr ib u tio n , it m erits  o n ly  th e  ra n k  of v a r ie ty :
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P la te  I I I

T ro p ica l m ontane species. 13. Aphanolejeunea exigua  E vans. 14. A rachniopsis diacantha  
(M ont.) Howe. 15. K u rz ia  capillaris  (Sw.) Grolle, fu ll circle: var. cap illa ris ; open circle: v a r . 
verrucosa (S teph.) P o es; h a lf  circle: ssp. stephanii (R en .) Poes. 16. R adu la  boryana (W eb.) 

Nees. 17. R adu la  stenocalyx  M ont. 18. S ym p hyogyna  brasiliensis N ees et Mont.

K . capillaris ssp. cap illa ris  v a r . verrucosa (S tep h .) Poes l.c. T here  a re  tran s itio n s be tw een  
К . capillaris and  its  ssp. step h a n ii and ssp. capillaris  va r. verrucosa.

B oth v a rie tie s  o f K . capillaris ssp. capillaris  are w idespread in  th e  m ontane fo res t 
b e lts  of tropical A m erica  a n d  A frica from  Cuba to  T ie rra  del Fuego a n d  fro m  R w anda to  Cape 
(m ore rare  in A frica) a n d  occur also on T ris tan  d a  C unha. T hey d escend  also in su b m o n tan e  
fo res ts  (near sea level in C ape) an d  on the  o th er h a n d , occur n ear th e  fo re s t line above 2000 m
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as well. T h ey  p refer th e  acidic, p ea ty  floor o f m ore open fo rest ty p es , like P in u s  maestrensis 
w ood in C uba or elfin  forests in  A frica. T h ey  occupy also tree  bases, ro ttin g  logs a n d  som etim es 
acid ic  rock  surfaces.

K . capillaris is dioicous, asexual m eans of p ro p a g a tio n  are  no t know n.

18. Radula boryana (W eb.) Nees (R adu laceae) (P la te  III/16)

K now n from  sca tte red  localities in  tro p ica l A m erica  an d  A frica, an d  th u s  fa r  m ost 
f req u e n tly  found  in  E a s t Africa an d  th e  a d ja c e n t islands. R . boryana is a su b m o n tan e  species 
occurring  chiefly  be tw een  1000—2000 m  (a t  least in co n tin e n ta l Africa — on islands o ften  a t 
low er a ltitu d es), hence a lm ost lacking in  th e  v a s t ra in  fo res t regions of th e  A m azon  an d  th e  
Congo belts. T he species has also been  reco rded  for tro p ic a l Asia (Ca s t l e  1936) b u t  accord ing  
to  Y a m a d a  (1979) A sia tic  records belong to  o th er species.

R . boryana grows on trees or ro ck , ra re ly  on  soil, in m oist su b m o n tan e  forests. The 
species is dioicous and  seldom  fertile. As m eans of asex u al rep ro d u c tio n  are u n k n o w n  in th is  
species, it is n o t likely , th a t  long-d istance  d ispersal c u rre n tly  operates successfu lly  in th is  
species. T he p o ssib ility , how ever, th a t  d ispersal m echan ism s were b e tte r  for th is  species in 
th e  p a s t  should  n o t be ru led  ou t. On th e  o th e r  h a n d , th is  m ig h t be a case w here fo rm er lan d  
connections an d  su b seq u en t m ig ra tion  an d  ev o lu tio n ary  re ta rd a tio n  on th e  species level were 
responsib le  to g e th e r for th e  p resen t d is ju n c t d is tr ib u tio n  p a tte rn .

19. Radula stenocalyx M ont. (R adu laceae) (P la te  III/17)

A su b m o n tan e , b u t  ap p aren tly  tro p ic a l co as ta l A fro-A m erican  species occu rrin g  sc a t­
te re d  along th e  A tlan tic  and In d ian  ocean. The species is u su a lly  epiphyllous b u t, a t  lea s t in 
tro p ic a l A frica, freq u en tly  corticolous as well (m ore often  so th a n  R . flaccida). I t s  A m erican  
loca lities are poorly  docum ented  (m ostly  19 th  cen tu ry ) b u t  i t  occurs in hum id  m o n tan e  fo rests, 
a t  1400-2100 m in  m ain lan d  E as t A frica an d  a t  low er a ltitu d e s  (down to  500 m ) on th e  E a s t 
A frican  islands an d  in  W est Africa. “ I t  is m uch  m ore m o n tan e  th an  R. flacc ida  b u t  th e  tw o 
species overlap  in  th e ir  a ltitu d in a l ra n g e ”  ( J o n e s  1979: 502—503).

R . stenocalyx is dioicous (as all species of th e  sect. E piphyllae) b u t p roduces p e r ia n th s  
(an d  sp o res? ) f req u e n tly ; in ad d itio n  i t  has copious gem m ae p rod u c tio n , as in R . flacc ida .

20. Symphyogyna brasiliensis Nees e t M ont. (Pelliaceae) (P la te  III/18)

G r o l l e  re cen tly  (1980) proved  its  id e n tity  w ith  the  A frican  S. lehm anniana  M ont, e t 
Nees. W idely  d is tr ib u te d  in th e  trop ical m o u n ta in s o f b o th  co n tin en ts  be tw een  th e  a ltitu d e s  
of 1500—3000 m , while in  sub trop ica l B razil an d  Cape, and  on th e  G alapagos is lands descends 
n ear to  th e  sea level. M ost A frican localities a re  from  th e  so u th e rn  p o rtio n  of th a t  c o n tin en t.

T he species is a lw ays te rre s tr ic  or rup ico lous, occu rring  on w et ground , along tra ils , on 
s tre am b an k s , etc. In  th e  A ndes and  in  S o u th e rn  B razil th e  species is locally a b u n d a n t. In  th e  
A ndes a n d  in  A froalp ine  localities occurs also in  a ltim o n ta n e  h e a th  and  in pa ram o  v e g e ta tio n  
even above  th e  m o n tan e  fo rest belt.

S . brasiliensis is dioicous and  freq u en tly  fertile . D ispersal should  be b y  spori as a sex u al 
m eans are  as y e t unknow n. I ts  occurrence on young  vo lcan ic  so u th e rn  a tla n tié  islands, as on 
A scension and  St. H elena as well as on th e  G alapagos islands ind ica tes a cap ac ity  for long- 
range a ir d ispersal.
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21. Syzygiella concreta (G ott.) Spruce (P lag iochilaceae) (P la te  IV/19)

D escribed  b y  G o t t s c h e  (1867) from  V enezuela a n d  M exico; rep o rted  by  I n o u e  (1966) 
also fro m  SE  B razil (C aldas) a n d  from  T ris ta n  da  C unha  on th e  basis o f ty p e  collections of 
S . lingu la ta  S teph ., and  S . tristan iana  S. A rnell, w hich  w ere found  to  be conspecific  w ith  
S . concreta. In  Africa th e  species was recorded  by  V Á N A  e t al. (1979) for R w an d a  (m en tio n ed  
also fo r T an zan ia  and M adagascar on th e  basis o f u n p u b lish ed  records) and  by  B i z o t  and  
P o e s  (1979) for T an zan ia  (U lu g u ru  M ts.); i t  was co llected  also on Mt. K enya. T he A frican  
loca lities a re  all from  m o n ta n e  a ltitu d es  (1900—2100m ), from  th e  p e a ty  g round  of elfin  fo rests 
an d  ex cep tio n a lly , as ep iphy llous (!). In  Cuba i t  occurs on  th e  bare  la te ritic  soil o f P in u s  
m aestrensis forests a t  1100 m  a ltitu d e .

A ll species of Syzygiella  a re  dioicous ( I n o u e  1966). In  S . concreta p e ria n th s  a re  know n, 
b u t  th e  sp o rophy te  is as y e t undescribed . G em m ae are  also unknow n. The reco rd  of th is  
species fro m  T ris tan  da  C unha, an  oceanic island  group  of re la tiv e ly  recen t origin (m ax im u m  
25 m illion  years old) a n d  lo ca ted  several th o u san d s  of m iles from  th e  m ain lan d  b e tw een  S. 
A frica  a n d  S. A m erica, m ay  in d ica te  th a t  tran so cean ic  a ir  d ispersa l is op erativ e  in  th is  species 
(cf. F r a h m  1982). x\ccording to  p terido log ical evidence ( M a n t o n  and  V i d a  1968, T r y o n  1966) 
im m ig ran ts  “ have come m ain ly  th o u g h  n o t e n tire ly  fro m  th e  general d irec tion  of S o u th  
A m erica”  b y  long range a ir d ispersal, th en  in th e  case o f fe rn s , spécia tion  took  p lace m ain ly  
b y  po lyp lo id iza tion .

22. Diplasiolejeunea pellucida (M eissn.) Schiffn. and  Diplasiolejeunea  
albifolia (T ayl.) E . W . Jones (L ejeuneaceae) (P la te  IV/20)

Closely allied v ica ria n t species p a ir som etim es tre a te d  as conspecific, a lth o u g h  th ey  
are  d is tin c t,  hav ing  c o n s ta n t differences in th e  len g th  an d  shape of th e ir  lobule te e th .

D . pellucida occurs from  th e  low land  to  th e  m o n ta n e  fo res t be lt of the C arib b ean  region 
a n d  n o r th e rn  Sou th  A m erica, betw een 200 and  1750 m  a ltitu d e s , while D. albifolia  seem s to 
be  m ore m o n tane , occu rring  excep t for its  ty p e  lo ca lity  in  th e  low land forest b e lt o f N igeria  
b e tw een  1370 and 2100 m  in th e  m o n tan e  forests o f E a s t  A frica, where i t  w as f irs t  collected  
b y  PÓCS ( B i z o t  and  P ó cs  1974: 410). F rom  M au ritiu s  i t  is m entioned  a lread y  b y  E v a n s  

(1912: 214) under D. pellucida  based  on th e  old co llection  m ade by R o d r i g u e z .

B oth  species are  ob liga te  epiphyllous in ra in  fo res ts, dioicous, w ith  discoid gem m ae 
co m m o n  on th e  leaf surface . D . pellucida shows v a r ia b ili ty  in  th e  occurrence of a m alleiform  
ap ica l lobule to o th , w hile D . albifolia in E a s t A frica  has a v a r ie ty  w ith  a several cells b ro ad  
h y a lin e  m argin.

23. Jungerm annia am oena L indenb. e t G o tt, an d  Jungerm annia borgenii
G o tt. (Ju n g erm an n iaceae ) (P la te  IV /21)

J . amoena is a m o n ta n e  species occurring  a t  m an y  localities in so u th -e as te rn  B razil 
a n d  h av in g  sca tte red  loca lities also in  th e  P e ru v ian  a n d  Colom bian A ndes an d  one-one localities 
in  M exico and Ja m a ica . T he species grows on soil a t  h ig h er e levations (800—2500 m , V ána  
1974). T he A frican v ic a r ia n t, J .  borgenii, is th e  co m m o n est A frican  Jun g erm a n n ia , reco rded  
fro m  N igeria , Cam eroon, and  from  U g an d a  an d  K en y a  to  S o u th  A frica, incl. M ad agascar and 
th e  M ascarenes. I t  grow s on places ecologically s im ilar to  th e  above, on soil a n d  on bare, 
o ften  on w et rocks, a t  m ore or less open places b e tw een  1000 an d  3300 in (M t. E lgon), seldom  
a t  400 m  (R ep. Congo).

B o th  species are dioicous and  produce spores in  m o st cases.
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Plate IV

T rop ical m on tane  species. 19. Syzygiella concreta (G o tt.) Spruce. 20. D iplasiolejeunea pellucida  
(M eissn.) Schiffn. (line) an d  Diplasiolejeunea albifolia  (Tayl.) E . W . Jo n es  (do ts). 21. Junger- 
m a n n ia  amoena L indenb . e t G ott, (con tinuous line) and  Jungerm annia  borgenii G o tt, (broken 
line). 22. Leptoscyphus am phibolius  (v e rtica lly ) and  L . infuscatus  (ho rizo n ta lly  s trip ed  areas). 
T he con tinuous, solid line m ark s th e  a rea  o f th e  genus Leptoscyphus M itt, ( to ta l  d is trib u tio n  
of 24 species). 23. Syzygiella  manca (M ont.) S teph . (open) an d  S. gem in ifo lia  (M itt.) S teph. 
(full circles). 24. B ryopteris Nees. C ontinuous line: 6 neo trop ic  species, b ro k en  line: B . gaudi-

chaudii G ott.
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24. Leptoscyphus am phibolius (Nees) Grolle an d  Leptoscyphus infuscatus
(M itt.) Jones (G eocalyeaceae; (P la te  IV/22)

T hese tw o v ica ria n t species form  th e  section  Physoscyphus ( G r o l l e  1962: 51).
L . amphibolius re p re se n ts  a re la tiv e ly  com m on species grow ing on ro t te n  logs, ra re ly  on 

san d y  soil in the  m o u n ta in  fo re s ts  o f th e  A ndes from  th e  so u th e rn  p a r t  o f Mexico to  B olivia; 
i t  is k n o w n  also from  th e  S ie rra  M aestra  in Cuba and  from  m o u n ta in s  o f so u th -eas te rn  B razil. 
T h e  species was collected a t  e lev a tio n s  1000-3000 m ( G r o l l e  1962, F u l f o r d  1976, Vájna ined.).

T h e  A frican v ica r ia n t, L . in fusca tus , is know n from  th e  m o n tan e  ra in  fo rests of F e r­
n a n d o  Poo  and Mt. C am eroon  in  W est A frica and  has several localities in E a s t A frica in 
E th io p ia , Zaire, Mt. M u h aw u ra , M t. N inagongo, M t. K ilim an ja ro , R uw enzori M ts., Malawi 
a n d  in th e  Inyanga M ts. in  Z im babw e; also on R eun ion  island  ( G r o l l e  1962, B i z o t  and P ócs 
1974). Q uestionable is a lo ca lity  in Ja v a , based on th e  d a ta  o f th e  label o f a Leptoscyphus 
m otleyii M itt, specim en (conspecific  w ith  L. in fusca tus), w here a p ro b ab ly  label change is a t 
h a n d . No o ther collection o f a n y  Leptoscyphus is know n from  A sia (cf. also G r o l l e  1962).

B o th  species are d io icous an d  produce sporophy tes. G em m ae are unknow n.

25. Syzygiella m anca (M ont.) S teph . and  Syzygiella gem inifolia (M itt.) 
S teph. (P lag ioch ilaceae) (P la te  IV/23)

S. manca is an A n d e an  species know n from  th e  n o rth e rn  p a r t  o f  S o u th  A m erica (E cu ad o r, 
C olom bia — cf. I n o u e  1966), while its  A frican v ica rian t, S. g em in ifo lia , w as tre a te d  by  I n o u e  

(l.c .) as tw o species (S . gem in ifo lia  and  S. ruwenzorensis S teph .). T his concep t w as criticized 
b y  J o n e s  (1976) and th e  tw o  species were show n to  be id en tica l by  V á j n a  et al. (1979;. R ecen tly , 
S . gem inifo lia  has becom e k n o w n  from  sc a tte re d  localities in  S. T om é, E th io p ia , R uw enzori, 
R w a n d a , Mt. K ilim an ja ro , M ad agascar and  R éunion  ( V á j n a ,  in p rep .). T he re p o rt  of S. g em in i­
fo lia  fro m  Brazil ( I n o u e  1966) is erroneous; th e  m ate ria l belongs to  th e  b road-leaved  form  of 
S. perfoliata  or S. conc/eta.

S. manca grows on rocks in  th e  m o n tan e  b e lt (ab o u t 2000—2500 m ), while S. g em in i­
fo lia  is know n from  tre e s  a n d  rocks in m on tane  ra in  forests a t  1650-2000 m (reach ing  3300 m 
in  R uw enzori Mts.).

B oth  v ica rian ts  a re  dio icous and  know n w ith  one excep tion  only in  sterile  conditions 
( S t e p h a n i  1902, described  sp o ro p h y te  of S. manca). G em m ae a re  unknow n.

26. Bryopteris N ees (L ejeuneaceae subfam . B ryop terid io ideae) (P la te  
IV/24)

A clearly defined  gen u s rep resen tin g  a m ono typ ic  su b fam ily , w ith  6 species in tro p ical 
A m erica  (B . d iffu sa , B . f i l ic in a ,  B . flaccida , B . fru ticu losa , B . liebm anniana  a n d  B . trin itensis) 
a n d  a 7 th  species on  M ad ag asca r: B . gaudichaudi ( S t o t l e r  a n d  C r a n d a l l - S t o t l e r  1974). 
In  add itio n , th e  n e o tro p ica l B . trin itensis  has been rep o rted  fro m  several sca tte red  palaeo- 
tro p ic a l localities, b u t  a ll th ese  are very  old and  poorly  do cu m en ted  an d  therefo re  for th e  
m o m en t can h a rd ly  be  a ccep ted  ( S t o t l e r  and C r a n d a l l - S t o t l e r ,  l.c.). T he alleged N epal 
reco rd  of B. trin itensis  ( S t o t l e r  and  C r a n d a l l - S t o t l e r  l.c.) w as recen tly  show n, by  M i z u t a n i  

(1979), to  rep resen t m is id en tified  P tychanthus striatus.
I f  th e  occurrence o f B ryopteris in  M adagascar is co rrec t (th ere  are  o idy  a few 19th 

c en tu ry  records for B . ga u d ich a u d ii, n o tw ith s tan d in g  ac tive  collecting  on M adagascar during  
re ce n t years by  O n r a e d t ,  T i x i e r  a.o.), th en  th e  d is tr ib u tio n  of Bryopteris  m ay  be com pared  
w ith  th a t  of S ym b iez id iu m  an d  o th er “ peri-A frcam erican ”  e lem en ts, in d ica tin g  a G ondw anic

Acta Botanica Hungarica 29, 1983



D I S J U N C T  T R O P I C A L  H E P A T I C A E 147

u rig in  for th e  genus. P o te n tia l h a b ita ts  should be p len tifu l for B ryopteris on th e  A frican  
m ain land  ! E ven on th e  old c ry sta lline  blocks o f E as te rn  T an z an ia , w here flo ris tic  a ffin ities to  
M adagascar are close (PÓCS 1974), n e ith e r Bryopteris , n o r S ym b iez id iu m  have  been found .

The M adagascan  B . gaudichaudii is ap p aren tly  a close re la tiv e  and  v ica rian t o f th e  
com m on neo trop ical B . d iffu sa ; m orphologically  these  tw o  species seem  clearly  se p a ra ted  
from  th e  rest of th e  genus and  p ro b a b ly  rep resen t a p ro p e r sec tion , w ith  its own evo lu ­
tio n a ry  h isto ry .

In  tro p ica l A m erica  th e  genus is very  com m on, rep re se n tin g  ep ip h y tes  in m esic to  
m oist su bm ontane  fo res ts , b o th  p r im a ry  and  degraded. B ryopteris d isperses th ere  b y  spores, 
and  v eg eta tiv e ly  p ro b a b ly  b y  flagelliform  branches. I ts  species a re  e ith e r au to icous or dioicous.

I .c . T ropical a lp ine  e lem ent

27. Andrewsianthus jam esonii (M ont.) V ána, eoinb. nova (Ju n g erm an - 
niaceae) (P la te  V/25)

B asionym : Jungerm a n n ia  ja m eso n ii M ont., Sylloge Gen. Spec. C ry p t., p. 60 (1856). 
L ec to ty p e : E cu ad o r, “ Q uito , M. J a m e s o n , cum  Calypogeia trichom anis” ; PC-M ont. !; iso­

ty p e: PC -M ont. !
Syn. nov.: Jungerm ann ia  achroa Spruce, T rans. Proc. B ot. Soc. E d in b u rg h  15: 514 (1885).

H o lo type: E cu ad o r, A ndes Q uitenses, Mt. T u n g u rag u a , 2200  m , R .  S p r u c e : 
MANCH (n o t seen); iso ty p e: G !

Cephaloziopsis achroa (Spruce) Schiffn. in  E ngler, P ra n t l ,  N a t. P flanzenfam . 1 (3): 
85 (1893)

Sphenolobus achrous (Spruce) S tep h ., Spec. H ep. 2: 174 (1902)
Andrew sianthus achrous (Spruce) S chu st., Nova H edw igia 8 : 207 (1964)
Lophozia k ilim an jarica  S. A rnell, A rk. B ot. 3 (16): 539 (1956). H o lo ty p e: T an zan ia , M t. 

K ilim an ja ro , O. H e d b e r g  1363d; U PS !
A ndrew sianthus k ilim  anjaricus (S. A rnell) Grolle e t V án a , J .  H a tto r i  B ot. L ab. 48: 

228 (1980)

Jungerm annia  ja m eso n ii M ont, ( ty p e  from  E cuador) is p ro b a b ly  th e  earliest nam e for 
A . k ilim a n ja ricu s , w hich  w as tre a te d  in  d e ta il by  VÁNA (1980), w ho d e m o n s tra ted  th e  Afro- 
A m erican  d is tr ib u tio n  of th e  species. T he lec to ty p e  and  iso ty p e  specim ens in PC-M ont. 
(p ro b ab ly  th e  only av a ilab le  ty p e  m ate ria l)  consist only o f som e stem s w ith o u t b ranch ing , 
b u t  th e  o th e r c h arac te ris tics  (lea f fo rm , cell size and  form  etc.) exclude Lophozia incisa  (S chrad .) 
D u m ., w hich  also occurs in th e  sam e a rea  an d  was m ostly  confused w ith  A . jam esonii.

Jungerm annia  achroa (=  A . achrous) was know n only fro m  ty p e  collection , th e  holo­
ty p e  of w hich  w7as n o t o b ta in a b le  from  M A N C H  (m issing?). T he on ly  iso type  m ate ria l availab le  
(G, S t e p h a n i  herb ariu m ) consists of a few  poorly  developed m ale stem s w ith  strongly  unequal 
lea f lobes an d  reduced  le a f  m arg in  d e n ta tio n  (m ale b racts !); th e  d e sc rip tio n  of such p lan ts  
gave a basis for th e  d istin g u ish in g  c h arac te ris tic s  of th is species c ited  in S c h u s t e r  (1964, 1966).

SCHUSTER (1978) described  Lophozia incisa ssp. austrigena Schust. from  Venezuela. The 
ty p e  m ate ria l is no t av a ilab le , b u t th is  ta x o n  is p robab ly  also conspecific  w ith  th e  p re sen t 
species.

T he know n d is tr ib u tio n  of A . ja m eso n ii was published  b y  VÁNA (1980); recen tly  m any 
new  localities were ad ded  fro m  E cu ad o r (C archi, G r a d s t e i n  e t al. 3427 a n d  th e  tw o  above- 
m en tioned  ty p e  specim ens), Colom bia (new  localities from  C u n d in am arca , B oyacá, M eta, 
T olim a) and Mexico (O ax aca , Sierra Ju a re z , A. J . and  E . S h a r p  9895-a). A . jam esonii is
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re s tr ic te d  b o th  in E ast A frica a n d  in th e  A ndes to  h igh -m on tane  and  a lp ine  localities, betw een 
2000 a n d  4000 m, hu t ex ten d in g  up  to  4750 m  on su m m it rocks o f Mt. P ich in ch a  n ea r Quito, 
E cu a d o r. T he species is te rre s tr ic  or saxicolous and  som etim es grows to g e th e r w ith  Lophozia  
in cisa , w h ich  it resem bles. T he h a b ita t  is m o n tan e  m ossy forest, E ricaceous h e a th , su b p áram o  
o r p a ram o  vegetation .

I t  is dioicous b u t f re q u e n tly  fertile. W ith in  A n d re n sian thus (p an tro p ica l-e ircu m - 
su b a n ta rc tie  genus of ca. 20 species) A . ja m cso n ii has p robab ly  th e  b es t c ap a c ity  for dispersal 
as i t  is th e  only species w hich develops gem m ae besides spores. T his m ay  possib ly  exp la in  why 
A . jam esonii is th e  only m ac ro -d is ju n c t species w ith in  th e  genus.

28. Gyninocoleopsis m ultiflora (S teph .) S chust. (Ju n g erm an n iaceae )
(P la te  V/26)

A n ap p aren tly  ra re , tro p ic -a lp in e  species know n from  th e  A ndes (B oliv ia , P e ru , Colom­
b ia  —  unpublished  records f ro m  S ierra  N ev ad a  del Cocuy and R isa ra ld a  — , a n d  V enezuela) 
a n d  in Africa from  Zaire (V a n a  1982). I ts  a lt i tu d in a l range ex te n d s  from  3500 m (Zaire: 
K a ris im b i) to 4400 m  (B o liv ia , n ear T u n arisea). I t  grows on h u m id , boggy g round  am ong 
h ig h er p lan ts  and on m oist rocks.

S c h u s t e r  (1966) s e p a ra te d  Gymnocoleopsis [as a m o n o ty p ic  genus, th e  position  of 
G. cylindriform is (M itt.) S ch u st. from  K erguelen  is no t clarified] from  Gymnocolea on the  
basis o f the  persistent p e r ia n th s  (caducous in Gymnocolea), and  described th e  sporophyte. 
G. m ultiflora  is autoicous b u t  o ften  sterile . N everthe less , d ispersal b y  spores should  be possible.

29. Herbcrtus subdentatus (S teph .) Fulf. (H erb ertaceae ) (P la te  V/27)
(d a ta  k in d ly  prov ided  by  G .B . A v a n  R e e n e n , U tre c h t)

H . subdentatus is k n o w n  in tro p ica l A m erica  betw een  3100 an d  4350 m  in  th e  m ontane 
a n d  a lp ine  zones of th e  A n des, from  Mexico to  B olivia, and from  th e  su m m it o f Mt. R oraim a 
( F u l f o r d  1963, v an  R e e n e n  1982). I t  is a v e ry  variab le  species (v a n  R e e n e n  1982) b u t there  
a re  suffic ient m orphological t r a i ts  to  sep a ra te  i t  from  o th er tro p ica l A m erican  species, such 
as th e  num erous v e n tra l in te rca la ry  flagelliform  branches, th e  im b ric a te  an d  appressed, 
secu n d  leaves, the  b ro ad ly  V -shaped  leaf sinus and  the  convex v i t ta  w hich  is especially no tab le  
in  th e  underleaves. The species is m ain ly  re s tr ic ted  to  regions w ith  h eav y  p rec ip ita tio n  (e.g. 
a b o v e  3000 m m  in T an zan ia )  and  h igh a tm o sp h eric  h um id ity .

The same h a b ita t  a n d  m orpholog ical ch a rac te rs  app ly  to  a n u m b er o f Herbcrtus speci­
m en s recen tly  exam ined b y  th e  above a u th o r  from  Africa and  id en tified  as H . subdentatus. 
T hese  specim ens are from  th e  collections m ade  b y  T. PÓCS on Mt. K ilim an ja ro  an d  the  Southern  
H ig h lan d s of T anzania , b e tw een  1700—3300 m . S trik ing ly , ab o u t h a lf  o f th e  collections contain  
sp o ro p h y tes  while these  a re  seldom ly enco u n tered  in  trop ical A m erican  p o p u latio n s. Following 
G r o l l e  (1978), th e  A frican  m a te ria l o f H . subdentatus belongs in  th e  44H . capensis com plex” , 
b u t th e  nam e Ilerbertus subdentatus can  be used  safely here since all th e  nam es of species 
assigned to this com plex b y  G r o l l e  (1978) are o f younger da te .

A prelim inary  com p ariso n  of H . subdentatus w ith  species from  o th e r regions revealed 
a ra th e r  close re la tio n sh ip  to  th e  h o larc tic  H . aduncus (w hich, how ever, rem ain s d istin c t on 
th e  species level, cf. v a n  R e e n e n  1982), and  a very  close s im ila rity  to  th e  a tla n tié  E uropean  
I I .  borealis Crundw. B ased  on ex am in atio n  of th e  ty p e  (GL), k in d ly  p ro v id ed  by Dr. Cr i ND- 
WELL, it appears th a t  th e  on ly  m orphological difference be tw een  H . subdentatus and H . borea­
lis  is in  the  position of th e  leaves, w hich  are m ore spreading in H . borealis. A ccording to  M i l l e r  
(c ited  by  Cr u n d w e l l  1970) H . borealis is very  near to  th e  A sia tic  Jl. h im alayana  (S teph .) 
C hopra. These fu r th e r  re la tio n sh ip s  m ig h t h av e  considerable tax o n o m ic  an d  phytogeographical
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Pla te  V

T rop ical alpine species. 25 A ndrew  si anthus ja m eso n ii  (M ont.) V ána. 26. Gymnocoleopsis m u lti­
f lo r a  (S teph .) Schust. 27. Herbertus subdentatus (S teph .) Fulf. 28. Isotachis aubertii (Schw aegr.) 

M itt. 29. M arsupella  africana  S teph . ex  B onner. 30. Stephaniella paraphyllina  Jack .

im p lica tions. Y e t, i t  is to o  early  to  d raw  conclusions based  on th ese  p re lim in a ry  ob se rv atio n s 
a n d  therefo re  it seem s b e tte r  to t re a t  H . borealis as a  sep ara te  species p end ing  fu r th e r  s tu d y .

30. Iso tach is aubertii (Schw aegr.) M itt. (Iso tach idaceae) (P la te  У/28)

V a n a  (1982) show ed th a t  I .  aubertii is a com m on, m o n tan e  to  tro p ic-a lp ine  species in  
A frica w here i t  occurs a t  2000—4500 m  in th e  E a s t A frican  m o u n ta in s an d  on M t. C am eroon,
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a t  ] 500—2000 m in S o u th  A frica  an d  a t  lower a lt i tu d e s  on th e  islands (on R eu n io n  ev en a t4 0 0 m !). 
T he species is ra th e r  p o ly m o rp h ic  like o th e r species o f th is  genus an d  has m an y  A frican 
synonym s.

In  tro p ical A m erica  th e  species was re p o rte d  b y  H a t c h e r  (1961) from  tw o areas: 
m o n ta n e  SE  B razil ( I ta t ia y a )  an d  sca tte red  loca lities in  th e  W est In d ies reach ing  to Sierr? 
M aestra  in Cuba. As H a t c h e r ’s m onograph of Isoiachis  ( H a t c h e r  1961) p ro v ed  u n sa tis fac to ry  
a t  le a s t fo r Africa (Va n  A 1982) i t  rem ains to  be p ro v ed  w hether th e  absence of I .  aubertii 
from  th e  m ain m o u n ta in  ran g es of tro p ical A m erica  is correct. T he carefu l s tu d y  of m any  
collections from  th e  S o u th  A m erican  A ndes (V a n a , G r a d s t e i n ) agree w ith  H a t c h e r ’s (1961) 
re su lts ; no specim en o f I .  aubertii from  th e  A ndes w as found.

A ll species of Iso tachis  a re  dioicous b u t  sp o ro p h y te s  m ay  be fo und  u n d e r favourab le  
(w et) conditions. The occu rren ce  of I .  aubertii on  th e  y oung  volcanic, oceanic island of A scen­
sion in  th e  m iddle o f A tla n tic  O cean betw een  A frica an d  A m erica in d ica tes  th e  possib ility  of 
re c e n t long-range d ispersal fo r th is  species.

31. M arsupella a fr ic a n a  S teph . ex B onner (G ym nom itriaceae) (P la te  V/29)

Syn. nov . Acolea a fricana  S te p h ., Spec. H ep. 6: 77 (1917). L ec to ty p e  sensu  G r o l l e  in  sched.
1963: K ilim a n ja ro , C. U h l i g  s.n ., G-10874 !, iso lecto type S !

G ym nom itrion a fr ica n u m  (S teph .) H o rik ., A c ta  P h v to ta x . G eobot. 13: 212 (1943)
M arsupella  chilensis S tep h . ex B onner, C andollea 1 4 :  2 5 4  ( 1 9 5 3 ) .  H o lo ty p e; Chile, G a y  

s.n., G - 1 0 8 8 0  !, iso type  PC
M arsupella hedbergii S. A rnell, A rk. B o t. 3 (16): 544 (1956). H o lo ty p e; T an zan ia , Mt. 

M eru 3400 m , O. H e d b e r g  2369b, U P S  !, iso type  S !
M arsupella subquadrata  S teph . in sched. e t  leones ined. T y p e: K ilim an ja ro , G aranga 

B ach, 1 9 0 1  C . U h l i g , G - 1 5 0 4 8 !

A trop ical a lp ine species which w as kno w n  from  the  h igh m o u n ta in s o f E a s t A frica 
(M t. K ilim an ja ro , M t. M eru , M t. K arisim bi an d  M t. E lgon). In  th e  m ean tim e  it has becom e 
k n o w n  from  th e  A m erican  C ordilleras as well (M exico: Mt. P o p o ca tep e tl, M t. N évadó de 
T o lu ca, M t. Ix ta c c ih u a tl;  V enezuela: M erida; Chile).

In  A frica th e  species occurs in ra th e r  x e ro p h y tic  alpine an d  su balp ine  v eg eta tio n  ty p es , 
in  rock  crevices u su a lly  in  th e  P hilipp ia  zone b u t  on  M t. K ilim an ja ro  in th e  alpine tussock  
an d  H elichrysum  sem id ese rt zones (3600—4500 m ). In  tro p ical A m erica it grows in  alpine 
g rasslan d  on mesic b a sa lt o u tcro p s; in Mexico even  on active  volcanoes.

T he species is d io icous and  usually ste rile . T he d ispersal v ia  stem  frag m e n ta tio n  (as is 
p o s tu la te d  for Stephaniella  occurring  am ong sim ilar d ry -alp ine  e n v iro n m en ta l cond itions) is 
p ro b lem atic , b u t should  be possible.

32. S tephaniella  paraphyllina J a c k  (G ym nom itriaceae) (P la te  V/30)

A tro p ical a lp ine  species d is trib u ted  all a long th e  A ndes from  n o rth e rn  A rgentina  to 
Colom bia and know n also from  Costa R ica and  M exico, rang ing  in a ltitu d e  from  ca. 3000- 
4500 m. In  add itio n , th e re  is a single reco rd  from  A frica: N a ta l, D rakensbergen , 3300 m. 
G r o l l e  (1969). who m ap p ed  th e  species, considered  its  d is tr ib u tio n  as show ing a “ s u b a n ta rk ­
tisch e  B eziehung” . Since th e  species occurs on ly  in tro p ical and  so u th e rn  su b tro p ica l regions, 
an d  is v ery  com m on in th e  n o rth e rn  Andes (p a ram o  region), th is  q u a lifica tio n  is less su itab le . 
W e w ould ra th e r qu a lify  i t  as a trop ical a lp ine  species and  would p red ic t i t  to tu rn  up  once 
a t  th e  h igh levels of th e  E a s t  African m o u n ta in s as well.
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The genus, as a whole, is a lp ine A fro-A m erican  w ith  5—6 species in the  Andes (S c h m i t t  
and  W i n k l e r  1969). S. paraphyllina  is fa r  th e  m ost com m on species am ong th em  an d  also th e  
only species know n from  Africa. All species are strongly  specia lized  xerom orph ic , a d a p te d  to  
open soils in  th e  alpine en v iro n m en t exposed  to  ex trem e c lim atic  conditions (rad ia tio n , 
desiccation , frost).

The species is auto icous or d io icous, b u t a p p aren tly  sp o ro p h y te s  are ra re . A sexual 
m eans of dispersal in  Stephaniella re m a in  unknow n, b u t we w ould  assum e th a t  s tem  frag ­
m en ts  o f th e  w orm -like p lan ts  could be carried  aw-ay by  w inds w hen  th e  open soils on  w hich 
th ey  growr d ry  o u t en tire ly .

33. Colura orn ithoceplia la  H erz , and  Colura k ilim an ja rica  Poes e t S. J .-  
A st (L ejeuneaceae) (P la te  V I/31)

A v ica ria n t species pa ir be longing  to  th e  very c o n se rv a tiv e  Section Oidocorys. All 
m em bers of th is  group  are d is tr ib u te d  in  th e  d issected p a r ts  o f fo rm er Gondw a n a lan d . T heir 
tax o n o m y , p h y to g eograph ica l re la tio n s w ere  discussed in d e ta ils  b y  J o v e t -A st  (1980), who is 
in th e  opin ion, th a t  th e  d is tr ib u tio n  of th ese  closely re la ted  species or th e ir  an cesto r could 
h ap p en  to  a long d istan ce  before th e  c o n tin e n ta l d rift, n e a rly  100 m illion y ears ago. Since 
th a t  tim e very  little  spéc ia tion  to o k  p lace . A nyw ay, th e  occurrence  of th e  A frican  species on 
a young  te r t ia ry  volcano ind ica tes th a t  C. k ilim anjarica  h ad  to  su rv iv e  a t  an  o th e r p lace  and 
th a t  th is  locality  is th e  resu lt of m ore re c e n t m igration . B o th  species are tro p ica l su b alp ine , 
living in subpáram o-like  vegeta tion  a t  2900-3800 m a ltitu d e , a n d  are  still know n from  very  
few collections only [C. k ilim a n ja rica : o n ly  ty p e  collection; C. ornithocepliala: E cu ad o r (ty p e) 
an d  Colom bia, R isaralda  (leg. A g u i r r e  e t G r a d s t e i n ) ] .T here  is a d o u b tfu l record  of C. ornitho- 
cephala from  th e  G alapagos islands as well ( B a r t r a m  and A r n e l l  1961).

C. oi nithocephala seems to be d io icous, wrhile C. k ilim a n ja rica  is m onoicous. A sexual 
w ay  of rep ro d u c tio n  was no t observed.

34. G ongylanthus liebiiiaiiiiianus (L indenb . et G o tt.)  S tep h . and  G. sca- 
tiosus (Lehm .) S tep h . (A rnelliaceae) (P la te  V I/32)

A v ica rian t species p a ir  of A fro -A m erican  m on tane-a lp ine , te rre s tr ic  liverw orts. G. lieb- 
m an n ia n u s lives in th e  high m o u n ta in  a rea s  o f trop ical A m erica, ran g in g  from  ca. 3200 up  to 
4300m  (M exico, C entral A m erica and the  A ndes). Occasionally is fo u n d  a t  lower e lev a tio n , in 
th e  u p p e r forest zone, on roadsides (e.g. I t a t i a y a in  SE B razil). In  C olom bia it is m ain ly  a 
p a ram o  species (G r a d s te u n  e t al. 1977: 397) ex tend ing  up to  th e  su p erp áram o  in  th e  S ierra  
N ev ad a  del Cocuy. I t  grows often  asso c ia ted  w ith  Stephaniella p a ra p h y llin a , b u t G. liebm ann ia - 
nus prefers m ore shadow  and  h u m id ity  th a n  Stephaniella. I t  is fo u n d  som etim es even  in S p h ag ­
num  bogs. One locality  is know n from  th e  h um id , upper A n d ean  IV einm annia  cloud forest.

T he re la ted  G. scariosus is know n  on ly  in sub trop ica l S o u th  A frica, from  th e  Cape 
p en insu la  and from  th e  1623 m  high A n y sb erg  near L ad y sm ith  ( A r n e l l  1963). W e do no t 
know  m uch  ab o u t its  ecology.

P ro b ab ly  b o th  species are d io icous. T he m arsup ium  of G. liebm annianus is 3 m m , 
while th a t  of G. scariosus is only 1.5 m m  long (fide descr. St e p h a n i  1906 and  S. A r n e l l  
1963). A r n e l l  (l.c.) observed  th e  sp o ro p h y te s  and spores o f G. scariosus as wrell. A ccording 
to  h im  its  spores are large , collapsing w hen  d ry  (25—29 p m  in d iam .)  and  ‘‘ev id en tly  d ispersed  
by  w in d ” . Sporophy tes o f the A m erican  p la n t  are no t known.
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35. Lethocolea glossophylla (Spruce) G rolle an d  Lethocolea congesta 
(L ehm .) S. A rnell (A erobolbaceae) (P la te  V I/33)

Lethocolea glossophylla  is a h igh-A ndean species, occurring  sp o rad ica lly  in Colombia, 
E c u a d o r , Peru  (? and B o liv ia ). Lethocolea congesta (L ehm .) S. A rnell is k n o w n  from  the  high 
m o u n ta in s  of E ast A frica (M t. E lgon , R uw enzori M ts., M t. M uhaw ura , M t. B ysoke , Mt. M eru, 
K ilim a n ja ro  Mts. and R u n g w e  M ts.), from  S o u th  A frica (T ran sv aa l, N a ta l, C ape), from  th e  
is lan d s  o f Reunion, In accessib le  and  T ris tan  da Cunha.

T he ecology of th e  tw o  species seems ra th e r  sim ilar. Lethocolea glossophylla  occurs 
m o s tly  on  steep, shaded , m o is t  e a r th  and rocks in  th e  u p p e r  m o n tan e  to  a lp in e  zone (2700— 
3750 m  in  Colombia acco rd in g  to  G r a d s t e i n  and  H e k k i n g  1979: 119), w hile  L . congesta is 
k n o w n  from  m ontane fo re s t  an d  subpáram o-like  v e g e ta tio n , as subalp ine  P h ilip p ia  m oor­
la n d  on  e a rth  and on w e t ro c k s  n ear w atercourses, be tw een  2250 and  3800 m  according to  
A r n e l l  (1956), B izot  an d  P ó c s  (1974, 1979). I t  occurs m u ch  low er in  S o u th  A frica , on R eunion 
(1800 m  fide A r n e l l ) an d  a t  80—1200 m on T ris tan  da  C unha (A r n e l l  1958).

L . glossophylla is d io ico u s, while L . congesta p ro b a b ly  paroicous. T h e  sporophy te  is 
k n o w n  only in L. glossophylla. M ain ty p e  of d ispersal in  b o th  species is by  d isc iform  gem m ae. 
T h e  occurrence of th e  A frica n  species on T ris tan  da  C unha seem s to  p rove  i ts  long range air 
d isp e rsa l ab ility  from  E a s t  to  W est. H ow ever, th e  tax o n o m ic  re la tio n sh ip  o f th is  species p a ir 
n eed s fu r th e r  study.

I I .  S U B T R O P IC A L -M E D IT E R R A N E A N  A F R O -A M E R IC A N  E L E M E N T S

A ltogether on ly  tw o  species belong here , w hich c a n n o t be classified 
elsew here; even th e  tw o  rep resen t d ifferen t ty p e s  of d is tr ib u tio n :

I I .a .  Southern  su b tro p ic a l elem ent

36. Sphaerocarpos stipitatus Bisch, ex  L in d en b . (S phaerocarpaceae)
(P la te  V I/34)

W ith  S. mucilloi Y ia n n a  from  S ou thern  B razil Sphaerocarpos stip ita tus  is th e  only 
re p re se n ta tiv e  of th e  gen u s kno w n  w ith  c e rta in ty  fro m  th e  so u thern  hem isp h aere  (there  are 
u n c e r ta in  records o f S', texa n u s  as well). The genus is a ch arac te ris tic  e lem en t of d ry  su b ­
tro p ica l-m ed ite rran ean  reg io n s and  th e  d is trib u tio n  of S . stip ita tus  seems to  f i t  th a t  p a tte rn  
v e ry  well. There are o n ly  th re e  localities know n th u s  fa r ( P r o s k a u e r  1954, A r n e l l  1963): 
Chile, V alparaiso, leg. B e r t e n  1829 (no t rediscovered  since in A m erica !) a n d  tw o  m ore recen t 
lo ca litie s  in S. Africa, w h e re  i t  was found on m u d d y , tem p o ra rily  m oist r iv erb an k s. More 
in te n s iv e  collecting a t  th e  r ig h t  places and a t  th e  r ig h t m o m en t of th e  y e a r  should reveal 
a d d itio n a l localities for th is  poo rly  know n, d is ju n ct A fro-A m erican  species.

All Sphaerocarpos species are dioicous and d isperse by  spore te t ra d s  (over 100 p m  in 
d ia m e te r  !). I t  is un like ly  t h a t  th e  large te tra d s  are carried  by  w ind, b u t  d ispersal by  b irds 
seem s n o t unlikely in v iew  o f  its  occurrence on th e  shore of ponds and  rivers .

I I .b .  W idely d is tr ib u te d  elem ent

37. E xorm otheca pustu losa  M itt. (E xorm othecaceae) (P la te  V I/35)

According to B i s c h l e r  (1976) E. pustulosa  is th e  m o st w idespread species of th is su b ­
tro p ic -m ed ite rran ean  gen u s to  w hich ab o u t 7 species hav e  been  a ttr ib u te d  (cf. also S c h i f f n e r  
1942). E . pustulosa  ra n g es  fro m  th e  w estern  E u ro p ea n  m ed ite rran ean  reg ion  to  sou thern ,
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P la te  VI

31-33: T rop ical a lp ine . 34—35: S ub trop ica l-M ed ite rran ean  an d  36: S ou thern  tem p e ra te  species 
p e n e tra tin g  in  tro p ica l m oun ta ins. 31. Colura ornithocephala H erz, (dots) and  C. k ilim a n ja rica  
Poes e t S. J .-A s t (triang le). 32. Gongylanthus liebm annianus (L indenb. e t G o tt.) S teph . (line) 
and  G. scariosus (L ehm .) S teph. (dot). 33. Lethocolea glossophylla (Spruce) Grolle (line) an d  
L . congesta (L ehm .) S. Arnell (dots). 34. Sphaerocarpus stip ita tus Bisch, ex L indenb . 35. E xo r- 
motheca pustu losa  M itt. 36. Heteroscyphus integrifolius (L ehm , e t L indenb .) Fulf.

su b tro p ica l A frica, w ith  localities also in tro p ic a l A frica n ear th e  coasts and  on islands, espe­
cially  those  of th e  A tlan tic  Ocean. In  tro p ica l A m erica  a  single recen t lo ca lity  is know n, from  
Mexico ( D ü l l  in  B i s c h l e r  1976: 771). T he species is a lw ays te rre s tr ic  (incl. soil covered rocks) 
and  occurs in  h a b ita ts  only tem p o rarily  m oist. M icroclim ate and  su b s tra te  conditions w ere 
described b y  B i s c h l e r  (l.c.). I t  has p ro b ab ly  been  overlooked, being a lm ost invisible d u rin g  
d ry  seasons and  its  ran g e  m ay  be larger, especially  in  th e  tem p o rarily  d ry  trop ics, th a n  is
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p re sen tly  k n ow n. In  tro p ic a l A frica i t  grows in  x e io p h y tic , rocky Velloziaceae b u sh  or on  th e  
g round  o f m iom bo w ood land  ( B iz o t  and PÓCS 1979; 236), while th e  M exican lo ca lity  is from  
th e  soil o f M exico C ity B o tan ic  G arden (R . D u l l  a n d  R . G r o l l e  pers. com m .), w hich occur- 
len ce  su g g ests th e  poss ib ility  o f in tro d u c tio n . I t  occurs from  sea level to  2300 m  accord ing  to  
la ti tu d e .

E . pustulosa  is au to ico u s  (w’hich  f its  i ts  larg e  ran g e) and  disperses by  spores. In  view' 
o f th e ir  larg e  size (50—65 p m )  w ind d ispersal shou ld  be less likely  in th is  species. V eg eta tiv e  
re p ro d u c tio n  is unknow  n.

I I I .  T E M P E R A T E -S U B A N T A R C T IC  A F R O -A M E R IC A N  E L E M E N T S

As argued  b y  E n g e l  (1978), th is  g roup  of species is often  u n ju s tif ie d ly  
called  “ s u b a n ta rc tic ”  as th e ir  m ain range  is in  th e  so u th e rn  te m p e ra te  region 
follow ing th e  d e fin itio n s  of recent p h y to g eo g rap h e rs  (e.g. W a c e , G r e e n e ). 

M ost o f th em  p e n e tra te  n o rth w ard s , som e even th ro u g h  th e  trop ics in to  th e  
n o r th e rn  te m p e ra te  reg ion . B ased on th is  c rité riu m  tw o elem ents can  be 
d is tin g u ish ed :

I I I .a .  S o u th e rn  te m p e ra te  e lem ent, w ith  spo rad ic  p e n e tra tio n  in to  tro p ica l 
m o u n ta in s

T h e  phenom enon , th a t  so u th e rn  te m p e ra te  e lem ents, o ften  w ith  G ond- 
w a n a la n d ic  origin, occu r n o rth w ard s in  tro p ic a l m o u n ta in s , is w ell know n 
am ong  phan ero g am s a n d  w idely d iscussed, especially  in  th e  case of p áram o  
v e g e ta tio n  (e.g. Cl e e f  1978). This ty p e  o f m ig ra tion  was p ro m o ted  b y  th e  
u p h eav a l an d  re la te d  c lim a tic  changes in  th e  so u th -n o rth  o rien ted  A ndes ( v a n  

d e r  H a m m e n  e t al. 1973), b u t in som e cases occurred  also in E a s t A frica, 
w here so u th e rn  te m p e ra te  elem ents p e n e tra te  in  th e  m ore iso la ted  h igh m o u n ­
ta in s  (e.g. Clasmatocolea verm icularis, B i z o t  an d  P ó cs 1974: 396). T he p h e ­
no m en o n  can be ex p la in ed  th e  sam e w ay . E v en  if  th e  m ig ra tion  ro u te  from  
S o u th  to  E a s t A frica is n o t so co n tinuous, a chain  of m o n tan e  areas can  ac t as 
s te p p in g  stones, esp ec ia lly  if  we ta k e  in  acco u n t th e  m uch m ore con tin u o u s 
an d  m ore  depressed  fo re s t be lts  du ring  p lu v ia l periods, com pared  to  th e  p resen t 
(cf. C o e t z e e  1964. 1967).

38. C lasm atocolea verm icularis (L ehm .) Grolle (G eocalycaceae)

Clasmatocolea verm icularis  was discussed in  d e ta ils  and  m apped  by  G r o l l e  (1960) and  
se rv ed  also for F u l f o r d  (1963) as an exam ple  fo r th e  above discussed d is tr ib u tio n  p a tte rn .  
A cco rd in g  to  th e  v ery  d e ta ile d  d a ta  of G r o l l e  (l.c .) an d  to  th e  new' u n p u b lish ed  reco rds of 
G r a d s t e i n  et al. it grow's on  d ifferen t su b s tra te s , e.g. in P e ru  from  1300 in a lt i tu d e , up  to  
4400 m  in  B olivia; n ear sea level in  tem p e ra te  S o u th  A m erica and  on th e  su b a n ta rc tic  islands, 
fro m  sea level to  700 in in  T ris ta n  da C unha. fro m  300 to  1000 m in S o u th  A frica, fin ally  a t  
1410 m  in th e  h igh lands o f  Z im babw e.
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The above records were su p p lem en ted  by  new d a ta  from  th e  high m o u n ta in s of E as t 
A frica, as from  th e  R ungw e M ts. in so u th e rn  T anzan ia , w here C. verm icularis  grows on earth  
ban k s (ro ad cu t in volcanic  ash) on th e  foo t of Mt. K yejo , a recen t vo lcano , a t 1725 m a ltitu d e  
( B i z o t  and PÓCS 1974; 401) and from  R w an d a : G ikungu and  B u ru n d i: M t. M anga-M ugongo, 
S ikuvyaye and  N y a k az u , collected by  D e  S l o o v e r  in m o n tan e  fo rests, grasslands, on w et 
ro ad cu t surface an d  on hum id  rocks, from  1700 to  2300 m a ltitu d e s  (VÁNA e t al. 1979).

The species is dioicous an d  p ro d u ces spores of 16—20 //m  d iam ete r. Gem m ae were 
n o t observed.

One p a r t  o f th e  E a s t A frican localities (ro ad cu t surfaces on y o u n g  volcanic soil) suggests 
the  possib ility  o f easy  dispersal over sh o rt d istances, step  b y  s tep  w ay.

39. Heteroscyphus integrifolius (L ehm , e t L indenb .) F u lf. (G eocalyca-
ceae) (P la te  V I/36)

A ccording to  F u l f o r d  (1976) th e  species occurs in  th e  so u th e rn  A ndes (P a tag o n ia , 
Chile, T ierra  del F uego) reaching to  P e ru  and  Bolivia and  also J u a n  F e rn an d ez . F u l f o r d  (l.c.) 
also reported  th is  species from  M adagascar ( ty p e  of Lophocolea integrifolia  S teph .) and from  
S o u th  A frica, a lth o u g h  A r n e l l  (1963) did no t m ention  th is  species.

I I . in tegrifolius is m onoicous b u t  spo ro p h y tes  rem ain  und esc rib ed  and  no asexual m ean  
of rep roduction  is know n.

40. Hyalolepidozia bicuspidata (M assai.) S. A rnell ex G rolle (Lepidozia-
ceae) (P la te  V II/37)

The species is know n from  th e  so u th e rn m o st edges o f b o th  co n tin e n ts  and  from  T ris tan  
da C unha, from  w et rock  faces an d  from  tree  fern  stem s, am ong o th e r  hepatics  according to 
A r n e l l  (1958) and  F u l f o r d  (1968), from  sea level to  ab o u t 700 m  a ltitu d e .

I t  is dioicous an d  reproduces by  spores. B oth  th e  sm all spores (12 fim  in d iam eter) 
and  th e  num erous th in  stolons, w hich easely  b rake  off, seem  to  be a d e q u a te  m eans of d ispersal.

41. Lepicolea ochroleuca (Spreng.) Spruce (L epieoleaceae) (P la te  V 11/38)

Lepicolea ochroleuca was o rig inally  described from  S o u th  A frica  (Cape) b u t is m ore 
w idely d is trib u ted  in L a tin  A m erica, w here i t  is know n from  tw o d is ju n c t areas: th e  tem p era te- 
su b a n ta rc tic  tip  o f S o u th  Am erica (P a tag o n ia  -  T ierra  del Fuego) w here i t  grows near th e  
sea level, and from  th e  tro p ica l m o u n ta in s o f C entral A m erica (M exico to  H on d u ras, F u l f o r d  
1963), where i t  grow s above 1600 m. Surp rising ly , th e  species is n o t kno w n  from  in te rm ed iate  
A ndean  regions, a lth o u g h  th e re  are un co n firm ed , old records from  B oliv ia. As th e  species 
occurs on cool fo rest soil, over rock an d  on tree  b a rk , th e re  seem s no reason , w hy it  w ould be 
d is ju n ct in th e  L a tin  A m erican  m o u n ta in  range.

Lepicolea ochroleuca belongs to  a p u ta tiv e  p rim itive  genus of liv e rw o rts, all species of 
w hich are dioicous. Fem ale  p lan ts  h av e  been found occasionally  b u t  th e  spo ro p h y te  rem ains 
undescribed  in th is  species. A sexual m eans of rep ro d u c tio n  are  u n k n o w n . I ts  p resen t d is tr ib u ­
tio n  and th e  lack of d ispersal agen ts seem  to  suggest its  re lic t c h a ra c te r, a G ondw analandic 
orig in  before its d issec tion  and a seco n d ary  m igration  n o rth w ard s  up  to  Mexico, as i t  was 
suggested a lready  by  F u l f o r d  (1963).

42. Leptoscyphus expansus (L ehm .) Grolle (G eocalycaceae) (P la te  V11/39)

The genus Leptoscyphus , as d e lim ited  by  G r o l l e  (1962), is m ain ly  A fro-A m erican in 
d is trib u tio n  (see also m ap  22) and  has tw o cen ters of d iv ers ity : th e  tro p ic a l A ndes and so u thern
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Plate VII

S o u th e rn  tem p era te  species w ith  sporad ic  p e n e tra tio n  in to  tro p ic a l m o u n ta in s. 37. Hyalo- 
lepidozia bicuspidata  (M assai.) S. A rnell ex Grolle. 38. Lepicolea ochroleuca (Spreng .) Spruce. 
39. Leptoscyphus exptinsus (L ehm .) Grolle (solid line and  b lack  d o t) an d  L . hedbergii (S. A rn .) 
S ch u st. (open rings). 40. Lophozia  argentina  (S teph .) Schust. 41. Schistochila alata (L ehm .) 

Schiffn . 42. T ylim a n th u s lim batus S teph .

tip  o f  S. A m erica an d  a d ja c e n t su b a n ta rc tic  islands. 19 species a re  kno w n  from  tro p ical 
A m erica  ( F u l f o r d  1976), on ly  6 species a re  grow ing in  th e  A frican  c o n tin e n t. R ecen tly  one 
u n d esc rib ed  species w as d iscovered  by  R . M u e s  in New Z ealand  (genus n am ed  by  G r o l l e  
an d  VÁn a ), w hich seems to  b e  closely re la te d  to  L . expunsus, b u t  n o t conspecific. L . expansus 
is th e  on ly  species o ccurring  in  each  of th e  tw o  con tinen ts . I t  is te m p e ra te -su b a n ta rc tic  ra n g ­
ing  in  S o u th  Am erica fro m  T ie rra  del Fuego to  B olivia (C om arapa, 2500 m ) an d  in  A frica fro m
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■Cape to Shaba (V a n d e n  B e r g h e n  1978), R w an d a  (Va n a  e t al. 1979), and to  M t. E lgon , 3000 m 
a ltitu d e  (coll. A g n e w , det. G r o l l e , ined .). I t  is fu rth e rm o re  know n from  M adagascar an d  
M ascareignes a n d  from  various su b a n ta rc tic  island  groups (S. G eorgia, F a lk land  I., S ta a te n  I .,  
Gape H orn), from  G ough I. and T ris ta n  da  Cunha.

In  so u th e rn  S. A m erica it is b y  fa r th e  m ost com m on  species of th e  genus, grow ing 
ex ten siv e ly  on soil, ro tte n  logs and  s tu m p s  in  th e  deciduous a n d  drier region in  th e  everg reen  
forests ( E n g e l  1978), where i t  is r a th e r  x e ro p h y tic . O f p a r tic u la r  in te res t is its  occurrence  on  
tid a l rocks in so u th e rn  Chile w here i t  to le ra te s  sa lt w a te r  sp ray . T he im plications o f th is  
h a b ita t  for possible dispersal by  sea c u rre n ts  were discussed b y  E n g e l  and S c h u s t e r  (1973).

In  tro p ica l A frican  m oun ta ins th e  species occurs in  m o n tan e  forests a t  ca. 2000 — 2500 m 
a ltitu d e . A closely re la ted , ro b u st v ic a r ia n t, L. hedbergii (S. A rn .) Schust. occurs above 3200 
up to  4000 m in  th e  alpine regions of th e  E a s t  A frican m o u n ta in s  (one excep tional low reco rd  
only from  Mt. K ilim an ja ro  a t 2500 m).

L. expansus  is dioicous, b u t o ften  fe rtile . I t  a p p a re n tly  lacks m eans of asexual re p ro ­
duction .

43. Lophozia argentina (S teph .) S chust. (Ju n g erm an n iaceae) (P la te
V II/40)

T he species w as know n for a long  tim e  only on th e  basis of th e  ty p e  collection  w ith  
u n certa in  lo ca lity  (A rgen tina , coll. L o ren tz ); p ro b ab ly  i t  is from  th e  n o rth e rn  p a r t  o f th e  
co u n try . S tu d y in g  th e  A frican species o f  Lophozia , Y a n a  (1982) h as found th is  species in  th e  
m ate ria l collected  b y  E s t e r h u y s e n  in  N a ta l (D rakensberg ) an d  erroneously  reco rded  b y  
S. A r n e l l  (1963), as L. montaguensis S. A rn . I n  Africa th is  species occurs “ on cold w e t ro c k y  
b a n k , S. a sp ec t”  a t  ca. 2500 m ; as to  th e  A rg en tin ian  lo ca lity  ecological d a ta  are lack in g .

B o th  p o p u la tio n s  are a p p a re n tly  dioicous and fem ale (w ith  p e rian th s), b u t  m a tu re  
sp o rophy tes w ere n o t  y e t seen.

44. Schistochila alata (L ehm .) Schiffn. (Schistochilaceae) (P la te  V II/4 1 )

O riginally  described  from  S o u th  A frica (leg. E c k l o n ), b u t  m ore w idely kno w n  from  
S o u th  A m erica, w here  i t  occurs, accord ing  to E n g e l  (1978) in  T ierra  del Fuego, th e  S o u th  
P a tag o n ian  C hannel region, on the  F a lk la n d  Is lan d s and , fu r th e r  n o rth , on Ju a n  F e rn an d ez  Is. 
(n o t on th e  a d ja c e n t Y ald iv ian  m ain land). T he species p refers w e tte r  evergreen forests, w here  
it is n o t u n com m on a t  th e  base of large  b ry o p h v te  m ounds ( E n g e l  l.c.). W ith in  th e  large , 
so u th e rn  tem p e ra te  -  trop ical m o n tan e  genus (cf. S c h u s t e r  1979) th is  is th e  only species 
with d is ju n ct occurrence  in Am erica a n d  A frica. A few species occur (p a rtly  Paraschistochila) 
in th e  tro p ical m o u n ta in s  of Africa, b u t ,  rem ark ab ly , th e  A frican  d istrib u tio n  of Schistochila  
8.1. is re stric ted  to  th e  very  old c ry sta llin e  blocks and does n o t include th e  young  vo lcanic 
m o u n ta ins. In  A m erica  no species p e n e tra te  in to  the tro p ica l A ndes. These facts coincide well 
w ith  S c h u s t e r ’s view  (l.c.) on a very  o ld , G ondw analandic  orig in  for Paraschistochila  an d  
Schistochila  and  ev en  w ith  th e  d is tr ib u tio n  of the  above species, w hich is, m ost p ro b a b ly , 
uncapable  to  long ran g e  dispersal, its  p re sen t d is trib u tio n  m ark in g  previous lan d  connections.

All species a re  dioicous b u t spores are  freq u e n tly  p ro d u ced , th e ir  size is o f 17—23 /m i in 
d iam eter. G em m ae are  unknow n in  th is  species.

45. Tylim anthus limbatus S tep h . (A crobolbaceae) (P la te  V II/42)

Sym : M a rsu p id iu m  lim batum  (S teph .) G rolle; fo r fu rth e r sy n o n y m y  see E n g e l  and G r o l l e  
(1971).
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T h is  so u th e rn  te m p e ra te  A fro-A m erican  species (T ierra  del Fuego to  N o rth e rn  Chile, 
J u a n  F e rn a n d e z , S. A frica — see E n g e l  an d  G r o l l e  l.c .)  was recen tly  d iscovered  b y  J o n e s  
and PÓCS in th e  m o n tan e  fo res ts o f M t. K ilim an ja ro  (B iz o t  an d  PÓCS 1974). I t s  d is ju n ct 
occu rrence  o n  th e  geologically  ra th e r  young  K ilim a n ja ro  vo lcano, w here it grow s in  open, 
seco n d ary  M yrica  fo rest, suggests a rriv a l by  lo n g -ran g e  a ir dispersal. The poss ib ility  of a 
w ider d is tr ib u tio n  of th is  species in  E a s t A frica, w ith  occurrence for in s tan ce  in  th e  old block 
m o u n ta in  ran g e  of S o u th eas t A frica  (in te rm ed ia te  be tw een  Mt. K ilim an jaro  an d  S o u th  Africa) 
should  n o t  be  ru led  out.

T h e  species is dio icous as all o th e r re p re se n ta tiv e s  o f th e  genus T ylim a n th u s , an d  m ay  
produce spores. A b o u t its  m ode of dispersal l ittle  rem a in s know n, how ever.

I l l . b .  W ide so u th e rn  te m p e ra te  e lem en t, w ith  p e n e tra tio n  in to  trop ical 
m o u n ta in s  an d  a tla n tié  E u ro p e

T h e  seven species assigned to  th is  g roup  have a v e ry  in te re s tin g  d is­
tr ib u tio n  p a tte rn . T h ey  are  m ore or less w idespread  in  th e  so u th e rn  te m ­
p e ra te  a n d  su b tro p ica l zones an d  in  th e  tro p ic a l m o n tan e  b e lts  o f  b o th  con­
t in e n ts , f in a lly  th e y  ir ra d ia te  to  th e  a tla n tié  is lands, to  Ire lan d  an d  B rita in  or 
even to  th e  w este rn , oceanic p a r t o f c o n tin e n ta l E urope. O nly tw o  o f th em  
p e n e tra te  also in to  th e  a tla n tié , te m p e ra te  coast of N orth  A m erica. I t  w ould 
be d iff ic u lt to  say , w h e th e r th e ir  p resen t d is tr ib u tio n  (a t least p a r tly )  reflec ts 
a G o n d w an alan d ic  o rig in  an d  a E u ro p ean  occurrence as th e  re su lt of a la te r  
m ig ra tio n , o r sim ply , a ran g e  to  be ex p la in ed  b y  long range d ispersa l. All of 
th e m  occu r on th e  M acaronesian  islands, w hich  occurrence can be th e  relic of 
a fo rm er lan d  bridge  or even of a T e th y a n  d is tr ib u tio n  in th e  sense of A xelrod 
(1975); o r these  oceanic islands served , s im p ly , as stepp ing  stones in  th e  w ay 
of th e  G u lf s tream  a n d  a ir  m asses p ro m o ted  b y  the  sea cu rren t, w hich could 
carry  d iaspores from  tro p ic a l A m erica to  a tla n tié  E urope.

A nyw ay , based  on th e ir  re la tio n sh ip , a t  le a s t th e  tw o A delanthus  species, 
Lepidozia  cupressina an d  Telaranea nematodes could have th e ir  origin on th e  
fo rm er G o n d w an alan d , an d  tak in g  in  acco u n t th e  slow ev o lu tio n  in  these  
g roups, th e ir  d ispersal с о u 1 d h ap p en  before  its  dissection. T he tw o highly  
dev e lo p ed  L ejeuneaceae  ta x a  p ro b ab ly  h a v e  an o th e r ty p e  o f d is tr ib u tio n a l 
h is to ry , in  w hich long -range air d ispersa l m ig h t have p layed  a m uch m ore 
im p o r ta n t  role.

46. A delan thus decipiens (H ook. M itt.)  (A delan thaceae)

T h is  species, to g e th e r  w ith  A . lindenbergianus , is discussed and  m ap p ed  in de ta il by  
G r o l l e  (1969, 1972). T herefo re  we deal only b riefly  w ith  them .

A . decipiens was n o t know n  u n til re cen tly  in th e  E a s t A frican m o u n ta in s , from  w here 
it w a s  re p o rte d  by B iz o t  a n d  PÓCS (1974, 1979) an d  by Va n a  et al. (1979); i t  grow s on M t. 
K ah u z i, K ilim an ja ro  and  in  th e  U luguru  and  U k a g u ru  M ts. a t  2100—2900 m  a lti tu d e , in th e  
u p p e r in o n ta n e  fo rest b e lt, as ep iphy te  or on ro t te n  wood. I t  occurs also in th e  W est A frican 
m o u n ta in s , th e n  in T ran sv aa l and  in South  A frica (a lread y  a t  660 m ), on T r is ta n  da  C unha
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and St. H elena. I t  does n o t occur in th e  so u thern  te m p e ra te  tip  o f th e  A m erican  co n tin en t, 
only in  th e  tro p ical A ndes from  B olivia to  V enezuela, in C osta R ica , on  th e  G alapagos Islands 
(800 m  !) and on th e  A ntilles. F in a lly  i t  reaches E u ro p e  th ro u g h  th e  A zores, w here it occurs 
in  Ire lan d , B rita in  and  F in is tè re  in  F rance.

I t  is dioicous an d  often  p ro d u ces spores, th ere fo re  S c h u s t e r  (1979) suggests th e  p os­
sib ility  of tra n s a tla n tic  a ir d ispersal.

47. Adelanthus lindenbergianus (Lehrn.) M itt. (A delan thaceae)

I ts  d is tr ib u tio n  p a tte rn  is very  sim ilar to  th e  above species (see G r o l l e  1969), b u t 
m ore so u thern  in ch arac te r. I t  is w idespread in  th e  te m p e ra te -su b a n ta rc tic  tip  of South  
A m erica, it occurs in  th e  m o n ta n e  forests of th e  A ndes a n d  reaches M exico as well (G r o l l e  
1972), b u t does n o t occur on th e  A ntilles and in M acaronesia. I t  reaches E u ro p e  only in I re ­
land, b u t  in A frica shows v e ry  sim ilar d is trib u tio n  to  th a t  o f A . decip iens , being w idespread  
in th e  m o n tan e  forests o f E a s t A frica and  occurs in S o u th  A frica a n d  in L em uria  b u t lacks in 
th e  W est A frican m o u n ta in s. I t  grow s n ear th e  sea level (up  to  700 m ) in th e  tem p era te  regions, 
while ascends up  to  2100 m in th e  sub trop ics and  up  to  3900 m in th e  eq u ato ria l m oun ta ins. 
In  th e  trop ics i t  lives on b a rk , on sh ad y  rocks or on ro ttin g  logs of m o n tan e  forests.

Dioicous species, p ro d u c in g  12—16 p m  large spores. V eg eta tiv e  re p ro d u c tio n  is also 
know n by gem m ae, develop ing  q u ite  rare ly  on th e  ap ical p a r t  o f th e  lea f m arg in . As th e  
E u ro p ean  p o p u la tio n s are  ste rile , S c h u s t e r  (1979^ suggests a recen t a rriv a l th ere  v ia  air 
tra n sp o rt  o f gem m ae.

48. Colura calyptrifolia (H ook.) D um . ssp. calyptrifolia (Lejeuneaceae)
(P la te  V III/4 3 )

A lthough  V a n d e n  B e r g h e n  (1972«) s ta ted , th a t  Colura tenuicornis  E v an s  differs only 
in q u a n tita tiv e  c h arac te rs  from  C. calyptryfolia  an d  tre a te d  th e  tw o  ta x a ,  as subspecies of th e  
la tte r ,  ty p ica l C. calyptrifolia  h as a very  d is tin c t d is tr ib u tio n  p a tte rn  (see also J o v e t -A st  
1954: 13-14). W hile C. tenuicornis  (or C. calyptrifolia  ssp. tenu icorn is) is clearly  p an tro p ica l in 
d is trib u tio n , C. calyptrifolia  is an  ocean ic-tem pera te  A fro -A m erican  (-j- E u ropean) species.

In  add itio n  to  th e  know ledge ab o u t its  d is tr ib u tio n  p re sen te d  in th e  m onograph  of th e  
genus b y  J o v e t -A st  (1953, 1954), C. calyptrifolia  s. s tr . h as becom e kno w n  also from  A frica, 
from  th e  tro p ica l m o n tan e  fo res ts  of T ransvaa l (A r n e l l  1963: 178) an d  T an zan ia  (W est 
U sam bara  M ts., Poes ined .), an d  from  th e  su rround ing  is lan d s , as T ris ta n  da C unha (A r n e l l  
1958: 7) and from  M au ritiu s  ( J o n e s  1979: 388).

Colura calyptrifolia  is e ith e r epiphyllous or grow s m ore o ften  on  tw igs and  b a rk  of 
m ostly  ericaceous sh ru b s , in  th e  tro p ica l m o un ta ins b e tw een  1000 an d  2000 m , while in  oceanic- 
tem p era te  areas n ea r th e  sea level.

The p lan t is m onoicous a n d  produces large (40—65 X 20—30 ,am) spores and  also a b u n d a n t 
discoid gem m ae.

49. Lepidozia eupressina (Sw.) L indenb . (L epidoziaceae) (P la te  V III/4 4 )

I f  we t re a t  th e  species in b ro ad  sense (P oes 1984), b y  com bin ing  th e  m any  o v erlap ­
pings and  tran s itio n a l fo rm s be tw een  re la ted  ta x a  t r e a te d  sep a ra te ly  m an y  tim es, i t  has a 
tricen tric  d is tr ib u tio n  p a tte rn .  In  A m erica it is w id esp read  from  th e  so u th e rn  su b a n ta rc tic  
and tem p e ra te  zones th ro u g h  th e  A ndes to  th e  C arib b ean  region. In  A frica i t  is know n from  
sub trop ica l Cape th ro u g h  N a ta l an d  T ran sv aa l to  th e  m o u n ta in s  of E a s t  A fricr, finally  from
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th e  M asearenes to  a tlan tié  E u ro p e  including a sm all p a r t  o f N orw ay w ith  very  ocean ic  clim ate. 
T h e  m o st p rim itive  form s are  kno w n  a t th e  tem p e ra te  p a r ts  of S o u th  A m erica  an d  in Sou th  
A frica , w hile in the  A ndes a n d  E a s t  A frican  m o u n ta in s and in a tla n tié  E u ro p e  a secondary  
e v o lu tio n  took  place a t  subspecies level, w hich well reflects a G ondw analand ic  origin.

In  th e  trop ical m o u n ta in s  L . cupressina  occurs on th e  acid g ro u n d  an d  on  th e  b a rk  of 
tree s  o f  m o n tan e  evergreen fo res ts  be tw een  1000 and  3000 m a lti tu d e , som etim es p e n e tra tin g  
in th e  tro p ic  alpine v eg e ta tio n  up  to  3600 in. On th e  o th er han d , i t  descends n ear to  sea level 
in  th e  tem p e ra te  zones.

l.ep idozia  cupressina  is dioicous an d  reproduces by  spores, b u t  sp o ro p h y te s  do no t 
d evelop  too  often . A sexual m ean  of p ro p ag a tio n  is n o t know n.

50. Leptoscyphus cuneifolius (H ook.) M itt. (G eocalycaceae)

T he taxonom y an d  d is tr ib u tio n  of th is  species are th o ro u g h ly  d iscussed  b y  G r o l l e  

(1962), accom panied  by  a m ap . More recen t records are en u m era ted  by  S c h u s t e r  (1980: 278). 
T h e  species is m ore or less b ip o la r in d is tr ib u tio n . In  th e  n o rth e rn  hem isphere  i t  occurs on 
b o th  sides of th e  A tlan tic  O cean; in th e  A pp a lach ian s of easte rn  U SA, in th e  A zores, M adeira, 
Ire la n d  a n d  G reat B rita in  an d  SE  N orw ay. I t  p e n e tra te s  in th e  tro p ical reg ion  in  th e  C aribbean , 
w here  i t  becom es an  in h a b ita n t  of m o n tan e  evergreen forests, as in  C uba (VÁNA ined.), 
J a m a ic a , D om inica, M t. R o ra im a  in G u yana  and  in th e  V enezuelan and  C olom bian A ndes, 
w here  i t  grows betw een 3000 an d  3500 m  ( G r a d s t e i n  and  I I e k k i n g  1979). In  th e  so u th e rn  
hem isp h ere  i t  occurs qu ite  iso la ted  from  th e  n o rth e rn  popu la tio n , being  w idespread  from  Ju a n  
F e rn a n d ez  Is. to  th e  M agellan S tra it  and  in T ris ta n  da Cunha. In  his m o n o g rap h  o f Lepto­
scyphus  G r o l l e  (l.c.) d istin g u ish ed  th e  so u th e rn  p o p u la tio n  as ssp. fra g ilis  (Ja ck  e t  S tepli.) 
G rolle, b u t  la te r  synonym ized i t  w ith  th e  ty p ic a l subspecies, w hich was confirm ed  by S c h u s t e r  

(l.c.). I t  is rem arkab le , th a t  th e  species does n o t reach  th e  eas te rn  w orld  sec tor in  c o n tin e n ta l 
A frica  (on ly  A tlan tic  islands a n d  E u rope), a lth o u g h , being such a delicate  p la n t, i t  coidd 
easily  h av e  been overlooked in  A frican  m ate ria l.

In  th e  Southern  A p p a lach ian  M ts. it grow s in fog forests on th e  b a rk  of A bies fra seri 
( S c h u s t e r  l.c.), while in  Cuba lives in m o n tan e  evergreen m ist fo res ts (fangales, m o n te  nu- 
b lad o ) on b a rk  of trees, a t  1100 m  a lti tu d e  ( P Ó C S  ined .). On o th e r C aribbean  islands and  in 
C olom bia i t  is know n as a ram ico lous species in th e  m ossy forests and  sh ru b s o f h ig h er m o u n ­
ta in s , w hile in Chile it occurs on  th e  b a rk  of Nothofagus trees ( S c h u s t e r  1980: 279). On th e  
A zores, according to S j ö g r e n  (1978) i t  is know n as ep iphy te  or ep ilith ic , u su a lly  grow ing 
in te rm ix e d  in dense m oss c a rp e ts  of Ju n ip eru s brevifolia forests. T he above h a b ita ts  an d  th e  
ocean ic  d is tr ib u tio n  of th e  species re flect its  h igh  dem and  on a tm o sp h eric  h u m id ity .

D ioicous species, ra re ly  p rod u c in g  spores, b u t asexual m ean  of rep ro d u c tio n  b y  caducous 
leaves an d  underleaves is a lw ays p resen t.

51. Lejeunea (Microlejeunea) ulicina (Tayl.) T ay l. com plex  (L ejeunea-
eeae) (P la te  V III/45 )

I t  depends on th e  species concep t used , w h e th er we t re a t  th is  com plex, as m em bers of 
a su b tro p ica l-tro p ica l v ic a r ia n t species p a ir or as tw o subspecies o f a n o rth e rn  te m p e ra te  
species, Lejeunea ulicina. A s S c h u s t e r  dealt in deta ils w ith  th e  d e lim in a tio n  of th e  tax a  
be longing  here ( S c h u s t e r  1962, 1979: 1067), involving s ta tis tics  m ad e  on  m an y  specim ens 
belong ing  to  th is com plex. W e accep t his concep t, tre a tin g  th e  ta x a  concerned  as subspecies. 
T h is case th e re  are th ree  subspecies a t  han d ;
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P la te  V III

S o u th e rn  tem p e ra te  species in  wide sense, p e n e tra tin g  in to  a tla n tié  E u ro p e . 43. Colura calyptrifolia  (H ook .) D um . 44. Lepidozia  cupres- 
sina  (Sw .) L indenb . 45. Lejeunea  (M icrolejeunea) ulicina  (T ay l.) T ay l. ssp. ulicina  (d o tte d  line), ssp. bullata  (T ay l.) Schust. (solid 
line) an d  ssp. ocellifera (S. A rnell) Schust. (b roken  line). (T hin  line m ark s Ja p a n ese  p o p u la tio n s o f L . punctifo rm is  T ay l. assigned to  L. 
ulicina  ssp. ulic ina  by  S ch u ste r an d  In o u e .) 46. Telaranea nematodes (G o tt, ex A u st.)  H ow e. ?: T . herzogii (Ilo d g s.) H odgs. w ith  o b ­

scure relation to  T . nematodes

D
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a) Lejeunea u lic ina  (T ay l.) Tayl. ex G., L. e t  N. ssp. ulicina
D istrib u ted  on b o th  sides of the  A tlan tic  O cean , in th e  a reas a ffec ted  by  oceanic c lim ate  

a n d  grow ing on rocks a n d  b a rk , on ro ttin g  wood or ra re ly  on living b ry o p h y te s , in dense (m o stly  
deciduous) fo rests up  to  1800 m  a ltitu d e . A ccord ing  to  S c h u s t e r  (l.c .) som e Jap an ese  p o p u la ­
tio n s  assigned to  L . p u n c tifo rm is  are also re ferab le  to  th is  ssp. I n o u e  in  his recen t p ap er (1981) 
seem s to  accep t an d  ev en  e x ten d  th e  p resence o f L . ulicina  in J a p a n  a n d  to  th e  w hole a rea  
fo rm erly  know n as o f L . p u n c tifo rm is  in  S o u th e as t Asia.

b) ssp. bullata  (T ay l.)  Schust.
S y n .; Lejeunea bullata  T ay l.

M icrolejeunea bullata  E vs.
(See f u r th e r  s y n o n y m y  in  S c h u s t e r  1980: 1074)
I ts  a rea  ju s t  o v e rlap s  th a t  of th e  f ir s t  subspecies in  th e  so u th e as te rn  U n ited  S ta te s  

a n d  i t  is w idesp read  in  th e  C aribbean reg ion  an d  th e  n o rth e rn  h a lf  of Sou th  A m erica. 
I t  occurs b o th  as co rtico lo u s an d  ep iphyllous, ra re ly  also on rocks o r on  g round , up  to  3000 in 
in  tro p ica l A m erica (B is c h l e r  et al. 1963).

c)  ssp. ocellifera (S. A rnell) Schust.
S yn .: M icrolejeunea a fricana  S teph.

M icrolejeunea ocellifera  S. Arnell
V ery  com m on a n d  w idespread  in th e  w e tte r  p a r ts  of tro p ic a l a n d  S o u th  A frica, w here  

i t  occurs from  th e  sea leve l u p  to  2100 m in th e  low land  and m o n tan e  fo res ts belts, f irs t o f all, 
as ep iphyllous a n d  co rtico lous species. A ccord ing  to  J o n e s  (1969) i t  occurs in  th e  low land  
ra in  fo rests o f W est A frica , w here it is very  com m on , usually  on th e  b a rk  of tree  boles an d  
branches.

All subspecies a re  dioicous (if L . pu n c tifo rm is  sep ara te ly  ex is ts ) and often  p ro d u ce  
p e ria n th s , while th e  sp o ro p h y te s  are unk n o w n . As no kinds o f a sex u a l p ro p ag atio n  are  a t  
h a n d , i t  rem ains o b scu re , how  th e  species can  be such a successful p io n eer on shady , w et b a rk  
or living leaves, n o t  m en tio n in g  th e  very  larg e  a rea  o f d is tr ib u tio n . O ne m ust th in k  a b o u t 
v eg e ta tiv e  p ro p a g a tio n  b y  frag m en ta tio n  a n d  easy  survival of th e  d e ta ch e d  p lan t frag m en ts .

52. Telaranea nematodes (G o tt, ex  A ust.) H owe (Lepidoziaceae)
(P la te  V III/4 6 )

T . nematodes h a s  a  d is tr ib u tio n  p a tte rn  v e ry  sim ilar to  th a t  o f  th e  previous 6 species, 
b u t  conspicuous by  its  p e n e tra tio n  in to  th e  te m p e ra te  region of U SA  as n o rth  as to  New Y ork  
(S c h u s t e r  1969). Follow ing  th e  a tlan tié  co ast line , i t  becom es v e ry  w idespread  in  th e  C arib ­
b ean  region, in th e  tro p ic a l A ndes and occurs ag a in  in  th e  so u th  B raz ilian  highlands. In  A frica  
i t  is b icen tric , occu rring  in  th e  Guinea-Congo ra in  fo res t basin  an d  S o u th -E a s t A frica in c lud ing  
M adagascar and  th e  M ascarene  islands. I t  sh o u ld  be checked, w h e th e r  Telaranea herzogii 
(H odgs.) H odgs. in N ew  Z ealand  is only closely re la ted  or conspecific  w ith  it. T. nematodes 
occurs in E u ro p e  on ly  a long  th e  w arm -tem p era te , oceanic coast.

In  th e  w e tte s t  tro p ic s , like in  th e  u p p e r  A m azonas or Congo basin , it occurs even  
n ear th e  sea level, g row ing  to g e th e r w ith  A rachniopsis diacantha , w h ich  is sim ilar in  a p p e a r­
ance. I t  is qu ite  co m m o n  in  tro p ica l m on tane  fo res ts  up  to  ab o u t 2000 m  a ltitu d e  and  p e n e tra te s  
even  in  th e  p á ram o  v e g e ta tio n  be lt (up to  4250 m in Colombia !, G r a d s t e in  and H e k k in g  
1979). I t  grow s u su a lly  on  acid  ground, ro t te n  w ood or on l it te r ,  on  p e a ty  soil of bogs, ra re ly  
on rock  surface, u su a lly  assoc ia ted  w ith o th e r L epidoziaceae species.

I t  is dioicous a n d  o ften  produces spores (14—17 p m  in  d iam e te r). A sexual rep ro d u c tio n  
is n o t known.
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Discussion

Taxonomic relations

T he g re a te s t p a r t  of d is junc t, b ic o n tin e n ta l lo w lan d  trop ica l ta x a  belongs 
to th e  fam ily  of L ejeuneaceae, w hile o th e r  p a tte rn s  are  found in o th e r, m a in ly  
Ju n g e rm a n n ia le an  groups, from  th ro u g h o u t v a rio u s  fam ilies excep t Plagio- 
cliila. This m ay  il lu s tra te  the  high level o f reg io n a l spéciation  w ith in  th is  
g ian t genus u ndergo ing  p resen t evo lu tion .

A m ong th a llo se  liverw orts th e re  a re  on ly  v e ry  few exam ples (Aneura 
pseudopingiiis, Metzgeria albinea still in co m p le te ly  know n and  n o t d iscussed), 
b u t s ig n ifican tly  th e  su b tro p ica l d is ju n c ts  a re  exclusively  thallose (Exorrno- 
theca, Sphaerocarpos), w hich re la tes to  th e  dom in an ce  of thallose ta x a  in  th ese  
areas. A large genus, in  w hich m ac ro -d is ju n c ts  a re  ra re  (like in  Plagiochila) 
m ay  he Riccardia (no evidence found  th u s  fa r, fid e  J a n  M e e n k s  who checked  
m a te ria l from  b o th  con tinen ts).

The above conclusions also h o ld  fo r th e  A fro-A siatic  and p a n tro p ic a l 
ta x a  (see lists in  B i z o t  and  P oes 1974, P ó cs  1976 a n d  unpub lished  reco rds). 
The to ta l  n u m b er o f m acro d is ju n c t tro p ica l liv e rw o rt species know n is now  
a b o u t 95 in  A frica (40 A fro-A sian; 35 A fro -A m erican ; 20 p an trop ica l).

Ranges

The m aps show  con tinuous or d isco n tin u o u s d is trib u tio n  p a tte rn s  on 
each co n tin en t. C on tinuous d is tr ib u tio n  is seen m o stly  in case o f tro p ic a l 
low land  species, like  Acrolejeunea emergens, Radula flaccida. D iscon tinuous 
areas are  m uch m ore  com m on, th e  reasons are:

1. Ecological barriers: in  th e  case of m ost m o n ta n e  and  alpine e lem en ts 
or, even , b y  low land  ra in  forest e lem ents occu rring  in  a generally  d rier e n v iro n ­
m en t w ith  iso la ted  fo rest p a tches, like in  case o f Pycnolejeunea contigua in  
E a s t A frica. T he m o n tan e  ta x a  are p o te n tia lly  q u ad ricen tr ic : A ndes w ith  th e  
W est In d ies , SE B rasil; W est A frica (local), f in a lly  E a s t and S ou th  A frica  
w ith  th e  L e in u rian  islands. Radula boryana and  Symphyogyna brasiliensis h av e  
alm ost “ com plete  q u a d ric e n tr ic ”  ran g es, w hile o th e rs  m iss from  one or tw o  of 
these  cen tres. R eason  m ay  be in su ffic ien t exp lo rin g  (see below). The a lp ine  
ta x a  are u su a lly  b icen tr ic : A ndes an d  E a s t  A frican  h ig h  m o un ta in s (Andrewsi- 
anthus jamesonii or Gymnocoleopsis multiflora). W hen  th e ir  a ltitu d in a l range 
ex ten d s to  th e  m o n ta n e  b e lt as w ell, th e ir  d is tr ib u tio n  becom es la rg e r (e.g. 
Herbertus subdentatus). Isotachis aubertii is u n e x p ec ted ly  lacking from  th e  
A ndes an d  th e  reaso n  m ay  be also in su ffic ien t e x p lo ra tio n .

2. Insufficient exploring: ranges fo r th e  t in y  an d  possibly overlooked  
Aphanolejeunea exigua; th e  crow n ep ip h y te  Lejeunea unciloba; species grow ing 
in h a b ita ts  o ften  igno red  b y  non-specia list, like sh ad ed  banks (Andrewsianthus
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jamesonii) or species v isib le  in  d ry  a reas  o n ly  during  th e  ra in y  season no t 
fa v o u re d  b y  v is itin g  b o ta n is ts .

3. Insufficient taxonomic knowledge: a lth o u g h  the f ra g m e n ta ry  range 
Lejeunea autoica is ex p lan ab le  b y  a possib le  po ly top ic  evo lu tio n , i t  is m uch 
m o re  reasonab le , th a t  th is  species is s till h id d en  am ong th e  m a n y  u n rev ised  
m a te r ia ls  belonging to  th e  tax o n o m ica lly  d ifficu lt genus Lejeunea. T his m ay  
be  th e  reason  also fo r th e  v e ry  f ra g m e n ta ry  know ledge ab o u t th e  A m erican  
d is tr ib u tio n  of Aneura pseudopinguis a n d  som e o th e r tax a .

4 .  Relict distribution relating to Gondwanic origin : p o te n tia l h a b ita ts  for 
su ch  genera , as Bryopteris an d  Symbiezidium are p len tifu l on th e  A frican  
m a in la n d , y e t lack ing  th e re . T he v e ry  re s tr ic te d  ranges of Arachniopsis dis- 
s o tr ic h a  an d  th e  v ic a r ia n t A. diplopoda are to  be explained also b y  th e ir  re lic t 
c h a ra c te r . The case o f  “ peri-A fro -am erican  e lem en t”  was d iscussed  in  deta il 
fo r  Symbiezidium, on page 1 4 0  as th e  case o f species re s tric ted  to  geologically  
o ld  m o u n ta in s , n o t b e ing  capab le  to  long -range d ispersal, as w ell (PÓCS 1 9 8 2 ,  

v a n  Z a n t e n  and  P o e s  1 9 8 1 ,  an d  b y  Schistochila alata on page 1 5 7  of 
th is  paper).

5 .  Unknown reasons: for exam ple in  th e  case of Stephaniella paraphyllina, 
w h ich  is w idespread  in  th e  A ndean  reg ion , i t  is obscure, w hy i t  does occur 
o n ly  a t  a single p lace  in  A frica, w here sim ilar env iro n m en ta l co n d itions are 
a ssu re d  a t  m an y  p laces. The A frican lo ca lity  could  be exp la ined  b y  one single 
successfu l case of long -range air d ispersa l b u t  also by  the  re lic t c h a ra c te r  o f a 
fo rm e r w ider d is tr ib u tio n  in  A frica. T here  a re  no ind ications t h a t  th e  species 
m ig h t h a v e  been in tro d u c e d  b y  m an , as in  th e  case of th e  M exican lo ca lity  o f 
Exormotheca pustulosa.

Dispersibility

T he ab ility  fo r long-range or sh o rt-ran g e  a ir  d ispersal, or s tep  b y  s tep  
la n d  d ispersal is th e  m a in  fac to r, w hich  can  influence  th e  ran g e  o f species an d  
is responsib le  for d is ju n c t d is tr ib u tio n  along th e  dissection of la n d  m asses an d  
a lo n g  o th e r geological an d  clim atic  changes. T he d ispersib ility  o f species de­
p e n d s  upon  several fa c to rs  (see also In tro d u c tio n ) :

1. Sexuality: a lm o st all d is ju n c t L ejeuneaceae  are au to ico u s. W ith in  
Acrolejeunea th e  w id esp read  spp . are  au to ico u s, local spp. n o rm a lly  dioicous 
( G r a d s t e i n  1975). T he single dioic species am ong  A fro-A m erican tro p ic a l low ­
la n d  e lem ent is Radula flaccida, w hich h as  copious gem m ae.

C on trastin g  w ith  tro p ica l low land  species, m o n tane , a lp in e  an d  o th e r  
sp p . a re  m ain ly  d io icous, a lth o u g h  som e m a y  develop gem m ae (Andrewsianthus 
jamesonii). I t  seem s th a t  th e  dioicous co n d itio n  is m ore com m on in  te m p e ra te  
species. Y et, in  a ll sp p . spo ro p h y tes  occur, so long-range d isp ersa l v ia  u n i­

Acta Botanica Hungarica 29, 1983



DISJUNCT TROPICAL HEPATICAE 1 6 5

sex u a l spores m ay s till be possible, a lth o u g h  th e  chances fo r successful e s tab lish ­
m en t are  lower. I t  can  be concluded , th a t  sex u a lity  is n o t  ev id en tly  red u ced  in  
th e  m acro -d isjunct species c o n tra ry  to  local, endem ic liverw orts .

2. Asexual reproduction and dispersal by fragmentation: on th e  w hole, 
on ly  few spp. (ca 25% ) h av e  special asexua l m eans o f  rep ro d u c tio n  (gem m ae, 
c ladulae). F rag m en ta tio n  m igh t be v e ry  im p o rta n t in  th e  alp ine species (Ste- 
phaniella, Marsupella), w hich often  grow  on loose, d ry , b a re  g round  o f open 
p la n t  com m unities. T here  are  observ a tio n s on b y ro p h y te  frag m en ts  success­
fu lly  germ inated  a fte r  m e lting  from  arc tic  icefields, w hich  seem s to  p ro v e  th e  
su rv iv a l ab ility  of liv e rw o rt frag m en ts  u n d er d ry  an d  low  te m p e ra tu re  co n ­
d itions.

3. The resistance of diaspores: as v a n  Z a n t e n  an d  P o e s  (1981) d iscussed 
in  d e ta ils , we know- m uch  ab o u t th e  d ro u g h t an d  cold  resistance  o f moss 
spores, b u t m uch less a b o u t th a t  of th e  liverw orts. A ccording to  F u l f o r d  

(1951) p ro to n em a ta l spores o f L ejeuneaceae are l i ttle  re s is ta n t an d  n o t su itab le  
for long-range d ispersal. H ow ever, th is  has n o t been  te s te d , a lth o u g h  she 
experienced , th a t  even one ho u r exposure  u n d er la b o ra to ry  a ir  cond itions 
k illed  th e  spores of L ejeuneaceae , Lepidozia and  Ptilidium.

4. Spore size: as m en tio n ed  in  th e  In tro d u c tio n , d iaspores m u st be sm all 
enough  for aeria l t ra n s p o r t .  Checking ou r A fro-A m erican  liv e rw o rt species 
from  th is  p o in t of v iew  (n o t th e  v ic a r ia n t species p a irs  an d  A fro-A m erican 
genera), only 14 species fa ll in  th e  ca teg o ry  of sizes a p t  fo r easy  long-range air 
t ra n s p o r t ,  th e  spore size in  e igh t species being d e fin ite ly  m uch la rg e r th a n  
25 /Lm an d  in  15 species u n k now n . A sexual gem m ae a re  also to  be te s te d  from  
th is  p o in t of view .

5. Suitable habitat and competing ability: from  th is  p o in t o f view  “ w eedy”  
species occurring  often  on b a re  surfaces, as recen t lav a  rocks, ro a d c u ts  or, as 
ep ip h y tes , in  secondary  h a b ita ts  (iso la ted  palm s an d  o rch a rd  tree s , p la n ta ­
tio n s, fo rest openings) are  such, w hich  one should  ex p ec t to  have  a rr iv ed  b y  
long-range air tra n sp o r t  an d  aggressive enough to  com pete  w ith  o th e r species. 
To a large e x te n t, “ w eedyness” often  co rre la tes w ith  com m onness (cf. G r a d - 

s t e i n  an d  W e b e r  1982: 134) an d  m an y  species am ong  th e  d isju n c ts  fa ll in  
th is  ca tegory  being a t  le a s t locally  w eedy: Acrolejeunea emergens, Colo- 
lejeunea cardiocarpa, Herbertus subdentatus, Isotachis aubertii, Lophocolea mar- 
tiana, Schiffneriolejeunea polycarpa, Symphyogyna brasiliensis, etc . O n th e  o th e r 
h an d , m any  com m on, “ w eedy”  species are  n o t b icen tric  d is ju n c t an d  a p p a re n tly  
re s tr ic te d  to  one co n tin e n t on ly , as th e  A m erican  Dicranolejeunea axillaris, 
Frullania brasiliensis, Leptolejeunea elliptica, Leptoscyphus porphyrius or Pla- 
giochila guilleminiana an d  th e  A frican  Cololejeunea pusilla, Frullania caffraria, 
Marchantia parviloba or Plagiochila terebrans. These m ay  he “ chance endem ics”  
in  th e  sense of Z a n t e n  (1978: 471), if  th e ir  d iaspores are  a p t  for long-range 
a ir  d ispersal.
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T he occurrence o f  su ch  species on iso la ted , ^  y o u n g  oceanic islands 
seem s to  confirm  th e ir  a ir  d ispersa l. F rom  th e  discussed A fro-A m erican  species 
Symphyogyna brasiliensis (A scension, T ris tan  da  C unha), Syzygiella concreta 
(T ris ta n ), Isotachis aubertii (A scension), Exormotheca pustulosa (S t. H elena), 
Leptoscyphus expansus (T ris tan ), Hyalolepidozia bicuspidata (T ris tan ), th e  tw o 
Adelanthus (T ristan ), Colura calyptrifolia an d  Telaranea nematodes (T ristan) 
a n d  som e others occur on  th e  islands along th e  A tla n tic  rid g e . M ost of these  
a re  w eedy on th e  m a in la n d , hence aggressive w hich  should  h av e  helped  th e ir  
d isp e rsa l on the  n o t to o  o ld  vo lcan ic  islands.

Final conclusion

M ost A fro -A m erican  species seem  to  be com m on in p a r ts  o f th e ir  ranges 
a n d  th u s  well capab le  to  s tep  b y  step  d ispersal. E v en  th o u g h  in  som e spp. we 
f in d  few  ind ica tions o f  copious d iaspore p ro d u c tio n , an occasional or iso la ted  
case  o f  long-range a ir  d isp e rsa l could well be assum ed  as h av in g  caused th e

Table 3

A  listing o f  fu r th e r  supposed tropical A fro-Am erican vicariant species p a irs , 
p artly  o f  unverified taxonomic status

A m e r i c a n  t a x a A f r i c a n  t a x a

Archilejeunea  spp.

Brachiolejeunea chinantlana  (G o tt.)  Schiffn. 

Calypogeia peruviana  N ees e t  M ont. 

Calypogeia cellulosa (Spreng.) S teph . 

Caudalejeunea lehm anniana  (G o tt.)  E vans 

Cololejeunea bischlerana T ix ier

Cylindrocolea rhizantha  (M ont.) Schust. 

Drepanolejeunea bidens S teph .

F rullania  riojaneirensis (R ad d i) À ngstr. 

Lophocolea trapezoidea M ont.

M archesinia brachiata (Sw .) Schiffn. 

M arsupella trollii Herz.

Odontolejeunea lunulata  (W eb.) Schiffn. 

P allavicinia erythropus (G o tt.)  S teph. 

Plagiochila columbica G o tt.

Porella swartziana (W eb.) T rev . 

Rectolejeunea pililoba  (Sp r.) Schust.

Archilejeunea africana  S teph. an d  allies 

Brachiolejeunea tristis Steph.

Calypogeia afrocoerulea E. W. Jones 

Calypogeia fu sca  (Lehm .) S teph.

Caudalejeunea hanningtonii (M itt.) Schiffn. and allies

Cololejeunea hyalino-marginata  (Nees e t M ont.) 
Grolle

Cylindrocolea atroviridis (Sim) Varia 

Drepanolejeunea cultrella (M itt.) S teph.

Frullania africana  Steph.

Lophocolea muhavurensis (S. A rn .) S. Arn. 

M archesinia excavata (M itt.) S teph . and allies 

M arsupella capensis S. Arn.

Odontolejeunea tortuosa (L. e t L .) Steph.

Pallavicinia spinosa  (L. e t L .) Grolle 

Plagiochila integerrima S teph.

Porella capensis (G ott.) S teph.

Rectolejeunea setacea (S teph.) Schust.
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m acro -d is ju n c tio n . In  some o th e r cases p ro d u c tio n  o f d iaspores a p t for long- 
range  a ir d ispersa l is a p p a re n tly  lack ing . I t  is h a rd  to  v isualize th a t  ev o lu tio n  
w en t so slow in th ese  “ successful”  species, th a t  th e y  d id  n o t evolve since th e  
b reak in g  up o f w estern  G o ndw analand . H ow ever, th is  could have caused  very  
well th e  d is ju n c tio n  of genera, th e  v ic a r ia n t species pa irs  in  m an y  cases an d  
in  som e, ex cep tio n a l cases th e  d is ju n c tio n  o f species in  archaic  groups, w here 
ev o lu tion  rem ain ed  slow. Fossil f in d s  in  am b er (G rolle  1981) confirm  th a t  
eocenic species belong to  still ex is tin g  genera an d  th a t  “ G in k y o -ty p e”  re lic t 
occurrences m a y  be p resen t even in  “ a d v a n c e d ”  g roups o f liverw orts , as N ip -  
ponolejeunea  ( Ja p a n ; fossil also in  E u ro p e).

A co rre la tio n  w ith  level o f e v o lu tio n a ry  ad v an cem en t, as S c h u s t e r  
(1969) p o s tu la te s  for th e  so u th e rn  te m p e ra te  reg ions, needs m ore tax o n o m ic  
an d  flo ristic  d a ta  th a n  cu rren tly  av a ilab le  for th e  tro p ics , hence resu lts  in  too  
m uch  u n fo u n d ed  specu la tion . A lso, it needs to  focus on all ty p es o f ranges 
(including  th e  endem ic), n o t ju s t  th e  m acro -d is ju n c ts .

F u r th e r  re sea rch  should  invo lve  tax o n o m ic  w ork  on supposed  v ic a r ia n t 
species p a irs  (e.g. T able 3), s tre n g h te n in g  th e  a rg u m en ts  an d  ex p lan a tio n s  
w hen m ore exam ples appear. A lso, we h av e  to  know  m uch m ore a b o u t th e  
resis tan ce  an d  d ispersa l ab ility  o f H ep a tic  d iaspores, p ro v ed  b y  ex p erim en ts . 
O f course, a n y  increase  of th e  m eagre  p a leon to log ica l evidence m ig h t help  in  
th e  u n d e rs ta n d in g  o f liverw ort d isp ersa l in  re la tio n  to  th e ir  evo lu tion  an d  to  
th e  geological ev en ts .
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THE REDISCOVERY
OF LOI  SEA  U B R Y U M  E P H E M E R O I D E S  BIZOT 

(MUSCI: FUNARIACEAE) IN NIGERIA

R y s z a r d  O ch yra
B O T A N IC A L  IN S T IT U T E , P O L IS H  A C A D EM Y  O F  S C IE N C E S , K R A K Ó W , P O L A N D  

(R eceived: 15 Ju n e  1982)

Loiseaubryum  ephemeroides B izo t, u n re p o rte d  since its  original d e sc rip tio n  from  
C had, is reco rded  for th e  f irs t tim e from  th e  e as te rn  N igeria. In  com parison  w ith  th e  
ty p e  specim en th e  N igerian  p lan ts  are  fu lly  developed and  have d is tin c t e longate  
stem s w ith  sp ira lly  arranged  leaves. B i z o t ’s  h y p o th esis  regard ing  a deciduous o p e r­
cu lum  in  Loiseaubryum  is confirm ed. A m ore com plete  descrip tion  an d  a new  orig inal 
d raw ing o f th e  on ly  species of th is  genus, L . ephemeroides, are p rov ided , a n d  affin itie s  
o f Loiseaubryum  are discussed. All A frican  gen era  of th e  Funariaceae  are  d is tin g u ish ed  
in a key . A n endem ic A frican  species, Physcom itrella magdalenae De Sloover, is t r a n s ­
ferred  to  th e  genus Aphanorrhegm a  Sulk, an d  an  ap p ro p ria te  new co m b in a tio n , A . m ag­
dalenae (De Sloover) O chyra, is m ade.

W hile id en tify in g  a sm all collection of m osses from  eas te rn  N igeria w hich w as de livered  
to  m e by Prof. J .  K o r n a s  of th e  Jag ie llon ian  U n iv e rs ity  o f K rakow , Po land , m y a tte n tio n  
w as called to  tw o g a th e rin g s of an  unusual fu n a rio id  m oss in fine fru itin g  co nd ition  collected  
o n  w et m ud along rivers. G am etophy tically , i t  re sem b led  M icropom a niloticum  (Delile) L indb ., 
a species grow ing on sim ilar h a b ita ts . H ow ever, i t  w as com ple te ly  d ifferent in s tru c tu re  o f its  
sp o ro p h y te s , especially  in  th e  shape of se ta , o p ercu lu m  an d  ca ly p tra . In asm u ch  as th is  d is­
tin c tiv e  genus h ad  n o t been rep o rted  b y  B r o t h e r u s  (1924) in his w orld-w ide t re a tm e n t  of 
th e  m oss genera , I te n ta tiv e ly  p lanned  to  describe  th e  p la n ts  from  N igeria as a  new  species 
an d  genus because I h a d  failed  to  fin d  a n y  sim ila rities in  descrip tions w ith  o th e r species an d  
genera o f th e  F u n ariaceae . L uckily , a t  th e  sam e tim e  I received “ E n u m era tio  m uscorum  
n o v a ru m  I I ”  by  B i z o t  (1976) w here I found  a d e sc rip tio n  an d  an  illu s tra tio n  of Loiseaubryum  
ephemeroides, a new  species and  genus of th e  F u n a riac ea e  discovered  in th e  ad jo in ing  Chad. 
B o th  th e  d e ta iled  desc rip tio n  and  th e  excellent d raw in g  agreed  in  several respec ts w ith  N igerian  
p lan ts . I su b seq u en tly  sen t th e  N igerian  specim ens to  P rof. M. B i z o t  of D ijon , F ran ce , who 
in fo rm ed  me th a t  th e y  do n o t differ m ate ria lly  fro m  th e  ty p e  specim ens of L . ephemeroides 
a n d  th e  d ifferences are m ain ly  caused by  th e  d isp a ra te  grow ing stages of these  p la n ts . W hile 
describ ing  L. ephemeroides M. B i z o t  h ad  only ju v en ile  p la n ts  w hereas those  from  N igeria  a re  
m a tu re  ones. T herefore  I found  it necessary  to  m ake  ce rta in  ad ju s tm e n ts  and em en d atio n s o f 
th e  o rig inal d iagnosis an d  to  give a new  illu s tra tio n  of L . ephemeroides on th e  basis of m a tu re  
p lan ts . A descrip tion  o f th e  N igerian  p lan ts  is given below .

Loiseaubryum ephemeroides B izot, R evue B ryo l. L ichénol., n . ser. 42 (3): 850 
{1976) (Figs 1-12)

P la n ts  v e ry  sm all, b rig h t green to  green  in  color, gregarious or sca tte red  a m id st p e r­
s is te n t p ro to n em a ta , u su a lly  1 .5-2 .5  m m , rad icu lose  below , rh izo ids sm ooth. A xis red , sim ple 
o r u su a lly  rep ea ted ly  fo rked , in  cross section  show ing w eak ly  d iffe ren tia ted  cen tra l s tra n d  of 
sm all, th ick er-w alled  cells becom ing larger an d  th in n e r-w a lled  tow ards th e  p e riphery . L eaves
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genera lly  several to  a b o u t te n , soft, lan ceo la te  to  linear-lanceo la te , 0.3—0.5 X 1.5—2.0 m m , 
sm aller a n d  d is ta n t in  th e  low er p a r t o f th e  s tem  becom ing  larg e r and m ore c lu s te red  above, 
ir reg u la rly  shrinked  w hen  d ry , erec t to  e rec t-sp read in g  w hen  m oist. Periclietia l leaves fo rm ing  
te rm in a l ro se tte , lin ea r-lan ceo la te , m ore o r less/ a cu m in a te , th e  apex tap e rin g  in to  a  long, 
cap illa ry  p o in t. Costa 40 -4 5  fim  wide n ear th e  b ase  end ing  a t  or below th e  base  o f th e  acum en  
in v e g e ta tiv e  leaves, d isap p ea rin g  in  th e  s lender acu m en  in  p e rich ae tia l leaves and  th u s  a p p e a r­
ing long  e x cu rren t. M argin  p lan e , b lu n tly  se rra te  to  se rru la te  to w ards apex , en tire  n e a r base. 
L eaf cells lax ly  ob long-hexagonal to  re c tan g u la r , 40-50  X 100—130 pm , th in -w alled , becom ing 
m ore e lo n g a te  and  la rg e r n e a r  th e  base, in th e  m ed ian  p o rtio n  ten d in g  to  be n a rro w er to w ard s  
m arg in  b u t  n o t fo rm ing  th e  d is tin c t bo rder. A n th e rid ia  n o t seen, pe rich ae tia  w ith o u t p a ra -  
physes. S e ta  sh o rt, 1.5—2.0 m m , ligh t b row n, a rcu a te . C apsule sm all, 0.5—0.7 m m  in  d iam e te r, 
ovoid  becom ing  h em ispheric , w ide-m outhed  a n d  ch es tn u t coloured  w ith  age. E x o th ec ia l cells 
v e ry  d e lica te , m ostly  q u a d ra te  to  irregu larly  ro u n d ed -h ex ag o n al, large, th in -w alled , s lig h tly  
co llen ch y m ato u s, firm  a n d  o b la te  in  3 -5  su b o ra l row s, w ith  s to m a ta  a t  th e  base. T he s to m a ta  
p h an ero p o ro u s  to  s lig h tly  c ryp to p o ro u s co n sistin g  o f cen tra l pore  in a c ircu lar g u a rd  cell. 
A n n u lu s a n d  peris tom e lack in g , opercuium  p lan e . C a ly p tra  v e ry  sm all, sh o rt-ro s tra te , cucul- 
la te , n o t  in fla ted , slig h tly  sp lit in to  tw o  n o t  sp read in g  lobes, sm ooth  and  n ak ed , covering  
on ly  th e  u p p e rm o st p o rtio n  of th e  m a tu re  capsu le . Spores b row n, ellipsoidal o r som ew hat 
ang led , 35—40 pm , dense ly  papillose-spinose, m a tu re  in  d ry  season.

Specim ens ex am in ed : (1) N igeria, B orno  S ta te , N g ad d a  R iv er ju s t  below  L ak e  A lau  
( =  A lo) n e a r M aiduguri, 11 °4 3 r N , 13018' E , e lev a tio n  320 m , d ried-up riv er b ed , sh ad y  p lace 
u n d e r  M im osa  p igra , F e b ru a ry  8, 1978. K o r n a s  5 (K R A , K R A M , ALTA, B , BM, B R , C, 
CANM , COLO, GL, G R O , H , herb . Hoe, L , MO, NAM , N IC H , N Y , PC, S, U , U B C ); (2) N ige­
ria , B o rn o  S ta te , Y ed se ram  (M buli) R iv er, 6 k m  S o f D ikw a, 12°01' N , 13°53' E , e lev a tio n  
300 m , d ried -u p  riv er b e d , g ra y  clay, F e b ru a ry  3, 1978, K o r n a s  6  (K R A , K R A M , A L T A , B, 
BM. B R . C, CANM, CO LO , E G R , GL, G R O , H , h e rb . F ife , H oe, L, MO, NAM , N IC H , N Y , 
PC , S, U).

In  com parison  w ith  th e  ty p e  specim en from  Chad th e  N igerian  p la n ts  
described  above show  a few differences w hich w ere best expressed  by  B i z o t  

who h a d  also exam ined  th is m a te ria l, an d  som e o f his com m ents (personal 
co m m u n ica tio n . M ay 14, 1979) follow :
J ’ai re tro u v é  L o iseau b ry u m  ephem eroides en trè s  bon é ta t  m ais p lus développé 
que le ty p e , il e st b eau co u p  plus g ra n d  e t sa tige  p lus allongée e t non  “ sub- 
n u llu s”  les feuilles so n t écartées su r  le tige  e t non  en ro se tte , c ’est p ro b ab le ­
m e n t la  form e n o rm a le  ad u lte  ta n d is  que j ’ai d écrit la form e jeu n e . Mon 
h y p o th è se  “ op ercu lu m  . . . secedens ?”  e s t b ien  vérifiée.

T hus, th e  n o rm a l, m a tu re  p la n ts  o f L . ephemeroides are n o t stem less b u t  
h av e  e longate  s tem s, 1 .5-2 .0  m m  high  an d  sp ira lly  a rranged  leaves w hich  are  
n o t crow ded only  in  a ro se tte  as i t  w as s ta te d  in  diagnosis.

T here  are only tw o  o th e r ta x a  o f  th e  F un ariaceae  for w hich Loiseaubryum

Plate 1
Loiseaubryum  ephemeroides. 1. H a b it; 2. P e rich a e tia l  ̂ leaves; 3. Lower v eg e ta tiv e  leaves; 
4. C apsule, d ry  and  e m p ty ;  5. Spores; 6 . O percu lu m ; 7. C a ly p tra ; 8. Cross section  of th e  low er 
p a r t  o f stem ; 9. S to m a; 10. E x o th ecia l an d  su b o ra l cells; 11. Cells above lea f sh o u lder; 12. Cells

belowr lea f  shou lder.
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is lik e ly  to  be m istaken . One of th e m  is th e  A frican genus M icropom a  L indb . 
co n sisting  of tw o species, M . n ilo ticum  (Delile) L indb. in  B ro th , an d  M . buko- 
bense B ro th ., b o th  grow ing  on sim ilar h a b ita ts  and  occu rring  in  th e  easte rn  
p a r t  o f th e  con tinen t from  Low er E g y p t to  Zim babw e. I h av e  n o t seen th e  
ty p e  specim ens of b o th  species. H ow ever, th e  illu stra tio n s av a ilab le  ( B r o t h e - 
r u s  1910, 1924, Sim 1926) an d  th e  d escrip tions prov ided  b y  B r o t h e r u s  (1910, 
1924) an d  Sim (1926) c lea rly  in d ica te  th a t  none of th e  sp o ro p h y te  c h a ra c te r­
istics ap p ly  to  Loiseaubryum .

Loiseaubryum  looks like M icropom a  and  shares sev era l ch arac teris tics  
w ith  th a t  genus especia lly  in  th e  s tru c tu re  of th e  g a m e to p h y te . T he m ost 
obv ious fea tu res o f L oiseaubryum  w h ich  sep a ra te  it  from  M icropom a  are  th e  
sp o ro p h y te  and  th e  p e rs is te n t p ro to n em a . Loiseaubryum  has an  u n u su a l aggre­
g a tio n  o f ch a rac te ris tic s , a co m b in a tio n  n o t know n in M icropom a  or in o th e r 
F u n a riaceae : p e rs is ten t p ro to n em a, em erg en t capsule on longer, a rcu a te  se ta , 
com plete ly  plane opercu lum  w ith o u t a n y  apiculus and  a sh o rt-b eak ed , cucul- 
la te , sm oo th  c a ly p tra  w hich  is s lig h tly  sp lit in to  2 lobes.

On the  o th e r h a n d , M icropom a  has im m ersed capsule  on v e ry  sh o rt, 
s tra ig h t se ta , ap icu la te  opercu lum  an d  long-beaked  c a ly p tra , w hich is in fla ted  
a t  th e  base, m itra te  a n d  becom ing  sp lit in to  3-4  w idely  sp read ing  lobes.

Loiseaubryum  show s also som e sim ilarities w ith  th e  species o f Physco- 
m itr iu m  subgenus C ryp topyxis  (C. M uell.) B ro th , w hich , how ever, are  n o t 
k n o w n  from  co n tin e n ta l A frica. On th e  o th e r hand , ex ac t re la tio n sh ip s  betw een  
th e  la t te r  tax o n  an d  M icropom a  are  su b jec t to  question , an d  m y  view  is, th a t  
th e re  are  insufficien t reaso n s to  reg a rd  th em  as sep ara te  ta x a . M icropom a  and  
subgenus C ryptopyxis o f P hyscom itrium  m ay  be d isting u ish ed  only by  p o ly ­
gam ous and  au to icous inflorescence, respective ly , an d  I  am  s tro n g ly  inclined  
to  u n ite  th em  in one genus. A s tu d y  o f  g rea te r  geographical scope will doubtless 
re su lt in  rad ical m o d ifica tio n  o f th e  p resen t concept o f som e genera of th e  
F u n ariaceae .

Q uite  recen tly  F i f e  and  Ma g il l  (1982) while d iscussing  th e  affin ities 
of a new ly  described S o u th  A frican genus and species Cygnicollum  im m ersum  
suggest th a t  Loiseaubryum  should  be b es t p laced in  th e  E p h em eraceae  because 
of the  fac t th a t  i t  h as  firm -w alled  an d  elongate  lea f cells, tw o-celled  s to m a ta , 
an d  th e  g am eto p h y te  arising  from  a p e rs is te n t p ro to n em a. I  exam ined  n u m e r­
ous s to m a ta  in th e  N igerian  p la n ts  o f Loiseaubryum  an d  found th em  to  be 
ev id en tly  un icellu lar, a n d  th is  fits  w ell th e  c ircum scrip tion  o f th e  F u n ariaceae  
( B r o t h e ru s  1924). I t  seem s to  m e th a t  th e  p e rs is ten t p ro to n em a  is som ew hat 
o v e rv a lu a ted  as a d iag n o stic  c h a ra c te r  in  th e  F unaria les m o stly  owing to  th e  
sh o rt life cycle of th e  m ost fu n ario id  mosses. In  m a tu re  p la n ts  of Loiseau­
bryum  th e  p ro to n em a is ra th e r  d isap p earin g  and seem s to  be physiologically  
in ac tiv e . Thus, m y  v iew  is th a t  th e  b e s t p lacem en t o f L oiseaubryum  is in  th e  
F u n ariaceae  as o rig in a lly  B izot (1976) th o u g h t.
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The localities w here L . ephemeroides has been found  so fa r are all a d ja c e n t 
to  L ake C had. The species has p ro b ab ly  been co llected  on so few occasions 
because of its  inconspicuous size and  sh o rt life cycle. H ow ever, fu r th e r  reco rds 
are to  be expected  as m ore areas are exp lo red , an d  I  u rge  collectors in  n o r th e rn  
p a r t  o f trop ica l A frica, especially  in S u d an ian  an d  S ahelian  zones, to  w atch  
for it.

L ike all th e  o ther F u n a riaceae  L . ephemeroides has a sh o rt life cycle an d  
is th e re fo re  a successful p ioneer of ephem eral s itu a tio n s . I t  th riv es  on m ud  
soil an d  on silt, on banks o f riv ers , creeks, d itches, or ponds as well as on  b o t­
to m s o f d ried -up  reservoirs. M ost f req u en t associates seem  to be species of 
R iccia . T he N igerian p la n ts  are  in te rm ix ed  w ith  Riccia membranacea M ont, 
(de t. T . P ó cs), and  B izot (1976) also rep o rted  L . ephemeroides grow ing to g e th e r  
w ith  a Riccia  sp.

B ro t h e k us  (1924) in  his w orld-w ide t re a tm e n t of genera o f m osses 
recognized  n ine genera in  th e  F u n ariaceae . H ow ever, since th e  p u b lica tio n  of 
th a t  w ork  five  new  genera h av e  been ad d ed  to  th is  fam ily . T hree of th e m  w ere 
described  from  A frica: Jonesiobryum  B izo t, P ie rro t & Pócs ex B izo t & Pócs 
( B izot e t al. 1974; B izot, P ócs 1974), Loiseaubryum  B izo t from  Chad ( B izot 
1976), an d  recen tly  Cygnicollum  F ife & M agill from  th e  Cape of Good H ope , 
S o u th  A frica (F i f e , Magill  1982). On th e  o th e r h a n d  F if e  (1980) on th e  basis 
o f d e ta iled  s tu d y  tran sfe rred  tw o A m erican  genera, Costesia T hér. an d  Neo- 
sharpiella  R obins. & Delg. from  th e  F u n ariaceae  to  th e  G igasperm aceae.

M oreover, th e  re p re sen ta tiv es  o f tw o o th e r genera  have also been  
ad d ed  to  th e  moss flo ra  o f th e  co n tin en ta l A frica: P yram idula  algeriensis 
C hudeau  & D ouin  from  A lgeria ( D o uin  1904) and  Physcom itrella magdalenae 
De S loover described from  R w an d a  ( D e S loover  1975). A lthough  Physco- 
m itrella  has been generally  accep ted  as an  in d ep en d en t genus b y  m a n y  
b ryo log ists , I have decided to  follow  th e  usage of E u ro p ean  b ry o lo g is ts  
(Co r l ey  e t al. 1981) and  to  include it  in  Aphanorrhegm a  Suli. I t  does n o t 
m erit recogn ition  a t  th e  genus level because o f th e  on ly  cleistocarpous capsu les 
w hereas in  Aphanorrhegm a  capsu les dehisce irreg u la rly . S im ilar form s can  be  
found  in  o th e r genera of m osses, e.g. in  Pottia  w here P. bryoides is ch a rac te rized  
b y  cleistocarpous capsules, an d  all th e  o th e r species h av e  n o rm ally  o p ercu la te  
capsu les. Two in te restin g  in s tan ces  of c le istocarpous species in  n o rm a lly  
stegocarpous genera are ex ten siv e ly  d iscussed b y  H erzog  (1915): one in  th e  
D itrich aceae  (Tristich ium  lorentzii C. M uell.) an d  one in  th e  B a rtram iaceae  
(Conostomum cleistocarpum  H erz.). In  consequence th e  follow ing new  co m b in a ­
tio n  is p roposed :
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Apbanorrhegma magclalenae (De Sloover) O ch y ra , comb. noy.

B asionyin : Physcom itrella magdalenae De S loover, Bull. J a rd . B o t. N a t. Belg.
45: 131. 1 -22  (1975)

A t p re sen t from  th e  A frican  co n tin en t e leven g en era  o f th e  F u n a riaceae  are  know n of 
w hich  six are endem ic. T h ey  m ay  be d istingu ished  in  th e  following key :

1 Capsule c le is to c a rp o u s ....................................................................................................................................  2
2 Capsule w ith  a s tro n g ly  cygneous neck ......................................................................  C.ygnicollum
2 C apsule globose w ith o u t a d is tin c t neck .........................................................................................  3

3 C a ly p tra  large , enclosing  th e  en tire  capsule ........................................... Physcom itr ellop sis
3 C a lyp tra  v e ry  sm all, co n ic -m itra te  covering  o n ly  th e  beak  and  th e  u p p e rm o st p a r t  of

th e  m atu re  capsu le  .................................................................................................. Aphanorrhegm a
1 Capsule wit!) a deciduous lid  ............................   4
4 C apsule n early  or lo n g - e x s e r te d .................................................................................................................  5

5 C a ly p tra  4-angled in v es tin g  th e  en tire  capsule  a n d  clasping th e  s e t a ............. P yram idula
5 C a lyp tra  n e ith e r an g led  no r sh ea th ing  th e  en tire  c a p s u le .........................................................  6

6 Capsules p e r is to m a te , stro n g ly  inclined a n d  v e ry  a s y m m e tr ic ........................  F u n a ria
6 Capsules e rec t an d  sy m m etric  ......................................................................................................... 7

7 P eristom e no n e , a n n u lu s  p resen t, c a ly p tra  cu cu lla te , capsules b ro a d ly  p y rifo rm  or
urceo late  ................................................................................................................... P hyscom itrium

7 P eristom e u su a lly  p re sen t, ra re ly  ru d im e n ta ry  or none, an nu lus none, capsules sub-
cylindric to  n a rro w ly  py rifo rm  ............................................................................... Entosthodon

4 C apsules im m e rs e d ..........................................................................................................................................  8
8 A nnu lus p re sen t ..........   Jonesiobryum
8 A nnulus none ................................................................................................................................................  9

9 C a ly p tra  8- r i b b e d ......................................................................................................... G oniom itrium
9 C a ly p tra  s m o o th .....................................................................................................................................  10

10 Seta  a rc u a te , o p ercu lu m  p lane, c a ly p tra  cucu lla te , sho rt-b eak ed  . . . Loiseaubryum
10 Seta s tra ig h t , v e ry  sh o rt, opercu lum  ap ic u la te , c a ly p tra  in f la te d -m itra te , long-

b eaked , sp lit in to  3—4 w idely sp read ing  lobes .........................................................................
...................................................................M icropom a  (-j- P hyscom itrium  subg. C ryptopyxis)
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A cta  B otanica Hungarica 29 (1 —4 ) ,  p p . 181—215 (1 9 8 3 )

NEW NAMES AND NEW SPECIES 
IN THE FLORA OF CUBA AND ANTILLES, III

A. B o r h id i
R E S E A R C H  IN S T IT U T E  F O R  B O TA N Y , H U N G A R IA N  A C AD EM Y O F S C IE N C E S , V Á C R Á T Ó T , H U N G A R Y

(R eceived : 1 S ep tem ber 1982)

A list of necessary  n o m en c la tu ra l changes in th e  f lo ra  o f th e  G reater A n tilles, 
p rin cip ally  th a t  of C uba, are re p o rte d  w ith  respec t to th e  n eo tro p ica l flo ra , n am ely  
43 new  s ta tu s  and  com binations, 2 new  nam es and  35 new  ta x a  includ ing  23 species.

New ta x a  are: E u p h o rb iaceae: P latygyne dentata f. subglabra, Chaetocarpus globo- 
sus  f. puberula , Ch. oblongatus v a r . subenervis and  va r. m onticola, Ch. parvifo liu s, all 
from  C uba; R ubiaceae: Rondeletia crassinervis , R . feketeana, R . filise p a la , R . liogieri 
an d  R . exasperata, A ntirhea  ekm an ii an d  A . radiata  ssp. haitiensis, M achaonia leonardo- 
rum  and  Scolosanthus liogieri, all fro m  H ispaniola, Scolosanthus portoricensis fro m  
P u e rto  Rico, Scolosanthus howardi an d  S . m ultiflorus  ssp. hirtica lyx  from  Ja m a i-  
f in a lly  P hialanthus glaberrim us, Ph. guantanam ensis, Ph. in fla tu s , P h. macrocalyx, P h . 
ca, m arianus, Ph. acunae, Scolosanthus acunae, S . crucifer v a r . acutus, va r. micro- 
p h y llu s , va r. subtomentosus, S. h irsu tus, S . h isp idus, S. m oanus, S. nannophyllus, S . 
pycnophyllus  and  S. reticulatus fro m  C uba; Com positae: Lachnorhiza piloselloides ssp. 
stenophylla , ssp. micrantha  an d  va r. dubia, all from  Cuba.

New nam es are: Eugenia  rosariensis and  M iconia javorkaeana  b o th  fo r Cu­
b a n  p lan ts .

New com binations an d  s ta tu s  a re : E uphorb iaceae: Acidocroton trichophyllus ssp. 
p ilo su lu s , B onania  cubana  ssp. acunae a n d  ssp. microphylla, B . elliptica  va r. spinosa, 
B . emarginata  ssp. suborbiculata  an d  ssp. nipensis, Chaetocarpus globosus var. lepidotus; 
Icac in aceae: M a p p ia  racemosa ssp. brachycarpa, R ham naceae: K a rw in sk ia  potreril- 
loana; M yrtaceae: P lin ia  acutissim a  v a r . cidrensis, Hottea goavensis v a r . m icrantha , 
M yrcia  polyneura, M yrtus tiburona. M elastom ataceae : Tetrazygiopsis ancistrophora, T . 
cordata, T . longicollis, T . stahlii, T . u rban ii, Pachyanthus cubensis ssp. blancheanus, 
Calycogonium grisebachii v a r . cristalense, C. heterophyllum  ssp. m aculatum ; E ricaceae: 
L yo n ia  truncata  ssp. m ontecristina, L . rubiginosa  ssp. costata a n d  ssp. stahlii, L . n ipensis  
ssp. depressinerva, L . latifolia  ssp. calycosa, L . glandulosa  ssp. revolutifolia; G esneria- 
ceae: Dalbergaria cubensis, A can th aceae : Ju stic ia  calcicola v a r . m aestrensis, A passa lus  
d iffu su s  var. glabratus; R ub iaceae : A ntirhea  acutata ssp. elliptica, Ottoschmidtia m icro­
p h y lla  ssp. haitiensis, H edyotis m aestrensis, IL  polyphylla , Spermacoce m atanzasia ; 
C om positae: K oanophyllon turquinense, K . villosum  ssp. cubense, ssp. cynanchifo lium  
an d  ssp. lindenianum ; Isocarpha a trip lic ifo lia  ssp. billbergiana an d  ssp . w rightii, I .  oppo- 
sitifo lia  va r. glabrata an d  ssp. achyranthes. S h o rt discussion on  tax o n o m ic  categories 
and  a su rv ey  of C uban E u p a to riea e  acco rd ing  to  th e  new tax o n o m ic  concep t is also 
p resen ted .

In tro d u c tio n

In  1981, I had  an o p p o rtu n ity  fo r rev is ing  som e im p o rta n t specim ens o f th e  H erb ariu m  
of th e  N a tu ra l H is to ry  M useum  in P a ris  (P ) a n d  a  n u m b er of ty p e  collections o f th e  R egnell 
H e rb ariu m  in S tockholm  (S). T hese s tu d ies  en ab led  m e to  solve som e tax o n o m ic  problem s on 
th e  flora  o f C uba, H ispaniola and  th e  W est Ind ies . M y in te re s t tu rn ed  — f irs t  o f all -  to th e  
fam ilies o f R ubiaceae, M elastom ataceae, E u p h o rb iaceae  and  M yrtaceae.

I com piled  also th e  d a ta  o f th e  m o st im p o r ta n t  taxonom ic s tu d ie s  an d  m onographs 
dealing  w ith  th e  flora  o f C uba as a su p p le m e n ta ry  c o n trib u tio n  to  i t  an d  a gu ide for b o tan is ts
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w o rk in g  on or w ith  C u b an  p la n ts  fo r using u p -to -d a te  te rm s an d  n am es. In  th is I  did no t 
w a n t to  a d ap t a u to m a tic a lly  th e  re su lts  of th e  s tu d ied  taxonom ic  w orks, b u t  to  collate th em  
w ith  m y  personal ex p erien ce  a n d  to  m ake co rrec tio n s o r critica l n o tes , if  necessary.

Taxonom ic ranks

As I p o in ted  o u t in  th e  f irs t a rtic le  o f th is  series (A cta  B o t. A cad. Sei. 
H u n g . 25: 31-32 , 1979) tax o n o m ic  ran k s  a re  used in  v e ry  d iffe ren t sense by 
tax o n o m ists . A lo t o f  ex ce llen t m onographs based  on te c h n ic a lly  perfec t, up -to - 
d a te , m ultifarious in v es tig a tio n s , using  n u m erica l an d /o r c lad istic  m ethods, 
e tc . have  th e ir  w eak  p o in ts  concern ing  th e  co nsisten t or in co n sis ten t use of 
th e  taxonom ic  p rin c ip les  o f rank ing .

In  m y co n cep t th e  c rite ria  o f th e  specific an d  in fraspecific  ranks are 
as follows:

Species: T he p o p u la tio n s  of a species m u st be ch a rac te rized  by  hav ing  
one or m ore q u a lita tiv e  fea tu res  d iffe ren t from  those o f  th e  n ea rest species. 
I t  is favourab le , w h en  th e  d ifferen t fea tu re (s) are in  th e  sexual organs, b u t 
i t  is n o t necessary . V e g e ta tiv e  fea tu res  can  be ju s t  as d is tin c tiv e  as th e  sexual 
ones. The lim ita tio n  o f  th e  species m u s t be based  on th e  d isco n tin u ity  o f th e  
n a tu ra l  v a riab ility  ran g es  of th e  p o p u la tio n s . The m orpho log ical b reak  is 
e ssen tia l in th e  se p a ra tio n  of th e  species. T his b reak  is som etim es bridged  b y  
hybridogenous “ in te rm e d ia te ”  p o p u la tio n s in  th e  in tro g ress io n a l zones.

Subspecies: I t  is an  in fraspecific  ta x o n  ch a rac te rized  b y  chiefly  q u a n ­
t i ta t iv e  m orpho log ical d ifferences an d  rep re sen ted  b y  a llo p a tr ic  popu la tions of 
an  in d ep en d en t g eo g rap h ic  or ecological d is tr ib u tio n  (e.g. a ltitu d in a l, geological 
su b s tra te , e tc .), w ith o u t a sharp  m orpho log ical sep a ra tio n  from  th e  ty p ic a l 
ta x o n  and  w ith  in te rm e d ia te  form s in  th e  tra n s itio n a l zones. V icariance a t  
infraspecific  level is essen tia lly  a c h a ra c te ris tic  of th e  subspecies and  n o t o f 
th e  v a rie ty .

V arie ty : I t  is rep re sen ted  b y  m orpho log ica lly  d iffe ren t b u t  n o t sep a ra ted  
p opu la tions d is tr ib u te d  w ith in  th e  a rea  o f th e  ty p ic a l ta x o n , w ith o u t a n y  
ch a rac te ris tic  g eograph ic  or écologie p a tte rn .  V arie ty  is th e  p roper ra n k  also 
fo r describing th e  in te rm e d ia te  p o p u la tio n s  of th e  o v erlap p in g  subspecies, 
because “ in te rm e d ia te ”  is n o t a sy s te m a tic  tax o n .

A ccording to  th e  above c rite ria  a rev a lu a tio n  o f th e  published  ta x a  is 
suggested .

L au raceae

A ccording to  L u n d e l l  [W rig h tia  4 :  9 9  ( 1 9 6 9 ) ]  th e  C u b an  species o f th e  genus 
Licaria  belong to  th e  genus M isanteca, a n d  th e ir  va lid  nam es a re  th e  following:

1. M isanteca cubensis (O. C. Schm idt) L u n d e ll =  Nobeliodendron cubense O. C. S ch m id t: 
Licaria cubensis (O. C. Schm idt) K o s te rm an s .

2. M isanteca t r ia n d ra  (Sw .) Mez — L a u ru s  triandrus  Sw. A croclidium  jam aicense  Nees
Licaria ja m a icen sis  (Nees) K o s te rm an s — M isanteca jam aicensis  (Nees) L undell.
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Erythroxylaceae

3. E ry lhroxy lum  echinodendron  E k m a n  E. minutifoliuiu G riseb. The type  specim en of 
E k m a n  seems to  be n o th in g  else th a n  an  ex trem ely  old a n d  m onstruous in d iv id u a l of 
E . m in u tifo liu m  Griseb. w idely d is tr ib u te d  over th e  se rp en tin e  th ick e ts of C uba, in ­
c lud ing  th e  ty p e  loca lity  o f th e  E k m an’s p lan t.

Polygalaceae

A c c o rd in g  to  a r e v is io n  m a d e  b y  G il l is  [P h y to lo g ia  32: 38 (1975)] th e  fo llo w in g  
c h a n g e s  a re  su g g e ste d :

4. Polygala penaea L. ssp. guantanamana (B lake) Gillis =  Poly gala guantanam ana  B lake
5. Polygala penaea L. ssp. oblongata (B ritt .)  Gillis =  Badiera oblongata B ritt . — Polygala  

oblongata (B ritt .)  B lake

Euphorbiaeeae

6. Acidocroton acunae B orh id i e t M uniz. A cta B o t. A cad. Sei. H ung . 22: 
305 (1976) has been collected  by  E. L. E kman  16834 a t  th e  ty p e  lo ca lity .

7. Acidocroton trichophyllus U rb . ssp. pilosulus (U rb .) B orhidi comb, e t 
status novus. Acidocroton p ilo su lus  U rb . Feddes R e p e rt. 28: 227 (1930) is 
a m o n ta n e  v ica rian t subspecies closely re la ted  to  A . trichophyllus U rb .

Bonania A. R ich , in Cuba
O n a co m p ara tiv e  s tu d y  of th e  ty p e  collections an d  a m ore e x te n ­

sive m a te ria l of th is  genus, th e  a u th o r  concluded  th a t  i t  is necessary  to  
red u ce  th e  earlier described  8 C uban species to  4 , as follows:

8. Bonania cubana A. R ich , in  Sagra : H is t. N a t. F is. Pol. Cuba 11: 201 
(1850) ta b . 68.
— ssp . cubana
—  ssp. acunae (Borhidi) Borhidi stat. nov.
B asionym on: B onania  acunae B orh id i in  B orh id i e t M uniz. A cta  B o t. 
A cad. Sei. H ung . 22: 306 (1976).
—  ssp. microphylla (U rb .) B orh id i stat. nov.
B asionym on : B onania  m icrophylla  U rb . Sym b. A n t. 3: 311 (1902)

9. Bonania elliptica U rb . S ym b. A n t. 9: 211 (1924)
—  v a r . elliptica
— v a r . spinosa (U rb .) B orh id i s ta t. nov.
B asio n y m o n : B onania  spinosa  U rb . Sym . A n t. 9: 215 (1924).

10. Bonania emarginata W r. in  G riseb. D iagnoses 178 (1862).
—  ssp. emarginata
—  ssp. suborbiculata (B orh id i e t U rb ino) B orh id i stat. nov.
B asio n y m o n : B onania  suborbiculata  B o rh id i e t U rb ino  in  B orh id i e t 
M uniz. A cta  B o t. A cad. Sei. H u n g . 22: 305 (1976).
—  ssp. nipeusis (U rb . e t Ekm .) B orh id i stat. nov.
B asionym on : B onania  n ipensis  U rb . e t E k m . in  U rb . F eddes R ep ert. 28: 
231 (1930).
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11. Bonania myricifolia (G riseb.) B en th . e t H ook.
12. Platygyne dentata A lain f. subglabra B orh id i f. nova

A  ty p o  differt foliis lin ea rib u s acu te  e t rem ote  d e n ta tis  u tr in q u e  g lab ris , 
p ilis parcissim is su ffu ltis . H o lo ty p u s: E km an  5048. C uba; O rien te , S ierra  
M aestra , P inal del C orojo, N ag u a , 22. 3. 1915 (S).

13. Ditta maestrensis B o rh id i in  B orh id i, Im ch a n itsk ay a  e t M uniz. A c ta  A gronom . A cad. 
Sei. H ung. 27: 433 (1978) occurs also in  H ispan io la . The follow ing collections o f E . L . 
E km an  rep resen t th is  species: E km an  H  6330; Santo D om ingo, C ordillera C en tra l, 
P ro v . A zua, Lom a N alga de Maco on th e  ridge  to w ard s Pena  B lanca. — H  12802. S an to  
D om ingo, Cordillera C en tra l, P ro v . M onte C risti, M onción h igh  ridge  betw een  R io 
Cenobi an d  R io San J u a n ,  a lt .:  1900 m.

Chaetocarpus T h w a it. in th e  A ntilles
14. Chaetocarpus globosus (S\v.) F aw c. e t R endle v a r. lepidotus (U rb.) B o r­

h id i comb, et stat. nov. —  B asio n y m o n : M ettenia lepidota  U rb . F eddes 
R ep e rt. 28: 230 (1930). I t  occurs in  Jam a ica  (Blue M ounta ins, P o r t  
R oyal, W e b s t e r  an d  W ilson  4935) W -C uba (S ierra del R osario , Rio 
Taco-Taco, E kman  17631) com m on in  E -C uba, an d  ra re  in  H ispan io la  
(S an to  D om ingo; C ordillera C en tra l, p rov . M onte C risti, M onción a t  
T om ás, 24. 6. 1929. E k m a n  H  13016. T he genus is new  to  H ispan io la .
—  f. puberula B orh id i f. nova

Foliis u tr in q u e  adpresse p ilosis: H o lo typus: E k m a n  15193 Cuba, 
O rien te , Sierra de N ipe, F o m a M ensura  a t  th e  very  to p , A rthrosty lid ium  
th ic k e t. 22. 9. 1922 (S).

15. Chaetocarpus ohlongatus (A lain) B orh id i 
var. subenervis B orh id i var. nova
A ty p o  d iffert: foliis oblongo e llip tic is, rigide coriaceis, 2—5 cm longis,
7—15 m m  la tis , nerv is  la te ra lib u s  su p ra  tenuissim e im pressis, su b tu s  obso­
le te  prom inulis vel ten u iss im e im pressis , p lerum que v ix  conspicuis, inflo- 
rescen tiis fe rru g ineo -pubescen tibus.

H o lo typus: B u c h e r  106, C uba; O rien te , M oa, 1939. НАС ! Spécim , 
ex am in a ta : A c u n a  13150, C uba; O rien te ; P inares de la  P la y a  Y aca, M oa. 
4. N ov. 1945. НАС !
—  var. monticola B orh id i var. nova
A ty p o  d iffert: ram u lis  g laberrim is, foliis 4 -8  cm longis e t 2—3,5 cm la tis , 
u tr in q u e , p le ru m q u e  su b tu s  re ticu la to -venosis  e t sparse  p ro m in en te r 
p u n c ta tis .

H o lo typus: A l a in  3448 Н А С ; Cuba; O rien te ; C harrascos de la  
S ierra de Moa, in a lt. ap p ro x . 750-800 m .s.in . 25-26 . J u l .  1953.

16. Chaetocarpus parvifolius B orh id i sp. nova

F ru tex . R am i h o rn o tin i pilis e rec tis  albis vel ferrugineis sparse  strigillosi, veterio - 
res tere tes, g labri, c inerei, lev ite r s tr ia t i ,  sa tis  dense foliosi, in te rn o d iis  3-10 m m  longis. 
Folia 1-2 m m  longe p e tio la ta , s tipu lis  o b o v a tib u s , petio lis aequilongis (1-2  m m  longis)
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suffu lta , ob longo-ovata  vei lan ceo la ta , basi ob tusa  vel r o tu n d a ta ,  apice sensim  a tte n u a ta  
e t a cu ta , ra rite r  levissim e a cu m in a ta  1-2,5 cm longa e t 4 -1 0  m m  la ta , nervo m edio 
supra  in  sulco bene p ro m in en te , la te ra lib u s  u tro q u e  la te re  3 -4  su p ra  p rom inulis et 
postrem o an guste  im pressis, su b tu s  obsoletis vel inconsp icu is, lam in a  supra  virid is, 
n itid a  in  sicco b ru n n e a  u tr in q u e  e basi tub ercu la to  strig illo sa , m ox m u rica ta  e t gla- 
brescens, postrem o g lab ra  e t im presso  p u n c ta ta , su b tu s in  nervo m edio persis ten ter 
strigillosa, m argine in teg ra  vel m inu tissim e e t irreg u larite r c re n u la ta , p lan a  vel te n u ite r  
recu rv a , ch artacea  vel subcoriacea. C etera  ignota.

H o lo typus: A lain  3406; C uba; O riente, S ierra  de M oa, direeción de 
P ied ra  La Vela, a lt . app rox . 700 m .s.m . 25-27. J u l .  1953. S V ;iso ty p u s: SV.

Obs.: M . aciitifoliae  B ritt, e t W ils, affinis, quae a specie n o stra  foliis m u lto  m ajori- 
bus, 2-11 cm longis, apice acu m in atis , u trin q u e , p raecipue su b tu s  p e rs is ten te r  h irsu tis , 
non tubercu la to -strig illo sis e t p o strem o  ep u n cta tis  clare d iffert.

Celastraceae
Tricerma Lieb.
The genus Tricerm a  L ieb, h a s  been rev a lida ted  b y  L u n d e l l  an d  sep a ra ted  from  

the  genus M aylenus. F ro m  th e  C uban  M aytenus  species one belongs to  th is  genus:
17. Tricerma phyllanthoides (B en th .) L u ndell =  M aytenus phyllanthoides  B en th .

Icacinaceae

18. Mappia racemosa Ja c q . ssp. brachycarpa (Griseb.) B orh id i stat. nov. — B asionym on: 
M a p p ia  racemosa v a r. brachycarpa G riseb. PI. W right. I. M em . A cad . A m er. Sei. A rt. 
N. S. 8: 191 (1860) endem ic to  C uba a n d  H ispaniola.

Sapindaceae

19. Thouinia canescens R ad ik , is an  endem ic of th e  W -C uban lim estone  cliffs, based  on th e  
ty p e  specim en. I t  grows in the  P in a r  del Rio province, S ierra  de los O rganos, Sierra de 
G uane, Sierra de la  G üira, an d  S ierra  del R osario , as a ty p ic a l deciduous d w arf tree  of 
th e  dry  deciduous lim estone  sh ru b -fo re st of th e  m ogotes. I t  does n o t live  in  O riente as 
i t  is ind icated  in th e  F lo ra  o f Cuba 3: 195 (1953). The po p u la tio n s re p o rte d  from  E -O rien te  
u n d e r th is nam e, belong  to  th e  T h o u in ia  hypoleuca B orh id i A c ta  B ot. A cad. Sei. H ung. 
22: 309 (1976).

20. T houin ia  baracoensis B o rh id i l.c . is  n o t  e lse, th a n  a n  e x tre m e  fo rm  o f Thouinia cuben- 
sis R a d ik , a c c o rd in g  to  L ip p o l d  ( in  l i t t . ) .

Rhamnaceae

21. Karwinskia potrerilloana (B orhid i e t  M uniz) B orhidi comb. nova. — B asionym on: 
R ham nid ium  potrerilloanum  B orh id i e t  M uniz. A cta Bot. A cad. Sei. H ung . 18: 37 (1973). 
M ore recen tly  co llected  flow ering specim ens show ed th a t  th e  o v a ry  cells a re  2-ovulated , 
ch arac te ris tic  for K a rw in skia .

Myrtaceae

22. Psidium nummularia (B erg) W r. in  S au v . =  P sid ium  acunae  B orh id i. A cta  B ot. Acad. 
Sei. H ung. 17: 17 (1971). Syn. nov.
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23. Psidium tomasianum U rb . e t E k m . Sym b. A nt. 9: 465 (1928) is a v a lid  species. The ty p e  
specim en (E k m a n  18025 S !) is q u ite  d ifferen t from  th e  specim ens o f P . scopulorum  
E k m . e t U rb. I could  n o t  f in d  su ffic ien t m orphological evidence to  u n ite  th e  two species, 
a s  i t  was suggested b y  L e ó n  a n d  A l a in  in  th e  F lora  o f Cuba 3: 416 (1953).

24. P lin ia  acu tissim a U rb . v a r . cidrensis (U rb.) B orh id i s ta t. nov. — Basio- 
n ym on : P lin ia  cidrensis  U rb . A rk . B ot. 22A 10: 27 (1926). T y p e : E kman 
H  6366 S !

25. Hottea goavensis U rb . v a r . m icrantha (U rb . e t E k m .) B orh id i stat. nov.
—  B asionym on: H ottea m icrantha  U rb . e t E k m . A rk . B o t. 24A 4: 30 
(1930).

26. Calyptranthes gracilipes W r. in  Sauv . =  C. arenicola U rb . Syn. nov.
27. Calyptranthes ermitensis B o rh id i B o t. K öziem . 64: 15 (1977) =  Calyptranthes mirabilis 

B isse e t Rodriguez. R ev . J a rd .  B o t. N ac. H a b an a  1 /2-3 : 42 (1981). Syn. nov.
Calyptranthes m irab ilis  B isse e t  R odriguez is doub tless a n  illeg itim a te  species, 

because it includes th e  ty p e  specim en  of th e  earlier described  C. erm itensis B orhidi 
(A lain 7268 НАС). I t  is re g re tta b le  t h a t  J .  B is s e  m issed rev ising  th e  a b u n d a n t  C alyptran­
thes collections of th e  H e rb a riu m  of th e  C uban A cadem y o f Sciences (Н А С) in  Santiago 
de las Vegas, w hich co n ta in s  th e  ho lo ty p e  specim ens of 16 C alyptranthes ta x a  described 
b y  B o r h id i an d  M u n iz , a n d  d id  n o t  use m ore u p -to -d a te  M y rtaceae -lite ra tu re  th a n  
volum e 5 of th e  S y m b o lae  A n tillan ae  an d  th e  volum e 3 o f th e  F lo ra  o f Cuba.

28. Myrcia polyneura (U rb.) B o rh id i comb, nova
B asionym on: C alyptranthes po lyneura  U rb . S ym b. A n t. 9: 94 (1923). 
T ype: E kman  9055 (S !). T he n e rv a tio n , ep id e rm is-ty p e , an d  g landu lar 
p a tte rn  of th e  le a f  b lad es are  obviously  s im ila r to  th o se  o f th e  species 
M yrcia  retivenia  U rb ., M . sp in ifo lia  B orh id i e t A cuna  an d  M . acunae 
B orhidi.

29. M yrtus cabanasensis B r i t t ,  e t W ils. =  Eugenia  am blyophylla  U rb . Sym b. 
A n t. 9: 511 (1928). S yn . nov.

30. M yrtus tibu rona (U rb . e t E k m .) B orhidi com b, nova
B asionym on: E u gen ia  tiburona  U rb . e t E k m . A ik . B o t. 24A  4: 26 (1932).

31. Myrtus tussacki (U rb . e t  E k m .) B u rre t =  E ugenia tussacki U rb . e t E k m . A rk. B ot. 21A 
5: 37 (1927); M yrtu s B arkeri U rb . e t  E k m . in  schaed.

32. Eugenia confusa DC. =  E ugenia  sooana B orhid i. A c ta  B o t. A cad . Sei. H ung. 19: 37 
(1973). Syn. nov.

33. Eugenia cowellii B r i t t ,  e t  W ils. =  Eugenia  anthacanthoides E k m . e t U rb . Sym b. A nt. 
9: 486 (1928) fro m  C abo Cruz, E k m a n  16177 S !, Syn. nov . a n d  E ugenia  cahosiana U rb. 
e t  E km . A rk. B o t. 21A  5: 28 (1927) fro m  H a iti. Syn. nov.

34. Eugenia lindahlii U rb . e t  E k m . A rk . B ot. 21A 5: 28 (1927) =  E ugenia  orthioneura U rb. 
l.c. 29. Syn. nov.

35. Eugenia melanadema K r. e t  U rb . is n o t endem ic to  C uba, because  i t  occurs also in  
H ispaniola: E k m a n  H  16080 S ! S an to  D om ingo, C ordillera S ep ten trio n a l, P rov . de 
Santiago, Las L ag u n a s , hills a t  A rroyo  H arenqu illo , 400 m . 20. 10. 1930.

36. Eugenia picardae K r. e t  U rb . B o t. J a h rb .  19: 608 (1895) =  E ugenia  form onica  U rb. e t 
E k m . Ark. B ot. 22A  10: 36 (1929). Syn. nov. an d  E ugenia  p ito n ia n a  U rb . e t E km . l.c. 
5: 30 (1927). Syn . nov .
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37. Eugenia piedraensis U rb. =  E u g en ia  leonis B orhidi. A cta  B ot. Acad. Sei. H ung . 19: 
39 (1973). Syn . nov.

38. Eugenia rosariensis B orh id i nom en novum  =  Eugenia bakeii B rit t ,  e t 
W ils. M em . T orr. B ot. Cl. 16: 91 (1920); non  Eugenia bakeii E lm er 
L eafle ts  P h ilip p . B ot. 7: 2355 (1914).

39. Eugenia s quarr о sa U rb. e t E k m . is no t id en tica l w ith  E. anthacanthoides 
E k m . e t U rb . as i t  is t r e a te d  in  th e  F lora  of C uba 3: 463 (1953) b y  L eó n  
an d  A l a in . I t  is a valid  species ch arac terized  by  hav ing  m in u te  co ria ­
ceous leaves w ith  scarce im pressed  b lack  g lands above, s ligh tly  p ro m in e n t 
ones b e n e a th , and  so lita ry , sessile g labrous flow ers. I t  is a local endem ic 
grow ing in  th e  ex trem ely  d ry  th o rn  th ic k e ts  o f se rpen tine  soils n ear 
S a n ta  C lara . T ype: E km an  18829 (S !), iso ty p e : U PS !

M elastom ataceae

40. Mieonia javorkaeana B o rh id i nom en novum  Graffenrieda cordifolia 
A lain  C o n tr. Ocas. Mus. H is t. INat. Col. La Salle 14: 1 (1955); Mieonia 
cordifolia (A lain) B orhidi. A b s tra c ta  B ot. U n iv . B u d ap est 5: 32 (1977) 
non  Mieonia cordifolia W u rd ack . P h y to log ia  31 (6): 498 (1975).

Tetrazygiopsis B orhidi

E x am in a tio n s  carried  o u t  on larger m a te ria ls  collected on th e  
A ntilles m ad e  i t  necessary  to  tra n sfe r  som e fu r th e r  species of Tetra- 
zygia — h av in g  long ou ter sepa l lobes — in to  Tetrazygiopsis:

41. Tetrazygiopsis ancistrophora (W r. in  Sauv.) B orh id i comb, nova 
B asio n y m o n : Tetrazygia ancistrophora W r. in  S auv . A nal. A cad. Cien. 
H a b a n a  5: 465 (1868); syn .: Mieonia ancistrophora T rian a , T ran s. L inn. 
Soc. 28: 103 (1871). — Cuba.

42. Tetrazygiopsis cordata (A lain) B o rh id i comb, nova
B asio n y m o n : Tetrazygia cordata A lain B ritto n ia  20: 158 (1978). —  
H ispan io la

43. Tetrazygiopsis longieollis (U rb . e t Cogn.) B orh id i comb, nova 
B asio n y m o n : Tetrazygia longieollis U rb. e t Cogn. Sym b. A n t. 7: 310 
(1913). H ispan io la .

44. Tetrazygiopsis stahlii (Cogn.) B o rh id i comb, nova
B asio n y m o n : Tetrazygia stahlii Cogn. J a h rb . B o t. G art. M us. B erlin  4: 
279 (1886). — P o rto  Bico.

45. Tetiazygiopsis urbanii (Cogn.) B orh id i. comb, nova
B asio n y m o n : Tetrazygia urbanii Cogn. J a h rb . B o t. G art. M us. B erlin  4: 
278 (1886). —  P o rto  Bico.
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These stud ies in d ica te , th a t  Tetrazygiopsis  is a w idely d is tr ib u ted  
en d em ic  genus of th e  A ntilles co n ta in in g  13 species.

46. Pachyanthus cubensis A. R ich. ssp. blancheanus (U rb.) B o rh id i comb, 
stat. nova. —  B asio n y m o n : M iconia  blancheana  U rb . F eddes R ep e rt. 17: 
405 (1921). Syn.: P achyanthus blancheanus U rb . e t E k m . A rk . B o t. 21A 
N o. 5 :4 4 (1 9 2 7 ) .— T his p la n t o f H ispan io la  is a closely re la te d  tax o n  to  
P . cubensis A. R ich . T here  are on ly  q u a n tita tiv e  differences betw een  th e  
tw o  ta x a . F or th is  reason  i t  is necessary  to  classify  i t  as a H ispan io lan  
subspecies of th e  C uban  ta x o n .

47. Calycogoniuin grisebachii T rian a  v a r. cristalense (U rb.) B orh id i stat. nov.
—  B asionym on: Calycogonium  cristalense U rb . Feddes R ep e rt. 22: 229 
(1926). T ypus: E k m a n  16006 S !

48. Calycogonium heterophyllum  N aud . ssp. m aculatum  (U rb . e t E k m .) B or­
h id i comb, et stat. nov. — B asionym on : Calycogonium  m acula tum  U rb . et 
E k m . A rk. B o t. 2 1 A 7: 44 (1927). T he H ispan io lan  tax o n  is obviously  
v e ry  closely re la te d  to  th e  E a s t C uban C. heterophyllum  N au d ., therefore  
I suggest considering  i t  as a H isp an io lan  subspecies of th e  la t te r  tax o n .

49. Mouriri myrtilloides (Sw.) P o ir. ssp . acuta (G riseb.) M orley — M ouriri 
acuta  Griseb.

E ricaceae

W. S. J u d d  p u b lished  an  excellen t m onograph  on th e  genus Lyonia 
in  th e  Jo u rn a l o f th e  A rnold  A rb o re tu m , vol. 62. H e recognized and  
described  tw o new  species: L. trinidadnesis in Cuba an d  L. alainii in 
H ispan io la , and  tw o  new  v arie ties in C uba, reduced  a n u m b e r of species 
e tc . I  agree w ith  m o st of his decisions, b u t  in  som e cases I  p re fe r to  use 
a d ifferen t in te rp re ta tio n  of th e  ta x a . T hese are th e  follow ing:

50. Lyonia truncata U rb . ssp. m ontecristina (U rb . e t E km .) B orh id i stat. nov.
—  B asionym on: Lyonia montecristina U rb . e t E km . A rk . B o t. 24A; 4: 
33 (1932). S yn .: Lyonia truncata v a r. montecristina (U rb . e t E km .) Ju d d  
J .  A rn. A rb. 62: 344 (1981). — T he ssp. montecristina is obviously  an  
a llo p a tric  ta x o n  w hich  has a com plete ly  sep ara te  d is tr ib u tio n  range, and  
a n  im p o rta n t a rg u m e n t for considering  i t  as a subspecies.

51. Lyonia rubiginosa (Pers.) G. Don
—  ssp. rubiginosa
—  ssp. costata  (U rb .) B orh id i s ta t. nov. —  B asionym on: Lyonia costata 
U rb . Sym b. A n t. 7: 316 (1912). —  S yn .: L. rubiginosa v a r. costata (U rb.) 
J u d d  J . A rn. A rb . 62: 354 (1981). — H ispan io la
—  ssp. stah lii (U rb .) B orh id i s ta t. nov. —  B asionym on: Lyonia stahlii 
U rb . Sym b. A n t. 5: 543 (1908). —  S yn .: L. rubiginosa v a r. stahlii (U rb.) 
J u d d  J . A rn. A rb . 62: 355 (1981). -  - P o rto  Rico.
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52. Lyonia nipensis U rb. ssp . depressinerva (Ju d d ) B orh id i stat. nov. — 
B asionym on : L. nipensis v a r . depressinerva J u d d  J .  A rn . A rb . 62: 378 
(1981).

53. Lyonia longipes U rb. is a v e ry  d is tin c t good species, I p re fe r to  m ain ­
ta in  i t .

54. Lyonia latifolia (A. R ich .) G riseb. ssp. calycosa (Sm all) B o rh id i stat. nov
-  B asionym on : Xolisma calycosa Sm all N . A m . FI. 29 (1): 67 (1914). — 

S yn .: Lyonia calycosa (Sm all) U rb . F eddes R ep e rt. 22: 42 (1925). L. lati­
folia v a r . calycosa (Sm all) J u d d  J .  A rn. A rb. 62: 396 (1981).

55. Lyonia glandulosa (A. R ich .) U rb . ssp. revolutifolia (Ju d d ) B orh id i slat, 
nov. — B asionym on: L. glandulosa v ar. revolutifolia J u d d  J .  A rn. A rb. 
62: 402 (1981).

56. Yaccinium leonis A cuna e t R oig Vaccinium giganteum Bisse syn. no v .

Bignoniaceae

57. Doxuntha unguis-cati (L .) R e h d e r =  Macfadyenia unguis-cati (L .) Л . H . G en try  B rit- 
to n ia  25 (3): 236 (1973).

Gesneriaceae

58. Dalbergaria cubensis (U rb .) B orh id i comb, nova —  B asio n y m o n : Colum- 
nea sanguinea H an st. v a r . cubensis U rb. S ym b. A n t. 2: 359 (1901). —  
Syn.: Columnea cubensis (U rb .) B ritt .

Acanthaceae

59. Justicia calcicola (U rb.) A la in  v a r. maestrensis (U rb .) B orh id i comb, et 
stat. nov. B asionym on: Drejerella maestrensis U rb . S ym b. A n t. 9: 124 
(1923). —  D. maestrensis is a p p a re n tly  a l i ttle  flow ered  v a r ie ty  of J. 
calcicola.

60. Apassalus diffusus Nees v a r . glabratus (U rb .) B orh id i comb, nova —
B asionym on: Dischoriste diffusa Nees v a r. glabrata U rb . A rk . B o t. 22A 
8: 90 (1929).

Rubiaceae

A co m p ara tiv e  rev is io n  of th e  G rea te r A n tillean  ta x a  of some 
c ritica l genera  —  as Rondeletia, Antirhea, Machaonia, Scolosanthus and  
Phialanthus is going on. As th e  f irs t resu lts  o f th is  w ork  w ere pub lished  
th e  sep a ra tio n  of th e  g en era : Acunaeanthus, Roigella, Suberanthus was 
carried  o u t an d  th e  re c o n s titu tio n  m ade of th e  genera Rogieia an d  Arach-
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nothryx  for th e  C e n tra l A m erican  ta x a  of Rondeletia  (see B o r h id i  and  
F e r n a n d e z  1981a a n d  b, B o r h id i  1982, B o r h i d i , J á r a i -K omlódi and 
Moncada  1980). In  th e  follow ing some new ta x a  an d  c ritica l rem ark s are 
pub lished .

A) Some new  Rondeletia  from  H ispan io la

61. Rondeletia crassinervis B o rh id ' spec, nova

F ru tex  cca. 1 m  a ltu s ;  ram i ho rn o tin i com pressi, p ilis griseo-alb id is adpressis 
dense  retrorse sericei, in te rn o d iis  1-5 m m  longis, v e te rio res  la te ra lite r  ex tensi, breves, 
v irg a ti ,  ra rite r p u n g e n te s . S tip u lae  la te  trian g u lares  1—1,5 m m  longae, in  m ucronem  
0 ,5 -1  mm longam  te rm in a ta e .  Fo lia  opposita , subsessilia , 0 ,4 -0 ,7  m m  longe pe tio la ta , 
la te  ova ta  vei c o rd ifo rm ia , b a s i c o rd a ta  vel ro tu n d a ta  ra r i te r  tru n c a ta  vel o b tu sa , apice 
a b ru p te  acum inata  e t  m u c ro n a to -a c u ta , 3 -6  m m  longa e t  2 -4  m m  la ta ,  nervis supra 
nu llis, subtus u tro q u e  la te re  2 -3  sub angulo 60-80° a b eu n tib u s , crasse p ro m in en tib u s e t 
dense  p rom inenter re tic u la tis ,  lam in a  concave co n v o lu ta , su p ra  dense sericea, su b tu s ad 
nervös albo-sericea in te r  nervös g riseo-tom entosa, u tr in q u e  opaca, m arg ine  in teg ra , 
c rasse  coriacea.

Flores so lita rii ax illa re s , 1—1,5 m m  longe ped ice lla ti, b ra c tea e  b in ae  inaequilon- 
gae, lineari-subu la tae , b re v io r dim idio h y p a n th ii, long ior h y p a n th io  aequ ilonga, usque 
a d  3-4  mm longa. C alycis tu b u s  4 -an g u la tu s , 1,5 m m  longus e t dense sericeus, lobi 4, 
trian g u lar-su b u la ti, b a s i 0,5 m m  longe connati, p a rs lib e ra  1,5 m m  longa, tu b o  corollae 
aequilonga vel pau llo  su p e ran s . Corolla veris im iliter p u rp u rea , tu b u s  cca 2 m m  longus 
superne  non a m p lia tu s , e x tu s  dense re tro rse  pubescens, lob i 4, o rb icu lari-o v a ta , ex tus 
pubescentes, in tu s  g la b ri . S tam in a  4, a n th e rae  oblongae sub  fauce a ffix ae . S ty lus 2 m m  
longus, basi b re v ite r  p ilo su s, ap ice  b ilo b a tu s, s tig m a ta  filifo rm ia , 1 m m  longa. Capsula 
globosa 2,5-3 m m  lo n g a  lobis calycis 3-3,5 m m  longis c o ro n a ta  loculicide dehiscens. 
Sem ina usque ad  0,5 m m  longa, oblonga, an g u la ta , p u n c tu la ta  ex a la ta .

H olo typus: L e o n a r d  13864; H a iti; ro ck y  slope W est of b ay  P o rt à 
l’É cu  (GH).

Species p ro x im a , R . F uertesii U rb. a specie n o s tra  foliis m ajo rib u s, oblongo- 
o v a tis , basi a n g u s ta tis  vel cu n ea tis , nervis la te ra lib u s  2—5 p a rib u s , sub angulo 25-30° 
abeun tib u s, lam in is p la n is , calycis lobis b rev io ribus, sem in ibus m ajo rib u s, re ticu la tis  
d iffert.

62. Kondeletia filisepala B orh id i spec, nova

Fru tex  v a ld e  ra m if ic a tu s , v irg a tu s , ram i la te ra les  ten u es, flexuosi, longi, b rev iter 
ferrug ineo-puberu li, in te rn o d ii  0 ,7-1 ,5  m m  longi. S tip u lae  la te  trian g u la re s  vei semi- 
orbiculares, 1 1,5 m m  longae, ro tu n d a ta e , brevissim e m u cro n u la tae . Folia  opposita  
sessilia, o b longo-ovata , 0 ,8 -2  cm longa e t 4-12 m m  la ta ,  basi ro tu n d a ta  vel tru n ca ta , 
ap ice longe a t te n u a ta ,  a p ic u la ta  e t a cu ta , b re v ite r  m u c ro n a ta , nervo m edio u trin q u e  
prom inulo , la te ra lib u s  2—4 u tr in q u e  prom inulis, su p ra  an as to in o sa n tib u s , su b tu s obsole- 
tio ribus, lam ina su p ra  n itid a , m in u te  papillosa , su b tu s concolora, m inu tissim e p u n c tu la ta  
e t callo so -tubercu la ta , su b tu s  ad  n e rvum  m edium  sparsissim e adpresse  pilosa, ceterum  
g lab ra , m argine p la n a , c h a rtacea . Inflo rescen tiae  in ram is la te ra lib u s  term inales , tri-  
fu rca tae , su b u m b e lla tae . P ed u n cu li 3-7 m m  longi, fe rrug in eo -p u b eru li; b rac teae  euphyl-
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lo ideae, lanceolat.ae sessiles, a cu tae  e t longe ap icu latae , 3-5 m m  longae. P eduncu li 1-3- 
flo ri, p u b e ru li, flores sessiles, b racteo lae  2 lin ea ri-su b u la tae , flex u o sae , 3 -4  m m  longae. 
Calycis tu b u s  globosus h irsu tu s , lobi 4—5, lineari-subu la ti, flex u o si, h irsu tis , 3 -4  m m  
longi. Corolla in fund ibu lifo rm is, 7 -8  m m  longa, tubus tenu is, 0 ,5—1 m m  crassus, ex tu s 
re tro rso  h irsu tu s , in tu s  g laber, lobi 4 -6 , o rb icu lares, 1—1,5 m m  long i, an illu m  fauciale  
g laber, bene  evo lu tum  S tam in a  4—5 sub  fauce  tu b u m  affix a , a n th e ra e  e llip ticae  cca 
2 m m  longae.

H o lo ty p u s: H o l d r id g e  960. H a iti , Morne l’H ô p ita l, P o r t  au  P rince  
40 m .s.m . (NY); iso ty p i: US, G H , BM , M ICH.

Specim ina e x am in a ta : L e o n a r d  10118, ibidem , N Y , U S , G H ; — E k m a n  H 
5382 M assif de la Selle, C roix des B o u q u e ts , gorge of R iv . C u l-d e -S ac , G H , K , S, 
U S; — B u c h  1165, M orne de l’H ô p ita l, G H , US; E k m a n  H  2090, P o rt  au  Prince, 
M o n tfleu ry , S.

A  specie p rox im a, R . virgata  Sw. fo liis ap icu la tis  e t a cu tis  m u cro n a tisq u e , b rac te is  
lan ceo la tis , calycis lobis lin ea ri-su b u la tis , flexuosis non reflexis, h y p a n th io  corollaque 
h irsu tis  d iffert.

63. Rondeletia feketeana Borhidi spec, nova

F ru te x  usque ad  2 m  a ltu s , e rec tu s vel scandens; rázni h o rn o tin i te re tes , s tr ia ti , 
a n tro rse  p a te n te r  h irsu ti, fe rtiles in te rn o d iis  densissim e confertis , dense villosi, veterio res 
g lab ri e t len ticellis ro tu n d a tis  p a rv is , dense  d ispositis verrucosi. S tip u lae  trian g u lare s , 
a cu tae , 4 -5  m m  longae, v illosae. Folia  o v a ta  vel elliptica, 3 -10  cm  longe p e tio la ta , ad  
ap icem  ram o ru m  valde con ferta , 1,5—5 cm  longa et 1-2,5 cm  la ta ,  hasi a n g u s ta ta  e t 
Jonge in  pe tio lu m  p ro tra c ta , an tice  ro tu n d a ta  e t a b ru p te  a cu m in a ta  e t  a p icu la ta , a c u ta ;  
nervo  m edio  supra  im presso , su b tu s  p ro m in e n ti, la te ra lib u s u tro q u e  la te re  4 -5  sub 
angulo  40—50° ab eu n tib u s, a rcu a tis , a n te  m arg inem  co n junctis , sup ra  im pressis e t 
obso le te  re ticu la tis , su b tu s p ro m in en tib u s  e t  densissim e re ticu la tis , lam ina  supra  opaca, 
v irid is , pilis longis, basi in cra ssa tis  scab ridu lo -p ilo sa , sub tus flav ica n ti-v ir id is , ad  nervös 
longe v illosu la , in te r  nervös g lab ra , m arg ine  in teg ra , lev iter re cu rv a , ch artacea.

F lores in axillis densissim e confertis , so lita rii. B racteae lan ceo la tae , 3 m m  longae, 
in te r  sese e t stipu lis basi co n n atae . Calycis tu b u s  3 m m  longus, su p ra  o v ariu m  1 m m  
longe p ro lo n g atu s, ex tus villosus, in tu s  ad p resse  sericeus, lobi 4, lan ceo la to -su b u la ti, 
3 -4  m m  longi, acu ti, villosi. Corolla 12-14 m m  longa, pallide o ra n g e a ta , tu b u s  10-12 m m  
longus e t 1 m m  crassus, ex tu s re tro rse  p ilosus in tu s  g laber; lobi 4 ro tu n d a ti ,  2 ,5-3  m m  
longi, u tr in q u e  glabri. S tam in a  4, in  fauce  corollae insertae, a n th e ra e  oblongae, 2 m m  
longae, subsessiles, su b b asifix ae , f ila m en te  0,5 m m  longa, filifo rm ia , g labra . S ty lus 
6 -7  m m  longus, glaber, ap ice 2 m m  longe b ilo b a tu s lobi filifo rm es. C apsula depresse 
g lobosa, 3,5 m m  longa e t 4 m m  la ta ,  su p e rn e  villosa, ex tus p ilis e tub ercu lis  suberosis 
in  faseicu lis ab eu n tib u s dense pubescens. Sem ina  ovalia, 2 m m  longa, 1 m m  la ta , obscure 
b ru n n e a , la te ra lite r  com pressa, ex a la ta .

H o lo ty p u s: A l a in  H . L iogier  18469; D om in ican  R epub lic ; on 
lim estone  rocks, n ear A breu , ab o u t sea level (NY).

Specim ina ex am in ata : A l a i n  H . L i o g i e r  16149. D om inican  R ep u b lic ; On rocks 
n e a r th e  base  of th e  cliffs, n e a r A breu , 20—30 m .s.m . (NY).

H an e  speciem  in honorem  P ro f.-ris G. F e k e t e  H u n gáriáé  in oecologia a tq u e  in 
sociologia p lan ta ru m  excellentissim i ded icav i
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64. Rondeletia liogieri B orh id i spec, nova

F ru tex  usq u e  a d  20 cm a ltu s , e rec tu s ; ram i h o rn o tin i 4 -an g u li, s tr ia ti e t an tro rse  
dense a lbo-pubescen tes e t tom en tosi, ve te rio res  te re te s , g lab rescen tes. Folia o v a ta  vel 
ellip tica, 2-5 m m  longe p e tio la ta , basi ro tu n d a ta  vel o b tu sa  e t  a b ru p te  in p e tio lu m  
p ro trac ta , apice ro tu n d a ta ,  b rev ite r ap icu la ta  e t m u cro n u la to -a cu ta , 1,5-2,5 cm longa e t  
8-17 m m  la ta , n e rv o  m edio supra  im presso , su b tu s p ro m in e n te , la tera libus u tro q u e  
la te re  3-5 , sub an g u lo  60-80° a b eu n tib u s , a rcu a tis  sup ra  a n te  m arg inem  conjunctis e t  
obsolete re ticu la tis , su b tu s  crasse p ro m in en tib u s e t densissim e re ticu la tis , lam ina su p ra  
opaca e t s trig illo so -puberu la , su b tu s ad  nervös pilis m ollibus pubescens, in te r  ne rv ö s 
luteo- vel b ru n n escen ti- lu teo  to m en to sa , m arg ine in teg ra , le v ite r  recurva, c h a rtacea .

Flores in ax illis  so litarii, sessiles. B rac teae  lineares, 3—4 m m  longi, pubescen tes , 
saepe stipulis tr ia n g u la r ib u s  tom en tosis con n atae . Calycis tu b u s  3 m m  longus, pubescens, 
supra  ovarium  1—1,3 m m  longe p ro lo n g atu s, in tu s  adpresse  sericeus; lobi 4, lineares vei 
su b sp ath u la to -lin eares , su p ra  m edium  lev ite r d ila ta ti, ap ice o b tu s i, per pares in aeq u i- 
longi, 3,5-4,5 m m  lo n g i, pubescen tes. Corolla 10-12 m m  longa colore orangeato , tu b u s  
8-10 m m  longus e t  0,8 m m  crassus, su perne  pau llo  am p lia tu s , e x tu s  retrorse p u b e ru lu s , 
in tu s  g laber; lobi 4, oblongo-ovati, 2 ,5 -3  m m  longi, ex tu s strig illosi, in tus papilloso- 
puberuli. S tam in a  4, sub  fauce in se rta , subsessilia, a n th e rae  lineares, 2 m m  longae , 
filam en ta  0,5 m m  lo n g a . S ty lus 7 m m  longus, apice 1 m m  longe b ilobatus.

H o lo ty p u s: A lain  H . L iogiek 10986a; D om in ican  R epublic; Sosua, 
on rocks facing  th e  beach  (NY).

A specie p ro x im a  R . feketeana  B orh id i, ram is albo pu b escen tes e t to m en to su li, 
foliis basi ro tu n d a tis ,  su b tu s in te r  nervös dense tom en to sis , calycis lobis lineri-oblongis 
vel ob lo n g o -sp a th u la tis  inaequilongis, ap ice ob tusis, lobis corollin is u trin q u e  p u bescen ti- 
bus differt.

65. Rondeletia exasperata B orhidi spec, nova

H ab itu  R ondeletiae heterochroae U rb . sim ilis sed ab  eo foliis nervis la te ra lib u s  
supra im pressis, su b tu s  re ticu la tis  a tq u e  flo rib u s ax illa rib u s so litariis certe d is ta t .  
A specie p rox im a, Rondeletia  feketeana  B orh id i stipu lis longe a r is ta tis , foliis lanceo la tis , 
u trin q u e  a tte n u a tis  e t  acu tis , 1-2,5 cm  longis e t 5-15 m m  la tis , nervis la te ra lib u s 2 -3  
sub angulo 20-30° ab eu n tib u s , supra  inconspicue, su b tu s obso le te  re ticu la tis, lam in a  
supra glabra, su b tu s  ad  nervös p u beru la  in te r  nervös va lde  ad p resse  tom entosa , b ico lo ra , 
sem inis 1 m m  longis, e llip tic is, c ircum circa f im b ria to -a la tis  c e rte  specifice differt.

H o lo ty p u s: A lain  H . L iogier  18960; D om in ican  R epublic; Los 
H aitises, P in aco n , B ay ag u an a , a lt . 150 m (NY).

B) Some n o te s  on H ispan io lan  Antirhea  species

66. Antirhea acutata (DC.) U rb.
— ssp. acutata: stipu lis  m u cro n a to -ap icu la tis , saepe recu rv a tis , foliis ple- 
rum que  m a jo rib u s , u tr in q u e  m an ifeste  re tic u la tis , inflorescentiis 4 -8 -  
floris, corolla 10-14  m m  longa.
— ssp. elliptica (U rb . et E km .) B orh id i comb, e t stat. nov.: stipu lis tr i-  
an g u la ri-acu tis , non  m ucrona tis , foliis m inoribus, n erv is  u trinque  obsole-
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tis , in flo rescen tiis  2 -4 -flo ris, corolla 7 -9  m m  longa. —• B asionym on: 
Antirhea ellip tica  U rb . e t E k m . A rk. B ot. 24A  4: 52 (1932).

67. Antirhea myrtifolium (G riseb.) U rb . =  Antirhea montecristina  U rb . syn . nov.
68 . Antirhea sintenisii U rb . is p ro b ab ly  an  endem ic species to  P o rto  R ico . A ll th e  revised  

H ispan io lan  specim ens d e term ined  as A . s in ten isii p ro v ed  to  be  A n tirhea  granulata  
(Griseb.) U rb . (see E k m a n  H 14900, H  19962, H 15509).

69. Antirhea pitoniana U rb . is a good endem ic species o f H ispan io la . I t  is also closer re la ted  
to  A . granulata (G riseb .) U rb. th a n  to  A . sin ten isii.

70. Antirhea radiata (G riseb.) U rb . w as described  from  C uba a n d  la te r  re ­
p o rted  also from  H ispan io la . T he only specim en seen from  H ispan io la  is 
th e  H  10149 of E k m a n , w hich differs n o ta b ly  from  th e  C uban  p o pu la tion  
and  w hich o u g h t to  be d istingu ished  a t  le a s t a t  subspecific  level.
—  ssp. radiata: a rb o r grandis vei m ediocris foliis ovatis  vel ellip ticis sub tu s  
d o m atia tis  vel scrob icu la tis, nervo  m edio b a rb a to .
— ssp. haitiensis B orhidi ssp. nova:

A rbor p a rv a  foliis ob o v a tis , non d o m a tia tis  vel sc rob icu la tis , nervo  
m edio g lab rescen te .

H o lo ty p u s: E kman  H  10149; H a iti; M orne de la  H o tte , W estern  
group, Jé rém ie , M orne M artin  steep  hillside, сса 700 m .s.m . 23. 7. 1928 (S).

71. Antirhea ekinanii B orhidi spec, nova

A rbor p a rv a . R am i te re tes , m in u te  adpresse  sericei, Iongitro rse  su lca ti, ad  apicem  
foliigeri. S tip u lae  in te rp e tio la re s  la te  tr ia n g u la tae , dorso  lev ite r  c a rin a ta e , 2 m m  longae, 
apice acu tae  vel m inu tissim e m u cro n u la tae  vel d en tic u la ta e , p a te n te s , g lab rae . Folia 
1-3 m m  longe p e tio la ta , petiolo crasso e t g labro su ffu lta , lan ceo la ta  vel e llip tica, u tr in -  
que su b aeq u alite r a n g u s ta ta , basi a tte n u a ta  e t in  p e tio lu m  p ro tra c ta ,  ap ice  a cu m in a ta  
e t 1 m m  longe sp in o so -m ucronata , 2—4 cm  longa e t 0,6—1,5 cm  la ta , nervo  m edio supra  
p rom inulo , su b tu s  c a rin a to -p ro m in en ti, la te ra lib u s u tr in q u e  dense e t  te n u ite r  re ticu la- 
tis , reticulo u tr in q u e  prom inulo , lam in a  supra  n itid a , su b tu s  pa llid io ra , saepe a d  n e rvum  
m edium  m edio 2-scrob icu la ta , u tr in q u e  g lab ra , coriacea. In flo rescen tia  ax illa ris  vel sub- 
term inalis  2-flora. F lo res sessiles, pedu n cu li, pedicellique nulli. T ubus calycis o bovatus,
1 m m  longue e t la tu s ,  g laber, lobi v a ld e  inaequales, 1—3 m m  longi g labri. Corolla g lab ra , 
solum m odo v a ld e  d e s tru c ta  v isa. F ru c tu s  v irid is oblongo e llip ticus, 8—9 m m  longue e t 
3-4,5 m m  crassus, g lab er, apice, Iobis calycin is 4 inaeq u alib u s, ob longo-ovatis vel lanceo- 
linearibus, 1 v a ld e  m in o ri coronatus.

H o lo ty p u s: E kman  H  15429. S an to  D om ingo, C ordillera C entral 
P rov . de S am an á , Los H aitises, B oca del In fie rn o . L im estone crags. 25. 6. 
1930.

Obs.: V erisim ilite r A . albobruneae U rb . e t E k m . affin is in flo rescen tiis sessilibus e t 
foliis p u n g en tib u s, sed ab  ea foliis lanceo la tis , u tr in q u e  m u ltin erv ib u s, su b tu s  m edio 
scrobiculatis, fo rm a  sepalorum  e t fru c tib u s  g randis o p tim e  differt.
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C) A new  M achaonia  from  H ispan io la

72. Machaonia leonardorum  B orh id i spec, nova (F ig . 1. )

F ru te x  2 -3  m  a ltu s , v a lde  sp inosus. R am i h o rn o tin i 4-anguli, p ilis rig id is albis 
dense b rev ite rq u e  v illo si, v e terio res te re te s , b ru n n e i re tic u la r ite r  s tr ia t i  e t  lenticellis 
o rb icu laribus sp a rse  d ispositis  su ffu lti, la te ra les  b reves, in  sp inas p leru m q u e  tr ifu rc a ta s  
5 15 m m , longas e x cu rren te s . S tipu lae  sem iorbiculares 0,2—0,4 m m  longae, ap ice  m ucro- 
n a ta e , dense h irsu ta e . Folia  o p p osita  vel in  nodis ra m o ru m  v e te rio ru m  fasc icu la ta , 
+  1 m m  longe p e tio la ta  o v a ta  vel e llip tica , an tice  a n g u s ta ta , ap ice ipso a c u ta  vel o b tu sa , 
basi ro tu n d a ta , o b tu sa  vel b re v ite r  in  pe tio lo  a n g u s ta ta , 4 -15  m m  longa e t  2—7 m m  la ta , 
sub m edio la tiss im a , nervo  m edio su p ra  usque  ad  m ed iu m  b re v ite r  im presso , apicem  
versus evanescen te , su b tu s  p rom inu lo , la te ra lib u s  u tro q u e  la te re  1-2 su p ra  obsoletis, 
su b tu s ten u ite r  p ro m in u lis , p le ru m q u e  u tr in q u e  nullis; lam in a  u tr in q u e  pilis b rev ib u sq u e  
m ollibus dense lan u g in o sa  e t su b tu s in  nerv is strig illo so -h irsu ta , m em branacea .

In flo rescen tiae  term in ales  vel la te ra les , cym oso-um bella tae , m u ltiflo rae . Flores 
subsessiles. C alyx o b p y ra m id a tu s , 1,3—1,5 m m  longus, basi cu n ea tu s , a cu tu s , lobi tubo  
p lerum que aeq u ilo n g i trian g u lare s , ap ice  acu ti cum  tu b o  densissim e h irsu ti. Corolla 
flavo-virescens (L e o n a r d  in  schaed.) n o n  v isa. F ru c tu s  o b p y ram id alis , 2 ,5 -3 ,5  m m  lon­
gus, superne 2 m m  la tu s , basi a cu tu s , apice Iobis calycin is lan ceo la to -trian g u larib u s, 
1—1,5 m m  longis, ap ice  acu tis , co ro n atu s, cum  lobis h irsu tu s .

H o lo ty p u s: E . C. and  G. M. L e on ard  12755. H a iti; V ic in ity  of Jean  
R áhel, p la te a u  ab o v e  B ord de M ar, 27. J a n .—9. F eb r 1929 (A); iso­
ty p es: F , U S.

Obs.: F o rm a , te x tú ra  e t in d u m e n to  fo liorum  M achaoniae pubescentis B orh id i e t 
Fernandez  (e C uba M erid ionali) a ffin is, sed ab  ea fo rm a calycis fru c tu sq u e  c lare differt. 
Ab a lte ra  specie sy m p a tric a  hu ius generis M . haitiensis  U rb . e t E km . foliis u trin q u e  
lanuginosis, lobis ca lycin is acu tis  s ta tim  d istin g u itu r.

D) Som e new  P hialanthus  from  Cuba

73. Phialanthus glaberrimus B orh id i spec. nov.

F ru te x  v e l a rb o r  p a rv a . R am i lev ite r 4-anguli, b ru n n e i, re sin o so -tu b ercu la ti, 
p lerum que g lab ri, v e te rio re s  te re te s  c inerei in te rn o d iis 2—6 m m  longis foliis dense conferti. 
S tipu larum  v a g in a  t ru n c a ta  3 m m  lo n g a , g ran u la ta , g lab ra . Fo lia  2 -3  m m  longe p e tio la ta , 
o b ovata  vel la te  o b lan ceo la ta , basi a n g u s ta ta , an tice  ro tu n d a ta  vel b rev issiine  ap icu la ta , 
apice ipso o b tu so , 2 ,5—4,5 cm  longa e t 1—2 cm  la ta , nervo  m edio supra  im presso , sub tus 
p rom inen te , la te ra l ib u s  u tr in q u e  nullis. L am ina in  sicco u tr in q u e  cinerea, opaca , g labra , 
m argine te n u ite r  re c u rv a , subcoriacea.

In flo rescen tiae  ax illares, sessiles tr if lo rae  e ssen tia lite r g labrae. In v o lu cru m  sessile, 
la te  cupulifo rm e, 2,5 m m  altu m , 4 m m  in  d iam ., t ru n c a tu m  sine den ticu lis  m in u te  cre- 
n u la tu m , g lab ru m . F lo res  sessiles g lab rae . Calyces tu b u s  4 -angulus obp y ram id alis  2,2 m m  
longus, lobi 4, o v a ti ,  tu b o  aequilongi, n itid i, ru b ri, carnosi, re ticu lo  n e rv o ru m  prom inulo . 
Cetera non v isa .

H o lo ty p u s: H A J B 27393. B aracoa; L om a de B uena V ista  500-600 
m .s.m . Leg.: A l v a r e z , B is s e , Me y e r  12. 8. 1975.
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74. Phialanthus guantanam ensis B orh id i spec. nova.

F ru te x  vel a rb o r p a rv a . R am i h o rn o tin i 4-anguli densissim e h irsu ti, a b u n d e  
resinosi, in te rn o d iis  2 -8  m m  longis, dense foliosi. S tip u la ru m  v ag in a  lev ite r 4 -lo b ata  vel 
t ru n c a ta ,  1 m m  longa, resinosa e t h irsu ta .

Folia  1-1,5 m m  longe p e tio la ta , ob longo-ellip tica , 6-14  m m  longa e t 2,5—5 m m  
la ta , u tr in q u e  a tte n u a te ,  apice o b tu sa , nervo  m edio supra  im presso , su b tu s p ro m in en ti, 
la te ra lib u s  u tr in q u e  nullis, lam ina  supra  n igrescens, n itid u la , su b tu s  in  sicco fe rru g in ea  
e t  opaca , u tr in q u e  g labra , m arg ine re v o lu ta , subcoriacea.

In flo rescen tiae  ax illares, sessiles, 3 -florae. Invo lucrum  in fund ibu lifo rm e, 1 m m  
longum , an tice  1 m m  la tu m , superne  loburn  1 la te  trian g u lärem  e t 3 dentes b rev es e t  
den ticu los in te rjec to s gerens, ex tu s b re v ite r  h irsu tu m . Flores sessiles. Calycis tu b u s  
cy lin d raceu s 1,2 m m  longus, dense p u b eru lu s , lobi 4, lineari-ob lanceo la ti, apice o b tu s i, 
ex tu s  p ilosi, 1,2 m m  longi. Corolla 3 m m  longa, tu b u s  2 m m  longus e b asi an guste  cy lin - 
draceo 0,5 m m  longo a b ru p te  d ila ta tu s  2 m m  longus, lobi 4, o v a ti, ap ice  ro tu n d a ti ,  1 m m  
longi. S tam in a  4 m m  longa e corolla longe e x se rta , filam en ta  su p ra  b asim  tu b i co ro llin i 
in  a lt. 0,5 cm  in te r  sese co n n a ta  e t ad  tu b u m  a d n a ta . Cetera non v isa.

H o lo ty p u s: H A JB  3517. G u an tán am o , m onte seco sobre d ien te  de 
p erro  en la sub ida  a M onte C risti, 300 m .s.m . Leg.: B isse  e t R o j a s . J u n .  
de 1967.

75. Phialanthus in f latus Borhidi spec, nova

F ru te x  vei a rb o r p a rv a . R am i ju n io re s  te re te s , dense re tro rse  h irsu ti, in te rn o d iis  
3 -8  m m  longis su ffu lta , v e terio res cinerei g lab ri. S tip u la ru m  v ag in a  1-1,5 m m  lo n g a , 
ir reg u la r ite r  lo b u la ta  vel t ru n c a ta , m arg ine f im b ria ta , h irsu ta . Fo lia  0 ,5 -3  m m  longe 
p e tio la ta , e llip tico-ob longa, p leru m q u e  su p ra  m ed iu m  latissim a, 1 -3  cm  longa e t 3 -8  m m  
la ta , basi longe a tte n u a ta  e t cu n ea ta , ap icem  v e rsu s lev ite r ap icu la ta  apice ipso ro tu n d a to  
vel t ru n c a to , ra r i te r  brevissim e em arg in a to , nervo  m edio supra  im presso , su b tu s  p ro ­
m in en ti, la te ra lib u s  u tr in q u e  nullis; lam ina  su p ra  opaca, b ru n n eo -m arm o ra ta , su b tu s  
opaca , flav ican s, valde  discolor, dense pap illosa  e t  sparse m in u teq u e  g lan d u lo so -p u n c tu - 
la ta , u tr in q u e  g lab ra , m argine v a ld e  re v o lu ta , coriacea. In flo rescen tiae  ax illares, 1 -1 ,5  
m m  longe p ed u n cu la tae , 5—7-flo rae; in v o lu c ru m  cy lindraceum , 0 ,7-1  m m  longum , s icu t 
p ed u n cu lu s g lab rum , m arg ine f im b ria tu m , su p ern e  b re v ite r  2-d e n ta tu m  vel tru n c a tu m . 
F lores 2 -3  m m  longe ped icella ti, pedicelli m edio  a rticu la ti, in ferne  pilosi vel g lab ri. 
T u b u s calycis 2 m m  longus, o v a tu s , b asim  v e rsu s am plia tu s, 8-co stu la tu s , basi t ru n c a tu s ,  
lob i 3 -3 ,5  m m  longi, ob longo-obovati vel sp a th u la ti,  g labri. Corolla non  visa. C alyx  
fru c tife ru s  m anifeste  8-co sta tu s, in fla tu s , b a s i 2 m m  la tu s , glaber.

H o lo ty p u s: H A JB  5756. Cuba, P ro v . G u an tán am o  (O rien te); B a ra -  
coa, charrascales cerca de la  d esem b o cad u ra  del arroyo M aguana. — L eg .: 
J .  B isse  e t E . K ö h le r , feb r. 1968. Iso ty p u s : J E .

76. Phialanthus macrocalyx B orh id i spec, nova

F ru te x  vel a rb o r p a rv a . R am i h o rn o tin i te re te s  s tr ia ti, n ig ro -b runnei, sp a rse  
b rev issim eque  pilosi, dem um  glab ri, in te rn o d iis  a d  ram os 6-12 cm , a d  ram ulos 1,5—6 cm  
longis. S tip u la ru m  vag ina  2-2 ,5  m m  longa, a n tic e  tru n c a ta . Folia  2 -4  m m  longe p e tio ­
la ta ,  e llip tica , m edio vel sub m edio la tiss im a , b asim  versus in  p e tio lu m  an g u s ta ta  vel 
o b tu siu scu la , an tice  o b tu sa  e t brevissim e t ru n c a ta  2,5-5 cm longa e t 1,2-2,5 cm  la ta ,
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nervo m edio su p ra  im presso , subtus p ro m in e n ti, la te ra lib u s u tro q u e  la te re  6-10  su p ra  
obsoletis vel in co n sp icu is, sub tus nullis, lam in a  g lab ra  supra  n igricans sub tus flavescens, 
u trin q u e  opaca, m arg in e  ten u ite r-recu rv a , su b co riacea . In flo rescen tiae  axillares, 0 -1 ,5  m m  
longe p ed u n cu la tae , 7 -flo rae . Involucrum  3—3,5 m m  longum  in ferne  a tte n u a tu m , su perne
3 m m  la tu m , t ru n c a tu m , irregu lariter c re n u la to  d en ticu la tu m  h irsu tu m . Flores 4-m eri 
b re v ite r  (0,5-1 m m  longe) pedicellati, tu b u s  calycis ey lind raceus, basi lev ite r ob liq u u s ,
4 m m  longus, b re v ite r  pilosus, lobi ob lo n g o -o v ati vel ob longo-obovati, apice o b tu s i vel 
ro tu n d a ti , 5 -6  m m  long i e t 2 mm lati, g lab ri. C etera non visa.

H o lo ty p u s: H A JB  17596. P ro v . O rien te , S ierra  de Moa, C harrascal 
del Cayo Coco, 200 -300  m alto . 13. 8. 1970. L eg.: B isse  et L i p p o l d .

77.  Phialanthus m acrostem on St a n d l e  Y

C ontr. U. S. N a t. H e rb . 20: 209 (1919) T y p u s : R o i g  143. B araco a , P in a r de C abonico
Adele ad descriptionem: Invo lucrum  la te  in fund ibu lifo rm e 3 m m  p ro fu n d u m  basi 

3 m m , superne 5 m m  la tu m , m anifeste 4 -lo b a tu m , lobi la te ra les  2, ov a ti vel o b o v a ti +  
in teg ri 1,5—2 m m  lo n g i, in term edii 2 la te  tr ia n g u la r ii  ir reg u la rite r  d e n ta ti vel f im b r ia ti ,  
1-1,5 m m  longi, f lo res  5 -8  sessiles, ca lyx  e t  h y p a n th iu m  g lab ru m , 1-1,2 m m  lo n g u m , 
lobi 4, lineari-ob long i, ap ice ro tu n d a ti, tu b o  +  2-plo longiores, 2 m m  longi, g lab ri, ex 
involucro  v ix  e x se rti. Corolla 4-4,5 m m  lo n g a , tu b u s  superne an guste  d ila ta tu s , 3 nun  
longus, basi 0,3 m m  la tu s  cylindricus, su p e rn e  4 -an g u la tu s , 1-1 ,8  m in la tu s , lobi o v a ti, 
apice o b tusi 1-1 ,5  m m  longi. S tam ina 4 e lob is corollinis non  vel v ix  exsertae, f ila m en ta  
basi in tubo  1 m m  longe connata e t basi a d  tu b u m  a d n a ta , 3-3 ,5  m m  longa, g lab ra , 
an th e rae  o v a tae  0 ,7 -1  m m  longae. S ty lus in se r tu s  3,5 m m  longus.

78. Phialanthus m arianus Borhidi spec, nova

F ru te x  vel a rb o r  p arva. R am i h o rn o tin i lev iter 4 -anguli, brevissim e p a te n ti-  
pilosi, in te rn o d iis  ad  ram o s 1,5-3,5 cm , ad  ram u lo s 0,4-1 ,5  cm longis. S tip u la ru m  v ag in a  
1—1,5 m m  longa, b re v ite r  4-lobulata, lobu li m ajo res su b u la ti, 0 ,3-0 ,5  m m  longi, m inores 
acu ti 0 ,1- 0,2 m m  longi.

Folia 1—2 m m  longe p e tio la ta , pe tio lis  b re v ite r  h irsu tis  su ffu lta , ob longo-lanceo lata , 
vel e llip tico-ob longa, p lerum que m edio vel subm edio  la tissim a an tice  leviter a p ic u la ta  e t 
o b tu sa , basi longe a t te n u a ta ,  1,5-2,5 cm  longa et 0 ,3-0 ,7  cm  la ta , nervo m edio su p ra  
p e r to ta m  lo n g itu d in em  im presso, su b tu s  p ro m in en ti, la te ra lib u s  u trin q u e  nullis, m a r ­
gine anguste  re c u rv a  e t strigilloso-pilosa, su p ra  n ite n tia  su b tu s  valde discolora, opaca , 
subcoriacea. In flo rescen tiae  axillares 1—2 m m  longe p ed u n cu la tae , 3-florae. In v o lu cru m  
b rev ite r c a m p a n u la tu m  h irsu tum , b id e n ta tu m  d en tib u s, m in u tis  in te rjec tis , vel t ru n c a ­
tu m  et ir reg u la rite r  d en ticu la tu m  1—1,5 m m  longum . F lores subsessiles 4-m eri. Calycis 
tu b u s  obconicus, 1,5 m m  longus, g laber, lobu li elliptici vel sp a th u la ti tu b u m  dup lo  
superan tes  3 m m  lo n g i, 1,6-2 min lati. C e te ra  non  visa.

H o lo ty p u s : H A JB  36587. S an  A ntonio  del Sur, Á bra M arian a , 
lom a al oeste del b a rran co . Leg.: B i s s e , D iaz , Go nzalez , Stohr , 6. 2. 1978.

79. Phialanthus acunae B orhidi spec, nova

F ru te x  vel a rb o r  parva. Ram i ju n io re s  te re te s , dense b rev ite rq u e  h ir tu li, in te r ­
nodiis 2—5 m m  lo ng is , dense foliosa. S tip u la ru m  vagina 1-1,2 m m  longa, lev ite r b ilo b a ta , 
p u beru la . Fo lia  0 ,5—2 m m  longe p e tio la ta , e llip tico-oblonga, 5—12 m m  longa, 2—5 m m  
la ta , basi a n g u s ta ta  an tice  ro tu n d a ta , n e rv o  m edio supra  im presso , sub tus p ro m in en ti, 
la te ra lib u s u tr in q u e  nu llis, lam ina supra  p u b e ru la , postrem o g lab ra , n itid a , su b tu s  dense
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F ig. 4. Scolosanthus howardii B orh id i sp. n. (delined  by  Mrs. G izella G y u r k ó ,  based  on th e  ty p e  specim en). A: h a b it;  B : f ru it;  C: flow er; D:
lo n g itu d in a l section  of th e  corolla; E : ram ifica tio n ; F : leaf



Fig. 3. Scolosanthus h isp id u s  B orhid i sp. n . (delined  by  Mrs. Gizella G y u r k ó ,  based  on th e  ty p e  specim en). A: h a b it;  B :  flow er;
C: leaf; D: tran sv ersa l section  of a leaf



Fig. 2. Scolosanthus acunae B orhid i e t M uniz sp. n. (delined  by  Mrs. Gizella G y u r k ó ,  based on  th e  ty p e  specim en). A: h a b it;  B :  flow er



Fig. 1. M achaonia leonardorum  B orh id i sp. n. (delined  b y  M rs. G izella Gy u r k o , based  on
th e  ty p e  specim en)
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p a p illo so -p u n c ta ta , flav icans e t opaca , m arg ine rev o lu ta , coriacea. In flo rescen tiae  ax illa ­
res sessiles vel 0,5 m m  longe p e d u n cu la ta e , 3—5-florae. In v o lu cru m  0 ,7-1  m m  longum  
cy lind raceum , an tice  tru n c a tu m , p ilosum . F lores 1-2 m m  longe ped ice lla ti, tu b u s  calycis 
cy lindraceus, 1—1,2 m m  longus, p ilosus, lobi 4, lineari-oblongi vel l in e a ri-sp a th u la ti, 
1,5 m m  longi, ex tu s sparse pilosi. Corollae tu b u s  4 -angu la tus, 1 m m  longus, lobi 4, o v a ti 
apice ro tu n d a ti ,  2 m m  longi. S ta m in a  4, corolla brev iora , f i la m e n ta  su p ra  basim  tu b i 
corollini pe r p a res co n n ata  e t ad  tu b u m  a d n a ta ,  2 m m  longa, a n th e ra e  0,8 m m  longae, 
o v a tae , basifixae . e tu b o  v ix  ex se rtae  S ty lu s 3 m m  longus, su p e rn e  p au llo  d i la ta tu s , 
brevissim e b ilo b a to -eap ita tu s . C alyx  fru c tife ru s  oblongo-ellipticus, 2,5—3 m m  longus, 
lev ite r  b ilo b a tu s, sa tis  dense pilosus; lob i calycin i ob longo-ellip tici vel oblongo-spa- 
th u la t i,  fru c tu  aequilongi, sparse pilosi.

H olo ty p u s: A l a i n  975, (C l e m e n t e  6879) H A C. Cuba; O rien te; 
C am ino de C enteno, C ananova. Ju l. 1949 C l e m e n t e , A l a i n  e t C r i s ó - 

GONE. Iso ty p i: B P , G H , US.
Specim ina ex am in ata : R egión de M oa, M ina D elta , M. V i c t o r i n ,  C l e m e n t e  e t 

A l a i n . L e ó n  21830, HAC. — H A JB . 17863; M oa; C harrascal al este  de Y am anig íiey . 
B i s s e  et L i p p o l d ,  15.8.1970.

E) New ta x a  of Scolosarithus from  th e  G reater A n tilles 

SO. Scolosanthus acunae B orh id i e t Muñiz spec, nova (F ig . 2.)

F ru te x  ram osus sp inosusque, usque  ad  2—3 m  altus. R am i h o rn o tin i v e te rio resq u e  
te re te s , pilis basi d ila ta tis  et p a te n tib u s  g ranu la to -scab rosi, resinosi, ap ice in  sp in am  
tr ifu rc a ta m , cruciform em , usque  ad  1—1,5 cm  longam  ex curren tes; ra m i la te ra les  sp inae 
lev ite r re cu rv a ti. S tipu lae  in te rp e tio la re s  sem iorbiculares vel rh o m b eae , apice ro tu n d a ­
ta e , in  an n u lu m  co n natae , dem u m  deh iscen ti-b ilo b a tae , postrem o  fissu ra to -d issec tae , 
1 -2 mm longae- Folia opposita  vel 4 -8  in fasciculis ax illaribus 1-2 m m  longe p e tio la ta , 
o v a ta  e t m u cro n a to -ap icu la ta , a cu ta , r a r i te r  m ucronu lato—spinu losa , p lerum que re ­
cu rva, basi ob tu sa , ro tu n d a ta  vel su b c o rd a ta ; nervo  m edio u tr in q u e  prom inu lo , su b tu s p le ­
ru m q u e  supra  d im idium  evanescen te , la te ra lib u s  sup ra  u tro q u e  la te re  3—4, p rom inu lis 
e t obsolete an as to m o san tib u s , su b tu s  non  vel te n u ite r  conspicuis; su p ra  n itid a , obscu re  
v irid ia , pap illosa  vel pap illoso-granulosa, su b tu s  pallid iora, resinoso-pap illosa, coriacea, 
m argine rev o lu ta . Flores 1 -4 , fa scicu la ti in axillis foliorum ; 5—6 m m  longi, 3 -m eri, 
rarissim e 4-m eri, subsessiles. C alyx 2 m m  longus; tu b u s  calycis 1,5 m m  longus, lev ite r  
com pressus, 6 -(8)-nervosus; lobi calycis 0,5 m m  longi, p lerum que 3, r a r i te r  4, tr ia n g u la ­
res, a cu ti, dorso carin a ti, m arg ine  e t dorso sparse  ciliati. Corolla 3 ,5 -4  m m  longa, p a llide  
flav a , in a lab as tro  3—(4)-angula, tu b u s  2,5—3 m m  longus, sub an th es i tubu loso -cam - 
p a n u la ta , lobi p lerum que 3, ra rissim e  4, 0,6—1 m m  longi, la te  tr ia n g u la re s , in an th es i 
valde  re cu rv a ti. S tam in a  3, ra rissim e 4, f ila m en ta  corollae basi a d n a ta ,  in  te rtio  inferiori 
in te r  sese coalita , sup ra  d im id ium  p u b escen tia . A n therae  lin eares, apice ro tu n d a ta e , 
basi affixae , in  tu b o  corollae in se rtae . S ty lu s cylindricus, g laber, 4 ,5—5 m m  longus e 
tu b o  corollae lev ite r  exsertus , apice globosus, obsolete e t m inu tissim e bilobus. O varium  
in ferum , 2-loculare; ovula in loculis so lita ria , ad  apicem  loculi a ffix a , p en d u la , e llip tica, 
la te ra lite r  com pressa. F ru c tu s  in ferus, d ru p aceu s, lobis calycis co ro n a tu s ; exocarp ium  
carnosum , a lbum , endocarp ium  lev ite r  lignosum , unilocularis, 1-sperm us. Sem en discoi- 
dcum  vel com presso-ellip ticum , foveo la tum .

H o lo ty p u s: Cuba, P ro v . P in a r  del R io; Lom a C a já lb an a ; in decliv i­
bus a b ru p tis  o rien ti-sep ten trio n a lib u s , fru tice tis  sem p erv iren tib u s, solo
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la toso l se rp en tin ico , in  a lt. 400 m .s.m . Leg.: A. B o r h i d i , E . D e l - R i s c o  e t 
R . Ca p o t e , 21. N ov . 1974. flo r, e t f ru c t. No. 27694 SV ! Iso ty p i: SV ! e t Bp !

Specim ina e x a m in a ta :  C aja lbana , leg .: A c u ñ a  e t C o r r e l  21627 SV ! (ster.); —  E s te  de 
C aja lbana , leg.: A l a i n  e t A c u ñ a  1379 (s te r .)  SV ! —  L o m a P ré lu d a  de C aja lbana , 
leg.: A. B o r h i d i ,  E . D e l - R i s c o  e t R . C a p o t e  (ste r.) 26. N ov . 1974. SV ! —  Ib id em , 
leg.: A . B o r h i d i  e t R . C a p o t e  29. J a n .  1976. SV, Bp !

Obs.: Spin is tr ifu rc a tis , la te ra lib u s  recu rv a tis , flo rib u s 3-m eris ab om nibus aliis 
speciebus hu ius generis d iffert.

81. Scolosanthus crucifer W r. in  S auv .
var. crucifer: fo liis oblongo e llip tic is , apice o b tu s is  vel ro tu n d a tis , 7—15 
m m  longis, u tr in q u e  glabris.
H o lo ty p u s: C uba; Ch. W r i g h t  377; L agunas o f  G uam a . . . ehio (?) 
3. aug. 1865 G O E T  ! —  iso ty p i: S ! N Y  ! HAC ! US !
var. acutus B o rh id i var. n.: foliis lan ceo la tis , apice b re v ite r  acum in a tis  e t 
m u c ro n a to -acu tis , 7—15 m m  longis e t  5—8 m m  la tis , u tr in q u e  g labris.

H o lo ty p u s : C uba; P ro v . V illa  C lara (Las V illas,, Sabanas de Mo- 
tem b o . L eg.: L e ó n  e t L o u s t a l o t  9340; 9 -10 . A ug . 1930. HAC ! —  iso ­
ty p i:  G H  ! N Y  !
var. inicrophyllus B orhidi var. n.: foliis e llip tic is ve l suborb icu laribus 
m in u tis , 2—6 m m  longis e t 1,5—4 m m  la tis , u tr in q u e  glabris, m arg ine  
va ld e  rev o lu tis .

H o lo ty p u s: L e ó n  13066 H A C ; P ro v . M atan zas. C uabal d e  E sp in a l, 
C anasi; L eg.: L e ó n  et A c u ñ a  16—18. aug. 1927. —  Iso ty p u s: A c u ñ a  

24693, HAC !
var. subtom entosus B orhidi var. n.: foliis e llip tic is, su b tu s  dense b rev is- 
sim eque to m en tu lo s is , 7—12 m m  longis.

H o lo ty p u s: R o i g  4245 H A C ; P ro v . M atan zas, S an  A drián , C uabal 
de E sp in a l. —  L eg .: R o i g  e t L e ó n  11. 4. 1927.

Specim ina  e x a m in a ta : P ro v . M atanzas: S erp en tin e  ba rren s E l 
H atillo , C anasi, L e ó n  12971, G H , HA C, N Y ; —  M atanzas: in fru tice tis  
serpen tinosis L o m a G alindo, C orral N uevo, A. B o r h i d i  et E . D e l - R isco  
30. 5. 1970. Bp 573612.

82. Scolosanthus hirsutus B orhidi spec, nova

F ru te x  ram o su s  e t spinosus, u sq u e  ad  2 m  a ltu s . R a m i h o rn o tin i v e terio resque  
pilis p a te n tib u s  b re v ite r  h irsu ti vel d em u m  granuloso-seabrosi, resinosi, apice in sp inas 
sim plices vel p le ru m q u e  tr ifu rc a ta s  ex cu rren te s . R am i cen tra le s  sp inarum  5-10  m m  
longi, la te ra les  sub  ang u lo  acu to  (70- 80°) abeu n tes , 4—8 m m  longi, pubescentes. S tip u lae  
la te  tr ian g u la re s , a c u ta e , 1—1,5 m m  longae , resinosae, so lum m odo basi connatae , dem u m  
deciduae. Folia  o p p o sita  vel 4—8 in fascicu lis ax illaribus co n fe rta , 1—2 m m  longe p e tio la ta , 
la te  vel o rb icu la ri-o v a ta  vel rh o m b o -o rb icu la ria , 3—5 m m  lo n g a  e t 2 5 m m  la ta , ap ice 
b re v ite r  a cu m in a ta  e t m u cro n a to -a p icu la ta , p lerum que re flex a, basi lev ite r cu n ea ta  vel 
o b tu sa  vel t ru n c a ta ,  nervo  m edio su b tu s  inferne obsolete p rom inulo  vel inconspicuo,

Acta Botanica Hungarica 29, 1983



N E W  N A M E S  A N D  N E W  S P E C I E S ,  I I I 199

su p ra  nullo , la te ra lib u s u tr in q u e  nullis, lam in a  supra  convexa, n itid u la , densissim e b re ­
v ite r  h irsu to -h isp idu la , su b tu s  opaca , p a llid a  e t dense h irsu ta , m arg ine  valde  re v o lu ta , 
rig ide  coriacea.

F lores 1—4 fascicu la ti in  axillis fo lio rum , sessiles. C alyx cum  h y p a n th io  oblongo- 
o b o v a tu s , 1-1,3 m m  longus, lobi 4, b rev issim i, 0,2-0,3 m m  longi, trian g u la re s , a cu ti, 
om nes b rev ite r h irsu ti. Corolla n o n  v isa . F ru c tu s  inferus, d ru p aceu s, lobis calycin is 
co ro n atu s, exocarp ium  a lb u m , carnosum , b re v ite r  adpresse fe rrug in eo -p u b eru lu m . E ndo- 
c a rp iu m  lev iter lignosum , un ilocu laris , un isperm us.

H o lo typus: 29922 H A JB ; C uba; Costa S u r de B aracoa  (p rov . 
G u an tán am o ), San A n to n io  dei S ur, 4 km  al Oeste del pueblo , 200-400  m 
sobre el nivel del m ar. L eg.: A. A r e c e s , J .  B i s s e , J .  G u t i e r r e z  e t H  
M a n i t z , 10. F eb r. 1976. —  Iso ty p i: HAC, J E , B P .

Specim ina ex am in ata : León 17557 H A C ; C uba: P rov . G u a n tán am o  (O rien te); M esa de 
C hivo, Maisi. Leg.: P . M a t o s ,  Ja n . 1940.

O bs.: Form a fo lio rum  species p ro x im ae  S. bahamensis B ritt , e t S . nannophyllus  
B orh id i sun t. Ab eis S. h irsu tus  B orh id i calyce h y p an tio q u e  dense b rev ite rq u e  h irsu tis  
s ta tim  discernendus est. F o rm a  calycis e t  in d u m en to  species m agis affin is S. h isp id u s  
B orh id i est, sed ab ea S . h irsu tus  foliis o rb icu lari-ovatis , enerv ibus, rig ide  coriaceis om nino 
d iffert.

83. Scolosanthus hispidus B orh id i spec, nova (Fig. 3.)

F ru te x  ram osus, sp inosus. R am i h o rn o tin i levissim e a n g u la ti, pilis basi tu b erc u la -  
tis  h irsu ti in  sp inam  sim plicem , ra r i te r  tr ifu rc a ta m , 1—1,5 cm  longam  ex cu rren te s , 
ve te rio res  brevissim e scab roso -pubescen tes vel glabrescentes. S tip u lae  ad  apicem  ra m o ­
ru m  ta n tu m  m anifestae , la te  tr ia n g u la ta e  cca 1—1,5 m m  longae. Folia  dense co n ferta , 
1—2 m m  longe p e tio la ta , pe tio lis  h irsu tis  su ffu lta , ellip tica vel lan ceo la ta , ap ice a c u ta  
vel ob tusiuscu la , brevissim e vel non a cu m in a ta , basi b re v ite r  a t te n u a ta  e t in  p e tio lu m  
p ro tra c ta ,  8-15 m m  longa e t 4—8 m m  la ta , nervo  m edio u tr in q u e  p ro m in en ti, la te ra lib u s  
u tr in q u e  nullis vel obsoletis, u tr in q u e  pilis basi tu b ercu la tis  dense  p u b escen tia , p o strem o  
su p ra  g labrescentia  e t m u rica to -scab ra  su b tu s  dense g ra n u la to -p u n c ta ta , su p ra  n itid a , 
su b tu s  flavescen tia  e t p a llid a  m anifeste  discolor, m argine in te g ra , va lde  rev o lu ta , c h a r­
tac ea . Flores in fasciculis ax illa rib u s 2 -5 , subsessilia vel b rev issim e ped icellata . H y p a n - 
th iu m  oblongo-obovatum , 1—1,5 m m  longum , la te ra lite r com pressum , dense h irsu tu m , 
calycis lobi 4, la te  o v a ti vel sem iorb icu lares, apice ro tu n d a ti ,  dorso sparse h irsu ti 
0,5—1 m m  longi. Corolla 2 m m  longa, p u rp u re a , in fundibu lifo rm is, tu b u s  b revis, a n g u s ta ­
tu s , lobi 4, la te  o v a ti, ap ice ro tu n d a ti ,  e x tu s  h irsu ti. Cetera n o n  visa.

H olo typus: L e ó n  18110 S V .  C uba; P rov . O rien te  (G u an tán am o ), 
P rim era  mesa de M aisi. L eg.: H . L e ó n  e t W . S e i f r i z . Ju lio  1938.

Obs.; S. leonardi A lain  (e San to  D om ingo, H ispan io la) affin is, qu i a specie n o s tra  
foliis nervo  m edio su p ra  a p p la n a to  nerv is la te ra lib u s su p ra  p rom inu lis, su b tu s  m olle 
p ilosulis m argine p lan is flo rib u s ad  sp inas g lom eratis, calycis lobis acu tis  d iffert.

84. Scolosanthus howardi B orh id i spec, nova (Fig. 4.)

F ru te x  ram osus, inerm is usq u e  ad  1,5 m  altus. R am i h o rn o tin i 4-angulosi, longi- 
tu d in a litc r  canalicu la ti vel s tr ia ti ,  b ifa riam  sparse m inu tissim e scabriusculi ce te ru m  
g labri. S tipulae  b re v ite r  c o n n a tae , annulifo rm es, glabrae m arg in e  brevissim e e t rem o te
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den ticu la tae . Fo lia  ap ice  ram u lo ru m  co n ferta  1-3 m m  longe p e tio la ta , lanceo la ta  vel 
o b lanceo la ta , apice a n g u s ta ta  e t m u c ro n a to -acu m in a ta , basi longe cu n ea ta  e t in petio lum  
p ro tra c ta  1—3 cm  lo n g a  e t 0,5—1,0 cm la ta , nervo  m edio su p ra  im presso , sub tus p ro m i­
n en te , la te ra lib u s su p ra  te n u ite r  p rom inulis, e t dense re ticu la tis , su b tu s obsoletis vel 
nullis, lam ina su p ra  lu c id a , v irid is, su b tu s opacio r e t pa llida , m arg ine  rev o lu ta , coriacea. 
F lores pauci 1-3 in  ax illis , 1-2 m m  longe ped ice lla ti, e ssen tia lite r glabri. Calycis tu b u s  
1,5—2 m m  longus, o b o v a tu s , la te ra lite r  com pressus, pu rp u reo  in d u tu s , lobi 4, oblongo 
trian g u la re s  vel lan c eo la ti, dorso p u n c tu ia ti g lab ri. Corolla p u rp u re a , 3,0—4,0 m m  longa, 
tu b u s  an g u la tu s su p e rn e  p a ru m  am p lia tu s, 1—1,5 m m  la tu s , lobi 4, ova ti 0,7—1 m m  
longi. S tam ina  4, f i la m e n ta  3 m m  longa, te r t io  inferiori coalita  superne  2 m m  longe 
libera , per to ta m  lo n g itu d in em  pilosa, a n th e rae  ob longo-ellip ticac  1,5—2 m m  longae in 
tu b o  insertae. C etera n o n  visa.

H o lo ty p u s: J a m a ic a , P rov . T re law n y  R am g o a t Cave d is tric t, Cock­
p it  C ountry  d ry  ro ck y  hillsides a b o u t 500 m .  L eg.: R .  A. H o w a r d  and  
G. R . P r o c t o r  14386. 4. Ju l. 1956.

Specim ina e x am in a ta : J a m . P rov . T relaw ny  “ M ango T ree H ill”  along road  betw een 
B u rn t H ill and  S pring  G ard en , w ooded lim estone  h illtop  ab o u t 600 m. Leg.: G. R .  P r o c t o r  

an d  Bro. A l a i n  24899, 6. Ju n e  1964.

Obs.: Scolosaniho m u ltiflo ri (Sw.) K r. e t L>rb. valde  affinis, sed ille a specie n o stra , foliis 
m ajo ribus 2—5 cm  longis e t 1-2 cm la tis , n e rv is la te ra lib u s su p ra  obsoletis v. nullis, 
inflorescentiis 5 -11 -flo ris , calycis saepe pilosis vel h irsu tis , filam en tis  usque supra  m ed ­
iu m  in colum nam  co n n a tis  g labris differt.

Obs. I I .:  H a n c  speciem  in honorem  R i c h a k d í s  A. H o w a r d í ,  professoris U n i­
v e rs ita tis  H a rv ard i a tq u e  d irectoris A rb o re ti A rnoldi, in cognitione e t ex p lo ra tion ibus 
flo rae  Ind iae  O cciden ta lis  excellentissim i dedicavi.

85. Scolosanthus liogieri B orhid i spec, nova (F ig . 5.)

F ru te x  sa rm en to su s , sp inosusque, usque  ad  5—6 m  a ltu s  (ex A l a i n  in schaedis). 
R am i ho rno tin i v e te rio re sq u e  tere tes, pilis basi d ila ta tis  g ranuloso-scabrosi in nodis 
sp inas bi- vel tr ifu rc a ta s ,  recu rv as, 8-20 m m  longas gerentes. S tip u lae  in te rp etio la res in  
an n u lu m  1—1,5 m m  lo n g u m , tru n c a tu m , su perne  f im b ria tu m  c o n n a tae , dem um  dehiscenti 
b ilobatae .

Folia 1-1,5 m m  longe p e tio la ta , la te  e llip tica  vel o b o v a ta , antice brevissim e 
ap icu la ta  e t in u c ro n u la to -a cu ta , vel ro tu n d a ta , basi o b tu sa  vel la te  an g u sta ta  4—15 m m  
longa e t 3—10 m m  la ta ,  nervo  m edio u tr in q u e  nu llis; lam ina  su p ra  v irid is lucida, su b tu s  
pallid io r vel flavescens, n itid a , m argine re v o lu ta  coriacea.

F lores ax illares 1—3, fascicu la ti, 1—1,5 m m  longe ped icella ti, 4-m eri. Calyx 3 -4  m m  
longus, tu b u s  calycis, cum  h y p an th io , 2 ,5 -3  m m  longus, lev ite r  com pressus, lobi 0,7—1 
m m  longi, tr ia n g u la re s , a cu ti, essen tia liter g labri. Corolla 7—9 m m  longa, pallide, flav a , 
vel a lba  e tu b o  an g u sto  calyciform iter d i la ta ta , superne 5 m m  la ta , tu b u s  ipse 6—8 m m  
longus, lobi 4, 1—1,5 m m  long i, ov a ti apice o b tu si vel a cu ti, in an tb esi recu rv a ti. S tam in a  4, 
f ilam en ta  corollae b asi a d n a ta , in te r sese 1 m m  longe coalita , p a rs  libera 2,5—3 m m  
longa, sub dim idio p u b e ru la . A n therae  o b lo n g o -sag itta tae  2 m m  longae, in  tu b o  corollae 
in se rtae . S ty lus cy lin d ricu s glaber, 12—13 m m  longus, e tu b o  corollae longe ex se rtu s , 
apice b rev ite r b ilo b a tu s . O varium  in ferum  2-loculare. F ru c tu s  in ferus, d rupaceus, non  
pleno m atu ru s , v irid is, la te ra lite r  com pressus, lev ite r 8 -co sta tu s, 7 -9  mm longus e t 
4—5 m m  la tu s, g laber, ap ice calycibus 1 m m  longis co ronatus, b isperm us.
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F ig. 5. Scolosanthus liogieri B orh id i sp. (delined  by  Mrs. Gizella G y u r k ó , based on  th e  ty p e  specim en). A: h a b it;  B : flow er; C: lo n g itu ­
d in al section  of th e  corolla; D : f ru it



Fig. 6. Scolosanthus portoricensis B orhid i sp. n. (delined b y  Mrs. Gizella G y u r k ó ). A: h a b it; B: flow er;
C: long itu d in a l section  of th e  corolla; D: leaf



Fig. 7. Scolosanthus reticulatus B orhid i sp. n. (delined  b y  Mrs. Gizella G y u r k o ). A :  h ab it;
B: flow er; C: leaf
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H o lo ty p u s : A l a i n  16051. H isp an io la , R ep . D om in icana; L om a del 
C am panario , C iénaga de la  C u lata , a lt . 1650-1850, in  cloud fo rest. 24. 
Sept. 1969. N Y  ! Iso ty p u s : US !

Specim ina e x am in a ta : S an to  D om ingo; S ie rra  de N eib a , Los D oscientos, H ondo Valle,, 
1750-1850 m . A l a i n  12504 GH ! — S a n to  D om ingo in  M ogote Ja rab aco a , 1200- 
1400 m , c loud  fo res t, A l a i n  15775, US ! N Y  ! — San to  D om ingo, C iénaga de la  C u la ta , 
C onstanza, p in e  fo res t, 1600—1700 m . A l a i n  13010. N Y ! —  H a iti ;  M assif d e là  H o tte ,  
w este rn  g ro u p , T orbec, M t. F o rm on , to p  of lim esto n e  ridge, 1500 m. E k m a n  H  7437 S I 
G H !

Obs. I .:  Scolosantho grandifolio  U rb . (e P o rto  Rico) affin is, quae a specie n o s tra , 
ram is e ssen tia lite r g labris, stipuilis basi co n n a tis  tr ia n g u la rib u s , m argine non fim b ria tis , 
foliis lan ceo la tis  vel ellipticis m u lto  m ajo rib u s, m arg ine p lan is ab u n d e  d iffert. H a b itu  
similis a lte ra  species S . selleanus U rb . e t E k m . a  specie n o s tra  spinis rectis , foliis o v a tis  
vel su b o rb icu la rib u s , corolla p u rp u rasce n ti, long iori, fru c tib u s  m inoribus certe  a liena.

Obs. I I . :  H an c  speciem  in honorem  A l a i n i  H . L i o g i e r i  exploratoris f lo rae  
C ubanae D om ingensisque excellentissim i ded icav i.

85. Scolosanthus riioanus B orh id i et M uñiz spec. nov.

F ru te x  ram o su s, spinosus. In te rn o d ii 1,5—2 cm  longi. R am i la te ra les e lo n g a ti, 
s tric ti, e rec ti, in  sp inam  tr ifu rc a ta m  ex cu rren te s , h o rn o tin i dense e t m inute  p u b e ru li, 
dem um  sparse  resinoso-papillosi, b ru n n escen tes , ve te rio res  crassiusculi. S tipu lae  in te r-  
petio lares ad  ap icem  ram o ru m  ta n tu m  v isae, in  a n n u lu m  0,5—1 m m  longum , tru n c a tu m  
con n atae , d em u m  b ilobato-fissae, m ox ev an escen tes. F o lia  0.5—2 m m  longe p e tio la ta , 
petio lis m arg in e  pu b eru lis  vel pilosis su ffu lta , o v a ta  vel o v a to -lanceo la ta , 12-20 m m  
longa e t 6—12 m m  la ta , basi o b tu sa  vel a n g u s ta ta , in  p e tio lu m  p ro tra c ta , apice a c u ta  vel 
a cu m in a ta , 0,2—0,5 m m  longe sp in u lo so -m u cro n a ta , m arg ine in te g ra , rev o lu ta ; n e rv o  
m edio su p ra  pau llo , su b tu s m anifeste  p ro m in u lo , la te ra lib u s  u tr in q u e  nullis, lam in a  
su p ra  n itid a , obscure v irid is, in sicco b run n escen s, su b tu s  pa llid io r, re sin o so -p u n cta ta . 
Flores ad  sp inas so lita rii, u sq u e  ad  0,5 m m  longe ped icella ti. Calycis tu b u s  o b o v a tu s , 
1—1,5 m m  longus, lev ite r com pressus, g laber; lobi calycis trian g u la re s , 0,5 m m  longi, 
glabri. C etera  n o n  visa.

H o lo ty p u s: A c u ñ a  13381 SV ! C uba; P ro v . O rien te : B reñales de la  
P lay a  de V aca, M oa. Leg.: J .  A c u ñ a , 9. N ov. 1945.

O bs.: S . cruciferi W r. ex Sauv. affin is, qu i a  specie n o stra  foliis apice o b tusis vel 
ro tu n d a tis , flo rib u s fascicu la tis , lobis calycis sem io rb icu laribus, m argine ciliatis bene  
differt.

86. Scolosanthus m ultiflo rus (Sw.) K r. e t U rb . 
ssp. m ultiflorus:

foliis ellip tic is vel lanceo latis, 2—5 cm  longis, apice a tte n u a tis  e t acu tis , calyce 
h y p a n th io q u e  g labro , 3 m m  longo, lobis lan ceo la tis , acu tis , m argine glabris, coro lla  
4,5—6 m m  longa, filam en ta  g lab ra , p a r te  c o n n a ta  filam en to ru m  p a rtis  liberis d u p lo  
longiore. L ec to ty p u s : M arch, 1679; Ja m a ica  G O E T ; iso lec to ty p u s: GH

ssp. hirticalyx: B orhidi ssp. nova

a ty p o  d iffe rt foliis o b o v a tis, apice ro tu n d a tis  e t m ucro n u la tis , 1—2 crn longis, 
calyce, h y p a n th io q u e  p a te n ti-h ir tu lo , 2 -2 ,5  m m  longo, lobis o v a tis  m argine c ilia tis ,
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corolla 3—4 m m  longa, p a rte  c o n n a ta  filam en to ru m  liberis aequ ilonga. H o lo ty p u s; 
M arch, 1716; J a m a 'c a ,  GO ET.

87. Scolosanthus nannophyllus B o rh id i spec, nova

F ru te x  ram osissim us, spinosus. R am i horno tin i vix com pressi, pilis b rev issim is, 
pap illifo rin ibus p a te n tib u sq u e  g ran u la to -scab riu scu li, in  sp inam  tr ifu rc a ta m  1—1,5 cm  
longam  ex cu rren tes . S tipu lae  ad  ap icem  ram o ru m  ta n tu m  m an ifes tae , tru n c a ta e ,  v ix  
0,5 m m  longae. F o lia  dense con ferta , 1—1,5 m m  longe p e tio la ta , petio lis rub ig inosis , 
g labris su ffu lta , lam in a  ob longo-obovata  vel oblongo-elliptica, ap ice o b tu sa  vel r o tu n ­
d a ta , basi longe c u n ea ta  et in p e tio lu m  p ro tr a c ta ,  3—8 m m  longa e t 2—5 m m  la ta , n e rv is  
u tr in q u e  nullis; su p ra  v irid is, n itid a , su b tu s  p a llido r, papillosa, u tr in q u e  g lab ra , m arg in e  
va lde  rev o lu ta , coriacea. Flores in fascicu lis fo liorum  3—8, 1—2 m m  longe ped ice lla ti vel 
subsessiles. Calycis tu b u s  ovatus, 1—1,5 m m  longus, com pressus, lobi 4, sem io rb icu lares , 
m argine g labro , dorso  cysto lith is p u n c tifo rm ib u s  obsiti, 0,5—1 m m  longi. Corolla 4 m m  
longa, p u rp u rea , lobi 4, tu b u s  corollae 2,5—3 m m  longus in aes tiv a tio n e  im b ric a ti, t r i ­
angu lares 1—1,5 m m  longi, reflexi o b tu si. S ta m in a  4, filam en ta  2 m m  longa, basi in  tu b o  
b rev ite r (0,5 m m  longe) connata , su p ern e  lib e ra , g labra; an th e rae  e llip ticae , o b tu sa e , basi 
ob liquae, b asifixae . S ty lus lev iter 4 -an g u la ris , apice incrassa tu s, brevissim e b ilobus.

H o lo ty p u s: Cuba; P ro v . O rien te  (G uan tánam o) m an igua de la  2da  
te rra z a  de M aisi. L e g  : L e ó n  e t M a r i e -V i c t o r i n , N o . 17111; 19. A ug. 
1939. SV !

Obs.: S . kaham ensi B ritt , a ffin is, qu i foliis supra scabroso-pilosis, pe tio lis  
v irid ib u s, ca lycibus (1 m m ) corollisque (2 m m ) m inoribus, a tq u e  calycis lobis p ilosis a 
specie n o stra  bene  d iffert.

88. Scolosanthus portoricensis B orh id i spec, nova (Fig. 6.)

F ru te x  sp inosus, glaber, usque  a d  2 m  a ltu s. R am i h o rn o tin i, su b te re tes , longi- 
tu d in a lite r  s tr ia t i ,  n itid i, resinosi, g lab ri, v e te rio res  te re tes , in te rn o d iis  2—6 cm  longis, 
in  axillis vel in  ram is  la te ra lib u s sp inas tr ifu rc a ta s  vel saepius tr i te rn a ta s  2 ,5 -4  cm  lo n ­
gas, gerentes. S tip u lae  in te rp etio la res b asi in  an n u lu m  i  1 m m  longum  g lab ru m , m a r­
gine m em b ran aceu m  connatae , superne  tr ia n g u la re s  1,5-2 m m  longae apice b id e n ta ta e  
m u cro n a tae , dem u m  dehiscenti b ilo b a tae .

Folia  sessilia vel usque ad  1 m m  longe p e tio la ta , la te  o v a ta , sub  m edio la tiss im a , 
apice sensim  a n g u s ta ta  e t ob tu sa  vel a cu tiu scu la , basi ro tu n d a ta , t ru n c a ta  vel b re v ite r  
a n g u s ta ta , 1,8—3 cm  longa e t 1,5—2,5 cm  la ta ,  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 sub tus p ro m in u lis an te  m arg in em  
a rcu a to -co n ju n c tis , lam ina  supra  n itid u la , v irid is, su b tu s pallide flav ican s, n itid a , u t r in ­
que g labra , m arg ine  ten u ite r  recu rv a  c h a rtac e a .

F lores in sp in is solitarii vel in fascicu lis paucifloris, sessiles vel b rev issim e p e d i­
cellati, 4-m eri. C alyx cum  h y p an th io  2,5—3 m m  longus, tu b u s  calycis 2—2,5 m m  longus, 
lev ite r com pressus, lobi 0,7-1 m m  longi, tr ia n g u la re s  acuti g labri. Corolla 6—7 m m  lo n g a , 
pa llide  vel a lbescen ti-flav a , e tu b o  su p ern e  a b ru p te  d ila ta ta , superne  3-3 ,5  m m  la ta ,  
tu b u s  ipse 5—6 m m  longus, lobi 1 m m  longi, o v a ti vel trian g u lares, ap ice acu ti. S ta m in a  4, 
f ilam en ta  corollae basi ad n a ta , basi in te r  sese 1 m m  longe coalita , p a rs  lib e ra  2,5—3 m m  
longa, pe r to ta m  lo ng itud inem  p u b eru la . A n th e rae  oblongo s a g itta ta e  ±  2 m m  longae , 
e fauce corollae b re v ite r  exsertae. S ty lu s  cy lindricus, glaber, apice b re v ite r  b ilo b a tu s . 
O varium  in feru m  biloculare. F ru c tu s  in feru s , d rupaceus, la te ra litc r  com pressus, 4 -loba- 
tu s , 2-sperm us.
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H o lo ty p u s : A l a i n  9742; P o rto  R ico; S e rp en tin e  barrens o f Sosua 
S ta te  F o re s t in  a lt. 300-400 m . 26 J u n e  1963. G H .

Specim ina e x am in a ta : Ib idem  A l a i n  9736 US ! GH ! — P o rto  R ico; Serpen tine  soils, 
Las M esas, M ayaguez, a lt. 300 m. A l a i n  10517 US, GH.

O bs.: Scolosnntho grandifolio  U rb . affin is, sed ab ea ra m is  rectis  non v o lu b ilibus, 
spinis tr ifu rc a tis  vel tr ite rn a tis  rectis , foliis basi ro tu n d a tis  vel tru n c a tis ,  corolla m in o re , 
tu b o  superne  sensum  am pliato , fila m en tis  p e r to ta m  lo n g itu d in em  pilosis, f ru c tib u s  
m inoribus d iffert.

89. Scolosanthus pycnophyllus B o rh id i spec, nova

F ru te x  ram osissim us, valde sp inosus, usque  ad 2 m  a ltu s . R am i jun io res le v ite r  
b iangu lares, pilis rig id is p erb rev ibus h isp id i, veterio res te re te s , g lab ri, om nes in  sp in as 
e basi c rucifo rm iter ram ifica tas , gem m iferas, 1 -2  cm  longas ex cu rren te s . Folia in ax illis 
fa scicu la ta , 0,5—2 m m  longe p e tio la ta , o rb icu la ria , su b o rb icu la ria  vel la te  o b o v a ta , ra ri-  
te r  ellip tica, 3—8 m m  longa e t 2—5 m m  la ta ,  an tice  ro tu n d a ta  vel o b tu sa , basi ro tu n d a ta ,  
o b tu sa  vel cu n ea ta , nervo m edio u tr in q u e  nullo  vel su b tu s  in ferne  conspicuo, m edio  
evanescen te , la te ra les  u tr in q u e  nulli: lam in a  su p ra  n itid a , su b tu s  pallide  opaca, coriacea, 
m argine v a ld e  rev o lu ta .

F lores ax illares un i-pauci, subsessiles vel usque ad  2 m m  longe ped icellati. C alyx  
o b o v a tu s  usq u e  ad 1 m m  longus, lev issim e com pressus, sub  lob is lev ite r  c o n trac tu s , g la ­
ber, lobi 4, o v a ti, apice ro tu n d a ti , 0,2—0,3 m m  longi, g labri. Corolla in fund ibu lifo rm is, 
b ru n n eo -lu tea  5—6 m m  longa glabra. T u b u s  corollae 4—4,5 m m  longus, lobi 4, su b co rd a to - 
o v a ta e , an tice  ro tu n d a ta e  1,2—1,5 m m  longae , sub an thesi v a ld e  rev o lu tae . S tam in a  4, 
filam en ta  3 m m  longa, basi in tu b u m  in te r  sese co n n a ta , in fe rn e  pilosula; a n th e ra e  
e llip ticae, 1 m m  longae, e fauce corollae b rev issim e ex sertae , s ty lu s  5 m m  longus, capi- 
ta to -b ilo b a tu s , superne  pilosus. F ru c tu s  n o n  visus.

H o lo ty p u s: 27983 HAC. C uba; P ro v . H olgu in  (O riente) Pico S u r 
del Cerro G alano , en tre  La P a lm a  y  L im ones. —  L eg .: J .  U r b i n o , 15. 
Aug. 1975.

Specim ina ex am in a ta ; H olguin; S a b a n as  L a Y aba, L e ó n  15722 HAC, NY ; —  H o l­
gu in ; Y arey a l, L e ó n  15517 HAC.

*90. Scolosanthus reticulatus B orhidi spec, nova (Fig. 7.)

F ru te x ; ram i h o rn o tin i lev iter 4 -a n g u la ti, faciebus o ppositis  brevissim e pub escen ­
tes , cetera  g lab ra , ve te rio res  tere tes, g lab ri, non  resinosi, in te rn o d iis  1,5—4,5 cm longis, 
spinis ax illaribus sim plicibus vel b rev issim e tr ifu rc a tis , 0,5—1,5 cm  longis, sparse d is­
positis  a rm a ti. S tip u lae  in vaginam  a n n u la rem  0,6—1 m m  lon g am , po strem o  fissam  con­
n a ta e . Folia  in  axillis fascicu la ta, 3—6 m m  longe p e tio la ta , su b o rb icu la ria , oblongo- 
o b o v a ta  vel o b lan ceo la ta , basi ro tu n d a ta  vel longe a t te n u a ta ,  a n tice  ro tu n d a ta  vel 
a cu ta , apice ipso brevissim e ap icu la ta  e t m u c ro n u la ta , 1—2 cm  longa  e t 0,7—1,7 cm  la ta ;  
nervo  m edio su p ra  p rom inulo , 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, su p ra  
p rom inulis e t sa tis  dense re ticu la to -co n ju n ctis , su b tu s non  re tic u la tis ; lam ina  su p ra  
v irid is, lev ite r convexa , su b tu s carm elito sa , u tr in q u e  opaca e t  g lab ra , m argine te n u ite r  
recu rv a , c h a rtacea  vel subcoriacea.

F lores in  fasciculis foliorum  3—8, subsessiles vel 1—1,5 m m  longe pedicellati, 4 -m eri, 
10-12 m m  longi. T u b u s calycis o b o v a tu s , g laber, in aeq u a lite r  8 -co sta tu s, la te ra lite r
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com pressus, 2—3 m m  longus, sub lobis le v ite r  co n tra c tu s ; lobi calycis 4, lineares vel 
lin ea ri-su b u la ti, 1,5—2 m m  longi, dorso c a r in a ti ,  superne paullo  c u rv a ti,  m argine ciliati. 
Corolla p u rpurea , in fud ib u lifo rm is, 4 -m era , a c u te  4 -angu la ta , u t r in q u e  g lab ra , 8-10  m m  
lo n g a; lobi 4, tr ia n g u la re s , 1,5—2 m m  longi, ap ice  ob tusi. S tam in a  4, b asi corollae in se rta ; 
fila m en ta  linearia , 3—3,5 m m  longa, p ilo su la , in ferne  in te r  sese c o n n a ta , superne lib e ra ; 
a n th e rae  basi affixae, in se rta e , lin ea ri-c lo n g a tae , 2—3 m m  longae, basi lev ite r ob liquea, 
apice acu tae . S ty lus cy lin d ricu s , filiform is, 7—8 m m  longus, apice in s ta tu  ju ven ili m in u te  
globosus, stigm a b re v ite r  b ilobum . O v ariu m  inferum , 2-loculare. O vula  in quoque 
loculo so litaria, ab apice loculi pendu la , linea ri-e lo n g a ta , 3 -a n g u la ta , apice ad  insertio«  
nem  a lb ican tem  in c ra ssa ta .

H olo typus: UO 973. Cuba; P ro v . H olguin  (O rien te ): S ierra  de Ñ ipe, 
Salto  del Rio G u ay ab o . Leg.: M. L ó p e z  F i g u e i r a s , 27. M ai. 1960. HAC Í 
—  Iso ty p i: B P , H A JB .

Obs. I .: F o rm a  e t s tru c tu ra  flo ru m  a tq u e  ovarii S. m ultifloro  (Sw .) K r. e t U rb . 
affin is, sed ab eo e t o m n ib u s speciebus aliis his generis, foliis su p ra  re ticu la to -v en o sis  
clare differt.

Obs. I I .:  S o lum m odo e collectione ty p ic a  cognita.

90a. Ottoschrnidtia microphvlla (G riseb.) U rb . ssp. liaitiensis (U rb . e t E k in .)  
B orh id i comb e t stat. nov. —  B asio n y m o n : O tto sch rn id tia  h a it ie n s is  U rb . 
e t E km . A rk. B o t. 21A  5: 92 (1928).

Oldenlamlia L. an d  Hedyotis E.

Following th e  s tu d y  of H. W. L e w i s  (1961), Oldenlandia  belongs to  H edyotis as 
its  subgenus, and th e  C uban  species o f Oldenlandia  should be kno w n  u n d e r th e  follow ­
ing nam es:

90b. Hedyotis callitrielioides (G riseb.) W. H . Lew is —-  Oldenlandia callitrichoides Griseb.

91. Hedyotis capillipes (G riseb .) W. H. Lew is =  Oldenlandia capillipes  (G riseb.)
92. Hedyotis lancifolia K . Schum . =  O ldenlandia lancifolia  (K . Schum .) DC.

93. Hedyotis maëstreiisis (Alain) B o rh id i comb, nova O ld e n la n d ia  m a e s tr e a -  
s is  Alain C on trib . O cas. Mus. H is t. N a t. Col. La Salle 17: 6 (1959).

94. Hedyotis polyphylla (U rb.) B orh id i com b, nova O ld e n la n d ia  p o ly p h y l la  
U rb. Sym b. A n t. 9: 148 (1923).

95. Hedyotis uniflora DC. =  Oldenlandia u n iflo ra

Borreria G. F . W . M eyer and  Spermacoce L.

R ecently  th e  op in ion  of th e  tax o n o m is ts  is d is tr ib u tin g  t h a t  th e  sep a ra tio n  of 
Borreria G. F . W . M eyer from  Spermacoce  L. based upon  th e  dehiscence of th e  b o th  
valves of th e  capsule o f th e  Borreria  is a rtif ic ia l, and th is genus should  be m erged in to  
Spermacoce. T he com p le te  list of th e  C u b an  species is as follows:

96. Spermacoce assurgens R uiz e t P av . =  B orreria laevis au c t. cub . non  Spermacoce lae~ 
vis Lam.

97. Spermacoce confusa H endle
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98 . S p er m a c o c e  e r itr ic h o id e s  (W r. in G riseb.) W r . in  Sauv . =  Barrería eritrichoides W r. in  

Griseb.
9 9 . S p er m a c o c e  e x a sp e r a ta  Urb.

100. Sperm acoce n ia ta n z a s ia  (Urb.) B o rh id i com b, nova —  B asionym on: Bor- 
reria m atanzasia  U rb . Sym b. A n t. 9: 541 (1928).

101. S p er m a c o c e  o lig a n th a  U rb.
102 . S p er m a c o c e  rep en s  (DC.) Fosberg e t P ow ell =  Borreria ocimoides auct. cub. non S p erm a ­

coce ocimoides B u rm . f.
103 . S p er m a c o c e  r u b r ic a u lis  W r. in Sauv. =  B orreria rubricaulis (W r. in Sauv.) U rb.
104 . S p er m a c o c e  s p in o s a  L. =  Borreria spinosa  (L .) Cham , e t Schlecht.
105 . S p er m a c o c e  s tr u m p f io id e s  (W r. in G riseb .) W r. in  Sauv. =  Borreria strum pfioides  W r. 

in Griseb.
106 . S p er m a c o c e  te n e lla  H . B. K . =  Borreria suaveolens Mey.
107 . S p er m a c o c e  te n u io r  L .
108 . S p er m a c o c e  te tr a q u e tr a  A . Rich.
109 . S p er m a c o c e  th y m o c e p h a la  (Griseb.) W r. in  S au v . =  Borreria thymocephala  Griseb.
110 . S p er m a c o c e  v e r t ic il la ta  L. =  Borreria verticillata  (L .) Mey.

Compositae

Eupatorium L. s.l.
En los ultimos 15 años una revisión taxonómica muy notable ha 

sido realizado por R. M. K ing y H. R o b in s o n  sobre el tribii Eupatorieae. 
Un numero grande de géneros nuevos separaron y describieron y con­
secuentemente la taxonomía del tribu se ha modificado grandemente. 
Para la flora de Cuba describieron dos géneros nuevos (Antillia y Grise- 
bachianthus) y otro género nuevo mas para Cuba y Jamaica (Urbananthus). 
Ampliaron el género endémico cubano Spaniopappus, anteriormente cono­
cido como monotípico, con cinco especies y reagruparon las 55 especies 
cubanas del Eupatorium en 10 géneros siguientes. (Esta parte del articulo 
esta escrito en español para dar la descripción de los géneros en el idioma 
de la Flora de Cuba.)

H ebeclinium  DC. Prodromus 5: 136 (1836)

P la n ta s  herb áceas o sufrutices: h o jas  o p u e stas , d is tin ta m e n te  pecioíadas. In f lo ­
rescencia u n a  p an icu la  corim bosa. In vo lucro  de 25 -40 , b rá c tea s  lanceoladas en 3 -5  
series; recep tácu lo  sem igloboso, laxa- o d e n sa m e n te  peloso; flores 20—80 por cap ítu los. 
Corola e s trech am en te  tu b u lo sa , 5-lobulada, la  superficie  g lab ra  por debajo, lóbu los 
co m unm ente  m as largos que  anchos con pelos m u ltice lu la res p ro m in en tes un ise ria lm en te  
d ispuestos y  con a lg u n as g lándulas; pelos m u ltise p ta d o s  num erosos po r den tro , e sto m as 
ausen tes. Collar de la a n te ra  a m enudo d e lgado , com puesto  de células de paredes de l­
gados, sin adorno. A pénd ice  de la an te ra  b a s ta n te  g rande  con células grandes. E stilo  
g labro , sin nodulo eng ro sad o  en la base. A p énd ice  del estilo m uy  estrecho por to d a  su 
lo n g itu d , ligeram en te  m am iloso. Aquenio p r ism á tico , 4—5-surcado, setas a veces p re ­
sentes. C arpopodio poco d is tin to , solam ente pocas series de células cortas m arg inales.
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V ilano  de 30—40 se tas  escabrosas, células ap ica les  ap u n tead as. N um ero  de crom osom as: 
X  =  10. 11 especies neo tropicales. E specie típ ic a : E upatorium  m acrophyllum  L.

111. H e b e c lin iu m  m a c r o p h y llu m  (L .) DC. =  E u p a to r iu m  macrophyllum  L.

Chromolaena DC. Prodromus 5: 133 (1836)

P la n ta s  h e rb áceas y  a rb u sto s lax a - o d en sam en te  ram ificados. H o jas o p u e sta s , 
su b en teras  a m u y  lobu ladas. In flo rescencia  lax a - o densam ente  corim bosa, c ap ítu lo s  
10—40; b rác tea s  invo lúcrales 18—45, a o v ad as  a lanceo ladas, d ensam en te  im b ricad as, m u y  
desiguales, a veces deciduas, en 4—6 series; recep tácu lo  plano a convexo, g labro , p a leas 
a veces presen tes. Corola tu b u la r , con b ase  lig e ram en te  c o n trac ta , lam p iñ a  po r fu e ra , 
p u n ta s  de los lóbu los cub iertos por un  g ru p o  de células de paredes g ruesas, p ro m in en tes ; 
superficie  ex te rio r con a lgunas g lándu las e s tip ita d a s  y  a m enudo  con pelos b a s ta n te  
ríg idos, sin estom as; lóbulos papilosos p o r d e n tro  con un  estra to  denso de células so b re ­
salien tes; células del tu b o  de la corola e strec h as , con paredes sinuosas, so b resa lien tes en 
el ex trem o  superio r. Collar de la a n te ra  co m p u e sta  de células c u ad ra d as  po r d eb ajo  y 
a la rg ad as p o r a rr ib a , com unm ente  con c in ta s  o rnam en ta les  p ro m in en tes  en las p a red e s  
tran sv ersa les  en  las células largas, ob licuas o vertica les en las células co rtas. A péndice  
de la a n te ra  g ran d e , en tero  y  d en tad o  en el áp ice. Polen trico lp a to , esférico, espinoso. 
E stilo  sin nodulo  b asa l, células superficiales del apéndice estilar lam p iñ as y  la rg a m e n te  
salientes. A quenio  p rism ático  5 o 3 -costado , setoso  en las costas, a veces con g lán d u las . 
C arpopodio b rev em en te  cilindrico u  e s trec h ad o  p or abajo , células pequeñas, a  m enudo  
m as anchas que a lta s , com unm ente  con p e red es engrosadas. V ilano de cea 40setas del­
gadas, escabrosas, p e rs is ten tes , con célu las ap icales ap u n tad as . U n as 130 especies neo- 
trop icales. E spécie típ ica : Chromolaena horm inioides  DC.

112. C h ro m o la en a  o d o r a ta  (L .) K ing e t R o b ins. =  E upatorium  odoratum  L.
113. C h ro m o la en a  c o r y m b o s a  (A ubl.) K ing e t  R o b in s. =  E upatorium  corymbosum  A ubl.
114. C h ro m o la e n a  iv a e fo l ia  (L .) K ing e t R o b ins. =  E upatorium  ivaefolium  L.
115. C h r o m o la e n a  o s s e a n a  (DC.) K ing e t R o b in s. =  E upatorium  osseanum  DC., no se e n ­

c u en tra  en Cuba.
116. C h ro m o la e n a  s in u a ta  (L am .) K ing e t R o b in s. =  E upatorium  sin u a tu m  L am .

Critonia P. Browne Civ. Nat. Hist. Jam. 1756. 490.

Y erbas, a rb o lito s  o trep a d o ras  la x a m e n te  ram ificadas. H o jas op u estas , d is t in ta ­
m en te  pecio ladas, peciolo a veces a lado , lám in a  elíptica o an ch am en te  ao v ad a  sin  g lán ­
dulas, pero con lacu n as  lac tífe ras in te rn a s  cerca  de los nervios o en la m ita d  de  las 
areolas. In flo rescencia  p an icu lada , ra m a s  ex te n d id as  rec tan g u la rm en te . C apítu los s e n ta ­
dos o en fasciculos de 3—12. In vo lucro  de cea 25 b rác tea s im bricadas, m ay o rm en te  g lab ra s  
y  arreg ladas en  4—6 series. B rác teas in te rio re s  elíp ticas a e strech am en te  ob longas, m u y  
caedizas, ex te rio res  m uy  cortas, o rb icu la re s , persisten tes. R ecep tácu lo  p lano  u  poco 
convexo, g labro  o con pocos pelos. F lo res  4—12 po r capítu lo . Corola tu b u la r  a b a jo  y  a 
veces lig e ram en te  ensanchado  a rrib a , g lab ra , 5-lobulada. L óbulos co m u n m en te  m as 
largos que anchos, con células a la rg ad as, lam p iñ as , de paredes poco sinuosas. F ilam e n to s  
cortos, in se rto s  sobre el tercio  in ferio r de la  corola. Collar de la  a n te ra  con células c u a d ra ­
das, d is tin ta s  ab a jo , sin  adorno o con u n  ligero  engrosam iento  an illa r; apénd ice  de la 
a n te ra  g ran d e, com unm ente  m as largo  q u e  ancho . E stilo  sin nodulo  basa l, g lab ro . A p én ­
dice estila r filifo rm e a esp a tu lado , lam p iñ o  a m am iloso. A quenio p rism ático , m u y  de lgado  
en la  base, con 5 costas p rom inen tes , co s tas  y  superficie esparcida- a d en sam en te  se tosas. 
C arpopodium  u n  can to  estrecho o co rto , c ilindrico , células pequeñas, cu ad rad as  a  red o n -
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d ead as, con ab u ltam ien to s confluen tes. V ilano de 30—35 se tas escabrosas, p e rsis ten tes , 
con bases rep le tas , ápices lig e ram en te  ensanchados y  se rru lad o s, células ap icales agudas. 
N um ero  de crom osom as: x  =  10. Género neo trop ica l de u n a s  32 espécies.

E spécie típ ica : E u p a to riu m  dalea L.

117. C rito n ia  a r o m a tis a n s  (DC.) K in g  e t R obins. =  E u p a to riu m  arom atisons DC.
118. C rito n ia  d a le a  (L .) DC. =  E upa torium  dalea L.
119. C rito n ia  im b r ica ta  Griseb. =  E upa torium  im bricatum  (G riseb .) U rb.
120. C rito n ia  p se u d o -d a le a  DC. =  E upa to riu m  pseudo-dalea  (DC.) M aza e t Mol.

Urbananthus King et Robins. Phytologia 21: 54 (1971)

A rb u sto s lax am en te  ram ificados. H o jas o p u estas , pecioladas g lab ras; lam in as 
e líp ticas , breve- o la rg am en te  acu m in ad as, células lac tife ras  no bien  conspicuas. In flo ­
rescencias lax am en te  p an icu lad as. B rác tea s involúcrales 20—30 desiguales, 5 -8  se riadas, 
o rb icu lares u  oblongas, g lab ra s , 2—3 estriad as , escam as in te rio res  caedizas. R ecep tácu lo  
poco convexo. Flores 4—10 p e r cap itu lo ; corola tu b u la r , g lab ra  células e s trech as  de 
p a red es m u y  sinuosas, lóbu los 5, ob longo-triangu lares . F ila m e n ta  in se rta  en la  base  de 
la corola, a rrib a  e s trech ad a , células cu ad rad as  o m as co rta s  de paredes sin  ad orno ; 
apéndice  de las an te ras  su b c u a d ra d a s  o m as b reves; estilo  no noduloso en la  base, g labro , 
apéndices espa tu lados, oblicuos. A quenio  p rism ático , 5 -costato , glabro. C arpopodio  
d is tin to , sim étrico , células d im in u tam e n te  cu ad rad as ab a jo , m as largas p o r a r r ib a  de 
p a red es engrosadas. V ilano se tifo rm e, u n iseriado , se tas de cea 30, con tiguas, e scab rosas, 
p e rs is ten tes , no en sanchadas en  el ápice, células ap icales agudas. Género de 2 espécies, 
u n a  de Ja m a ic a  y o tra  de C uba.

E spécie tip ica : E u p a to r iu m  critoniforme  U rb.

121. U r b a n a n th u s  p lu r iser ia tu s  (B . L. R obins.) K ing e t R obins. =  E upatorium  p lu riseria tu m  
B. L. R obins.

Grisebaehianthus King et Robins. Phytologia 32 (3): 268 (1975)

P la n ta s  fru ticosas, poco ram ificadas. Tallos c ilindricos, tom entosos. H o jas  op u es­
ta s , g lándu lo so -p u n tead as y  densam en te  to m en to sas o vellosas en el envés, m ay o rm en te  
tr in e rv ias . Inflorescencia co rim boso-pan icu lada , ra m ita s  in ferio res opuestas . C apítu los 
irreg u larm en te  d ispuestos; e scam as involúcrales su b im b ricad as, 4-5-seriadas, p o r p a r te  
deciduas, to m en to sas o vellosas y  g landulosas. R ecep tácu lo  p lano  y  glabro, flo res 12—60. 
Corola e m b u d ad a , células a la rg ad as , pa red es sinuosas, lóbu los m as largos que anchos, 
g landulosos po r el ex terio r. F ilam en to s  d is tin to s en la p a r te  superio r: células in ferio res 
su b cu ad rad as , sus paredes lig e ram en te  o rn am en tad as , célu las exotheciales su b cu ad rad as , 
las de las apéndices de las a n te ra s  ao v ad as o m as co rtas . E stilo  g labro po r a b a jo , no 
noduloso en  la  base, apéndices del estilo e s trech am en te  lin ea res, b revem en te  pap ilosos, 
c lavados en el ápice. A quenios p rism ático s , 5-costados, e sp arc id am en te  setulosos y  g lán- 
dulosos po r a rrib a . Carpopodio b rev em en te  cilindrico, células superficiales d is tin ta s , su b ­
cu ad rad as , pequeñas, 8—10-seriadas; se tas de v ilano 20—30, u n ise riadas o su b b ise riad as, 
escabridas, ligeram ente  en g ro sad as por a rrib a , células ap icales subagudas. G rano  de 
polen 18—20 // de d iám etro , d im in u tam e n te  espinulosa. G énero endém ico cubano  con 
8 espécies.

E specie tip ica : E u p a to riu m  plucheoides Griseb.

Los au to re s  c itados dieron la  clave siguiente p a ra  la de te rm in ac ió n  de las espécies:
1 a H ojas con peciolos de 5-10  m m  de largo .........................................................  1. G. carsticola

b H ojas su b sen tad as , peciolo co m u n m en te  m as corto  de 5 m m  ...............................................  2
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2 a  C ap ítu lo s con 30-60 flores .......................................................................................................................  3
b  C ap ítu los con 10—27 flores .......................................................................................................................  5

3 a  A pénd ice  de la an te ra  m ita d  largo  de su an ch u ra  a m enudo  fu e rtem en te  b ilobado ; hojas
p in n a tin e rv ia s  m ay o rm en te  ...................................................................................... 2. G. libanoticus

b A pénd ice  de la a n te ra  ta n  largo que ancho , lig e ram en te  bilobado; h o jas  p o r lo com ún 
3 -n erv ias desde la base ..............................................................................................................................  4

4  a T allo  y  envés de las h o jas pa rd u zco -to m en to so s, nerv ios no densam en te  re ticu lad o s en el
envés, capítu los con 36—60 f l o r e s ............................................................................  3. G. plucheoides

b T allo  y envés de las h o jas b lan co -to m en to so s, nerv ios densos y  p ro m in en tem en te  re ticu la ­
dos en el envés, cap ítu los con 30—40 flores .........................................................  4. G. hypoleucus

5 a H o ja s  b revem ente  to m e n to sa s  en el envés, cap ítu lo s con 10-12 flores . . .  5. G. nipensis
b  H o ja s  densam ente  to m en to sa s  en  el envés; c ap ítu lo s  con 12—27 flores ............................. 6

6 a T allo  y  envés de las h o jas p ard u zco -to m en to so s, h o jas ancham en te  a o v ad as  a aovado-
e lip ticas ; b rác teas invo lúcrales m ay o rm en te  o b t u s a s .................................  6. G. lantanifo lius

b T allo  y  envés de las ho jas b lanco -to m en to so s, h o jas  aovadas a aovado-oblongas; b rác teas 
involúcrales m ay o rm en te  a g u d a s ...........................................................................................................  7

7 a H o jas ásperas al ta c to  en el haz ............................................................................  7. G. m ayarensis
b H o ja s  lam piñas y  lu stro sas en el haz  ..................................................................  8. G. holguinensis

122. G r iseb a ch ia n th u s  c a r s t ic o la  (B orh id i e t M uñiz) K ing  e t R obins. =  E upa to riu m  carsticola 
B orh id i e t M uñiz

123. G r is e b a c h ia n th u s  h o lg u in e n s is  (B. L. R obins.) K in g  e t R obins. =  E u p a to riu m  holguinense  
B. L. R obins. — E n  la descripción orig inal el nom bre  especifico de e s ta  espécie fue 
d escrita  e rróneam en te , com o 44holquinensis” , m ien tras  el nom bre fue b asad o  en el nom bre  
d a  la localidad de la co lecta , que es la c iudad  H olgu in . E n  esta  fo rm a el n om bre  especifico 
de esta  especie c o rrec tam en te  es: holguinensis.

124. G r iseb a ch ia n th u s  h y p o le u c u s  (G riseb.) K ing  e t R obins. =  E u p a to riu m  hypoleucum  
Griseb.

125. G r iseb a ch ia n th u s  la n ta n ifo l iu s  (G riseb.) K ing  e t R obins. =  E u p a to riu m  lan tan ifo lium  
Griseb.

126. G r iseb a ch ia n th u s  l ib a n o t ic u s  (Sch.-B ip .) K in g  e t R obins. =  E upa to riu m  libanoticum  
Sch .-B ip. — E upa to riu m  reticulatum  A. R ich , non D esv.

127. G r iseb a ch ia n th u s  m a y a r e n s is  (A lain) K ing  e t R obins. =  E upa torium  m ay árense A lain
128. G r iseb a ch ia n th u s  n ip e n s is  (B. L. R obins.) K ing  et R obins. =  E upa to riu m  n i pense  B. L. 

R obins.
129. G r iseb a ch ia n th u s  p lu c h e o id e s  (G riseb.) K ing e t  R obins. =  E upatorium  plucheoides Griseb.

Spaniopapptis B. L. Robins. Contr. Gray Herb. n.s. 77: 45 (1926)

P lan ta s  h erbáceas o su fru tices lax a m en te  ram ificados. H o jas op u estas , peciolos 
delgados a veces e s trech am en te  alados. In flo rescencia  ancha y lax a m en te  corim bosa. 
C apítulos de 15—70-floros. Invo lucro  de cea 15 b rác teas estrechas sub im b ricad as en 
2—3 series. R ecep tácu lo  esencialm ente  g labro . F lores de 5—10 m m  de largos. Corola 
tu b u la r , superficie  ex te rio r y  m argen  de los lóbulos papilosos con célu las fu e rtem en te  
sobresalien tes, sin pelos y  g lándu las, sin estom as. La superficie in te r io r  de los lóbulos 
densam en te  pap ilosos con células ag ru p ad as sobresalien tes; células del tu b o  de la  corola 
estrechas con p a red es sinuosas. Collar de la  a n te ra  con células c u ad ra d as  num erosas 
ab a jo , a la rg ad as po r a rrib a , con o sin ad ornos pequeños en la p a red ; célu las exothecia les 
cuadradas o lig e ram en te  m as largas que an ch as; apéndice de la a n te ra  g ran d e; polen 
esférica, 3 -co lpa ta , espinosa. Base del estilo  g labro , no ab u ltad o  o m u y  ligeram en te ; 
células del apéndice  lax a m en te  h inchadas a casi lam piñas. A quénio p rism ático , co m u n ­
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m ente  5 -costado , g lab ro  o con a lgunos pelos. C arpopodio  d is tin to  pero no c la ram en te  
lim itado  p o r a r r ib a , con a lgunas filas de célu las c u ad ra d as  g randes de paredes ten u es. 
V ilano de cea 40 se tas  delgadas, — en la especie típ ic a  so lam en te  algunos pelos cortos, — 
con células ap icales a p u n ta d as . Género endém ico cu b an o  con 5 espécies.

Especie t íp ic a : Span iopappus ekm anii B. L . R obins.

1 3 0 . S p a n io p a p p u s b u c h e r i (B . L. R obins.) K ing e t  R o b ins. =  E iipa torium  bucheri B. L ., 
R obins, corr. P u b licad o  orig ina lm ente  con u n  e rro r tip o g rá fico , como E . 44ruckeri”  
a pesar de que la  p la n ta  fue n o m b rad a  al honor de su co lector G. C. B u c h e r .

131 . S p a n io p a p p u s e k m a n ii  B . L . R obins.
1 3 2 . S p a n io p a p p u s h y g r o p h ilu s  (Alain) K ing  e t R o b ins. =  E u p a to riu m  hygrophilum  A lain
1 3 3 . S p a n io p a p p u s io d o s ty lu s  (B. L. R obins.) K ing  e t  R obins. =  E upatorium  iodostylum  

B. L. R obins.
1 3 4 . S p a n io p a p p u s s h a fe r i  (B . L . R obins.) K ing  e t R o b ins. =  E u p a to riu m  shaferi B. L. R obins.

Antiilia King et Robins. Phytologia 21: 398 (1971)

P la n ta s  h e rb áceas  perennes. H o jas o p u estas . In flo rescen cia  escaposa, laxa , poco 
ram ificada. B rá c tea s  involúcrales cea 25, m ay o rm en te  ob longas, desiguales, 2—3-seriadas. 
R ecep tácu lo  lig e ram en te  convexo, glabro . F lores 40—50 p or cap ítu los. Corola em b u d ad a , 
5-lobulada, g lan d u lo sa  a rrib a  y  por el m edio y  poco se tosa  p o r fu e ra , células ex terio res 
oblongas, p a red es lig e ram en te  sinuosas; lóbulos tr ia n g u la re s  eq u ila te ra les, glabros po r 
d en tro , sin esto m as, lineas vascu lares p ro longadas en  los lóbulos. F ilam en tos a n g u sta to s  
po r arriba , célu las rec tan g u la res  o cu ad rad as p o r d eb ajo  de pa red es ligeram ente  nodulo- 
sas. A péndices de la s  a n te ra s  an ch am en te  tr ia n g u la re s , tru n cad o s . E stilo  no noduloso, 
g labro en la  base , apénd ices estrech am en te  c lavados, m am ilosos h acia  el ápice. A quenio  
prism ático , 7—8 -co sta to . setífero. Carpopodio d is tin to , células cuad rad as de pa red es 
tenues o engrosadas. V ilano de escam as p ro fu n d am e n te  lac in iad as , p e rsisten tes , células 
m arginales ag udas . G énero endém ico, m onotíp ico  cu bano .

Espécie t íp ic a : E upatorium  brachychaetum  B. L . R obins.

135. A n tiilia  b r a c h y c h a e ta  (B . L. R obins.) K ing e t  R o b ins. =  E u p a to riu m  brachychaetum  
B. L. Robins.

Koanophyllon Arruda ex King et Robins. Phytologia 22 (3): 149 (1971)

K oanophyllon  e s ta  caracterizado  por ten e r  in flo rescencias p iram id alm en te  p a n i­
culadas o corim bosas, las hojas opuestas , involucro  y  corola g landuloso -pun teados. B ase 
del tubo  de la  co ro la  anch am en te  tu b u lo sa , los n e c ta rio s  co m u n m en te  g randes, ex te n d i­
dos hacia a rrib a  a d e n tro  de la  base de la  corola. L óbulos de la  corola no pelosos o con 
pelos m uy pocos. P a re d es  de las células del collar de las a n te ra s  no o rn am en tad as o m u y  
poco. Base del estilo  delgado y lam piño , ápice del estilo  co m u n m en te  clavado. Carpo- 
podio con células p eq u eñ as de paredes lig e ram en te  engrosadas. V ilano p ersisten te  con 
se tas a m enudo en g o rd ad as. Género neo tróp ico  con u n a s  110 especies y  un  centro de 
evolución en las A n tilla s  M ayores.

Espécie t íp ic a ; K oanophyllon tinctorium  A rru d a

136. K o a n o p h y llo n  a tr o g la n d u lo s u m  (A lain) K ing e t R o b ins. =  E upa to riu m  atroglandulosum  
A lain

1 3 7 . K o a n o p h y llo n  a y a p a n o id e s  (Griseb.) K ing  e t R obins. =  E u p a to riu m  ayapanoides Griseb.
1 3 8 . K o a n o p h y llo n  b r e v if lo r u m  (A lain) K ing e t R obins. =  E u p a to riu m  breviflorum  A lain
139. K o a n o p h y llo n  b u lle s c e n s  (B . L . R obins.) K ing e t R o b in s. =  E upa to riu m  bullescens B. L . 

Robins.
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140. Koanophyllon chalceorithales (B . L. R o b in s.) K ing e t R obins. =  E upa torium  chalceo- 
rithales B. L. Robins.

141. Koanophyllon dementis (A lain) K ing e t  R o b ins. =  E upatorium  d em en tis  A lain
142. Koanophyllon ekmanii (B . L. R obins.) K in g  e t R obins. =  E upa torium  ekm an ii B. L. 

R o b ins.
143. Koanophyllon grandiceps (W r. in  Sauv .) K in g  e t R obins. =  E upatorium  grandiceps  W r. 

in  Sauv .
144. Koanophyllon grisebachianum (A lain) K in g  e t Robins. =  E upa torium  grisebachianum  

A la in  — E upatorium  incisum  Griseb. non  L. C. Rich.
145. Koanophyllon gundlachii (Urb.) K ing  e t R obins. =  E upatorium  gundlach ii U rb . 

E upa torium  m uricatum  A lain
146. Koanophyllon helianthemoides (B. L. R o b in s.) K ing e t R obins. =  E u p a to riu m  hélianthe- 

m oides B. L. Robins.
147. Koanophyllon littorale K ing e t R obins, nom . nov. =  E upatorium  littorale A la in  non 

C abrera
148. Koanophyllon maestrense (Urb.) K ing  e t R obins. =  E upatorium  maestrease Urb.
149. Koanophyllon minutifoliuin (A lain) K in g  e t  R obins. =  E upa torium  m in u tifo liu m  A lain
150. Koanophyllon nudiflomm (A. R ich.) K in g  e t  R obins. =  E upa torium  n u d iflo ru m  A. R ich .
151. Koanophyllon oligadenium (A lain) K in g  e t  R obins. =  E upatorium  oligadenium  A lain
152. Koanophyllon polystictum (U rb .) K in g  e t R ob ins. =  E upatorium  polystic tum  U rb .
153. Koanophyllon prinodes (B . L. R obins.) K in g  e t  R obins. =  E upa torium  prinodes  B. L. 

R obins.
154. Koanophyllon rhexioides (B. L. R o b in s.) K ing e t R obins. =  E upa torium  rhexioides 

B . L . Robins.
155. Koanophyllon silvaticum (B. L. R o b ins.) K ing  e t R obins. =  E upa torium  silvaticum  

B . L. Robins.

156. Koanophyllon turquinense (A lain) B orh id i comb, nova =  E upatorium  
turquinense  A lain C on tr. Ocas. M us. H is t. N a t. Col. L a  Salle 18: 7 (1960)

157. Koanophyllon villosum  (Sw.) K in g  e t R obins. =  E upa torium  villosum  Sw.
—  ssp. villosum
—  ssp. cúbense (DC.) B orh id i stat. nov. — E upatorium  cúbense DC. 
P ro d r. 5: 172 (1836). —  K oanophyllon  cúbense K ing e t R ob ins. P h y to lo g ia  
32 (3): 256 (1975)
—  ssp. cynanchifolium  (DC.) B orh id i stat. nov. — E upatorium  cynanchi- 
fo liu m  DC. P ro d r. 5: 172 (1836). —  Koanophyllon cynanchifo lium  K ing  et 
R ob ins. P h y to log ia  32 (3): 256 (1975)

-  ssp. lindenianum  (A. R ich.) B orh id i stat. nov. =  E upa torium  linden ia - 
n u m  A. Rich, in S agra H ist. F is. P o l. N a t. Cuba X I :  42 (1850). —  K oano­
phyllon  lindenianum  K ing et R ob ins. P hy to l. 32: 260 (1975)

Conoelinium DC. P ro d ro m u s 5: 135 (1836)

158. Conoelinium coelestinum (L .) DC. =  E upa torium  coelestinum  L.

Ageratina Spach , H is t. Veg. P h an e ro g . 10: 286 (1841)

P lan ta s  h e rbáceas o a rb u sto s con ho jas opuestas, a veces su b o p u esta s  o a lte rn as, 
delto ideas o e líp ticas, breve- o la rg a m e n te  pecioladas, el m arg en  d e n ta d o  o lobado,
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m ay o rm en te  serru lado . In flo rescencia  corim bosa; cap ítu los de 10—40-flores; involucro  de 
cea 30 estrech as , m ay o rm en te  ag udas sub im bricadas y  sub iguales b rác teas en 1—2(3) 
series; recep tácu lo  glabro o a  veces con a lgunos pelos esparcidos. Corola tu b u la r  o a m e­
nudo  con u n a  base longa y  m u y  e s trech a  con tin u an d o  en u n  lim bo a b ru p ta m e n te  d ila tad o . 
Superficie  e x te rio r de los lóbulos lam p iñ a , a m enudo  con célu las h inchadas o p ro m in e n ­
tes en el áp ice, con pelos y/o g lán d u las , a glabros, sin esto m as; la  superficie in te r io r  
papiloso  con un estra to  denso de células h inch ad as co rtas o de p rom inen tes la rg as ; 
células del tu b o  m ay o rm en te  estrechos con p a red es sinuosos. Collar de la a n te ra  com ­
p u esta  de células cu ad rad as po r abajo  y a la rg ad as por a rrib a , todos sin adorno n o tab le . 
A péndice de la an te ra  largo , a m enudo  tru n ca d o  en el ápice. Polen  esférico, tr ic o lp a to , 
espinoso. E stilo  m ayorm en te  con u n  nodulo  g labro  en la base , a m enudo m arcado  p o r 
células especiales de paredes firm as; apéndice estila r cub ierto  po r células la rg a m e n te  
p ro m in en tes , densas. A quenio p rism ático  genera lm en te  5 -costado , con setas, o g lán d u las  
o am bos. C arpopodio  d istin to  pero sin  lim ite  m arcado  por a rrib a , cilindrico o redondeado  
con células cu ad rad as o a la rg ad as, de paredes ten u es, p e rlad as . V ilano de 5—40 se tas  
escabrosas m ay o rm en te  deciduas p o r u n a  zona fragil especializada en la base; célu las 
apicales a p u n ta d a s . N um eros de crom osom as m u y  variad o s: n  =  17, 18, cea 40; 2n =  34, 
36, 48, 51, cea 80. Género p a n tro p ica l d iv id ida  en 4 subgéneros y  con unas 200 especies.

E specie  típ ica : E upatorium  arom aticum  L.

Subgénero : Ageratina

P la n ta s  herbáceas, corola m u y  estrech a  en la  base, g en era lm en te  con pelos en el 
dorso de los lóbu los, ra ra m en te  con a lgunos la rg am en te  e s tip itad o s , o g labros; células de 
la superficie  in te rio r  de la corola y  en  el apéndice  estila r la rg a m e n te  p rom inentes . A que- 
nios sin g lándu las. C arpopodio cilindrico  con células m ay o rm en te  a la rgadas. S etas de 
v ilano m u y  caedizas* U nas 80 especies, 2 de Cuba.

159. Ageratina corylifolia (G riseb.) K ing e t  R obins. =  E upa torium  corylifo lium  Griseb.
160. Ageratina riparia (Regel) K ing e t R obins. =  E upa torium  rip a riu m  Regel

Subgénero : Klattiella K ing e t R obins. P h y to l. 19: 218 (1970)

P la n ta s  su ffru tescen tes ; corola ex tre m a d a m e n te  a n g u s ta ta  p o r ab ajo , la p a r te  
a n g u s ta ta  p u b escen te ; lóbulos igual largos o m as que la g a rg an ta , glandulosos por fu e ra , 
y ancha- y  o scu ram en te  papilosos po r d en tro . A péndice del estilo  m uy  papiloso. A quenio  
g landuloso y  setoso , carpopodio  corto  y  redondeado  con células cu ad rad as  u oblongas, 
se tas de v ilano  m as o m enos p e rsis ten tes . 2 especies, una  de C osta R ica y una  de C uba.

E specie  típ ica : E upatorium  anisochroma  K la tt

161. Ageratina paucibractcata (A lain) K ing e t R obins. =  E upatorium  paucibracteatum  A la in

Subgénero : Neoreenella K ing e t R obins. P h y to l. 19: 218 (1970)

P la n ta s  h erbáceas o f ru tescen te s ; corola m ay o rm en te  no a n g u s ta ta  en la base , 
lóbulos m as co rto s  que la g a rg an ta , g landulosos, pelosos o g labros por fuera , densa- o 
lax am en te  pap ilosos por d en tro . A péndice  del estilo  m ay o rm en te  m u y  papiloso; aquenio  
g landuloso o se tu loso ; carpopodio  b rev em en te  redondeado , células m ay o rm en te  c u ad ra ­
das. Setas de v ilano  m as o m enos pe rsis ten tes . U nas 113 especies n eo trop ica les , 2 de ellas 
cubanas. E specie  típ ica : E upatorium  u rig h tii  A. G ray

162. Ageratina havanensis (H . B. K .) K ing  e t R obins. =  E upa torium  havanense  H. B. K .
163. Ageratina inortoniana (A lain) K ing e t R obins. =  E upa torium  X m ortonianum  A lain
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Isocarpha R. B r.

A new sy s te m a tic  s tu d y  p u b lish ed  b y  D. J .  K e i l  an d  T . F . S t u e s s y  
[System atic  B o ta n y  6: 258-287 (1981)] suggests th e  follow ing taxonom ic  
changes for th e  C u b an  ta x a  of th is  genus:

Isocarpha cubana  B lake — I .  a trip licifo lia  (L.) R . B r. v ar. wriglitii 
G riseb.

Isocarpha glabrata  B lake — I .  oppositifolia  (L.) Cass.
In  m y sy s te m a tic  concept —  ex p la in ed  in  th e  preface  of th is  artic le

—  th e  tre a te d  t a x a  could be m ore consequen tly  recognized as follows:

164. Isocarpha atriplicifolia (L.) R . B r. ex  DC.
—  ssp. atriplicifolia —  C entral A m erica—V enezuela
—  ssp. billbergiana (Less, in S ch lech t e t Cham .) B orh id i stat. nov. —  
B asionym on: Isocarpha billbergiana Less, in Schlecht, e t Cham . L in n aea  
6: 405 (1831). S y n .: J . atrip licifo lia  v a r. billbergiana Keil e t S tuessy . 
Syst. Bot. 6: 271 (1981) — C olom bia, V enezuela, T rin id ad .

-  ssp. wriglitii (G riseb.) B orh id i stat. nov. — B asionym on : Isocarpha  
atriplicifolia  (L .) R . B r. ex DC. v a r . w rightii G riseb . C at. P la n t. Cub. 
1866: 156 —  C uba, H ispan io la .

165. Isocarpha oppositifolia (L.) Cass.
—  ssp. oppositifolia — T exas, B ah am as , A ntilles, N E -V enezuela.
—  var. oppositifolia

var. glabrata (S. F . B lake) B o rh id i comb, e t stat. nov. —  B asionym on: 
Isocarpha glabrata  S. F . B lake C o n tr. U. S. N a tl. H erb . 22: 614 (1924).
—  ssp. achyranthes (DC.) B orh id i stat. nov. — B asionym on : D unantia  
achyranthes DC. P ro d r . 5: 627 (1836). —  Syn.: I .  oppositifolia  v a r . achy­
ranthes (DC.) K eil e t S tuessy  S y st. B o t. 6: 280 (1981). — M exico, C en tral 
A m erica, C o lom bia, V enezuela, T rin id a d —T obago, N e th e rl., A ntilles.

Spilanthes L.

A ccording to  th e  taxonom ic  rev is io n  m ade b y  R . K . J a n s e n  [S y stem atic  B o tan y  
6: 231-257 (1981)] th e  following changes due  to  th e  F lora  of C uba:

166. Spilanthes u rens J a c q . is th e  only species o f th is  genus occurring  in  Cuba.
167. Salmea insipida (J a c q .)  Bolick e t J a n se n  =  Spilanthes in sip id a  Ja c q .
168. Salmea m o n tan a  (B r i t t ,  e t B lake) B o lick  e t Ja n se n  =  Spilan thes montana  B r itt ,  e t 

B lake
169. Salmea pauciceps G riseb . =  Spilanthes pauciceps  (G riseb.) B lake

O ther species o f Spilanthes p u b lish ed  in th e  F lo ra  o f C uba [ A l a i n  H .  L i o g i e r : 

Flora de Cuba 5: 204-205  (1962)] be lo n g  to  th e  genus Acm ella.
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Lachnorhiza A. Rich.

E s te  género m onotip ico  cubano  tien e  una  v a riab ilid ad  in fraespec i- 
fica n o ta b le  que perm ite  d is tin g u ir  v ario s  taxones d en tro  de la  especies, 
como sigue:

C lave analítica  p a ra  las subespecies de la Lachnorhiza piloselloid.es 
A. R ich.

1 a H o jas  lineales o lin ea l-o b lan ceo lad as de h a s ta  1,3 crn de an ch o ,
ca rn o sas , agudas en el ápice, a veces d en ticu ladas en el m arg en , 
nerv io s  la terales m ay o rm e n te  inconsp icuos . . .  2. ssp. stenophylla

b H o jas  obovadas a lin ea l-o b o v ad as , oblongo-obovadas a e sp a tu la d a s  
de 8 -3 0  m m  de ancho , o b tu sa s  en el ápice el m argen  no d e n tic u la d o ; 
n e rv ios la terales conspicuos a p rom inu los en el envés ...................  2

2 a B rá c te a s  in teriores 8—14 p o r cap itu lo , de 8-10 m m  de largo , coro la
8—9 m m  de largo, c ap itu lo s  de 1,3—2,2 cm de d iá m e t r o ........................
..............................................................................................  1. ssp. piloselloides

b B rá c te a s  interiores 3—6 por cap itu lo , de 5 -6  m m  de largo , coro la
5—6,5 m m  de largo, c ap itu lo s  de h a s ta  1,2 cm de d iám etro  .................
.....................................................................................................  3. ssp. m icrantha

170. Lachnorhiza piloselloides A. R ich .
— ssp. piloselloides

Foliis m em branaceis obo v a tis , lin ea ri-o b o v a tis , oblongo-ovatis vel oblongo- 
sp a th u la tis , ap ice  p lerum que o b tu s is , 8 -3 0  m m  la tis , nervo m edio ten u i, la te ra lib u s  
u tr in q u e  consp icu is, m argine in te g ris ; cap itu lis  13-20  m m  in d iam etro , b ra c te is  in v o lu - 
cralis in te r io r ib u s  8—14 per c a p ita , 8—10 m m  longis corolla 8—9 m m  longa.

—  ssp. stenophylla B orhidi ssp. nova

Foliis carnosis, in sicco n ig rescen tib u s , lineari-ob lanceo la tis , 5 -13  m m  la tis , ap ice  
acu tis , n e rv o  m edio crassiuscule p ro m in e n ti, la te ra lib u s  p lerum que inconsp icu is, m a r ­
gine rem o te  g lan d u lo so -d en ticu la tis  vel in teg ris , in flo rescen tiis corollaque ty p o  sim ilibus.

H o lo ty p u s : Leó n  22863 H A C ; C uba, P in a r del R io, L ag u n a  S a n ta  
M aria, S an  L uis. Leg.: L e ó n  e t A l a i n  29. 11. 1948. —  Iso ty p u s : A c u ñ a  
15307. L eg .: A c u ñ a , Mo l d e n k e , L e ó n  y  A l a i n ; HAC.

Specim ina e x am in a ta : L e ó n  17517 H A C ; Is la  de P inos, Sabana  de los In d ios. L eg .: 
L e ó n  y  S e i f r i z  7. 2. 1940.

—  v ar. stenophylla

foliis m arg in e  g lan d u lo so -d en ticu la tis , n e rv is  la te ra lib u s  nullis.

— v ar. dubia Borhidi var. nova

foliis m arg in e  integris vel obscu re  d e n tic u la tis , nerv is la te ra lib u s obsoletis.

H o lo ty p u s: A la in  2591 H A C; P in a r  del R io; S abanas 13 k m  de la  
Colonia, 29. 9. 1952. Iso ty p u s : H A C.
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Specim ina e x a m in a ta :  A l a i n  3528 Ib id em ; — A c u ñ a  14955, P in a r del R io: Jo v e ro , 
G uane 19. 1. 1948; —  E scuela  F o resta l de G uane, C a l z a d i l l a  90, 12. 9. 1962, HAC.

—  ssp. m icrantha B orh id i ssp. nova

Scapus g lab er, folia sp a th u la ta  vel o v a ta , apice ro tu n d a ta , cap itu la  u sq u e  ad 
1,2 cm in d iam e tro , b ra c tea e  involúcrales in te rio re s  3—6 per cap itu la , 5—6 m m  longa, 
corolla 5 -6 ,5  m m  longa.

H o lo ty p u s : A l a i n  1697 HAC; P in a r  del R io; Cuabales O este de 
C aja lb an a , L a  P a lm a , 28. 12 (1950).

Specim ina e x a m in a ta :  A c u ñ a  15994 H A C ; A rroyos de C ajalbana, La P a lm a , 26. 
12 (1950).
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XYLOTOMIC EXAMINATION 
OF SOME VENEZUELAN CAPPARIS SPECIES, III

K . B a b o s ,1 I . R . B e r m u d e z 2 and L. J . C u m a n a  C .2
1 R E S E A R C H  IN S T IT U T E  F O R  T H E  W O O D  IN D U S T R Y , B U D A P E S T , H U N G A R Y  

B IO L O G IC A L  D E P A R T M E N T  O F  S C IE N T IF IC  S C H O O L , U N IV E R S IT Y  O F  O R IE N T E , 
CU M ANA , V E N E Z U E L A

(R eceived : 10 Ju n e  1982)

T he ex te rio r m orpholog ical, ecological ch arac te ris tics , h a b ita t ,  m oreo v er th e  
m ain  an a to m ica l fea tu res  o f th e  xy lem  of tw o  V enezuelan  C apparis  species a re  de­
scribed , nam ely : C apparis verrucosa Ja c q . a n d  C. tenuisiliqua  Ja c q . B ased  o n  th e  
pubescence of leaf, b u d  and  pedicel, tw o  d iffe ren t v a rie tie s o f C apparis tenu isiliqua  
can  be sep a ra ted : “glabrescens”  an d  “pubescens” . T herefore, co m p ara tiv e  x y lo to m ic  
ex am in atio n s w ere carried  o u t on th ree  sam ples o f each va rie tie s .

Materials and methods

T he blocks m ade from  th e  wood of diverse C apparis  species w ere softened  in  th e  1 : 1 
m ix tu re  o f w a te r an d  g lycerin , in  a B r i n z e r ’ s  au to c lav e , a t  1.5—2 a tm . A fte r  th e  m ac e ra tio n , 
tran sv e rsa l, tan g e n tia l and  ra d ia l sections w ere p rep ared . T he sec tions w ere d y ed  w ith  th e  
alcoholic so lu tion  of T olu id in  b lue. T he m acera tio n  of tissues was m ad e  w ith  th e  S c h u l z e  

m eth o d  ( S á r k á n y  an d  S z a l a i  1964).
L en g th  of fib res and  vessel-elem ent, tan g e n tia l and  rad ia l d iam ete rs  o f vessels, w id th  

an d  h e ig h t of m ed u llary  ray s  a n d  o th e r ch ara c te ris tic s  w ere m easu red . T he m in im a-m ax im a  
values o f  th e  an a to m ica l fea tu res  o f  each  Capparis species w ere calcu la ted  from  50—100 m easu re ­
m en ts. R egard ing  th e  tw o v a rie tie s  o f C. tenu isiliqua , each ch arac te ris tic  (he igh t o f m ed u lla ry  
ra y , ta n g e n tia l  d iam e te r of m ed u lla ry  ra y  cells, f ib re  leng th s) was ca lcu la ted  on  th e  basis  o f 
150—300 m easu rem en ts, using  m ath e m a tic a l an d  s ta tis t ic a l  m eth o d s; freq u en cy , m ean  v a lu e  (x), 
s ta n d a rd  d ev ia tio n  (S), s ta n d a rd  d ev ia tio n  of th e  m ean  value  (Sx), p e rcen tag e  s ta n d a rd  
d ev ia tio n  of th e  m ean  value  (S x % ) w ere calcu la ted  (Sváb 1967). E n la rg ed  m ic ro p h o to g rap h s 
were m ade  on  each section.

External morphology and distribution

On th e  basis o f a desc rip tio n  m ade b y  Prof. Is id ro  R . B e r m u d e z  and  Luis J .  C u m a n a  C. 
( B e r m u d e z  and  C u m a n a  1980). T h e  p h o to g rap h s  o f v eg e ta tio n  and  h a b ita t  o f th e  tw o  C appa­
ris species have  been  enclosed in  th e  p re sen t p aper.

C apparis verrucosa J a c q .

S h ru b  0.5—3 m  high. S tem  g labrous. L eaves; a lte rn a te , o b o v a te ; p la te  3.5—13.5 cm  
long, end ing  in an  acu te  apex , su b m a rg in a ted , m u cro n a ted , g labrous, coriaceous. In flo rescence 
racem ose, te rm in al. Flow ers h e rm a p h ro d ite , ac tion o m o rp h ic , 2—5 cm  long. C alyx w ith  4 sepals, 
im b rica ted , lig h t g reen ; tw o of th e m  3—5 m m , th e  o th e r tw o 2—4 m m  long. Corolla w ith  4
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c o n to rted  w hite an d  1—5 cm long p e ta ls (Fig. 1). S ta m in a  n um erous (63—64), 1.5—2 cm  long. 
A n th e r  b itheca, 2—3 m m  long, above a g y nophore ; b ica rp e l, u n ilo cu lar, p seu do-sep tum  is 
p re sen t. Ovules n u m ero u s , p lac en ta tio n  p a rie ta l, s tig m a  sessile. F ru it  capsule bacc ifo rm , 
e lo n g a ted , cy lind rica l, d eh iscen t, 6 -7  cm long, rugose or s tr ip p ed , olivaceous.

F ig . 1. Capparis verrucosa J a c q . Leaves and in florescence. P h o to : I. B e r m u d e z - L .  C u m a n a ,

T acal-E do. Sucre

F ig . 2. Capparis teniiisiliqua  Ja c q . “glabrescens” . L eaves and  inflorescence. P ho to : 1.  B e r ­

m u d e z - L .  C u m a n a ,  T acal-E d o . Sucre

■Ida Bolanica Hungarica 29, 1983
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Fig. 3. C apparis tenu isiliqua  Ja c q . 44pubescens” . L eaves an d  inflorescence. P h o to : I . B e r ­

m u d e z —L. C u m a n a ,  T acal-E d o . Sucre

H a b i ta t :  d ry , o ligo troph ic  sandy  soil, sc a tte re d  or in  sm all groups, in h a lf  sh ad e . N o t 
very  freq u e n t.

D is tr ib u tio n : in  S ta te  o f Sucre, A rag u a , Zulia , M iranda, C arabobo, B o liv a r L ara , 
Falcon.

C apparis tenuisiliqua  J a c q .

1—2 m  h igh  sh ru b . G labrous stem . T o m en to u s  buds (covered  b y  trichom e) or g lab ro u s . 
L eaves a lte rn a te , o b o v a te ; ab ax ia l surface is covered  by tr ic h o m a  or glabrous. P la te  1—8—16 cm 
long, end ing  in an  ob tu se  apex , m arg in a ted . m u cro n a ted . Inflorescence racem ose, 2 .8—9 cm 
long. F low ers h e rm a p h ro d ite , ac tinom orph ic , 2—5 cm long. C alyx w ith  4 sepals, gam o sep a lo u s , 
va lved , 2 -25  m m  long, yellow'. Corolla w ith  4 co n to rted  p e ta ls , w hite, 5—7 m m  long. S ta m in a  
(18) 1 .5 -3  cm long. A n th e rs  b ith eca , 2—3 m m  long, dehiscence longitud inal. O v a ry  1.5—3 cm 
long, b ica rp e l, u n ilo cu lar, p seudo-sep tum  is p re sen t. O vules num erous, p lac en ta tio n  p a r ie ta l ,  
stigm a sessile. F ru it  lineal, e longated , cy lind rica l, sub-to ru lose . Capsule deh iscen t, 5—18 cm 
long, to m e n to u s , yellow ish-green.

The varieties 44glabrescens” and  44pubescens”

H a b ita t  and  size o f th e  tw o v arie tie s a re  sim ilar. F ro m  th e  m orphological d ifferences 
be tw een  th e  tw o  v a rie tie s  i t  should  be enh an ced  th e  ty p ic a l to m en tose  in d u m e n tu m  o f th e  
v eg e ta tiv e  p a r ts  (m ain ly  on stem s and  leaves) in th e  “ pub escen s” , as well as th e  c h a ra c te ris tic
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ab sen ce  of to m e n tu m  in  th e  “ glabrescens” . The sam e d ifference betw een th e  tw o  v a rie tie s  
can  b e  observed  in  th e  ax e , pedicels an d  sepals of th e  in flo rescence (Figs 2, 3).

T h ere  is no v a lu ab le  d ifference be tw een  th e  sizes o f  th e  p e rian th  an d  p is til  in  th e  tw o  
v a r ie tie s , as i t  can be  seen  fro m  th e  re su lts  o f m ea su re m e n ts :

B ra c t
P e ta l
Sepal
S tam en
A n th e r
S tig m a
G yn o p h o re

“ p u b escen s”  
3 .9 -4 .0  m m

2.0 m m
6.0 m m  

1.4 -2 .2  cm
2.0 m m  
4.5 m m
3.0 cm

“ glabrescens”  
4 .8-5 .0  m m

2.0 m m
6.0 m m  

1.4-2 .0  cm
2.0 m m  
3.5 m m

2.2- 2.3 cm

In d iv id u a ls  o f  th e  tw o  v a rie tie s  are  grow ing in  th e  sam e site, en v iro n m en t, u n d e r th e  
sam e ecological conditions.

H a b ita t :  in  d ry , ro c k y  and  san d y , o ligo trophe soil, sc a tte re d  or in  sm all g roups, in  h a lf  
sh a d e  o r su n n y  sites. N o t v e ry  freq u en t.

D is trib u tio n : in  S ta te  o f Sucre, L ara , F a lcó n , E sp a r ta , M iranda, C arabobo , Z ulia , 
A ra g u a .

Wood anatom y

C apparis verrucosa J a c q .

D iffused porous w ood. T he basic  m ass o f w ood  is fo rm ed by  p o lygonal-shaped  f ib res  
w ith  th in n e r  w all a n d  w ide lu m en . P a ra tra c h é a l a n d  co n tac t-v asicen tric  lo n g itu d in a l p a re n ­
c h y m a . M edullary  ra y s  one or m ore cell w ide (Fig. 4).

R o u n d ish  or o v a l-sh ap ed  trach eae , ta n g e n tia lly  f la tte n e d  w ith in  th e  g roups (2 -8  
m em b ers ); sizes w ith in  th e  C apparis species is m o d e ra te , n o t ra re ly  w ith  m as tic  m ate ria l. 
30—50—117 trach eae  p e r m m 2. T an g en tia l d iam e te r  20.70—42.11-66.70 fim . R a d ia l d iam e te r  
20.70—39.83—73.60 /tm . L en g th  of th e  vessel m em bers 50.60—182.89—349.60 fim ; sm all a lte rn a te  
b o rd e re d  p its  on th e ir  w all. S im ple p e rfo ra tio n  p la te .

M edullary  ra y s  g en era lly  1 -2 , ra re ly  3 cells w ide, w ith  heterogeneous s tru c tu re . H e ig th  
46.00—192.74—414.00 /urn. W id th  up  to  11.50—19.78—34.50 /um. R ay  cells fre q u e n tly  c o n ta in  
m a s tic  m ate ria l, an d  ra re ly  d iam o n d -sh ap ed  calcium  o x a la te  c ry sta l (Figs 5, 6).

F ib res  are a rra n g e d  in  rad ia l row s. D iam e te r u p  to  9.36—12.54—17.16 /urn. W all th ic k ­
ness 0 .78-1 .49-3 .12  /(in. F u ll len g th  284 .00-438 .10-710 .00  /urn. T ip o f th e  fib res end ing  
in  a  p o in t.

D iam eter o f th e  lo n g itu d in a l p a ren ch y m a  cells u p  to  6.90—11.63—16.10 /um. H e ig h t 
18 .40-66 .33-101 .20  /in i.

C apparis tenuisiliqua  J a c q . “glabrescens" (A ) and  “pubescens"  (В )

D iffused porous w ood. T he basic m ass o f w ood  is form ed by th e  fib res  w ith  th in n e r  
wall a n d  wide lum en. P a ra tra c h é a l, co n tac t-v as icen tric  long itu d in a l p a ren ch y m a . M edullary  
ra y s  1—2 cells w ide. T h ere  is no a n n u a l ring  zone, n ev erth e less  th e  g ro w th  zones are well 
d is tin g u ish ab le  b y  th e  th ic k e r  w alled fib res in  th e  1—2 row s (Figs 7, 8).

R o und ish  or o v a l-sh ap ed  trach eae , rad ia lly  f la t te n e d . R ad ia l groups consisting  of 2—12 
m em b e rs  (A) and 2 -22  m em b ers (B), respectively . T a n g e n tia l  groups consisting  o f 2 -4  m em bers 
in  b o th  A  and B. N u m b e r o f  trac h ea e  4 5 -71-119  p e r m m 2 (A) and 56 -78-145  pe r m m 3 (B ),
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Fig. 4. C apparis verrucosa Jacq . C ross-section. 120 X . Vessels, g roups of vessel w ith  sm all 
sized vessel-like trach eid s, m ed u lla ry  ray s  and fibres. C o n tac t vasicen tric  lo n g itu d in a l

p a renchym a

F ig . 5. C apparis verrucosa Jacq . R a d ia l section . 120 X . H eterogeneous m edu llary  ray s , vessels 
an d  vessel-like trac h e id s , lo n g itud inal p a ren ch y m a  and  fibres
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Fig. 6. C apparis verrucosa J a c q . T an g en tia l section. 120 X .  M edullary  ray s  w ith  one, tw o and  
th re e  cells in  w id th , vessel an d  fib res

Fig. 7. Capparis tenu isiliqua  Ja c q . “glabrescens” . C ross-section. 120 X .  V essels, groups o f  
vessel w ith  small sized vessel-like  trach e id s , m edu llary  ra y s  and fibres. C o n tac t vasicen tric  

lo n g itud inal p a ren ch y m a . The zones o f g ro w th  are well v isible
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Fig. 8. Capparis tenuisiliqua  Jacq . “pubescens”. Cross-section. 120 X.  Vessels, groups of vessel 
w ith  sm all sized vessel-like trach eid s, m ed u lla ry  rays and fib res . C o n tac t vasieen tric  longi­

tu d in a l p a ren ch y m a. T h e  zones of grow th are well v isib le

Fig. 9. Capparis tenuisiliqua  Ja c q . “glabrescens” . R adial section. 120 X.  H igh  he terogeneous
m ed u lla ry  ra y s  and fibres
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F ig . 10. Capparis tenu isiliqua  J a c q . 44pubescens” . R ad ia l section. 120 X.  L ow  heterogeneous
m edu llary  ray s and  fibres

F ig . 11. Capparis tenu isiliqua  J a c q . 44glabrescens” . T an g en tia l section . 120 X . Low and  h igh  
he terogeneous m ed u lla ry  ray s  w ith  one and  tw o cells in w id th , vessel an d  fibres. Size of 

m ed u lla ry  ra y  cells: is sm aller th a n  th a t  of 44p u b escen tis”
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Fig. 12. C apparis tenuisiliqua  J a c q . 44pubescens” . T an g en tia l section . 120 X . Low heterogeneous 
m edu llary  ray s  w ith  one an d  tw o  cells in  w id th  and  fibres. Size o f m ed u llary  ray  cells is larg e r

th a n  th a t  o f “ g labrescen tis”

respectively . T an g en tia l d iam e te r  2 0 .7 -37 .8 -57 .5  p m  (A), and 16.1 — 34.5—55.2 //in (B), respec­
tiv e ly . R ad ia l d iam ete r 11.5—35.0—52.9 //m  (A), and  16.1—36.4—57.5 //m  (B), re spec tive ly . 
L eng th  of th e  vessel m em bers 93 .0-150 .4 -218 .5  p m  (A), and 78 .2-150 .6-211 .6  /an  (B). respec­
tiv e ly . Sm all, a lte rn a te  bo rd ered  p its  on th e  w all o f vessel m em bers. R arely  e longated  p its  in 
sam ples B. Sim ple p e rfo ra te  p la te . M astic m ate ria l is no t rare.

M edullary  ray s up  to  1—2 cells w ide, w ith  he terogeneous s tru c tu re . H e ig h t 46.00— 
202.86-598.00 (A), and 34.50—161.57—322.00 /a n  (B), respec tive ly . W id th  11.5-15.9—23.0 /m i 
(A), and 11.5—15.4—23.0 //m (B ), respec tive ly . Calcium  oxala te  c ry s ta l is no t rare in th e  m ed u l­
lary  ray  cells (Figs 9, 10, 11, 12).

F ibres are a rranged  in  rad ia l row s. D iam eter 4 .6 -11 .2—17.1 /an  (A), and  7.8—11.7— 
15.6 /an  (B ), respec tive ly . W all th ickness 0.78—1.31—1.56 /an  (A), a n d  0 .78-1 .40-3 .12  /a n  (B), 
respectively . Fu ll len g th  284.0—403.2—568.0 /a n  (A), and  213.0—378.4—497.0 //m  (B), respec­
tively . T ip of th e  fib res end in g  in a p o in t.

D iam eter o f th e  lo n g itu d in a l p a ren c h y m a  cells 9 .3 -11 .3—13.9 /a n  (A), and  6.9—9 .8 - 
13.8 p m  (B ), respectively . H e ig h t 79 .0-119 .5 -186 .0  p m  (A), an d  69 .0-131 .5-211 .6  p m  (B ). 
respectively .

The deta iled  an a to m ica l fea tu re s  o f the  wood o f th e  tw o Capparis species 
are sum m arized  in T ab le  1.

On th e  basis o f m easu rem en ts  carried  ou t on each  sam ple of A and  B. 
differences have been found  in th e  h e ig h t of m edu llary  ra y , as well as in th e
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Table 1
Anatom ical characteristics o f  the exam ined species

W o o d  c le m e n t F e a tu r e s Capparis verrucosa
C. tenuisiliqua (A ) 

“ glabrescens”
C . tenuisiliqua (B ) 

llpubescens”

arrangem en t diffused, so litary  and in groups diffused so litary  and rad ia l diffused, so lita ry  and rad ia l (2-22
of 2-8 m em bers (2-12 m em b.), in tan g en tia l m em b.), in  tan g en tia l d irection

direction  in groups (2-4) in groups (2—4)
shape roundish  or oval-shaped, w ith in roundish  or f la tten ed  in tang , or roundish  or f la tten ed  in tang, or

th e  groups tan g en tia lly  
fla tten ed

rad ia l d irection rad ia l d irection

tangen tia l
d iam eter 20.70-42.41-66.70 p m 20.7-37.8-57.5 /(in 16.1-34.5-55.2 /m i

T rachea m em bers radia l d iam eter 20.70-39.83-73.60 /im 11.5-35.0-52.9 p m 16.1-36.4-57.5 p m
wall thickness 
leng th  of vessel

2.30-3 .26-6 .90  p m 2.3-3 .4-5 .7  (im 2.3—4.1 —9.2 //m

m em bers 50.60-128.89-349.60 p m 93.0-150.4-218.5 //in 78.2-150.6-211.6 p m
num ber per m m 2 
in tervascu lar

30-50-117 45-71-119 56-78-145

p ittin g sm all, bordered, a lte rn a te a lte rn a te , sm all, bordered a lte rn a te , sm all, bordered, rare ly
elongated

perforate p late sim ple sim ple simple
con ten t m astic  m ateria l ra re ly  m astic  m ateria l ra re ly  m astic  m ateria l

w idth narrow narrow narrow
num ber o f cells 1-2. ra re ly  3 1-2 1-2

M edullary rays classification heterogeneous heterogeneous heterogeneous
height 46.00-192.74-414.00 p m 46.00-202.86-598.00 /tm 34.50-161.57-322.00 p m
w idth 11.50-19.78-34.50 p m 11.5-15.9-23.0 p m 11.5-15.4-23.0 p m
con ten t m astic  m ateria l, rare ly rare ly  calcium  oxala te  crystal calcium  oxala te  crystal

d iam ond-shaped crystal

a rrangem ent in rad ia l rows in  rad ia l rows in rad ia l rows
shape polygonal polygonal polygonal
full d iam eter 9.36-12.54-17.18 p m 4.6-11.2-17.1  p m 7.8-11.7-15.6  p m

Fibres wall thickness 0 .78-1.49-3.12 p m 0.78-1.31-1.56 p m 0.78-1.40-3.12 /im
full leng th 284.00-438.10-710.00 p m 284.0-403.2-568.0 p m 213.0-378.4-497.0 p m
ty p e  of p ittin g sm all, bordered sm all, w ith  split sm all, w ith  split

a rrangem en t co n tac t, vasicentric co n tac t, vasicentric co n tac t, vasicentric
d iam eter 6.90-11.63-16.10 p m 9 .3-11.3-13.9  p m 6.9-9 .8-13 .8  p m

L ongitud inal height 18.40-66.33-101.20 p m 79.0-119.5-186.0 p m 69.0-131.5-211.6 p m
parenchym a num ber o f cells 2-3 2, ra re ly  4 1, ra re ly  2

con ten t — —
o th er — — —
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Fig. 13. C apparis tenu isiliqua  Jacq . F requency  percen tag e  of ta n g e n tia l d iam eters o f m ed u lla r  
ra y  cells in the  v a rie tie s , g raph ically  illu s tra te d

Fig. 14. C apparis tenu isiliqua  Jacq . F req u en cy  percen tag e  of m ed u llary  ray  he igh ts in  th e
varieties, g rap h ica lly  illu s tra ted

"glabrescens"

"pubescens"

Fig. 15. C apparis tenu isiliqua  Jacq . F req u en cy  p ercen tage  of fib re  leng ths in th e  v a rie tie s ,
graphically  illu s tra te d
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f ib re  len g th s . D urin g  th e  m icroscopie e x am in a tio n  of th e  ta n g e n tia l  long i­
tu d in a l  sections o f A an d  B, th e  d iffe re n t sizes of m edu lla ry  ra y  cells w ere 
e v id e n t (see Figs 11, 12), therefore  th e  cell d iam eters of a n o th e r tw o  sam ples 
o f  A an d  B w ere m easu red  (m a th e m a tic a lly  v a lu ab le  n u m b er of m easu rem en ts : 
150 o f  each  sam ples). A ccording to  th e  re su lts  o f m easu rem en ts, th e  ta n g e n tia l 
d ia m e te r  o f th e  m e d u lla ry  ray  cells w as 9 .2 -1 8 .7 -2 7 .6  pm  (A), an d  13.8—21.3— 
32.2 p m  (B), re sp ec tiv e ly . On th e  b as is  o f th e  d a ta , th e  freq u en cy  w as ca l­
c u la te d , an d  th e  v a lu es  were g rap h ica lly  illu s tra te d  (Fig. 13). R eg ard in g  th e  
h e ig h t of m ed u lla ry  ra y  an d  fib re  le n g th , a n o th e r  tw o sam ples o f b o th  A an d  B 
w ere  exam ined , an d  300 m easu rem en ts  w ere carried  ou t. F ro m  th e  d a ta  o b ­
ta in e d  again  th e  freq u en cy  was c a lc u la ted , w hich also was g rap h ica lly  illu s­
t r a te d  (Figs 14, 15). S ta tis tic a l d a ta  o f  th e  th ree  m ore fu lly  s tu d ie d  fea tu res  
a re  show n in T ab le  2.

Table 2

Statistical data o f  some anatomical fea tures o f  Capparis tenuisiliqua

C. tenuisiliqua (A )
“  glabrescens"

M e a s u re d  f e a tu r e s  ~  “
N o . o f  . -

m e a s u r e -  n u n .  A  m a x . ,  S  ±  p m  S x  +  ^ m  S * %
m e n ts

9.2
M edullary  ray  cells, tan g , d iam eter 150 18.7

27.6
3.34 2.09 11.14

H e ig h t of m edullary rays, m easured 
in  tan g en tia l d irection 300

57.5
219.0
690.0

121.2 58.84 27.31

690.0
213

F ib re  lengths 300 393 87.53 54.22 13.78
568

M e a s u re d  f e a tu r e s

C. tenuisiliqua (B ) 
“  pubescens"

N o . o f  ,
m e a s u r e -  n u n . A  m a x . ,  S  +  / /m  Sr  4 -  urn S x%

m e n t s

1 3 . 8

M edullary  ray  cells, tan g , d iam eter 150 21.39 3.38 2.09 9.77
32.2

H eig h t of m edullary rays, m easured 
in  tan g en tia l d irection

57.5
300 135.1

345.0
69.47 43.91 32.49

F ib re  lengths 213
300 372 73.09 54.22 14.57

568
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On th e  basis o f th e  d e ta iled  exam in a tio n s, i t  can  be concluded  th a t  
th e re  is a m inim al d ifference betw een  A and  B, reg a rd in g  th e  fib re  leng th  
(A =  393 pm , B =  373 pm ). A v a lu ab le  difference w as found  betw een  th e  
ta n g e n tia l d iam eter o f  th e  tw o w ood. T he m ost s tr ik in g  d ifference was found  
betw een  th e  height o f m ed u lla ry  ray s of A an d  B (A =  57.5-219.0-690.0 pm , 
B 57.5-135.1-345.0 pm).

I t  should  he n o te d  how ever, th a t  th e  resu lts  o f th e  ex am in a tio n s carried  
o u t so far on the  w ood o f th e  tw o va rie tie s  have n o t en ab led  th e  tw o varie ties 
to  be sep ara ted .
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CONTRIBUCIÓN AL ESTUDIO ANATÓMICO 
DEL XILEMA DE LA FAMILIA 
SIMARUBACEAE EN CUBA, I.

A L V A R A D O A  L IE B M . Y  SIM A R U B A  A U B L.

M . A .  V a l e s  y  Cá n d i d a  M a r t í n e z

I N S T I T U T O  D E  B O T A N IC A  D E  L A  A C A D E M IA  D E  C IE N C IA S  D E  C U B A , L A  H A B A N A , C U B A  

(R ecibido: 15 N o v em b er 1982)

T he fe a tu res  of th e  secondary  xy lem  of th e  cuban  species o f th e  genera Alvaradoa  
an d  Sim aruba  w ere described in  th is  p a p e r . T he resu lts of th is  in v es tig a tio n  w ere 
com p ared  accord ing  to  th e  phy logenetic  p o in t o f view.

In tro d u cc ió n

1.a fam ilia  S im arubaceae com prende a p ro x im ad am en te  200 especies las cuales se 
e n cu e n tra n  d is tr ib u id a s  en 32 géneros. L a m ay o ría  de las especies de e s ta  fam ilia  son p la n ta s  
lign ificadas tro p ica les  y  sub trop icales, las cuales se caracterizan  por poseer m ay o rm en te  h o jas  
a lte rn a s  y solo ra ra s  veces opuestas, sim ples o p in n a d a s  y sin estípu las, inflorescencias ax ila res  
o te rm in ales  en p an ícu las  o racim os con flo res p eq u eñ as  m onoicas, d io icas ó h e rm afro d ita s .

La h is to ria  de las revisiones de este  g rupo  nos m u estra  que los estu d io s tax o n ó m ico s 
m as im p o rta n te s  fu e ro n  realizados por J a d i n  (1901), L o e s n e r  y S o l e r e d e r  (1905), H a l l i e r  

(1908 y 1923) y  E n g l e r  (1931). E ste  ú ltim o a u to r  d iv ide  esta fam ilia en 6 subfam ilias.
W e b e r  (1936) describió la an a to m ía  s is te m á tic a  de las m ad eras de la fam ilia , sin  

em bargo  no se ofrecen en ese trab a jo  las descripciones d e ta lladas del x ilem a secundario  de 
cada  uno de los táx o n e s  por ella investigados.

E n  el p re sen te  trab a jo  se realizan  las descripciones anatóm icas de las m aderas de A lv a ­
radoa amorphoides L iebm . ssp. psilophylla  (U rb .) C ronquist, Alvaradoa arborescens G riseb ., 
Sim aruba  glauca  DC. y Sim aruba laevis G riseb. con el fin  de co n trib u ir al A tlas x ilo tóm ico de 
p la n ta s  cubanas.

M ateriales y m étodos

M uestras de  m ad eras de los géneros A lvaradoa  y  Sim aruba  fueron  co lectadas en el cam po 
con sus co rresp o n d ien tes ejem plares de herbario .

P a ra  el e stud io  m icroscópico de los e lem en to s que co n stitu y en  el x ilem a secundario  de 
estas  especies, se confeccionaron pequeñas p ro b e ta s , las cuales previo ab lan d am ien to  en  ag u a , 
fu e ro n  seccionadas con u n  m icrótom o de d eslizam ien to  a un  grosor de 20—30 p m . Los co rte s  
tran sv ersa les , lo n g itu d in a les  tangencia l y ra d ia l fu e ro n  d esh id ratados y  aclarados en x y lo l y  
m o n tad o s en p o rta o b je to s  con bálsam o del C anadá . Los análisis c u a n tita tiv o s  de los ca rac te re s  
observados en las secciones se o b tu v ie ro n  de 50 m ediciones p ara  cada  c a rác te r. E l largo  de 
las fib ras , e lem entos de los vasos y  series del p a rén q u im a  axial se o b tu v o  de 100, 50 y  30 
m ediciones re sp ec tiv am en te  realizadas en  m a te ria l disregado según F r a n k l y n  (1946).

Los té rm in o s u tilizados en las d im ensiones y  ab u n d an c ia  de los e lem en tos de la m ad e ra  
son los p ro p u esto s po r Ch a t t a w a y  (1932).
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A lv a ra d o a  a m o rp h o id e s  Liebm. ssp. p s i lo p h y l la  (Urb.) Cronquist

E sta  subespecie p ré sen ta  una  d is trib u c ió n  n o rte -ca rib ean a , creciendo en las B ah am as , 
F lo rid a  y  en to d a  C uba, en bosques lito ra les y  sem ideciduos с о т о  u n  elem ento m uy frecu en te . 
El e jem plar estu d iad o  se colectó ju n to  a Clerodendron calcicolum , Cordia sebestena y  Savia  
sessiliflora  en tre  o tras .

La in ad éra  de esta  especie se caracte riza  p o r  no p re sen ta r  zonas de crecim iento conspi- 
cuas, porosidad  d ifusa , los poros solitarios red o n d o s  a ovales; m u y  freeuentes en m u ltip lo s  
de 4 о m ás rad ia les u  oblicuos. T raqueidas v a scu la res  p resen tes. L as fib ro traq u eid as consti- 
tu y e n  el elem ento m as a b u n d a n te  y  se e n c u e n tra n  irreg u la rm en te  d istribu idas en sección 
tran sv e rsa l (Fig. 1). F re c u en tem e n te  se o b se rv an  f ib ra s  sep tad as  fo rm ando  b an d as con con- 
ten id o s oscuros. P a ré n q u im a  ax ia l escaso: las series del p a rén q u im a  fc rm ad as por 2 células. 
Largo de las series 58 -9 4 -1 3 8  //m . R adios m ed u la re s  heterogéneos, 1 -6  ra ras  veces 7 célu las

Fig. 1. A .  amorphoides, co rte  tran sv ersa l. 100 X
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Fig. 3. A .  amorphoides, corte rad ia l. 100 X

Fig. 4. A . arborescens, corte  tran sv ersa l. 100 X

de ancho y  2—30 células de a ltu ra . Los un iseriados form ados p o r  células e rectas, cou anclio 
de 5 -9—12 p m ,  m ien tras  que los m u ltise riad o s están  form ados p o r  células p ro cu m b en tes en la 
region cen tra l y filas m arg inales de 1-2 células erectas. A ncho de los m ultiseriados 12—29— 
40 f i m .  Los un iseriados con 2—13 células de a ltu ra  ó 94-197 325 p-m;  los m ultiseriados 8—47 
célu las de a ltu ra  ó 12—29—40 //ni (F igs 2 y  3).

E lem entos de la  m ad e ra ;
E lem entos de los vasos m u y  a m o d erad am eu te  pequeîïos. D iám etro  tan g en cia l 30—54— 

72 ,< m , d iám etro  ra d ia l 32—63—85 p m .  G rosor de la  pared  2—3 //m , con p u n tead u ras  in te rv ascu - 
la res  d im inu tas de 2 p m  de d iám e tro , red o n d as  y a lte rnas, poro  en  fo rm a  de fisu ra . P u n te ad o  
e n tre  los elem entos de los vasos y  el p a rén q u im a  sem iareolado y  de iguales dim ensiones. 
P la tin a  de perforáción  sim ple. E lem en to s de los vasos m o d erad am en te  cortos a ta lla s  m édias 
alcanzando  dim ensiones de 2 7 3 -4 1 9 -5 7 7  //m  de largo. D iám etro  m edio de las fib ro traq u e id as
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6 -1 2 -1 8  f i m , n iuy co rtas  a c o rta s ; 4 0 9 -7 6 3 -1 2 7 0  fi m  de largo. Grosor de la p a red  3-4  f im . 
P a ré n q u im a  axial en sección tra n sv e rsa l con d iám etro  m edio de 8—15—20 f i m  y  grosor de la 
p a re d  de 1 -2  f im.  Las célu las p ro cu m b en te s  de los rad ios m edulares con d im ensiones de largo 
(rad ia l)  de 22—39—57 f i m , an cho  (tan gencia l) de 7—10—15 f irn y  a ltu ra  (v e rtica l) de  10—14—17 ^m ; 
las célu las erectas con v a lo res  de largo ra d ia l de 12—19—30 //m ; ancho (tan g en c ia l) de 7—10— 
15 f irn  y  a ltu ra  (vertical) de 20—35—60 f irn.  Las células de los radios m ed u la re s  con conteni- 
dos oscuros.

A lvaradoa arborescens G riseb .

Especie endém ica de la  región o rien ta l de C uba. E l e jem plar e s tu d ia d o  fűé colectado 
en  la  L om a Saca la L en g u a , S ierra  del C ristal, ju n to  a S im á m b a  laevis, I lex  h ypaneura , M anil- 
kara  niayarensis, M yrica  shaferi y  Pera polylepis.

F ig . 5. A .  arborescens, corte  tangencia l. 100 X

Fig. 6. A . arborescens, corte radial. 100 X
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Su m ad e ra  se caracteriza  p o r la fa lta  de zonas de crecim ien to , p résen ta  p o ro sid ad  
d ifu sa , con poros so litarios redondos a ovales y  en m ultip les rad ia les u  oblicuos de 4 о m ás 
elem entos (F ig . 4). T raq u e id as vascu la res p resen tes. Las fib ro traq u e id as  son el e lem en to  m as 
a b u n d a n te  del te jid o  de la m adera , d is tr ib u id as  irreg u larm en te  y  con form as po ligonales en 
sección tran sv e rsa l. Se observan  frecu en tem en te  f ib ras  sep tad as , las cuales fo rm án  b an d as . 
P a ré n q u im a  ax ia l escaso, las series fo rm ad as m ay o rm en te  po r 2 células. R ad ios m ed u la res  
heterogéneos de 1 -3 , m ay o rm en te  2 células de ancho (Fig. 5) y 1—18 células de a lto . Los uni- 
seriados fo rm ad o s so lam ente por células e rec tas, con ancho de 5—12—15 fin î, m ien tras  que  los 
m u ltise riad o s e s tán  fo rm ados por células p ro cu m b en tes  que fo rm án  el cuerpo c en tra l, con 
ancho  de 1 8 -2 3 -2 8  fim : y  filas ó a las m arg inales de 1 -2  células erec tas (Fig. 6), ocasional- 
m en te  se o b se rv an  rad ios m edulares fusionados. Los rad ios un iseriados con 17 célu las de 
a ltu ra  de 84—196-378 ^m ; los m ultiseriados 7-18  células de a ltu ra  de 126—248—388 ^m .

E lem en to s de la  m adera:
E lem en to s de los vasos m uy  a m o d erad am en te  pequenos, d iám etro  tan g en cia l 3 0 -5 6 -  

72 |Um; d iám e tro  rad ia l 30-62—80 fim . G rosor de la p a red  3—4 ftm , con p u n te a d u ra s  in te r-  
vascu lares rcd o n d as , a lte rn a s  y d im in u tas  de 2 fim  de d iám etro , P u n te a d u ra s  de los vaso s y  
p a rén q u im a  sem iareo ladas y  de iguales d im ensiones. E lem en tos de los vasos m u y  co rto s  a 
e lem entos de ta lla s  m edianas, con largos de 210-471-693 fin î. P la tin a s  de p e rfo rác ión  sim ples. 
D iám etro  m edio de las f ib ro traq u e id as  9 -1 4 -1 8  fin î, m uy  co rtas  a co rta s  a lcanzando  v a lo res 
de 210-1040-1240  fini. Grosor de la p a red  3 -4  fim . P a rén q u im a  ax ia l en  sección tra n sv e rsa l 
con d iám etro  m edio de 12—15—18 fim . L as células p ro cu m b en te s  de los rad ios m ed u la res  con 
dim ensiones de largo (rad ia l) de 2 8 -5 6 -8 0  f im ; ancho (tan g en cia l) de 8 -1 1 -1 5  fim  y  a ltu ra  
(vertical) de 13 -1 9 -3 3  //m ; las células e rec tas  con valores de largo (rad ia l) de 1 5 -3 0 -3 8  fim , 
ancho (tan g en cia l) de 10—13—15 fim  y  a ltu ra  (vertica l) de 30—49—70 fin î. L as célu las de los 
radios m ed u la res  poseen contenidos oscuros.

Sim aruba glauca  DC.

E l géneio  Sim aruba  se en cu en tra  am p liam en te  d istib u id o  en A m érica tro p ic a l y  las 
A ntillas y  e s tá  rep resen tad o  por u n as 6 especies. La especie Sim aruba glauca  se ha lla  d is tr i-  
bu íd a  p o r M exico, las A ntillas, su r de la F lo rida  y  p a r te  se Sur-A m érica.

E l e jem p la r e stud iado  fué colectado en la réserva  n a tu ra l de E l V eral, G u an ah acab ib es .

Fig. 7. S. glauca, corte transversal. 100 X
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Fig. 8. S. glanca, corte  tan g en cia l. 100 X

Fig. 9. S. glauca , co rte  rad ia l. 100 X

P in a r del R io ju n to  a especies ta ies  с о т о : Catalpa p u n c ta ta , H yperbaena racemosa, Guaiacum  
o ffic ina le , Trich.ilia glabra , Jacaranda coerulea, A delia  ricinella  y  Guettarda brevinodis.

L a rnadera  de e s ta  especie, de poca u tilid ad  desde el p u n to  de v is ta  fo resta l, se carae- 
te riza  p o r la ausencia de zonas de crecim iento, p o ro sid ad  difusa y poros m od erad am en te  esca- 
sos, c ircu lares cuando se p re se n ta n  solitarios, frecu en te s  en m ultip les rad ia les de h a s ta  4 
e lem en tos, solo ocasionalm en te  en grupos (Fig. 7). L as fib ro traq u e id as  c o n stitu y en  los elem en- 
to s m as ab u n d an tes  de la  m ad e ra  y  están  d is tr ib u id a s  irregu larm en te . P a ré n q u im a  axial 
p a ra tra q u e a l  aliform e y  co n flu en te . Las series del p a rén q u im a  com puestas p o r 2—7 célnlas, 
las que a lcan zan  d im ensiones de 294-412-662 p m  de largo y e stán  d ispuestas en  fo rm a e stra ti-  
ficad a  (Fig. 8). Se o b se rv an  frecuen tem en te  célu las c ris ta life ras sep tad as con crista les polié- 
dricos. R ad ios m edulares bom ogéneos, con 1 -3 , m ay o rm en te  1—2 células de anclio y 3—19 
célu las de a lto . E sto s rad io s e s tá n  form ados p o r célu las p ro cu m b en tes  (F ig. 9), solo m uy  ra ra s  
veces fu e ro n  o b se rvadas célu las cuadradas a is ladas. Los un iseriados con dim ensiones de 16— 
19—23 p m  de ancho y 95—173—284 p n î de a ltu ra ;  m ie n tra s  que los bi- y trise riad o s poseen ancho 
de 23—34—51 pm.  y  a ltu ra  de 245—319—435 p in.
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Fig. 10. S. laevis, c o rte  tran sv ersa l. 100 X

E lem en tos de la  m adera:
E lem en tos de los vasos m o d erad am en te  peq u en o s a ta lla s  m edianas. d iám e tro  ta n -  

gencial 71-108-150  /a n , d iám etro  radial 8 7 -1 3 8 -1 9 0  /on . G rosor de la pared  de 4 -5  /a n ,  con 
p u n tea d u ra s  in te rv ascu la re s  de d im ensiones m éd ias, a lte rn as y  red o n d as con 6—8 /a n  de 
d iám etro  y  poro en fo rm a  de fisura  de 2 X 3 /a n . P u n te a d u ra s  de los rad ios y  los v asos, asi 
с о т о  vasos—p a rén q u im a  ax ia l, sem iareoladas y de iguales d im ensiones a las in te rv ascu la res . 
Largo de los e lem entos de los vasos m o d erad am en te  cortos h a s ta  d im ensiones m édias, m id ien d o  
336—410—830 u m .  P la tin a s  de perforáción sim ples inclinadas y  horizon tales. D iám etro  m edio  
de las f ib ro tra q u e id a s  10-15-20  /an , m uy  co rta s  a co rtas a lcanzando  valores del la rg o  de 
585-892-1264 /an . G rosor de la pared  2 -3  / i m .  P a rén q u im a  ax ia l con d iám etro  m edio  de 
16—21—27 fn n  en sección tran sv ersa l. Las célu las que fo rm án  las series del p a rén q u im a  tie n e n  
dim ensiones de 86—111—152 /an  de a ltu ra . Los rad ios uni- y  m u ltiseriados fo rm ados casi 
exclusivam en te  p o r célu las procum bentes con d im ensiones de anclio (tangencia l) de 11—18— 
23 f i m ; a ltu ra  de 19—24—39 //m (vertical) y largo  (rad ia l) de 58—110—156 /an .

S i mariiba laevis G riseb .

Especie end ém ica  que posée una  re la tiv a m e n te  am plia  d is tribuc ión  en todo  el a rch i- 
piélago cubano. E l e je m p la r investigado fué co lectado  en la L om a Saca la L en g aa , S ierra  del 
C ristal, ju n to  a A lv a radoa arborescens e Ilex  hvpaneura  en tre  o tras .

La m adera  de e s ta  especie no m u es tra  zonas о anillos de crecim ien to , posee p o ro sid ad  
d ifusa con poros m o d erad am en te  escasos, c ircu lares a ovales cuando  se p resen tan  so lita rio s , 
frecuen tes en m u ltip les  rad ia les de h asta  4 e lem en tos y  solo ocasionalm en te  en grupos (F ig . 10). 
Las f ib ro tra q u e id a s  se observan  irreg u larm en te  d is tr ib u id as  en la inasa  del tejido . E l p a ré n ­
quim a axia l p a ra tra q u e a l  aliform e y co nfluen te  y  d ispuesto  en fo rm a estra tificad a . L as series 
del p a rén q u im a  fo rm ad a s  рог 2—6 células, las cuales a lcan zan  largos de 86—107—156 /< т . 
F rccu en tem en te  se o b se rv an  células c ris ta life ras  sep tad as  con cris ta les poliédricos. R ad io s 
m edulares hom ogéneos de 1-3 células de anch o , ocasionalm en te  4 (F ig. 11) y  2—24 célu las de 
a ltu ra , form ados p o r células p rocum bentes (F ig . 12) y  solo ra ra m en te  células c u ad ra d as  
a isladas. Los rad ios m edulares uniseriados con 1 2 -1 7 -2 3  f i m  de ancho  y  71—156—269 /a n  de 
a ltu ra ;  los m u ltise riad o s con 19-47—70 /a n  de an cho  y 174—361—498 /a n  de a ltu ra .
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E lem en tos de la  m ad e ra :
E lem en tos de los vasos m od erad am en te  p eq u en o s h a s ta  ta lla s  m éd ias, d iám etro  ta n -  

g encia l 70 -98-129  /a n , d iám etro  rad ia l 90-127—172 //m . G rosor de la p a red  4 /un , con p u n te a d u -  
ra s  de  d im ensiones m édias a lte rn as  y  red o n d as de 8 /o n  de d iám etro  con p o ro sén  fo rm a  de 
f isu ra  de 2 x 4  //m  inclu idos, ocasionalm enete  e x te n d id o s  y  o tros fusionados al de o tra  p u n - 
te a d u ra .  P u n te ad u ra s  vasos-rad ios m edulares y  v a so s—p arén q u im a  ax ia l sem iareo ladas y  
de iguales dim ensiones a las in te rv ascu la res . L argo  de los elem entos de los vasos m u y  co rtos 
h a s ta  ta lla s  m ed ianas, a lcanzando  200-405—560 f im  de largo to ta l. P la tin a s  de p e rfo rác ión  
sim ples inclinadas y  h o rizon tales. D iám etro  m edio  de las f ib ro traq u e id as  14-17-21  /a n  en 
sección  tran sv ersa l, m u y  co rtas  h a s ta  larg as, de 616—1164—1800 //m  de largo , grosor de la  
p a re d  3—4 /an . D iám etro  m edio del p a rén q u im a  ax ia l en  sección tran sv ersa l 14—20—27 /an . 
A ltu ra  de las células que fo rm án  las series del p a ré n q u im a  86-107-156  /an . Los rad ios m edu la-

Fig. 11. S . laevis, co rte  tan g en cia l. 100 X

Fig. 12. S. laevis, corte radial. 100 X
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Tabla 1

Valores de los principales caractères observados 
(valores expresados en f i m )

E sp e c ie s

E le m e n to s  d e  lo s  v a so s F ib r a s
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Sim oniba  glauca 410 108 138 4 1406 14 3.0 54

Sim aruba laevis 405 98 127 6 892 18 3.0 56

Alvaradoa amorphoides 419 55 63 21 763 15 3.0 39
Alvaradoa arborescens 471 56 62 15 1040 14 4.0 47

P a r é n q u im a  a x ia l  R a d io s  m e d u la r e s
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Sim aruba glauca 412 21 23 + 1-3 34 19 3.4
Sim aruba laevis 433 22 17 + 1-4 47 21 2.2
Alvaradoa amorphoides 94 16 22 + 1-6 29 17 1.8
Alvaradoa arborescens 135 16 24 - h 1-3 23 14 2.2

res e stán  form ados p o r células p ro cu m b en te s  de d im ensiones de ancho  (tangencia l) de 12—16 — 
23 u m ;  a ltu ra  (v e rtica l) de 12—21—27 f im  y  largo (radia l) de 70—138—211 ц m.

La T ab la  1 m u es tra  las d im ensiones de los p rincipales ca rac tè re s  reg is trad o s p a ra  las 
eu a tro  (4) especies in v estigadas.

Discusión

M uchos au to re s  han  senalado  la  im p o rtan c ia  del x ilem a secundario  en 
la  de te rm inác ión  de las re laciones filogénéticas. De e s ta  fo rm a a tra v é s  de la  
an a tó m ia  de la m ad e ra  pueden  estab lecerse  aquellos ca rac tè res  de u n a  especie 
que son p rim itiv o s ó evolucionados solo con respec to  a o tra s  especies, siendo 
en consecuencia el té rm ino  evolucionado  (o especializado) re la tiv e , y a  que 
sugiere que u n a  d e te rm in ad a  especie se en cu en tra  a u n  nivel filogenético  
superio r a o tra  m as p rim itiv e .

Las especies del género A lvaradoa  que crecen en  C uba, p resen tan  fib ras  
m uy  cortas a c o r ta s ; elem entos de los vasos m u y  co rto s h a s ta  d im ensiones
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m e d ia n a s  у  con p u n te a d u ra s  in te rv ascu la res  a lte rn as  y  d im in u ta s . L a reláción 
la rg o  de las fib ras: la rgo  de los e lem entos de los vasos, с о т о  se o b se rv a  en la 
T a b la  1 es de 1,8 p a ra  A .  amorphoides y  de 2,2 p a ra  A . arborescens. A m bas 
especies p resen tan  ad em ás rad io s  m edu lares heterogéneos y  p a rén q u im a  axial 
escaso .

P o r su p a rte , las especies in v estig ad as del género S im aruba  p resen tan  
f ib ra s  m u y  cortas a c o r ta s , las cuales llegan  h a s ta  la  ca teg o ria  de la rgas sola- 
m e n te  en S. laevis; e lem en to s de los vasos m o d erad am en te  co rto s a m edianas 
ta l la s  con p u n tead u ra s  in te rv ascu la res  a lte rn as  y  m ed ian as dim ensiones. 
L a  relác ión  largo de las  f ib ra s :  largo de los elem entos de los vasos alcanza  para  
S . g lauca  un valor de 3,4, m ien tra s  que p a ra  S. laevis de 2,2. Los rad io s  m edu la­
res  son  hom ogéneos y  el p a rén q u im a  ax ia l p a ra tra q u e a l a liform e y  confluente  
y  d ispu esto  en form a e s tra tif ic a d a . E stos ca rac tè res  senalan  al género  Sim aruba  
с о т о  filogenéticam ente  m as evolucionado que Alvaradoa  desde el p u n to  de 
v is ta  de la anatóm ia c o m p a ra d a  del x ilem a secundario .

W e b e r  (1936) senaló  que cada uno de los tipos de la  e s tru c tu ra  de la 
m a d e ra  que ca rac te rizan  la s  d iferen tes subfam ilias co n s titu y e n  g rupos n a tu ­
ra le s . N uestros re su lta d o s  coinciden con esos senalam ien tos, y a  que existen 
c a ra c tè re s  en la a n a tó m ia  de la m adera de A lvarado ideae  que la  d istinguen  de 
S im arubo ideae; sin em b arg o  den tro  de los géneros о g rupos ex is te  u n a  gran 
hom ogeneidad  en las c a ra c te ris tic a s  de las m ad eras , en co n trân d o se  с о т о  única 
d ife ren c ia  no tab le  el n u m é ro  de células de ancho de los rad io s  m edulares 
m u ltise riados.
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DEVELOPMENTAL ANATOMY 
OF THE A R M  E N  I  АСА V U L G A R IS  LAM. 

(ROSACEAE)

J .  S z u j k ó - L a c z a

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 U N G A R I A N  N A T U R A L  H I S T O R Y  M U S E U M , 

B U D A P E S T , H U N G A R Y

(R eceived: D ecem ber 20. 1982)

T he in n er s tru c tu re  of A rm eniaca vulgaris w as observed  from  th e  b u d  to  th e  
rip en ed  fru it.  M icrosporogenese occurs in th e  b u d  an d  m acrosporogenese m ain ly  in  th e  
opened flow er. S tigm a-pollen  g ra in  in te rac tio n  co n tin u es a fte r double fe rtiliz a tio n . 
E n d o sp erm  is f irs t  nucellar, th en  it  is tran sfo rm ed  to  a cellu lar form  in th e  em b ry o  sac. 
T he un io n  of th e  free endosperm  nuclei and  nucleoli re su lt in  polyploidy in  th e  seco n d ary  
endosperm  cells. In teg u m en ts , th e  large  nucellus an d  endosperm  tissue are  tran s fo rm e d  
to  a n u tr it io n  source for th e  em bryo , d irec tly  a n d  in d ire c tly  before i ts  fu ll dev elo p ­
m en t. R eserve food for g e rm ination  is loca ted  in  th e  em bryo  of th e  ap rico t.

In tro d u c tio n

T he fru it an d  th e  nectarife rous a rea  in th e  flow er o f th e  ap rico t are th e  m ost im p o r ta n t 
p a r ts  from  an  econom ic aspect. D evelopm en t o f th e  re p ro d u c tiv e  organs in th e  b u d  to  th e  
ripened  fru it, includ ing  th e  stone f ru it is o f in te re s t from  th e  biological p o in t o f view .

Some a n a to m ica l stud ies on th e  rep ro d u c tiv e  o rgans w ere published a t  th e  beg inn ing  
of th is  c en tu ry  ( P é c h o u t r e  1902, H i l l m a n  1910, R u e i i l e  1924). More recen tly  how ever, 
th e  a u th o rs  usu a lly  focus on only one or tw o questions o r o rgans of d ifferen t species. F o r  
exam ple, V a u g h a n  (1970) was concerned w ith  th e  s tru c tu re  o f  oil-seeds includ ing  a p ric o t; 
S t e r l i n g  (1964) s tu d ied  th e  carpels of P ru n u s  species, K a n i e w s k i  (1963) th e  en d o carp  of 
stone fru its ; and  B e r n s e n  (1966) co n cen tra ted  on ly  on th e  seed -coat of some P ru n u s  species.

T he m icro- a n d  m acrosporogenesis in  d iffe ren t co n v arie ties  o f Arm eniaca vulgaris  w ere 
stu d ied  by  M i n a s j a n  (1952, cf. R a d i o n e n k o  19636), N y ú j t ó  a n d  B a n a i n é  (1957), M a l a k o v a  

(1963, cf. R a d i o n e n k o  1963a, 6), I l i e v  (1963), B e r e z e n k o  (1966), B a c i u  (1970, 1971, 1972, 
1977), S a m u s h i a  (1971) and  S p u l j o v i j  (1973). A ccording to  th ese  au th o rs , th e  d iffe re n tia tio n  
of rep ro d u c tiv e  o rgans begins in Ja n u a ry —F e b ru a ry  a fte r  a  sh o rt “ dorm ancy” .

A ccording to  N y ú j t ó  and  T o m c s á n y i  (1959), B e r e z e n k o  (1966), B e s p e c h a l ’ n a y a  

(1967), S h o l o k h o v  (1970, 1972), M o l n á r  an d  S t o l l á r  (1971), B r ó z i k  and N y é k i  (1975), 
N y é k i  et al. (1974a, 6) and  N y ú j t ó  and  B a n a i n é  (1974) th e  developm ent o f re p ro d u c tiv e  
organs in th e  b u d  depends on c lim atic  effects.

T he freeze in ju ry  in these  early  develop ing  organs w as stud ied  by  S i m o n s  (1969).

F lo ra l nectarie s  of th e  ap rico t m ay  be of econom ical im p o rtan ce  in  bee-farm ing  w ith  
respec t to  th e  size o f  f ru it gardens. F low ering nectarie s  w ere described by P é t e r  (1975), th e  
m orphological com position  of th e  nectarife rous a rea  of A rm eniaca  vulgaris by  S z u j k ó - L a c z a
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Abbreviations to the fig u res

a =  an th e r; ap =  a p e rtu re t bsc =  b u d  scale leaf; c =  calyx leaf p a ren ch y m e ; cc =  
c e n tra l  cells; ci =  c ry s ta l id iob last; cm =  c ru sh ed  m iddle  layer; спи =  c ru sh ed  nucellus; 
со =  coro lla; cot =  co ty led o n ; cy =  cy top lasm ; d =  d ruse  c ry sta ls; dm =  double  m em brane  
of th e  nucleus wall; emb =  em bryo: en =  en d o th ec iu m ; end =  endocarp cells: epi =  ep id e r­
m is; epic  =  epicoty l; es =  endosperm  tissu e ; ez =  em b ry o ; sac; f i  =  filam en t; fp o l  =  fused  
p o la r  n u c le i; fv b  =  funicle vascu la r b u n d le , gc =  g u a rd  cell; gee =  genera tive  cell; h =  h a ir­
cell; h y  =  h y p h a n th iu m : h yp  =  h ypoco ty l; i =  in te g u m e n t;  ii =  inner in te g u m en t; m =  
m arg in a l cell row  of n u cellu s; ma =  m ac ro sp o ro cy ta ; m i =  m iddle layer; mic  =  m icropyle; 
mt =  m ito se ; n =  n e c ta rife ro u s  area; ns =  nuc leus; nu  =  nucellus; nui =  nucleoli; о =  ovule; 
ob =  o b tu ra to r ;  oi =  o u te r  in teg u m en t; ov =  o v a ry ; pe  =  trip lo id  p rim er en d o sp erm  cell; 
pec =  p e ric a rp , p i  =  p lasm a  bridge; p lu  =  p lu m u la ; po  =  po llen  grain; pol =  p o la r  nucleus; 
pot =  po llen  tu b e ; pre  =  p ro cam b riu m ; sc =  sc lere id ; sch =  s ta rch ; sec =  se p a ra te  cy to ­
p la sm ; sp =  cell w all th ick en in g  u n d e r sty le  p o in t;  st =  s to m ate ; sto =  sto m iu m ; syn  =  
sy n e rg id ; syp  =  sty le  p o in t;  ta  =  ta p é tu m ; te =  te t r a d  of m icrospores; tr =  t ra n s fe r  cell; 
V =  vesic le ; va =  v acuo le; vb =  vascu lar b u n d le ; vc =  v eg e ta tiv e  cell; zy =  zygote .

Fig. 1. L ongitud inal sec tio n  from  th e  h y p h a n th iu m  an d  b u d  scale leaves. X 2 9 0 .jP h o to ’>E.jB.
SziKSZAY

Fig. 2. Y enatio in the hyphanth ium . X ll5 . Photo E. B. Szikszay

Acta Botanica Hungarica 29, 1983



DEVELOPMENTAL ANATOMY OF ARMENIACA VULGARIS 2 4 3

F ig. 3. L o n g itu d in a l sec tion  of th e  ap rico t flow ering b u d . X 1 1 5 .  P h o to  E . B .  S z i k s z a y

Fig. 4. Cross-section of anther. X730. Photo E. B. S z ik s z a y
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(1982). N ecta r p roducing  cells in  va rio u s species were stud ied  m icroscopically  b y  V a s s il y e v  
(1969, 1971) and m an y  o th e rs  (cf. F  a h n  1979). A fter dehiscence of th e  p e ta ls  th e  floral cup 
rem a in s  a round  th e  young  f ru it  for a long  tim e . The flo ral cup abscission  process was 
re p o rte d  by  R o b b in s  an d  R a m a l e y  (1933) and  L o tt  and S im o n s  (1964, 1968) in d ifferent 
co n v arie ties  of apricot.

In teg u m en ts , nucellus, em bryo , p r im a ry  an d  secondary  endosperm  tissue  developm ent 
w ere recorded  by P é c h o u t r e  (1902), B r a n d b u r y  (1929), B a c iu  (1977) an d  R a d io n e n k o  
(1963a) while th e  seed, p e risp erm , s to n e -fru it s tru c tu re  were observed  b y  P é c h o u t r e , P é n z e s  
(1957), B e r n s e n  (1966), M o r lo v a  e t al. (1972), M o r lo v a  e t al. (1977). O bserv a tio n s on bud 
d ev e lo p m en t and m icrosporogenesis w ere rep o rte d  by  Y e l m a n o v  (cf. Sh o l o k h o v  1970),

Fig. 5. Two h e m itro p ic  ovules in th e  o v a ry  cav ity . X 115. P h o to  Zs. H a t t y á r -H id a s

Fig. 6. Stom ata and guard cells in th e  nectariferous area. X730. Photo E. B. Szikszay
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Fig. 7. T e trad s  in  th e  callose envelopm en t. X 730. P h o to  E . B. S z ik sz a y

Fig. 8. C ross-section of filam en t and  an th e rs . X 290. P h o to  E . B . Sz ik sz a y

B a c iu  (1970), S a m u s h ia  (1971), Sp u l j o v ij  (1973), R a d io n e n k o  (1963a, b). Y e l m a n o v  (cf. 
Sh o l o k h o v  1970, ]972) d is t in g u is h e d  six , w hile  B a c iu  (1970) tw o  d e v e lo p m e n ta l p h a s e s  in  
th e  b u d  d u r in g  th e  b lo sso m in g  p e rio d .

Micro- and  m acrosporogenesis, fertilization  an d  dev elo p m en t o f  th e  em bryo and  en d o ­
sperm  were s tu d ied  by  R a d io n e n k o  (1963a, b). T he co rre la tio n  b e tw een  th e  em bryo- an d  
endosperm  tissue developm en t was sum m arized  by  B a c iu  (1977). H ow ever, o bservations on  
th e  developm ent o f the  w hole rep ro d u c tiv e  o rgan  are  lack ing  in  th e  l ite ra tu re . In  th is p a p e r 
th e  d ifferen tia tion  and  d ev elopm en t o f th e  rep ro d u c tiv e  organs o f A rm eniaca  vulgaris are 
described.
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F ig . 9. E xo- and  en d o th ec iu m  d iffe ren tia ted  in  th e  a n th e r  wall. x 7 5 0 . P h o to  E . B . S z ik s z a y

Fig. 10. Pollen grains in th e  an ther. X750. Photo E . B. S z ik s z a y
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Material and methods

T he b ranches and  tw igs of A rm eniaca  vulgaris c.v.-235 w ere collected  in an  ex p erim en ta l 
f ru it  ga rd en  in  Cegléd and  in  a p r iv a te  one in Döm söd from  F e b ru a ry  till Ju ly  o f 1979—80. 
A fte r  rem oving  th e  b u d  scale, th e  b u d  an d  all o ther organs w ere fix ed  in  N aw asin  so lu tion , 
em bedded  in  p a ra ff in  and  s ta ined  w ith  to lu id in -b lue . The o v a ry  a n d  la te r  on th e  f ru i t  were 
shaved , and  th e  sk in  epiderm is h a irs  w ere rem oved. T hen  sec tio n s o f 12—20 fim. th ick n ess 
w ere p rep ared  from  ap rico ts a t  d iffe ren t developm ental phases. T h e  sections are  housed  in 
th e  B o tan ical D e p a rtm en t of th e  H u n g a rian  N a tu ra l H isto ry  M useum , B udapest.

D evelopm en t o f th e  buds d epends on  th e ir  topo g rap h y  on  th e  b ran ch  and  tw ig . Con­
seq u en tly  in  several-year-o ld  b ranches, b u d s  in various d e v e lo p m en ta l phases can  be found  
a t  th e  sam e tim e  (cf. S z u jk ó -L acza  1982). T he d istance b e tw een  tw o  free endosperm  nuclei 
w as m easu red  in  10.55%  of th e  256 nuclei. T h e  d iam eter of th e  n u c le i a n d  nucleoli w as m easu red  
before th e  sep a ra tio n  of th e  cy top lasm  su rro u n d in g  th e  nuclei. A fte r  th e  se p a ra tio n  of th e  
cy to p lasm  th e  size of th e  “ cell”  an d  also th e  d iam eter of n u c leu s a n d  nucleoli in  one u n it  of 
cy to p lasm  w ere m easured . B ased on  th ese  d a ta , th e  volum e (^ m 3) of th e  cy top lasm , nucleus 
a n d  nucleoli considered  as spheric  fo rm s w ere calculated.

Fig. 11. L o n g itu d in a l section  o f th e  ovary . x 2 9 0 . P h o to  E . B. Sz ik sz a y

Fig. 12. Megasporocyte in the nueellus epidermal layer. X 730. Photo E. B. S z ik s z a y
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Fig. 13. B lossom ing  sequence in a tw o-year-o ld  b ranch . P h o to  I .  RÁCZ

F ig . 14. Cross-section fro m  th e  in n er and  o u ter cup. X 290. P h o to  Zs. H a t t y a r -H id a s

Results

In  a less developed b u d  cells of th e  inner b u d  scale are rich  in  cy to p lasm , and th e  
n u c leu s  is large in ep id e rm al cells (Fig. 1). Betw een th e  cork and p ith  p a re n c h y m a  th e  cylindri- 
fo rm  cen tra l vascidar p lex u s  is v isible in th e  pedicel. In  th e  p ith  p a re n c h y m a  th ere  are druse 
c ry s ta l  idioblasts.
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The c en tra l v a scu la r p lexus (stele in th e  fu tu re ) is arch -like  in th e  h y p h a n t (Fig. 2) 
an d  th e  trace  of th e  calyx  lobe, th e  p e ta ls  an d  s tam ens d iverge from  th e  a rch  apex. D evelop­
m en t of the  veins in  th e  carpel o f num erous P runus  species w as observed  by  St e r l in g  (1964). 
O ur resu lts on A rm en iaca  vulgaris confirm  his findings.

The th ick e r trac es  belong to  th e  calyx  and  corolla leaves an d  from  these ram ify  a 
th in n e r trace  of a n th e rs  according to  H il lm a n  (1910). T he trac e  e lem en ts are to g e th e r in th e  
h y p h a n t and in th e  in n er calyx  (F ig. 3) and  th e  a n th e r  veins ram ify  from  these, f irs t a t  th e  
lower level, and th e  ca ly x  and  corolla trace  ram ifica tio n  h ap p en s  above th em  (Fig. 3).

The o u ter a n d  th e  in n er calyx  are unified  here (Fig. 3), b u t  th e  cells of th e  n e c ta r  
p roducing area are  sm all an d  rich  in cy top lasm , and th e  s to m a  d iffe ren tia tio n  does n o t begin  
am ong th e  ep iderm al cells (Fig. 3). T his d iffe ren tia tio n  tak e s  p lace in  the  epiderm is o f th e  
calyx  lobe a lth o u g h  th e  stom a cells are in close connection  w ith  each  o ther.

The peta ls are  five  to  six cell row s th ick . T here  is a p a ren ch y m a  lay e r a round  th e  cen tra l 
vascu lar bundle in  th e  filam en t (Fig. 4). These will becom e fib re  p a ren ch y m a  cells la te r  on. 
T an n in  con tain ing  th ick -w alled  cells are found  betw een th e  tw o a n th e rs  (Fig. 9). T here are tw o or 
th ree  cell row s in th e  m idd le-layer u n d e r the  epiderm is of th e  a n th e r  w all (Fig. 7); th e  ta p e tu m  
cells have 1, 2 or 3 nucle i w ith in  th e  dense cy top lasm . T he m icrospore  m o th e r cells are in th e

Fig. 15. W ave-like surface  of th e  n e c ta r  p roducing  p a r t.  X l l 5 .  P h o to  E. B. Sz ik sz a y

b ig . 16. N ectar p ro d u c in g  tissue w ith  large h a ir and  m odified s to m a ta . X 730. Pho to  E . B.
S z ik sz a y
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la te  te lophase . The m eiosis o f  th e  pollen m o th e r cells in A rm eniaca vulgaris  w ere o f p a rticu la r  
in te re s t  to  R a d io n e n k o  (19636), B a c iu  (1971), S a m u s h ia  (1971), Sp u l j o v i j  (1973) in U kra ine, 
R o m an ia  and  Georgia. A ccord ing  to  B a c iv  (1971) m eiosis happened  in  five  h ours, S p u l j o v ij  
fo u n d  th a t  th e  pollen m o th e r  cells a p p ea red  s im ultaneously  an d  besides th e  m icrospore 
te tra d e s  pollen m other cells w ere also found  (S a m u s h ia  1971). In  co u n tries  so u th  eas t of H u n ­
g ary  m eiosis tak es p lace in  th e  f irs t decade o f F e b ru a ry , th o u g h  th e  b u d s are only in  th e  
sw ollen phase. ( R a d io n e n k o  l.c.). T his p rocess h ap p en ed  in th e  h a rd ly  sw ollen buds of cv. 
“ M agyar ka jszi”  in th e  second  decade of F e b ru a ry  1980. In  th e  hole o f th e  bo ttle -sh ap ed  
o v a ry  (F ig. 3) th e  h e m itro p ic  ovules a p p ea r as tw o  p ro tu b eran ces ab ove  each  o th e r  (Fig. 5). 
T he bases of th e  h a ir cells a re  visible am ong th e  ep iderm al cells of th e  ovary .

Fig. 17. P e ta l c ross-sec tion  and  opened  a n th e r . x 2 9 0 . P h o to  Zs. I I a t t y a r - I I id a s

Fig. 18. Young pollen grain. X940. Photo E. Gondar
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Fig. 19. R ip en ed  p o llen  grain . X 2200. P h o to  E . G ondak

Fig. 20. Two po lar cells i n  th e  em bryo  sac. X 750. P h o to  Zs. H a t t y á r - H i d a s

T he s to m a  cells were d iffe re n tia te d  in  th e  in n er ep iderm is o f calyx  and  sty le  ep iderm is 
a n d  also in  th e  nectarife rous area  (F ig . 6 ) in  th e  s lig h tly  swollen buds. Cells are rich  in  c y to ­
p lasm  an d  th e  p ro cam b iu m  occurs in  th e  apex o f th e  corolla leaves a fte r  an  in ten siv e  cell 
d iffe ren tia tio n  (F igs 3, 9). The a n th e rs  a re  big an d  in th e ir  locu lam en ts —  cham bers —  th e re  
a re  m icrospore té tra d e s  in  a callose envelope (F ig . 4). Cells of th e  secre ting  ta p e tu m  la y e r  a re  
rich  in  cy to p lasm ; th e  m iddle lay e r com prises tw o or th ree  cell row s (Fig. 4). D isru p tio n  of 
th e  m iddle lay e r begins a fte r d isso lu tion  of th e  ta p e tu m  cells (Fig. 7). T he te tra d e s  a n d  m ic ro ­
spore m o th e r cells ex is t side by  side, in  ag reem en t w ith  S p u l j o v i j ’ s  (1973)'observations. In  th e  
m ore sw ollen b u d s  th e  f irs t hairs develop  am ong th e  ep iderm al cells o f th e  calyx  an d  o v a ry .
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T he endo thecium  cells develop  in  th e  a n th e r  w all (Figs 8 , 9, 10), th o u g h  th e y  hav e  
cy to p lasm  and  nucleus. T he in n e r  row  of th e  m idd le  lay e r is a lm o st a b se n t an d  on ly  th e  
nucleus rem ains from  th e  ta p e tu m  cells (Fig. 9). T h is seq u en tia l d isso lu tion  of ta p e tu m  an d  
th e  in n er row  of th e  m iddle  la y e r  suggests th a t  th e  w all o f th e  pollen g ra in  m ay  n o t he b u ilt 
up  solely b y  tap e tu m  cells.

Fig. 21. A fte r  th e  u n io n  o f  t h e  p o la r  n u c le i b e fo re  t h e  fu s io n  o f  th e  n u c leo li in  th e  e m b ry o  
s a c . X 730. P h o to  Zs. H a t t y á r -H id a s

Fig. 22. The zygote, one of th e  synergids and the prim ary endosperm cell in the embryo sac.
X750. Photo Zs. Hattyár-H idas
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F ig . 23. Two ovules in  th e  ov ary  a f te r  com pletion  of double fe rtiliz a tio n . X 120. P h o to  E . B.
S z i k s z a y

Cells of th e  n e c ta r  p roducing  a re a  are rich  in  cy to p lasm  a n d  six  to  seven row s deep. 
I n  th e  pollen gra ins th e re  are one or tw o  nuclei. Traces of v a sc u la r  b u n d le  a p p ea r in  th e  ovary . 
B eside  th e  h a ir cells, th e  s to m a ta  are  a lso d ifferen tia ted  in th e  ep iderm is o f th e  ovary .
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T h e  in tegum ent a n d  n u cellu s  begin  to  d iffe ren tia te  in  th e  ovule o f  th e  ovary  hole 
(F ig . 11). T he m acrospore m o th e r  cells can be found  in th e  su b ep id erm al la y e r  o f th e  crassi- 
n u c e lla te  nucellus (Fig. 12).

T h e  substom ata l c h am b er  evolves u n d e r th e  s to m ate  on th e  w ave-like surface  of th e  
n e c ta rife ro u s  area. The n e c ta r  p ro d u c in g  cells a re  a rran g ed  h em ispherica lly , o r fo rm  rows and 
co lu m n s u n d e r the s to m ata .

R ep roductive  buds a re  sw ollen , b u t  th e  scale leaves cover each o th e r  in  th em . V egeta­
tiv e  b u d s  are hard ly  sw ollen. T h ere  a re  n um erous druse c ry s ta ls  in  th e  m eso p h y ll of th e  scale 
leaves. V ascu lar bundles s ta in  s tro n g ly  in th e  pedicel an d  th e  cell size increases in  th e  petals.

H a ir  cells are big a n d  su b s to m a ta l ch am bers fo rm  in  th e  calyx ’s e p id e rm a l layer. The 
p o llen  a p e rtu re  is visible in  th e  po llen  g ra ins s itu a te d  in th e  cham ber. T he m ac ro sp o ra  m other 
cell re m a in s  in the sam e s ta te  in  th e  ovule.

Scale leaves are o p en ed  a l i t t le , th e  ap ex  of th e  corolla rises in  th e  second  h a lf  of March. 
T he v e g e ta tiv e  buds are e lo n g a ted  a n d  a lit t le  sw ollen (F ig. 13E). W all th ick en in g  of th e  
e p id e rm a l and subepiderm al cells o f th e  scale leaves seem s to  be c h ara c te ris tic . T here is cell 
e lo n g a tio n  in th e  apex of coro lla  leaves. H a ir  cell div ision  ap p ears  am ong th e  co ro lla  epiderm al 
cells. T h e  hasal p a r t of th e  a d h e re n t sepals ap p ears  as a w ave-like surface  a ro u n d  th e  ovary 
(F ig s 14, 15). More p a ren c h y m a  has developed  in  th e  h y p h a n t till now.

T h e  inner layer (3—4 cell row s th ic k ) is se p a ra ted  from  th e  o u te r  one b y  a  m iddle layer 
tw o  or m ore  cell rows th ic k , w hich  encom passes th e  vascu la r bund les o f th e  an th e rs , too 
(F ig . 14), in  the  base of th e  o v a ry . T h is m iddle  lay er is an  abscission tissu e  a n d  th e  inner o r  
h a rd  c a ly x  will he se p a ra ted  fro m  th e  o u te r  calyx b y  th is  in  th e  fu tu re  (cf. S z u j k o - L a c z a  

1982). T h e  ad h eren t p a re n c h y m a tic  p a r t  of th e  a n th e rs  an d  som e in n er cell row s o f th e  h y p h an t 
to g e th e r  com prise th e  n e c ta rife ro u s  a rea  (F igs 14, 15).

G u l y a s  (1975) d iv id ed  th e  nectarie s  in to  two groups accord ing  to  th e  presence or 
ab sen ce  of th e  vascular e lem en ts  in th em . C onsidering th e  absence of th e  v a sc u la r  bundle in 
th e  a p r ic o t, th is species belongs to  th e  second group. The m etabolic  su p p ly  of th e  n ec tarife ro u s 
a rea  m a y  be provided from  th e  v ascu la r bund les of th e  d ifferen t flow er p a r ts .

Fig. 25. Hairs in th e  surface of the pericarp. X730. Photo Zs. Hattyár-H idas
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F ig. 26. L o n g itu d in a l sections of th e  o v a ry  a fte r  double  fe rtiliza tion . X  120. P h o to  Zs. H a t t y a r

H i d a s

Fig. 27. V en atio n  ne ts in  th e  p e ricarp . X  290. Pho to  Zs. H a t t y á r - H i d a s

W all th ick en in g  of th e  en d o th ec iu m  cells begins in  th e  a n th e r wall. Po llen  grain fo rm s 
a tr ian g le  (F ig. 18). H air cells are large  a n d  rich  in cy top lasm , th e  nucleus is also big in  th e  
ep id e rm al cells o f th e  ovary . The s to m a ta  a re  open in it and belongs to  th e  p a rac y tic  ty p e . 
A ccording to  P a n t ’ s  (1965) o b se rv atio n s th is  ty p e  is o f a m esogenous origin. T he ovules have
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in creased  considerably  in  th e  o v a ry  hole. P e ta ls  cover each  o th e r, b u t  th e  flowers overgrow  
th e  b u d  scales (Fig. 13D). T h e  v eg e ta tiv e  b u d s  open su b seq u en tly  a n d  th e  shoot ap ex  is 
visible. E lo n g a tio n  and  ex p an s io n  of calyx  an d  corolla are ch ara c te ris tic ; th ere  are big h a ir  
cells and  s to m a ta  am ong th e  ep iderm al cells o f th e  n ec tarife ro u s tissu e  (Fig. 16). T he base 
o f th ese  h a ir  cells is po lygonic  a n d  th e  cells rem a in  a t  th e  sam e leve l as th e  ep iderm al cells.

T he an th e rs  are closed, an d  th e  cell w all th ick en in g  of th e  a n th e r  wall tak e s  pluce 
con tin u o u sly . The four m acro sp o re  cells developed  in  th e  ovule, in  a n o th e r  case th e re  were 
a lre ad y  tw o  cells in th e  em b ry o  sac. T he sty le  is as h igh  as th e  o u te r  or u p p e r ring of stam en s 
(F ig . 13B). T he p e ta ls a re  o p ened , th e  surface  of th e  o v a ry  an d  sty le  a re  densely covered  w ith 
ha irs . T here  are four or e ig h t nuclei in  th e  em bryo  sac o f th e  ovule. In  th e  la t te r  case th e  
a n tip o d a l cells are re la tiv e ly  sm all, b u t  th e y  hav e  a dense cy to p lasm . D ruse  c ry sta ls  can  be

Fig. 28. Fertilized  a n d  d eg enerated  ovule in  th e  ovary . x l 5 0 .  P h o to  E . B. S z i k s z a y

Fig. 29. Caoxalate druse crystals in the pericarp. X730. Photo  Zs. H a t t y á r - H id a s
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Fig. 30. Size d ifference be tw een  th e  endo- an d  pe ricarp  cells. X 300. P h o to  Zs. H a t t y ÁR-
H i d a s

found  in th e  lower p a r t  of th e  h y p h a n t (recep tacle) and in  th e  apical p a r t  o f th e  in te g u m en ts . 
The sty le  overgrow s th e  sepals (F ig. 13A) in  th e  flow er s itu a ted  on th e  low est p a r t  o f th e  tw o- 
year-o ld  b ran ch . The ovary  m ay  h av e  a len g th  of 10 m m  in  some convarie ties b u t  u su a lly  it 
is sh o rte r. A n th e rs  of th e  low er stam en s are  d eh iscen t (Fig. 17) while falling  o u t o f th e  d a rk  
colour po llen  grains (Fig. 19) fro m  th ere . C alyx, corolla and stam en s have  d iffe re n tia te d  
earlier an d  th e  calyx  te e th  has curved  com ple te ly  (Fig. 13A). G erm inating  pollen g ra ins 
ap p ear in th e  stigm a surface an d  beg in  th e  u n io n  of cen tra l cells (F igs 20, 21); the egg-cell 
has been  fertilized  earlier in th e  em bryo  sac.

D ouble  fe rtiliza tio n  tak es p lace a f te r  th e  2nd or 3rd day  and  th e  zygote  can be obse rv ed  
only on  th e  4 th  day  (Fig. 22) a fte r  th e  efflorescence according to R a d i o n e n k o  (1963a, b). 
The a n tip o d  cells rem ain  dense in  cy to p lasm  a f te r  fe rtiliza tion . In  case o f artific ia l p o llin a tio n  
fe rtiliza tio n  needs 36—40 h ( S a m u s h i a  1971). T he tw o ovules develop in eq u a lly  in th e  o v a ry , 
co n sequen tly  th e  fe rtiliza tio n  process m ay  a lte r  in  tim e.

P e ta ls  are d ropped  or d ry in g , an th e rs  o f th e  u p p e r s tam ens are  d a rk , th e  s tig m a  is 
yellow -green and  w ater-co lour d rops ap p ear on  th e  surface. The cu rv ed  te e th  o f th e  ca ly x  
are v iv id  red , w hich is a ch arac te ris tic  fea tu re  o f aprico ts . C alyx abscission was f irs t  s tu d ied  
by  R o b b i n s  and  R a m a l e y  (1933). A ccording to  th e ir  stud ies, a b asa l rin g  develops before  th e  
losing of th e  calyx. T he developm en t o f th e  calyx  w as d ivided in to  stages by  L o t t  and  S i m o n s  

(1968). In  stage I I I  a phellogen tissu e  ap p ears a n d  th e n  a phellem  a ro u n d  th e  o v a ry . T he 
abscission zone em erges in  stage V I I I  an d  i t  re su lts  in th e  losing of th e  calyx . The re m a in in g  
calyx  ro u n d  th e  ov ary  p ro tec ts  i t  from  frost.

F reezing  in ju ries of d ifferen t tissues o f a y o u n g  f ru it were s tu d ied  by  S i m o n s  (1969). 
D am age from  freezing is also p re sen t in  th e  deeper layers if  th e  fru it w as in  th e  d ev elo p m en ta l 
stage X and  th e  calyx  fell earlier. T he m esocarp of th e  frozen fru it sep a ra tes  a t th e  d is ta l end 
of th e  pedicel.
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V ascular b u nd les a re  th e  m ost sensitive, th e y  o ften  b u rst. D isco n tin u ity  in th e  m eso- 
p h y ll (pericarp) tissu e  is also ch arac te ris tic  a f te r  ch arg e  an d  w a ter-co n ta in in g  hollows a p p ea r 
in  it .  D efo rm ation  of th e  tis su es  occurs in  th e  a p ex  of th e  ovule an d  in te g u m en t sep ara te ly . 
E n d o sp e rm  cells are c ru sh ed  an d  grouped in  a m ass in  th e  chalazal end of th e  em bryo sac. 
T he endocarp  opens a long  a rap h e .

R e tu rn in g  to  o u r o b se rv a tio n  in  th e  n e x t d ev elo p m en ta l stage we found  th a t  th e  calyx  
a n d  corolla fin ished  th e ir  develo p m en t, and th e  te e th  o f calyx  cu rv ed  com plete ly  (Fig. 13B). 
N u m ero u s pollen g ra ins g e rm in a te  on th e  s tig m a; d o ub le  fe rtiliz a tio n  occurred  in  one of th e  
em b ry o  sacs (Fig. 23), ra re ly  in  b o th  of th em  in th e  o v a ry . T he zygote  and  th e  p rim ary  en d o ­
sp e rm  cells are in a “ re s tin g  p e rio d ” , an tipodal cells d isap p ear. E lo n g a tio n  of the  em bryo  sac 
a long  a lo n g itud inal ax is  is sign ifican t. E x p an s io n  a n d  change in  th e  fo rm  of th e  em bryo  sac 
o f P ru n u s cerasus w ere s tu d ie d  b y  C z o s n o w s k i  (1966) in  deta il. T here  are some sim ilarities 
b e tw een  th e  em bryo  sacs o f  A rm eniaca vulgaris a n d  P ru n u s cerasus. A rm eniaca  has a ty p ic a l 
sand-glass-like  em bryo  sac  a n d  in  th e  P runus  i t  has  a tu b e- or sac fo rm . T he o b tu ra to r  cells 
a re  large , rich  in c y to p la sm , th e y  can be supposed  to  be  in  an  ac tiv e  secreting  phase du rin g  
th e  restin g  period  o f th e  z y g o te  and  p rim ary  en d o sp e rm  cells.

O b tu ra to rs  o rig in a te  fro m  th e  in teg u m en ts  h ere  (Fig. 23), c o n tra ry  to  th e  P im p in e lla  
a n isu m  (cf. S z u j k ó - L a c z a  1975). O b tu ra to r cells a re  ch arac te ris tic  o f th e  Pom oideae (cf. 
R u e h l e  1924).

The corolla leaves fa ll; th e  stigm a surface is b ro w n , an d  in som e o th e r  flowers only th e  
s ta m e n s and  th e  calyx  re m a in . T he cells are a rra n g e d  in  row s and colum ns in  th e  nectarife ro u s 
a rea , b u t its  surface is w ave-like  in  th is  flow er. T h e  n e c ta r  p roducing  cells are sm all in th e  
f i r s t  th ree  rows an d  in c rease  in  size under th ese . T h e  one-cell h a ir  cell d ifferen ta tio n  tak e s  
p lace  am ong th e  ep id e rm a l cells of th e  ovary  c o n tin u o u sly  (cf. R u e h l e  1924). The b asa l p a r t  
o f  th e  h a ir cells in tru d e  in to  th e  subepiderm al la y e r  (F ig . 24), w hich  h as developed earlier. 
H a ir  cell developm en t o f P ru n u s persica belonging  to  th e  Pom oideae subfam ily  w as also

Fig. 31. L o n g itud inal sec tio n  from  the  in te g u m en ts  an d  nuccllus o f th e  ovule. X290. P h o to
Zs. H a t t y á r - H i d a s
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Fig. 32. T he un io n  o f th e  tw o  in teg u m en ts  n ear to  th e  apex , x 800. P h o to  E . B .  S z i k s z a y

F i g .  3 3 .  Pollen tube in the micropyle. X1400. Photo Zs. H attyár-Hidas

17* Acta Botanica Hungarica 29, 1983
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o b se rv ed  b y  D o b s e y  and  P o t t e b  (1932). T h ey  d istingu ished  a b u ffer an d  a sh o rte r  ty p e . 
T h e ir  developm en t was co m p ared  to  th e  in itia l, th e  tran s itio n a l and  to  th e  rip en ed  p h ase  of 
th e  f ru i t .  T he f irs t h a ir d iffe ren ta tio n s  begin  in  th e  ov ary  wall in th e  b u d  of th e  A rm cniaca  
vu lgaris , an d  these f irs t h a irs  rem a in  also on th e  rip en ed  fru it. The f ir s t  h a ir  cells em erge b y  
th e  p e ric lin a l divisions of th e  ep iderm al cells. A fte r  an  elongation th e ir  b asa l p a r t  e x te n d s

F ig . 34. The zygote  a n d  th e  p rim ary  end o sp erm  cell in th e  em bryo  sac. X 730. 
P h o to  Zs. H a t t y á r - H i d a s

Fig. 35. Secondary thickened cells a t the style-point. X290. Photo Zs. H a t t y á r - H id a s
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Fig. 36. E n d o carp  cells in a herring-bone  p a tte rn .  X730. P h o to  Zs. H a t t y á r -H id a s

Fig. 37. F ree endosperm  nuclei. X 750. Pho to  E . B. S z ik s z a y

in to  th e  subep iderm al layer. These f ir s t  h a ir cells a re  long and rich  in  cy to p lasm . T he nucleus 
is in  th e  cen tre  of th e  cell, and wall th ick en in g  tak e s  p lace (Fig. 25). Cell-w all th icken ing  begins 
a t  th e  base o f th e  h a ir  cells and  som e appen d ag es develop. The h a ir cells a re  in tro d u ced  in to  
th e  in te rce llu la r spaces b y  th em . T hese f ir s t  h a ir cells o ften  have a len g th  of 1000 fin l. A second 
“ g en era tio n ”  of th e  h a ir cells develop a fte r  w ith erin g  and falling of th e  corolla leaves. T hey  
are  200—300 fim  long in  th e ir  developed phase . T he th ird  “ g en era tio n ”  of h a ir  cells grow 
a ro u n d  th e  f irs t ones an d  app ear a lm o st s im u ltan eo u sly  w ith  th e  beg inn ing  of em bryo  dif­
fe re n tia tio n  (Fig. 24). T hey  are b lu n t and  on ly  100 fim long. Cell w all th ick en in g  hap p en s in  
ev ery  h a ir  cell irrespec tive  of th e ir  size.

T he peri- an d  endocarp  of th e  o v a ry  is p a ren ch y m a tic  (Figs 23, 26, 27, 28, 29, 30). 
V ascu lar bund les co n stitu e  a ne tw o rk  system  (F ig . 27). One v ascu la r b u nd le  growls to  th e
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en d o carp  and  it  o rig ina tes fro m  th e  pedicel a n d  ends in  th e  chalazal p a r t  o f  th e  ov ary  (F ig. 28). 
A ccord ing  to  R i t e h l e  (1924) th is v ascu la r b u n d le  s ta r ts  a t  th e  low er p a r t  o f th e  p lacen ta . 
T h e  v ascu la r  bundle  h a v in g  a  p rocam bia l orig in  ends in  a p a ren c h y m a tic  cell group a t  th e  
c h a l a z a  (cf. R u e h l e ) .  T h ere  is a  m ass o f  cells th ro u g h  th e  nucellus w hich  hav e  no own v ascu la r  
b u n d l e ,  so th e  n u tr ie n ts  can  reach  th em  th ro u g h  th e  in teg u m en ts  (F igs 26, 28).

F ig . 38. F ree  endosperm  nucle i in  th e  m ic ro p y lar end of th e  em bryo  sac. X 750. P h o to  E . В
Sz ik s z a y

F ig . 39. Spherical em b ry o  a n d  th e  endosperm al vésicu lation  in th e  em b ry o  sac. X300. P h o to
Zs. H a t t y á r -H id a s
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Fig. 40. Free endosperm  nuclei an d  endosperm al vesicles. X 730. P h o to  Zs. H a t t y a r -H id a s

Fig. 41. S econdary  th icken ing  in  th e  cells o f o u ter in teg u m en t
H id a s

X 7 3 0 . P h o to  Zs. H a t t y á r -

R o b u st d ru se -c ry s ta l id iob lasts an d  o ften  tw in s (F ig . 29) are fo u n d  in  th e  m esocarp of 
th e  fru it. S im ilar c ry s ta l id iob lasts occur in  th e  cork p a ren ch y m a  of th e  sty le  and also in  th e  
m icropylar end of th e  in teg u m en ts .

F ru its  are 5—6 m m  long and  3—4 m m  wide, th e y  are  as long as th e  cup tube. The te e th  
o f th e  cup are  red  a n d  th e  o u ter calyx  (cf. Sz u j k ó -L a c za  1982) is still alive. S tam ens are 
d ried , th e  sty le is yellow -green an d  th ere  are num erous pollen tu b es  in  it.
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New hair cells a rc  d iffe re n tia te d  in th e  exocarp . A dditional p ro cam b ia l b u nd les ap p ear 
in  th e  m esocarp (la ter on p e ric a rp ) beside th e  p rev iously  existing  ones. T hree  or fo u r druse- 
c ry s ta l  id ioblasts o ften  fo rm  g roups in  it. Cells o f th e  endocarp are  sm all (Figs 28, 29, 30). 
D o rsa l ep iderm al cells of th e  o u te r  in te g u m en t show  ch aracte ris tic  cell-w all th ick en in g  (F ig . 31). 
E x te rn a l  in tegum en t is a n e tw o rk  of v a scu la r  b u nd les , m ost of th em  p roceed  from  th e  chalazal 
e n d  to w ards th e  m ic ropy lar region. E v o lv e m en t of these v ascu la r bund les h ap p en ed  by  
f u r th e r  d ifferen tia tion  of th e  fu n icu la r  vein.

T he ou ter and in n er in te g u m en ts  are  se p a ra ted  from  th e  m ic ro p y lar end to  th e  up p er 
one  a t  th e  1/4 leng th  of th e  ovu le  (Fig. 32). T h ere  a re  pollen tu b es in  th e  m icropyle (F ig . 33).

Fig. 42. S tarch  g ra ins in  th e  in te g u m en t cells. X 730. P h o to  Zs. H a t t y a r - H id a s

F ig . 43. Cell d ifferen tia tion  a n d  lysis in th e  nucellus a t  th e  chalaza. X 115. P h o to  Zs. H a t t y a r -
H id a s
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F ig . 44. E m b ry o , free endosperm  nuclei, vesicles and  a cen tral v acu o le  in  th e  em bryo  sac*
X l50 . Photo  Zs. H a tty á r -H idas

Fig. 45. V esic les  a n d  th e  c e n tr a l  v acu o le  in  th e  e m b ry o  sac. x 7 3 0 . P h o to  Z s. H a t t y a r -H id a s

T he n u cellu s has a m eaningful m ass (Figs 26, 28). T he zygote is b e n ea th  th e  m icropyle an d  th e  
tr ip lo id  p r im a ry  endosperm  is lo ca ted  in the  c en tre  o f th e  em bryo sac  (F ig . 34). The second 
ovule c a n n o t develop in  th ç  o v a ry  hole, th e  in n er in teg u m en t and th e  nucellus are crushed  
in  i t  (F ig . 28). We can suppose t h a t  th e  fe rtiliza tion  has no t taken  p lace  in  th is  case.

T h e  fru its  are 8 -9  m m  long bu t th ey  are 1—2 m m  th icker th a n  o th e rs  s itu a ted  above  
a t  th e  sam e tim e. V ascular bund les are su rro u n d ed  b y  m ore tran sfer cell row s (cf. P a te  a n d
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G u n n i n g  1972), which are  r ich  in  cy toplasm . Som etim es th ey  have m ore th a n  one nucleus in 
one cell, th e ir  size and form  a re  v a riab le  (Fig. 27) a n d  touch ing  th e  n e ig h b o u rin g  cells by  a 
n a rro w  projection .

In  th e  13 m m  long f ru it  th e  sty le  and th e  stig m a  firs t dry th e n  fa ll. T he th ird  “ genera­
t io n ”  o f h a ir  cells is d iffe re n tia te d  in the  exocarp. Cell wall th ick en in g  begins in the  o u ter 
cell ro w s of the  pericarp . T he tra c h e a  th ickens on ly  helically  or sp ira lly , th e  phloem  and  
t ra n s fe r  cells are sho rt in th e  v a scu la r bundle n e tw o rk  of th e  p e ricarp . Colls of th e  endocarp 
re m a in  sm all and th ere  is v a sc u la riz a tio n  in th is tissue. Some new fe a tu re s  a p p ea r in the ovule

F ig . 46. Free endosperm  nucle i a fte r vésicu la tio n  process. X 3 0 0 . P h o to  E . B . Sz ik s z a y

F ig . 47. The fusion of th e  free  endosperm  nuclei in  variable fo rm . X 1200 . Photo Zs. H a t t y a r -
H id a s
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Fig. 48. F u sio n  process of th e  free endosperm  nucle i and  nucléoles. X 1400. P h o to  Zs. H attyar
H id a s

F ig . 49. Segregated  cy top lasm  in  th e  m ic ro p y lar end of th e  em b ry o  sac. X 150. P h o to  Zs.
H a tty á r-H idas

such  as th e  p it-ho le  cell w all th icken ing  ap p earin g  in th e  epiderm al cells o f th e  o u ter in te g u ­
m en t, an d  th e re  are a g reat n u m b er of vascu la r bu n d les in th e  o u te r  in te g u m en t tissue.

T he m icropyles have  closed by to u ch in g  th e  apex of th e  in n er in teg u m en t, b u t  th e  
o u te r  ones a re  still open. T he nucellus is large  an d  con ta ins a sm all em bryo  sac; b o th  are 
su rro u n d ed  b y  th e  double in te g u m en t. The len g th  ra tio  betw een th e  em b ry o  sac and  nucellus 
is 15 : 340 consequently , on ly  4 %  of th e  o v a ry  hole is filled w ith  th e  em b ry o  sac. In  th e  
em bryo  sac some free end o sp erm  nuclei have  developed b e n ea th  th e  zygote . The nucellus 
increased  in  size due to th e  ap p ea ran ce  of a g roup  o f cells a t  th e  ch a laza l end and an  a lm ost 
co n tin u o u sly  single m arg inal cell row  (Fig. 31). T he nucellus cells a re  iso d iam etric , th in  w alled, 
an d  large  excep t those w hich are  in  th e  d iv id ing  stage.

T he m ultip ly ing  cell g roup  of th e  nucellus a t  th e  chalazal end  in  th e  P runus cerasifera 
was iden tified  as hypostase  by  Czo sno w sk i (1966). T he nucellar o rig in  o f th e  hypostase  was 

■established b y  Schulz and J e n s e n  (1971) in  th e  Capsella pursa-pastor is and  by Sz u jk ó -L acza
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(1978) in some U m belliferae  species. H y p o stase  can fu n c tio n  as an  enzym e p roducing  g land  
an d  its  p roduct is d irec tly  in tro d u ced  in to  th e  em bryo  sac (cf. Sz u j k Ó-La c za  1978). The b asa l 
cells o f th e  nucellus fu n c tio n  as a tissue increasing  group in  th e  su b fam ily  P ru no ideae  an d  
th ese  cells are s itu a te d  fa r  from  th e  em bryo  sac du ring  th e  long develop ing  period. M ore 
p ro b a b ly  th ey  are n o t h y p o sta se  cells. W e o ften  can fin d  14-15 m m  long  fru its , th e  sty le  h a s

F ig . 50. S eparated  cy to p lasm  w ith  one or m ore nuclei in one c y to p la sm  “ u n i t” . X750. P h o tu
Zs. H a tty á r -H idas

Fig. 51. Secondary  end o sp erm  w ith  th e  m em brane-like  cell walls. X 730. P h o to  E . B. Szik sza y
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Fig. 52. S econdary  endosperm  cells differ in  size an d  th e  nu m b er o f nucleoli. X1400. P h o to
Zs. H a t t y á r -H id a s

Fig. 53. N ucellus and th e  secondary  endosperm  tissue . X 3 0 0 . P h o to  E . B . Szik sza y

dried th e  cell w all th ick en s in  th e  sty le  b asa l cells (F ig . 35), w hich rem a in  as th e  style p o in t 
in the  ripeced  fru it.

Cell div ision  and cell grow th  are profuse in th e  peri- an d  in  th e  endocarp , too. The 
d irection  of cell div ision  resu lts  in  a “ p a rq u et-lik e”  or “ fish -bone” a rra n g e m e n t in the  endocarp  
cells (Fig. 36). D ifferen tia tio n  and  th e  wall th icken ing  process are co n tin u o u s in th e  epiderm is 
of th e  o u ter in teg u m en t. The nucellus increased in size as m en tioned  above, followed b y  th e  
cell division in  th e  zygote. The free endosperm  nuclei are  d is tr ib u te d  a ro u n d  th e  em bryo aond 
p a rie ta le  in th e  em bryo  sac. M ost o f th e  nuclei have on ly  one nucleolus (Fig. 37) except those  
nuclei w hich are  in  th e  v ic in ity  o f th e  em bryo. H ere th e  n u m b er o f nucleo li is variable in one 
nucleus and  b o th  show a v a rie ty  in form . M oreover, a “ d ark -h ill”  em erges from  th e  g ran u la ted
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c y to p la sm . T hey are  th e  f i r s t  signs o f th e  beginning of the  v ésicu la tio n  process (F ig . 38). 
In  o th e r  em bryo sacs th e re  a re  before num ero u s vesicles a round  th e  em bryo  (F ig. 39). The 
p o sitio n  of th e  free endosperm  nuclei seem s to  be irregu lar am ong th e  vesicles (F ig . 40).

F ru its  are 16—18 m m  long. The cell w all th icken ing  is p ro m in e n t an d  th e  nucleus still 
e x is ts  in th e  longer an d  sh o rte r  h a ir  cells also in  th e  exocarp. The la t te r  com prises from  th ree  
to  fo u r cell rows. P h loem  a n d  tran s fe r  cells a re  d o m in an t in th e  v a sc u la r  bund les o f th e  p e ri­
c a rp . As a  consequence o f th e  w all th ick en in g  process these cells a re  c h a rac te ris tic  in  th e  
ap ica l p a r t  of th e  o u te r  in te g u m en t (F ig. 41). R ed ifferen tia tion  and  sclerifica tion  of th e  o u ter 
in te g u m e n t’s epiderm is w ere s tu d ied  f irs t  b y  B e r n s e n  (1966). S ta rc h  is deposited  in  these 
ep id e rm a l and subep iderm al cells (F ig. 42). E x p an s io n  and lysis o f th e  d iffe ren t nucellus cells 
h a p p en e d  parallel (F ig. 43). T he n u m b er o f vesicles increased in  th e  em b ry o  sac.

In  th e  18-19 m m  long  f ru it th e  ep id e rm al cells of th e  o u te r  in te g u m en t being  green, 
w ere s ta in ed  w ith  to lu id in e  b lue. T he spherica l em bryo  has some suspenso r cells in  th e  san d ­
g lass-like  em bryo sac (F ig . 44). Vesicles g ro u p ed  b e n ea th  th e  em bryo  beg in  th e  un io n  of th e  
sm all vesicles to larger ones w hich  in f iltra te  th e  cen tra l vacuole (F ig . 45). T he m em b ran e  of 
th e  vesicles is bound up  in  th e  to n o p la s t o f th e  cen tra l vacuole.

In  20 m m  or longer f ru its  th e  en d osperm al vesicles are in th e  m iddle  of th e  em bryo  
sac  or th ey  reach th e  ch alaza l end. T he d is tr ib u tio n  of free endosperm  nuclei and th e ir  size 
show  a certa in  a rran g em en t (F ig . 37) before vésicu la tion  and th is  p a t te rn  a lm ost d isappears 
d u rin g  th e  vésicu lation  p rocess (F ig. 45). T he beh av io u r of th e  256 free  endosperm  nuclei in 
th e  em bryo  sac o f th e  ap ric o t was in v es tig a te d  cy tom orpholog ically  an d  q u a n tita tiv e ly .

As show n in T ab le  1 th e  d istan ce  be tw een  tw o nuclei is 13 //m , th e  d iam ete r o f the  
nuc leu s is 9.9 fim  and  nucleoli have  a m ean  d iam e te r of 4.7 fim . T he vo lum e of th e  nucleus is 
461.9 fin i 3 in th e  se p a ra ted  cy to p lasm  an d  104.1 fim 3 before cy to p la sm  sep ara tio n . T hus 
2 2 .5 4 %  of th e  nucleoli vo lum e is from  th e  nucleus. The cy top lasm  “ u n i t”  has a vo lum e of

F ig . 54. T he num ber o f chrom osom es differs in  th e  secondary end o sp erm  cells. X 1400. Pho to
E . B. S z i k s z a y
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Fig. 55. L ongitudinal section  of th e  f ru it p a ra lle l w ith  th e  ra p h e . P h o to  I. RÁcz

F ig . 56. O vule cross-section  above th e  chalazal end  of the  em bryo sac. X l l 5 .  Pho to  E . B.
SZIKSZAY

a p p ro x im a te ly  2170.2 /o n 3; th e  nucleus is 638.2 /лиi 3 and  th e  nucleoli 461.9 /лт 3. T hus 29 .4%  
of nucleoli vo lum e is from  th e  nucleus in  th a t  case.

C onsequently , th e  d ifference in  nucleus vo lum e betw een th e  re la tiv e  hom ogenous an d  
in th e  se p a ra ted  cy top lasm  is 176.3 /лиi 3 to  th e  ad v an tag e  of th e  se p a ra te d  cy top lasm . T his 
difference increases to  376.6 /лт 3 if  th e  se p a ra ted  cy top lasm  contains m o re  th a n  one nucleoli. 
In  o th e r  w ords the volum e of th e  nucleus increases b y  27.62%  a n d  t h a t  o f  th e  nucleoli by  
21.66%  in  th e  sep ara ted  cy to p lasm  co m pared  w ith  th e  form er s ta te . T h e  m inim al d istance  
betw een  tw o  nuclei was 7.5 /im  (in tw o cases) while th e  m axim um  d is tan c e  was 25.2 /im  (in 
th ree  cases). T he sm allest nucleus d iam ete r w as 7.5 /лиi (in tw o cases) w hile  th e  larg est was 
12.5 /iu i (in  six cases). The d iam e te r o f th e  nucleoli v aried  from  3 /лт  (in  one case) to  6.3 /лт
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(in  fiv e  cases). The sm allest nu c leu s d iam eter was 5 fim  while th e  lo n g es t 12.5 um : those  of 
th e  nucleoli were 1 fim  a n d  7.5 jum, respectively , in sep ara ted  c y to p la sm . Two or m ore nucleoli 
w ere found  in one nucleus in 18 .5%  of th e  exam ined  area  in  th e  se p a ra ted  cytoplasm .

The union of th e  n u c leu s an d  nucleoli can  be stu d ied  using  cy tom orpholog ic  and  m etric  
c h ara c te rs  (Figs 38, 46, 47, 48 a n d  Table 1) before an d  a fte r  v é s icu la tio n  (F ig. 46) stage in  th e  
em b ry o  sac. Nucleus d e fo rm a tio n  o ften  can be seen before th e  fusion  (F igs 38, 47, 48) w hen 
th e  tw o nuclei are s itu a te d  re la tiv e ly  far from  each  o ther. H ow ever, th is  m odification  in  form

jFig. 57. Vessel in th e  in te g u m e n t parallel w ith  th e  v e n tra l  su tu re . X 29 0 . P h o to  E . B. Sz ik s z a y
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Table 1

M easurement data for cytoplasm , 
nuclei and nucleoli before separation

Nucleus diam ., 
//m

Nucleolus diam.,
/JXn

Distance between 
two nuclei, f i tn

12.0 5.0 12.5

10.0 3.0 10.0
10.0 5.0 7.5
12.5 5.0 15.0

12.5 5.0 9.0

10.0 3.5 9.0
7.5 2.5 9.0

9.0 4.0 10.0

10.0 4.0 9.0

12.0 5.0 10.0

10.0 4.0 10.0

12.5 5.0 10.0

10.0 4.0 7.5

10.0 4.0 9.0

10.0 5.0 11.0

11.5 5.0 10.0
7.5 4.0 12.5

10.0 4.0 12.5
12.5 5.0 12.5

10.0 4.0 12.5
9.5 5.0 25.2

12.5 6.3 25.2

12.5 6.3 22.0
9.5 6.3 22.0

6.3 5.0 25.2
9.4 6.3 12.6

9.4 6.3 12.6

2  =  266.6 £ =  126.2 2  =  349.9
X =  9.9 /<m X =  4.7 fan X =  12.96 fim

hap p en s well a f te r  th e  tw o  nuclei are in co n tact. U n ion  of th e  nucle i u su a lly  results in  a n  
increase in  size. F usio n  o f th e  nucleoli ensures som ew hat la te r  th a n  nucleus union (Figs 38, 
46, 47, 48). The fusion  of nucleoli varies in  form  (F igs 38, 48). D uring  th e  un ion  process th e  
cy top lasm  is g ran u la r . T he nu c lear m em brane u su a lly  doubles a f te r  th e  un ion  of th e  n u ­
cleoli (Fig. 48).

18 A cta  B o tan ica  H ungarica 29, 1983



274 J .  S Z U J K Ó - L A C Z A

T he vésicu lation  p rocess is n o t eq u a l in  in te n s ity  in th e  d iffe ren t em bryo  sacs. In  som e 
in s tan c es  th e  un ion  of nucleoli and  nucleus a n d  sep ara tio n  of th e  c y to p la sm  ta k e  p lace  w ith  a 
w eak  vésicu la tion  (F ig. 38) w hile th e  e n d o sp e rm a l vésiculation  m ay  be v e ry  v igorous in  o th er 
cases in th e  em bryo sac (F ig s 39, 40, 45). T h e  u n io n  of th e  nucleus a n d  se p a ra tio n  o f th e  cy to ­
p la sm  are  in te rch an g eab le  depend ing  on th e  d is tan ce  from  th e  em b ry o . T he p ro x im ity  o f th e  
e m b ry o  induces th e  se p a ra tio n  of th e  c y to p la sm  (Figs 49, 50). A  m em b ran e-lik e  cell wall 
fo rm s ro u n d  th e  cy to p lasm  soon (Fig. 51). F u s io n  of th e  nucleus a n d  th e  nucleolus ta k e s  p lace

Table 2

The cytoplasm, nuclei and  nucleoli after separation  
o f  the cytoplasm

C y to p la s m  
“ u n i t ”  d i a m . ,

jum

N u c le u s  o r  
n u c le i  d i a m . ,  

urn
N u c le o l i  d i a m . ,

/ЛП

20.0 7.5 4.0

20.0 11.5 4.0; 2.5

30.0 10.0 4.0

32.5 10.0; 7.5 4.0; 3.0; 4.0

20.0 10.0 4.0; 4.0; 2.0

17.5 10.0; 7.5 5.0, 4.0; 2.5

20.0 10.0; 7.5 5.0; 2.5; 1.0

22.5 10.0 7.5

22.5 10.0 5.0

20.0 7.5 5.0

22.5 7.5 5.0

17.5 10.0 5.0

22.5 7.5 5.0

25.0 12.5 5.0: 3.0; 2.5; 2.0

25.0 10.0 5.0

22.5 10.0 6.5; 2.5

15.0 10.0 5.0

20.0 10.0 5.0

15.0 7.5 4.0

15.0 7.5 2.5; 2.5

20.0 7.5; 7.5; 7.5 4.0; 4 .0, 4.0

20.0 7.5; 7.5 4.0; 4.0

20.0 10.0; 7.5 5.0; 4.0

22.5 7.5; 5.0 4.0; 4.0

17.5 7.5; 7.5 4.0; 4.0

17.5 7.5; 7.5 4.0; 4.0

Z  =  704.5 Z  -  318.0 A =  186.5

к  =  174.2 x =  11.5 X =  6.9
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■only in  th e  se p a ra ted  cy to p lasm  n ear th e  em bryo . T hese new secondary  endosperm  cells a re  
freq u e n tly  h igh ly  vacuolised . The g reat n u m b er o f nucleoli and  v a r ia tio n  in th e ir  sh ap e  m ay  
be connected  w ith  th e  sy n th esis  of ribosom al RINA, as in m an y  o th e r cases (cf. E sa u  1967). 
T h e  u l tra s tru c tu re  o f th e  nucleoli was clarified b y  J o h n s o n  (1969).

T he free end o sp erm  nucle i show v a ria b ility  in  size (Table 1). The nu m b er o f fu s io n a ted  
nuclei and  nucleoli is u su a lly  d ifferen t in cells n e x t  to  each o th e r (F igs 38, 46, 47 a n d  T ab le  2) 
in  th e  ap rico t.

A v ariab le  n u m b er o f po lyploidy in th e  secondary  endosperm  cells is a w ell-know n 
fa c t (cf. M a h e s h w a r i  1950) w hich is due to  th e  fusion  of th e  nucleus and nucleoli (S z u j k ó - 
L a cza  1976). T he sizes o f b o th  cells and nuclei a n d  th e  n u m b er of nucleoli differ (F igs 51, 52) 
a fte r  un ion . T he nucleus is larg e r in p lo id ity  an d  has n um erous p lasm a bridges (F igs 51, 52). 
T he secondary  endosperm  cells are sm aller and  as a resu lt th e  cell d en sity  increases a long  th e  
em bryo  sac being th e  g re a te s t in th e  cen tre  (F ig . 53).

M itosis begins in  th e  cells situ a ted  n ear th e  em bryo  sac. T he nu m b er of chrom osom es 
varies depending  on th e  n u m b er of nuclei u n ited  before  in th e  d ifferen t endosperm  cells (F ig . 54). 
T h e  endosperm al v ésicu la tio n , separa tion  of th e  cy top lasm , and  cell Avail fo rm atio n  a lw ay s 
begins n ea r th e  em bryo  an d  goes tow ards th e  chalaza le  end.

B r a n d b u r y  (1929) observed  th e  cellular end o sp erm  cells n e a r th e  em bryo and  n u cella r 
ones a t  th e  chalazal end in P rim u s cerasus. T u r k e y  (1933) ob ta in ed  th e  sam e resu lts  in P ru n u s  
avium . T ran sfo rm a tio n  of th e  nucellare to th e  cellu la r endosperm  is u sua lly  com plete in A rm e- 
niaca vulgaris.

T he secondary  endosperm  cells absorb  th e  nucellus — ex cep t for th e  sim ple f irs t  row  of 
t h e  m arg inal lay e r —  b y  th e  process of cell d iv ision , cell g row th  (F igs 55, 56, 58) and b y  filling 
th e  space enclosed w ith  th e  in tegum ents. S clerification  of th e  ep iderm al cells o f th e  o u te r  
in te g u m en t is c h a rac te ris tic  (F igs 56, 57, 58) and  th is  cell row rem ain s in  th e  seed co a t, too . 
F o rm ing  th e  f irs t  cells o f  th e  secondary  endosperm , th e  m ed ian  in teg u m en ta ry  v ascu la r  
b u nd le  has developed  up  to  now7 (Fig. 57). Secondary  endosperm  cells have  rem ained  on ly  in 
th e  chalaza l end of th e  em b ry o  sac for a long tim e  (F ig. 56) because th e  developing em b ry o

Fig. 59. R adicle  w ith  p rocam bia l vessel. X 115. P h o to  E . B. S z ik sz a y
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Fig. 60. P lum ule . X 115. P h o to  E . B. Sz ik sz a y

F ig . 61. T he n u tr ie n t s to re d  co ty ledons and  p lu m u le  in  th e  seed. X 730. P h o to  E . B. Sz ik s z a y

ab so rb s th em  in  th e  op p o site  apex  (Fig. 58). A fte r  dissolu tion  of th e  endosperm  tissu e  th e  
em b ry o  fills up  th e  space. T h e  em bryo com prises th e  radicle (Fig. 59), co ty ledons an d  th e  shoot 
a p ex  (F igs 60, 61) w ith  p ro cam b iu m  in it. D ev elo p m en t of the  seed an d  d isap p earan ce  o f th e  
in teg u m en ts  occur co n cu rren tly . T he rem ain ing  and  collapsed cell walls of th e  in teg u m en ts  
a n d  th e  sclerified ep iderm is cells o f th e  o u te r  in teg u m en ts  are th e  seed coat com posed o f
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severa l layers according to  N y ú j t ó  and T o m c s a n y i  (1959). T he m em brane-like  in n er lay e r is 
th e  em bryo  sac and  th e  o u te r  one originates from  th e  crushed  in teg u m en ts . T he sclerified cell 
row  of th e  seed co at is a sso rted  w ith  th e  inner side  o f th e  stone fru it.

The n u tr ie n t storage tis su es  are the  co ty led o n s co n ta in in g  s ta rc h  grains a t  f irs t and  
th en  oil d rops in cells 50-60  d ay s  a fte r blossom s accord ing  to  R a d i o n e n k o  (1963a). T he 
co ty ledons a n d  th e  shoot a p ex  a re  filled w ith n u tr ie n ts  m ain ly  w ith  s ta rch  and  oil to g e th e r 
in th e  ripened  seed.

T he s tru c tu re  of th e  seed co a t and stone f r u i t  w ere in v es tig a te d  b y  P é c h o u t r e  (1902), 
B r a d b u r y  (1929), P é n z e s  (1957), K a n i e w s k i  (1963), B e r n s e n  (1966), M o r l o v a  e t al. (1972) 
and  B a c i u  (1977) in deta il. K a n i e w s k i  stud ied  th e  d iffe re n tia tio n  of b o th  sides o f th e  o v a ry  
wall (endo- a n d  pericarp). A ccord ing ly , th e  lig n if ica tio n  o f th e  sclereid  cell groups occurs on 
the  v e n tra l side of th e  “ s to n e ”  f ru it  in th e  b lossom ing  tim e. B e r n s e n  (1966) observed  th e  
cy tom orpholog ical change o f th e  sclereids.

The s tone  or h a rd  f ru it  o f Arm eniaca vulgaris  has five  layers based  on th e  shape and  
size d ifferences o f sclereids. T h e  o u ter layer co n ta in s  b rachysc lere ids, th e  n e x t is sim ilar in 
cells b u t  a lte rs  u n d e r ligh t re fra c tio n  com pared to  th e  f i r s t  one. M acrosclereids develop in  th e  
th ird  and  fo u rth  layers b u t  in  th e  la tte r  th e  cells a re  cav ernu lous in  th e  p ith . Cell sizes in  th e  
th ird  lay er can  reach  8 8 x 8 5 ,  o r 1 5 3 x 1 5  /ш .  Iso d ia m e tric  cells com pose th e  f if th  layer, th e y  
have ram ifo rm  p its  (cf. P é n z e s  1957). Sclerification  of th e  endocarp  begins w hen th e  cells 
becom e w hite  in  colour b u t a re  so ft enough. This p ro cess  ap p ears  a f te r  a  long tim e of blossom ­
ing according to  m y o b se rv a tio n s. These cells re m a in  sm all (F igs 23, 30) and  th e  form ing of 
th e  endocarp  begins w ith  th e ir  elongation . B eside sclereids d ruse  c ry s ta ls  also ap p ear in  th is  
tissue (cf. B e r n s e n  1966) w h ich  was ch arac te ris tic  o f  th e  pericarp  lay e r earlier.

M o r l o v a  e t al. (1972) s tu d ied  it in  re la tio n  to  th e  endocarp  in  b o th  subfam ilies of 
R osaceae. R esu lts  o f th e ir  s tu d ie s  show th a t  in  species belonging to  th e  Pom oideae su b ­
fam ily  th e  endocarp  ten d s to  p a rcn c h y m a tiz a tio n , a n d  in  o thers belonging to  P ru no ideae  to  
lign ification  for a b e tte r  seed p ro tec tio n .

The pericarp  is green a n d  rich  in v ascu la r b u n d les  and  d ruse  c ry sta l id iob lasts are to  
be found  also in th is  tissue of th e  young fru it. T h e  ch lo rop lasts becom e chrom oplasts du rin g  
m a tu ra tio n . T he colour becom es red  on the  side o f  th e  f ru it  w hich faces d irec t ligh t and  yellow  
on th e  o th er side facing diffuse lig h t. Phloem  and  x y lem  p a ren ch y m a  a n d  tran sfe r cells d o m inate  
in  th e  v ascu la r bundle  of th e  pericarp . V ascu lar b u n d les  are denser in  th e  o u ter p a r t  of th e  
m esocarp  an d  less dense in th e  in n er p a rt as s ta te d  b y  B o r b á s  (1880). T he net-like vascu la r 
bundle  system  (Fig. 27) show s th e  g reatest d e n s ity  n e x t to  th e  s to n e  f ru it —  exocarp  —  and  
becom es less dense b e n ea th  th e  epiderm is (F ig. 55). D ruse  c ry s ta l id iob lasts persist in th e  
m atu re  pe ricarp , too . The ex o ca rp  of the  fru it is sev era l cell row s th ic k  and  i t  is covered w ith  
ha irs (Fig. 25). H elical (sp ira l) th icken ings of th e  p r im a ry  tra c h e a r  e lem en ts o f xylem  rem ain  
in th e  pe ricarp  during  m a tu ra tio n .

Summary

O ur observations rev ea l th a t  filam en ts  an d  pollen  gra ins develop alm ost 
en tire ly  in  th e  bud  (F igs 3, 10). Micro- a n d  m acrosporogenesis occur fa r from  
each  o th e r in tim e. T he stigm a exudes a liq u id  on th e  surface a fte r  double 
fe rtiliza tio n  in th e  em bryo  sac.

G erm inate  pollen g ra in s are to  b e  fo u n d  on th e  s tig m a  surface in  the  
liq u id , and  pollen tu b e (s)  in the  m icropy le  com pleting  fe rtiliza tions (Figs 
33, 34). Follow ing th e  developm ent, g ro w th  an d  lysis o f th e  nucellus we can
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f in d  a cell group a t  th e  ch a lazal end  (F ig. 43) and  a single cell row  (F ig . 31) 
a t  th e  m arg in  (n ex t to  it  th e  in n e r side of th e  inner in teg u m en t) from  w hich 
th e  nucellus increases in size. G row th  and  lysis o f th e  nucellus ta k e  p la c e  
p a ra lle ly  an d  accelera te  d u rin g  th e  d iv ision  of th e  zygote  an d  free en d o sp erm  
n uc le i. T he em bryo  sac is o v a te  a t  th e  beg inn ing  and  is like a sand-g lass a t  t h e  
e n d  o f th e  free endosperm  nuclei phase .

E n d o sp erm al vésicu la tio n  is u su a lly  v e ry  p ro m in en t (F igs 39, 40, 44, 45). 
Y esicules becom e un ified  in to  la rg e r vesicles (F ig. 40) an d  fu r th e r  in crease  th e  
c e n tra l  vacuole (F ig. 45) w ith  th e ir  c o n te n t an d  w ith  th e ir  m em b ran e  b o u n d  
in  th e  to n o p las t.

T he 256 free endosperm  nucle i developed  and  th e  un ion  of nucle i an d  
n u c leo li to o k  place in  v a ry in g  n u m b ers  (Figs 38, 46, 47, 48, 50). The f ir s t  cell 
d iv is io n  appears in  th e  secondary  endosperm  cells n ear th e  em bryo  sac. T h e  
n u m b e r  of chrom osom es varies in  d iffe ren t endosperm  cells depend ing  on th e  
n u m b e r  of free endosperm  nuclei t h a t  have  fused earlier. T he g row th  o f  th e  
n u ce llu s  fin ished  by  th e  tim e  of th e  fo rm atio n  of th e  f irs t seco n d ary  en d o sp erm  
cells. Lysis began w ith  th e  develop ing  of th e  em bryo  sac an d  ended  w hen  all 
o f  th e  secondary  endosperm  cells h a d  developed (F ig. 56). T he cell c o n te n t o f  
th e  in teg u m en ts  has tra n sfe rre d  to  th e  nucellus and  endosperm , h u t  th e  
c ru sh e d  cells rem ained  as seed co a t.

T he free endosperm  nucle i a n d  cy top lasm , an d  la te r  on th e  seco n d a ry  
en d o sp erm  tissue , abso rbed  th e  w hole n ucellar tissue  ex cep t for th e  sing le  
m a rg in a l cell row  (Fig. 58). T he seco n d ary  endosperm  an d  th e  co n tin u o u sly  
d ec reasin g  n uce lla r tissue  coex isted  d u rin g  th e  deve lopm en t of th e  em b ry o  
(F ig . 55). The em bryo  w as su rro u n d ed  b y  free endosperm  n ucle i (Figs 39, 44) 
a n d  la te r  b y  th e  secondary  endosperm  (Figs 55-58). T he em bryo  a b so rb ed  
food  m a te ria l from  th e  in te g u m e n ts  f irs t  b y  th e  suspensor cells an d  th e n  
d ire c tly  from  th e  secondary  en d o sp erm  cells. A bso rp tion  o f th e  endosperm  w as 
co m p le te . D ue to  th e  absence o f n u tr i t iv e  tissue  (endosperm ) in  th e  seed, th e  
em b ry o  itse lf  becam e a n u tr i t io n  reserve  (Figs 60, 61) for g erm in a tio n .

T he p ericarp  can  share  in  th e  assim ila tion  process b y  th e  ch lo ro p la s t 
c o n ta in in g  cells for a long tim e . X y lem  cells th ick en ed  o n ly  (F ig. 27) in th e  
p e ric a rp . This an d  th e  alm ost com ple te  lack  of fib res in  th e  v ascu la r b u n d le  
i m b ed d ed  in  th e  th ick  p a re n c h y m a tic  tissue  s tru c tu ra lly  con firm ed  th e  d e v e l­
o p m e n t of th e  edible fleshy  p ericarp .
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SCREENING OF SOME COMMON INDIAN TREES 
FOR LEAF PROTEIN

A . K .  S i n g h

D E P A R T M E N T  O F  B O T A N Y , G O R A K H P U R  U N I V E R S I T Y ,  I N D I A  

(R eceived: 20. S ep tem b er, 1982)

S ix ty -fiv e  tree  species belonging  to  tw e n ty -tw o  fam ilies o f D ico te ledons fro m  
G o rak h p u r an d  an  ad jo in ing  a rea  w ere su rv ey ed  du ring  1980—81 fo r p ro te in  e x tra c tio n . 
P ro te in  n itro g en , p ro te in , to ta l  n itro g en , a n d  ash  were e stim a ted  in  th e  leaf sam ples 
a n d  lea f p ro te in  co n cen tra te  (L PC ). T he d ry  m a tte r  o f leaf sam ples w as also reco rded  
a n d  th e  p e rcen tag e  ex tra c ta b ilitie s  o f to ta l  n itro g en  and p ro te in  n itro g en  of L PC  
w ere ca lcu la ted . T he species su rv ey ed  w ere categorized  in to  four g roups on th e  basis 
o f L PC  e x tra c ta b ili ty . T hree  m ain  categories an d  fo u r sub-categories were estab lished  
on th e  basis o f p ro te in  n itro g en  e x tra c te d  fro m  lea f and LPC co n ta in in g  n itro g en  of 
d ry  m a tte r .

In tro d u c tio n

T h ere  is no need  to  em phasize on th e  p ro te in  gap an d  increasing  p o p u la tio n . T his gap  
has fo rced  a resp o n sib ility  on  sc ien tist a n d  a g ric u ltu r is t  to  overcom e th e  p ro te in  gap. T here  
a re  so m a n y  asp ec ts  b y  w hich th e  w orkers a re  on  th e  p a th  o f overcom ing th e  calory  need . 
L eaf p ro te in  is one of th e  sources w hich also c o n tr ib u te  to  solve th is b u rn in g  prob lem .

U p to  th is  s tage  th e  tree  flora  has no t rece ived  m uch  a tte n tio n  b y  th e  w orkers. V ery  
l ittle  w o rk  has been  done on tree  species along w ith  o th e r  crop and  w ild h e rb s ( B y e r s  1961, 
V a l l i d e v i  e t al. 1965). T h is in v estig a tio n  w as u n d e r ta k e n  in  connection  w ith  w ork  being 
done a t  G o rak h p u r on  th e  e x trac tio n  an d  use o f p ro te in  from  leaves (S .C .S .I.R . L ucknow  
P ro jec t) . T he idea  t h a t  th e  p ro te in  in leaves, w hen e x tra c te d , could form  a v a lu ab le  ad d itio n  
to  th e  h u m a n  d ie t is n o t new  and  so m an y  w orkers h av e  been done in  th is  poss ib ility  du rin g  
la s t f if ty  y ears  ( P i r i é  1957: B y e r s  1971; S i n g h  1974).

E xperim en ta l
1. Leaves

M ost o f  th e  leaves of tree  were o b ta in e d  fro m  G o rak h p u r and its  ad jo in ing  area , w here 
th e  te m p e ra tu re  w as h o t m ost of th e  p eriod . T h e  a n n u a l ra in fa ll is h igh  an d  th e  v eg e ta tio n  
dense a n d  lu x u rie n t. T he leaves were co llected  th ro u g h o u t th e  period  in  a ra n d o m  w ay. T he 
period  of tim e , p lace  o f collection and co n d itio n  of th e  p la n t  were recorded .
2. P rotein extraction fro m  leaves

Two h u n d re d  g o f leaves was hom ogenized  w ith  600 ml double d istilled  w a te r  in  a 
w aring  b len d e r for 30 m in  and  green h o m ogenate  w as filte red  th ro u g h  double  lay ered  m uslin  
c lo th  to  rem ove th e  fib rous m ateria l. T he f i l t r a te  w as tran sfe rred  in to  an  ev ap o ra tio n  d ish  
(2000 m l cap .) an d  0.1 N-HC1 was ad d ed  slow ly w ith  c o n s tan t stirrin g  to  give a fin a l p H  
of 4 .5. T he p ro te in  w as cen trifuged  a t  3000 rp m  from  th is  acid ified  e x tra c t. T he p ro te in  residue 
(crude p ro te in )  w as w ashed w ith  double d istilled  w a te r  an d  recen trifuged  before h ea tin g  for 
co ag u latio n  a t  60 °C for 20 m in. This co ag u la ted  p ro te in  was liophylized  an d  w ashed  w ith  
ace tone . T he resid u al acetone was fin a lly  rem o v ed  b y  d ry in g  th e  m ate ria l a t  60 °C u n d e r 
v acu u m  ( M o r r i s o n  an d  P i r i é  1961).
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Details o f  the collection o f  lea f samples

Table 1

N o . N a m e  o f  sp e c ie s C o m m o n  n a m e P la c e  o f  c o l le c t io n
A g e  & 
s ta g e  

o f  le a f

M o n th  o f  
c o lle c tio n

l Term inalia  arjuna A rjun K usham i forest F Ju n e
2 T . bellerica B ahera B icchaia

colony
Pof Ju ly

3 T . t atappa Deshi B adam Tow n H all 
com pound

F M arch

4 T . chebula H arra T ilkonia forest F M arch
5 Callistemon lanceolatus B ottle  b rush U niv. garden F O ctober
6 E ucalyptus globulus E u calyp tus U niv. garden F Ju n e
7 Melaleuca leucodendron — U niv. garden F F eb ru a ry
8 P sid ium  guajava Am rood L acchipur Pof .1 uly
9 S y zyg ium  cum in i Jam u n Rly. colony P rf F eb ru ary

10 S. heyneanum K a th  jam u n K h o rab h ar F M arch
11 Barringtonia acutangula Paniha D om ingarh F Ju n e
12 Lagerstroemia parviflora Ashidh B e tiah a ta F April
13 L . speciosa G ulcham an U niv. cam pus F Ju ly
14 Laivsonia inermis Mehendi R. C. Church Pof N ovem ber
15 Punica granatum A nar Rly. colony Pof F eb ru ary
io Carica papaya P ap ita U niv . cam pus F May
17 A lang ium  salvifolium Akola R aj g h a t F April
18 A d in a  cordifolia H aidu Civil lines F Ju n e
19 Anthocephalus cadamba K adam b Civil lines F May
20 Gardenia latifolia G andhraj G ovt, garden F Ju n e
21 M itragyna parvifolia Tikuli Civil lines Pof S eptem ber
22 W endlandia heynei D om ingarh F April
23 X erom phis uliginosa Pendar T ilkonia forest F April
24 A rdisia  solanacea B hakinal R am garh P rf April
25 M adhuca indica M ahuwa G ovt, garden P rf M arch
26 M anilkara  hexandra K hirni E m ploym en t

exchange
P rf O ctober

27 M im usops elengi M aulshri G ovt, garden Pof Septem ber
28 Nyctanthes arbor-tristis H ar. singar R ly. colony F Septem ber
29 A lstonia scholaris C hatiyan B etih a ta P rf N ovem ber
30 Holarrhena antidysenterica K urchi U niv. garden P rf April
31 N erium  indicum K aner U niv. cam pus F M ay
32 Plum eria rubra G ulachin R. C. C hurch F A ugust
33 Thevetia peruviana Yellow kaner U niv. garden Pof O ctober
34 Strvchnos nux-vomica K uchla B e tiahata F F eb ru ary
35 Cordia dichotoma Lasora R am garh

forest
F Ja n u a ry

36 Ehretia laevis D om ingarh Prf Ja n u a ry
37 Jacaranda mimosifolia — U niv. cam pus F April
38 M illingtonia  hortensis — Rly. colonv F N ovem ber
39 Spathodea campanulata — U niv. garden F M arch
40 Tecoma stans — Rlv. colony F Ja n u a ry
41 Premna mucronata — Civil lines P rf Ju ly
42 Tectona grandis Ságon Tilkonia forest F Ju n e
43 Santalum  album C handan U niv. garden F O ctober
44 Antidesm a ghaesembilla — T ilkonia forest Pof Septem ber
45 Bischofia javanica P an iyala T ilkonia forest F M arch
46 Bridelia squamosa К  haj a P adribazar F A ugust
47 D rypetes roxburghii Pu tje  V Bicchia colony F M arch
48 Emblica o fficinalis Awala Bicchia colony P rf J an u ary
49 M allotus phillippensis Roh ini Cem etry F O ctober
50 R ic inus communis R endi Rlv. colony P rf M arch
51 Treivia polycarpa Bahdol A m bazar P rf O ctober
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( Table 1 continued)

N o. N am e  o f  species C om m on nam e Place o f  co llec tio n
Age & 
stage 

o f  leaf

M o n th  o f 
co llection

52 Holoptelea integrifolia C hilbil Civil lines F F eb ru ary
53 Trema orientalis .langli Raj ghat P rf O ctober
54 Artocarpus heterophyllus K a th a l B ilandpur F F eb ru ary
55 A . lakoocha B arah a l Civil lines F M arch
56 Ficus benghalensis B argad Univ. cam pus P rf April
57 F. racemosa G ular M aniram F M arch
58 F. religiosa P ipál Pedleyganj P rf March
59 F. virens P ak ri B etiahata F Ju n e
60 M orus indica S h ah to o t Govt, garden F M arch
61 Streblus asper Singhor Surajkund P rf Decem ber
62 Casuarina equisetifolia J h a u Govt, garden F April
63 Borassus flabellifer T ar B ilandpur F M arch
64 Cocos nur. i f  er a N ariy a l Town hall F Ja n u a ry
65 Phoenix sylvestris K lia ju r Am bazar F M arch

P rf =  Pre-flow ering stage 
F  =  Flow ering stage 

Pof =  Post-flow ering stage

3. A na lysis

T he d ry  m a tte r  o f p lan ts  w as d e te rm in e d  b y  drying a t  80 ±  5 °C for 48 h. T he to ta l  
n itro g en  and p ro te in  n itrogen  of th e  le a f  sam p le  and  LPC were d e te rm in e d  by  th e  m icro ­
d igestion  m ethod  of D o n e e n  (1932) fo llow ed b y  S n e l l  and S n e l l  (1953) for colorim etric  
estim a tio n . T he ash  v a lue  was e s tim a te d  acco rd in g  to  A.O.A.C. (1960). P e r  cen t e x tra c ta b ili ty  
o f LPC  and pe r cen t e x trac tab ilitie s  o f  p ro te in  n itrogen  and to ta l  n itro g e n  of LPC  were 
calcu la ted  by  th e  fo rm ula  given by  S h a r m a  e t al. (1975).

R esu lts

S ix ty -fiv e  tree  species of tw e n ty - tw o  fam ilies (C om bretaceae, M y rtaceae , L ecy th id a - 
ceae, L y th raceae , Punicaceae, C aricaceae, C oronaceae, Rubiaceae, M yrsinaceae, Sapotaceae, 
O leaceae, A pocynaceae, L oganiaceae, E h re tia c e a e , Bignoniaceae, V erbenaceae, San ta laceae , 
E up lio rb iaceae, U lm aceae,M oraceae, C asu arin aceae  and  Palm ae) were co llected  in an ad jo in ing  
area  of G o rak h p u r a t  its  d ifferent s tages o f flow ering  condition, i.e. p re-flow ering , flow ering 
an d  post-flow ering . P la n ts  were a rra n g e d  accord ing  to  the  B e n t h a m  and  H o o k e r  system  
an d  as m uch  as possible th e  correct n o m en c la tu re  were given as in th e  In te rn a tio n a l Code of 
B o tan ica l n o m en c latu re . Common n am e , p lace  of collection and m o n th  of collection are 
reco rded  in Table 1.

The resu lts  o f th e  analysis o f le a f  p ro te in  concen tra tes and lea f  sam ples are recorded 
in T ab le  2 for th e ir  d ry  m a tte r , ash , to ta l  n itro g e n , p ro tein  n itrogen a n d  p ercen tage  ex tra c t-  
ab ility  o f LPC (g/100 g d ry  w eight basis). T he I.P C  were categorized in to  four groups on th e  
basis of the  percen tage  e x tra c ta b ility  o f LPC .

Category A  ( LP C  extractability more than 1 8 % )

Only two p la n t species were fo u n d  in th is  categ o ry . Barringtonia acutangula  (L ecy th ida- 
ceae) and M adhuca indica  (Sapotaceae) y ie ld ed  th e  m ax im um  (18.15 and  20 .67%  respec tive ly ) 
am o u n t of LPC.
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Table 2

A n a lysis  o f  dry matter, ash, total nitrogen, protein nitrogen  
and L P C  extractability o f  the species under survey

S pecies
D r y  m a t t e r ,

%
T o ta l  N , 
D M  ( % )

P r o te in  N , 
D M  ( % )

P r o te in ,  
D M  ( % )

Ash, 
D M  (% )

E x t r a c ­
t a b i l i ty  o f  

T Р Г  

(g /1 0 0  g 
d r y  w e ig h t)

Term inalia  arjunaa 26.42 3.84 1.99 12.43 09.44 03.78
T . bellericaa 25.23 4.12 2.63 16.43 06.26 07.71
T . catappaa 29.67 3.65 2.96 18.50 08.84 05.88
T . chebul(tl 29.28 3.43 2.36 14.75 05.44 05.82
Callistemon lanceolatuse 55.16 1.36 0.73 04.56 04.48 04.32
E ucalyp tus globulusa 32.25 1.86 0.96 06.00 06.82 02.01
M elaleuca leucodendrori* 32.68 2.76 2.17 13.56 05.66 04,57
P is id iu m  guajavaa 37.31 2.36 1.23 07.68 11.22 06.03
S yzyg iu m  cum inib 29.10 2.52 2.16 13.50 03.80 18.15
S. heyneanum & 46.24 2.26 1.42 08.87 05.66 04.57
Barringtonia acutangula1 12.24 1.30 0.96 06.00 03.81 18.15
Lagerstroemia parviflora:i 23.17 3.43 2.68 16.75 08.66 05.79
L . speciosad 34.86 2.96 1.36 08.50 11.34 03.35
Law sonia  inerm is1 32.12 3.86 2.54 15.87 10.22 06.53
P unica  granatuma 22.53 4.33 2.87 17.87 06.88 04.77
Carica papayaa 12.50 1.36 0.98 06.12 11.56 14.22
A la n g iu m  salvifoliumb 29.10 4.86 2.13 13.31 10.26 06.48
A d in a  cordifoliae 48.77 2.57 1.10 06.87 04.64 04.64
Anthocephalus caolambab 31.80 4.91 3.05 19.06 05.66 08.52
Gardenia latifoliaa 26.25 2.74 1.56 09.74 10.44 05.44
M itragyna  parvifoliaa 14.26 1.30 0.96 06.00 03.86 09.15
W endlandia heyneib 19.37 3.77 2.39 14.93 09.52 08.79
X erom phis uliginosaa 24.98 2.63 1.43 08.93 04.48 06.28
A rd isia  solanaceaa 21.63 1.42 0.93 05.81 09.82 14.59
M adhuca indie a:1 25.00 2.76 2.13 13.31 16.76 20.67
M anilkara  hexandrab 32.67 3.49 2.17 13.66 11.34 07.63
M im usops elengv11 28.36 2.16 1.96 12.18 08.52 05.36
Nyctanthes arbor-tristisa 34.28 2.86 1.39 06.86 10.40 14.03
A lstonia  scholarisb 29.15 2.05 1.69 10.56 10.62 01.92
Holorrhena antidysentericaa 26.73 3.63 2.35 14.78 12.96 08.66
N eriu m  indicuma 35.35 4.33 3.76 23.50 14.32 05.39
P lum eria  rubraa 18.88 4.56 3.10 19.37 10.20 10.63
Thevetia peruvianab 27.50 2.56 1.80 07.43 16.84 02.29
Strychnos nux-vomicaA 28.62 2.32 1.99 12.43 08.52 07.35
Cordia dichotomaa 21.20 2.17 1.98 12.37 12.62 05.16
E hretia  laevisa 14.69 3.73 2.33 14.56 04.96 06.50
Jacaranda m imosifoliaa 20.00 1.52 1.04 06.50 03.80 14.00
M illingtonia hortensisb 30.12 2.11 1.42 08.87 04.86 04.87
Spathodea companulatab 39.15 3.05 2.10 13.12 10.00 06.25
Tecoma stansd 34.20 2.46 1.30 08.12 08.04 09.23
Prem na mucronata1 32.10 3.40 2.06 12.87 09.40 09.81
Tectona grandisd 40.17 2.57 1.67 10.43 09.44 09.21
Santa lum  albumd 39.75 4.68 3.04 19.00 07.08 06.63
Antidesm a ghaesembillail 33.48 2.58 1.75 10.50 08.42 07.78
B ischof ia javanicaa 26.33 3.36 2.03 12.68 12.66 11.35
B ridelia  squamosal 62.20 2.84 1.68 10.50 13.20 05.13
Drypetes roxburghiid 41.32 2.84 1.09 06.81 10.82 04,39
Emblica officinalise 47.17 1.83 0.97 06.06 15.44 07.25
M allotus ph illippensisa 26.80 4.43 3.16 19.75 08.26 03.58
R ic in u s communisc 25.00 3.84 2.30 14.37 05.24 01.92
Trew ia poly carpal 33.12 3.07 2.06 12.87 06.62 14,30
Holoptelea integrifoliaa 16.35 1.36 0.73 04.76 08.34 12.31
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( Table 2 continued)

S p ec ie s
D r y  m a t t e r ,

%
T o t a l  N ,  
D M  ( % )

P r o te in  N , 
D M  (% )

P r o te in ,
D M .% ) )

A sh , 
D M  (% )

E x t r a c ­
t a b i l i t y  o f  

T Р Г  
(g/l<>0 g 

d r y  w e ig h t)

Trem a orientalis3 22.73 2.44 1.94 12.12 11.76 09.94
Artocarpus heterophyllus1 33.19 2.53 1.16 07.25 14.22 05.57
Artocarpus lakoochaа 31.56 4.73 3.33 20.71 11.34 06.98
F icus benghalensisd 33.21 2.16 1.96 12.25 07.66 05.45
F . racemosad 32.00 3.98 2.26 14.13 20.20 04.37
F . religiosae 53.13 2.33 1.47 09.18 20.62 03.72
F . virensd 44.15 2.76 1.71 10.68 12.24 00.61
M orus indica:l 33.46 1.36 0.98 06.12 12.56 02.16
Streblus asperd 44.00 3.83 2.18 13.62 04.28 02.75
Casuarina equisetifolia11 38.37 2.83 2.05 12.81 10.76 05.39
Borassus flabellifere 68.32 2.56 1.45 09.12 08.36 00.76
Cocos nuciferae 63.53 1.04 0.53 03.31 04.48 01.33
P hoenix sylvestrise 65.36 3.35 2.10 13.12 06.34 03.55

DM =  dry  m a tte r ;  Protein  =  6.25 X p ro te in  N ; a No m ucilage, fibres m inim um , m incing 
a n d  ex tractio n  easy ; b S light m ucilage p re sen t, no d ifficu lty  in e x tra c tio n ; c H ighly m ucilaginous, 
to u g h  ex traction ; d F iber rich, tough e x tra c tio n ; e O ptim um  fiber and ex tractio n  also tough.

Category B  (L P C  extract ability between 12—1 8 % )

Six p la n t species, viz., A rdisia  solanacen , Trew ia polycarpa , Carica p a p a ya , N yctarthes 
arbortristis , Jacaranda m im osifolia  and  H oloptelia  integrifolia  o f six fam ilies, y ielded 12—18%  
L PC .

Category C ( LP C  extract ability, 6 -1 2 % )

T w enty -fou r tree  species were n o te d  th e ir  range  of LPC in betw een  6—12%  such  as 
B isch o fia  ja van ica , P lum eria  rubra, E ry th r in a  ind ica , Trem a orientalis , Prem na m ucronata , 
T'écorna stans, Tectona grandis , M itragyna  p a rv iflo ra , W endlandia heynei, Holarrhena a n ti- 
dysenterica , Anthocephalus cadamba, S y zy g iu m  cu m in i , A ntidesm a ghaesembilla , Term ina lia  bel- 
l ir ic a , M anilkara  hexandra , Strychnos n ux-vom ica , Em blica o ffic in a lis , Artocarpus lakoocha , 
S a n ta lu m  album , Law sonia  inerm is, Ehretia  laevis , X erom phis uliginosa , Spathodia cam panulata  
a n d  P sid ium  guajava.

Category D (L P C  extractability less than 6 % )

R e st of th e  th ir ty - th re e  species w ere  p laced  in  th is  category  w hich  show th e ir  L PC  
les s  th a n  6% , such as Term inalia  catappa , T . chebula, Lagerstroemia parv iflo ra , A rtocarpus  
heterophyllus , Ficus bengalensis, Gardenia la tifo lia , C asuarina equisetifolia , N erium  in d icu m 4 
M im u so p s  elengi, Cordia dichotoma, B ridelia  squam osa , M illing ton ia  hortensis, P unica  grana- 
tu m , A d in a  cordifolia , Syzyg iu m  heyneanum , D rypetes roxburghii, F icus racemosa, Callistemon  
lanceo la tus , Term inalia  a rju n a , Ficus religiosa , M allotus ph illip p en sis , P hoenix sylvestris, M ela ­
leuca leucodendron , Lagerstroemia speciosa , Streblus asper, M orus indica , E ucalyptus globulus , 
A ls to n ia  scholaris, R ic in u s  com m unis, Cocos nucifera , Borassus flabe llifer  and  F icus virens.

T o ta l n itrogen , p ro te in  n itrogen , p ro te in  an d  ash  in DM of th e  lea f sam ples w ere fo u n d  
m a x im u m  in A nthocephulus cadamba (4 .9 1 % ), N eriu m  indicum  (3 .76% ), IV. indicum  (23 .25% )
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Table 3

A nalysis o f  L P C  and the extractability o f  total nitrogen and protein nitrogen

I n i t i a l
A n a ly s is  o f  L P C  ( d r y  w e ig h t  b a s is ) E x t r a c t a b i l i t y ,  %

S p e c ie s p H  o f  
e x t r a c t T o t a l  N ,

%
P r o te in  N ,

%
P r o t e i n  
%  X  6 .2 5

A sh ,
% T o t a l  N P r o te in  N

Term inalia  arjuna 6.1 3.95 2.89 18.06 11.00 03.88 01.95
T . bellerica 6.3 5.84 3.55 22.18 08.34 10.92 06.64
T . catappa 7.1 5.37 3.18 19.87 10.20 08.63 05.12
T. chebula 6.8 6.08 4.95 30.93 07.62 10.31 08.39
Callistemon lanceolatus 6.7 8.72 6.73 42.06 08.10 27.69 20.64
Eucalyptus globulus 5.6 4.50 2.62 16.37 10.44 04.86 02.83
M elaleuca leucodendron 6.9 4.88 3.16 19.75 08.18 06.07 03.93
P sid ium  guajava 6.0 6.43 4.61 28.81 17.20 16.42 11.77
Syzyg ium  cum ini 6.2 4.46 3.15 19.68 06.82 14.53 10.26
S. heyneanum 5.9 5.60 3.97 24.81 09.52 11.32 08.02
Barringtonia acutangula 6.9 2.64 1.68 10.50 06.84 36.89 28.45
Lagerstroemia parvifolia 7.2 6.18 4.06 25.37 10.32 10.43 06.85
L . speciosa 6.9 3.73 2.36 14.75 18.80 04.22 02.67
Law sonia inermis 6.3 4,26 3.08 19.25 14.12 07.26 05.25
Punica  granatum 7.2 6.86 5.13 32.06 08.84 07.55 05.74
Carica papaya 6.4 2.24 1.58 09.87 13.54 23.42 17.25
A lang ium  salvifolium 6.8 8.56 6.88 43.00 16.40 11.41 09.1 1
A d in a  cor difolia 6.2 9.63 7.96 49.75 05.62 17.38 14.37
Anthocephalus cadamba 6.4 8.73 6.10 38.12 07.46 15.14 10.58
Gardenia latifolia 7.2 3.36 2.39 14.93 17.32 07.71 05.06
M itragyna  parvifolia 6.7 2.64 1.68 10.50 06.80 17.43 11.81
Vi endlendia heynei 7.1 5.42 3.16 19.75 12.36 12.63 07.36
X erom phis uliginosa 5.9 4.86 2.83 17.68 07.20 11.60 06.75
A rd isia  solanacea 5.6 2.66 1.56 09.75 12.24 31.55 28.09
M adhuca indie a 6.8 4.23 3.69 23.06 17.68 31.67 27.62
M anilkara  hexandra 7.2 6.38 4.13 25.81 13.82 13.94 09.02
M im usops elengi 7.0 5.62 4.04 25.65 10.26 13.54 10.05
Nyctanthes arbor-tristis 7.1 3.72 2.60 16.20 11.00 13.52 12.75
A lston ia  scholar is 6.4 9.91 6.73 42.06 12.04 09.47 06.30
Holarrhena anti-

dysenterica 6.8 6.94 5.08 31.75 13.12 15.17 12.11
N erium  indicum 6.3 9.25 7.16 44.75 15.24 11.51 08.91
P lum eria rubra 6.5 8.13 6.61 41.37 12.62 18.95 15.47
Thevetia peruviana 6.4 7.27 5.26 32.87 20.20 06.50 04.70
Strychnos nux-vomica 6.9 5.22 4.53 28.31 11.34 16.46 14.28
Cordia dichotoma 7.0 3.68 2.40 15.00 16.44 08.75 05.70
Ehretia laevis 6.7 5.84 4.17 26.06 06.16 10.37 07.26
Jacaranda m imosifolia 6.8 2.98 2.23 13.93 05.64 27.44 20.53
M illingtonia  hortensis 7.2 4.63 3.12 19.50 08.16 10.16 07.20
Spathodea companulata 6.6 4.47 3.72 23.25 16.44 09.15 07.62
Tecoma stans 6.9 4.89 3.19 19.93 09.28 17.94 11.56
Prem na mucronata 7.0 5.23 4.66 29.12 10.26 15.08 13.44
Tectona grandis 6.6 4,52 3.96 24.55 09.88 16.20 14.91
Santalum  album 7.2 6.43 5.17 32.31 10.06 09.10 07.32
A ntidesm a ghaesembilla 7.1 4.86 3.32 20.75 09.88 13.04 10.01
B ischofia javanica 7.3 5.57 4.13 25.81 14.12 18.57 13.95
B ridelia  squamosa 6.2 4.76 3.96 24,55 13.86 08.59 07.15
Drypetes roxburghii 5.8 7.96 5.26 32.87 18.40 12.33 08.13
Emblica officinalis 5.6 4.25 3.06 19.12 16.62 16.83 12.12
M allotus phillippensis 5.8 6.46 5.16 32.25 11.24 05.45 04.16
R ic in u s communis 7.2 8.00 6.60 41.25 07.82 04.00 03.30
Trewia polycarpa 5.7 7.54 5.36 33.30 07.08 35.12 28.22
Holoptelea integrifolia 7.3 3.27 2.86 16.75 10.54 28.59 24.25.
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(Table 3 continued)

S p ecies
I n i t i a l  
p H  o f

e x t r a c t

A n a ly s i s  o f  L P C  ( d r y  Aveight b a s is ) E x t r a c t a b i l i t y ,  %

T o ta l  N .
%

, P r o t e i n  N ,
о//о

P r o te in  
%  X  6.25

A s h ,
% T o t a l  N P r o te in  N

Trem a orientalis 6.9 4.67 3.13 19.56 12.38 19.02 12.70
Artocarpus heterophyllus 6.2 5.13 3.69 23.06 16.42 11.29 08.91
A . lakoocha 6.7 6.54 4.96 31.00 12.64 09.65 07.02
F icu s  benghalensis 6.6 5.62 4.10 25.62 10.82 13.25 10.34
F . racemosa 5.8 4.20 3.57 22.31 28.84 04.61 03.91
F . religio sa 6.8 9.46 7.29 45.56 21.28 15.10 11.63
F . virens 6.3 6.21 4.73 29.56 13.24 61.39 01.01
M orus indica 7.3 1.52 J.13 07.06 14.08 02.40 01.97
Strebulus asper 5.8 5.96 4.77 29.81 06.82 04.28 03.68
Casuarina equisetifolia 7.0 4.46 3.20 20.50 12.36 08.46 06.24
Borassus flabellifer 7.2 4.83 3.47 21.68 11.64 01.43 01.03
Cocos nucifera 6.9 2.84 1.63 10.18 08.22 03.63 02.08
Phoenix sylvestris 7.2 5.56 4.12 25.75 15.20 05.89 04.46

a n d  F icus racemosa (20 .20% ), respec tive ly . H ow ever, for th e  sam e p erisu ale  th e  m in im u m  
values w ere n o ted  in  Cocos nucifera. In  th is  species to ta l  n itrogen, p ro te in  n itro g e n  and  p ro te in  
show  th e  low est v a lu e , i.e., 1.04, 0.53 and  0 .3 1 % , respectively. A sh  c o n te n t was fo u n d  
m in im um  in  Jacaranda m im osifolia  (3 .80% ). T he L PC  e x trac tab ility  w ere fo u n d  m ax im u m  in 
M adhuca  indica  (20 .67% ) and m in im um  in  B orassus flabellifer (0 .76% ). H ig h est d ry  m a tte r  
in le a f  sam ples w ere reco rded  from  B orassus flabellifer  (68.32% ) and low est from  Barringtonia  
acutangula  (12.24% ).

T ab le  4 in d ica te s  th e  categories o f p la n ts  w hich  were categorized  on th e  basis o f p ro ­
te in  N  ex trac ted  fro m  th e  leaf and LPC  c o n ta in in g  n itrogen  of d ry  m a t te r  (C ategories IA , IB , 
IC  a n d  ID ; H A , I IB , I IC , IID  and I I IA , J I IB ,  I I IC  and IIID ).

T ab le  3 co n ta in s th e  in itial p H  of le a f  ju ice s , to ta l  n itrogen, p ro te in  n itro g en  an d  ash  
p e rcen tag es  of L PC  as well as th e  p e rcen tag e  ex tra c ta b ilitie s  of to ta l  n itro g e n  and  p ro te in  
n itro g en . T he p H  of le a f  ex tra c ts  ran g ed  5.6 to  7.3. A d in a  cordifolia (9 .6 3 % ) shows h ig h est 
v a lu e s  of to ta l  n itro g en  in  LPC and  M o ru s indica  show s its low est v a lu e  of to ta l n itro g en  
in  L PC . P ro te in  n itro g en  and p ro te in  w ere also fo u n d  m axim um  in A d in a  cordifolia  (7.96 
a n d  49 .75% ), resp ec tiv e ly . Sim ilarly M orus indica  show s its lowest v a lu e  fo r P N  and  p ro te in  
(1.13 an d  7.06% ) resp ec tive ly . The ash  v a lu e  ran g ed  in betw een 5.62 to  28.84. Barringtonia  
acutangula  shows th e ir  h ighest p ercen tages e x tra c ta b ilitie s  of to ta l N a n d  p ro te in  N (38.39 
a n d  28.45) and  F icus virens  shows its  low est va lue  (1.39 and 1.01).

D iscussion

T he m etabo lic  a c tiv ity  of th e  o rgan ism  is d irectly  re la te d  w ith  th e  energy  
in y e c te d  in  th e  fo rm  of food or feed. In  th e  previous p ap e r a general su rv ey  
w as done for th e  ev a lu a tio n  of p ro te in  q u a n t i ty  in tree species u n d e r  te m p e ra te  
c lim a te . In  th is  in v es tig a tio n  trees w ere su rv ey ed  under th e  d ry  cond ition  o f 
G o rak h p u r. The a m o u n t of leaf p ro te in  c o n cen tra te  ob ta in ed  p e r  u n it o f le a f  
sam ple  d irec tly  depends on th e  e x tra c ta b il i ty  of LPC. S evera l fac to rs are 
kn o w n  w hich affect th e  e x tra c ta b ili ty  o f L PC , such as p la n t  species, age o f
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Categorization o f the species under survey

Table 4

P r o te in  N  J o t a l  N  in
F a m i ly  S p e c ie s  e x t r a c t e d ,  “ У

о/ o f  L P C ,
°  %

Category IA (m ore th a n  20%  pro te in  N  e x tra c te d  from  th e  le a f  and  LPC 
co n ta in in g  m ore th a n  8%  n itro g en  of d ry  m a tte r)

M yrtaceae Callistemon lanceolatus 20.64 8.72

Category IB (m ore th a n  20%  pro te in  N  e x tra c te d  from  th e  le a f  an d  LPC 
co n ta in in g  6 -8 %  n itro g en  of d ry  m a tte r)

Euphorbiaceae Trew ia polycarpa 28.22 7.54

Category IC (m ore th a n  20%  p ro te in  N ex trac ted  
co n ta in in g  4 -6 %  n itro g en  of d ry  m a tte r)  

Sapotaceae M adhuca indica

1 from  th e  le a f  an d  LPC 

27.62 4.23

Category ID (m ore th a n  20%  pro te in  N  e x tra c te d  from  th e  le a f  and LPC
c o n ta in in g  less th a n  4 %  n itro g en  of d ry  m a tte r )

Ulm aceae Holoptelea integrifolia 24.25 3.27
L ecythidaceae Barringtonia acutangula 23.45 2.64
Bignoniaceae Jacaranda mimosifolia 20.53 2.98

Category IIA (10--20%  p ro te in  N e x tra c te d  from  ]leaf a n d  L PC  containing
m ore th a n  8%  n itro g en  of d ry  m atte r)

Apocynaceae Plum eria rubra 15.47 8.13
R ubiaceae A d in a  cordifolia 14.37 9.63
Moraceae Ficus religiosa 11.63 9.46
Rubiaceae A nthocephalus cadamba 10.58 8.73

Category IIB (10 20%  p ro te in  N e x tra c te d  from  1leaf a n d  L PC  containing
6-8 %  n itrogen  of d ry  m atte r)

Apocynaceae Holarrhena antidysenterica 12.11 6.94
M yrtaceae P sid ium  guajava 11.77 6.43

Category IIC (1 0 -2 0 %  pro te in  N e x tra c te d  from  leaf a n d  L PC  containing
4 -6 %  n itrogen  of d ry  m atte r)

Verbenaceae Tectona grandis 14.91 4.72
Loganiaceae Strychnos nux-vomica 14.28 5.52
E uphorb iaceae Bischofia javanica 13.95 5.57
V erbenaceae Premna mucronata 13.44 5.23
Ulm aceae Trema orientalis 12.70 4.67
E uphorb iaceae Embelica o fficinalis 12.12 4.25
Bignoniaceae Tecoma stans 11.56 4.89
M oraceae Ficus benghalensis 10.34 5.62
M yrtaceae Syzygium  cum ini 10.26 4.46
Sapotaceae M im usops elengi 10.02 5.62
E uphorb iaceae Antidesm a ghaesembilla 10.01 4.86

Category IID (10 -2 0 %  p ro te in  N e x tra c te d  from  leaf a n d  L PC  containing
below 4%  n itro g en  of d ry  m a tte r)

Caricaccae Carica papaya 17.25 2.24
Oleaceae Nyctanthes arbor-tristis 12.75 3.72
R ubiaceae M itragyna parvifolia 11.81 2.64
M yrsicnaceae A rdisia  solanacea 10.09 2.66
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( Table 4 continued)

F  a m ily S p ec ie s
P r o t e in  N  
e x t r a c t e d ,

%

T o t a l  N  in  
d r y  m a t t e r  

o f  L P C ,
%

Category IIIA  (less th a n  10%  p ro te in  N e x tra c te d  from  th e  leaf and  LPC 
contain ing  m ore th a n  8%  n itro g en  of d ry  m a tte r)

Coronaceae A la n g iu m  salvifolium 9.11 8.56
A pocynaceae N eriu m  indicum 8.91 9.25
A pocynaceae Alstonia  scholaris 6.30 9.91

Category IIIB  (less th a n  10%  p ro te in  N e x tra c te d  from  th e  leaf an d  LPC 
conta in ing  6 -8 %  n itro g en  of d ry  m atte r)

Sapotaceae Sapindus mukorassi 9.02 6.38
Com bretaceae Term inaiia  chebula 8.39 6.08
E uphorb iaceae Drypetes roxburghii 8.13 7.96
Santalaceae Santa lum  album 7.32 6.43
M oraceae Artocarpus lakoocha 7.02 6.54
L yth raceae Lagerstroemia parviflora  6.85 6.18
Punicaceae Punica granatum 5.74 6.86
A pocynaceae Thevetia peruviana 4.70 7.27
E uphorb iaceae M allotus ph illippensis 4.16 6.46
E uphorb iaceae R icinus communis 3.30 8.00
M oraceae Ficus virens 1.05 6.21

Category IIIC  (less th a n  10%  p ro te in  N e x tra c te d  from  th e  lea f an d  LPC 
contain ing  4—6 %  nitrogen  of d ry  m atte r)

M oraceae Artocarpus heterophyllus 8.91 5.13
M yrtaceae Syzyg ium  heyneanum 8.02 5.60
B ignoniaceae Spathodea companulata 7.62 4.47
R ubiaceae W endlandia heynei 7.36 5.42
E hre th aceae Ehretia laevis 7.26 5.84
B ignoniaceae M illingtonia  hortensis 7.20 4.63
E uphorb iaceae Bridelia squamosa 7.15 4.76
R ubiaceae X erom phis uliginosa 6.75 4.86
C om bretaceae Term inaiia  bellerica 6.64 5.84
C asuarinaceae Casuarina equisetifolia 6.24 4.46
L y th raceae Lawsonia inermis 5.24 4.26
Com bretaceae Term inaiia  catappa 5.12 5.37
Palm ae Phoenix sylvestris 4.36 5.56
M yrtaceae Melaleuca leucadendron 3.93 4.88
M araceae Ficus racemosa 3.91 4.20
M oraceae Streblus asper 3.68 5.96
M yrtaceae Eucalyptus globulus 2.83 4.50
Palm ae Borassus flabellifer 1.03 4.83

C ategory I1ID  (less th an  10%  p ro te in  N e x tra c te d  fro m the  leaf an d  LPC
contain ing  less th a n  4 %  n itro g en  of d ry  m atte r)

E hretiaceae Cor dia dichotoma 5.74 3.68
R ubiaceae Gardenia latifolia 5.06 3.36
L y th raceae Lagerstroemia speciosa 2.67 3.73
Palm ae Cocos nucifera 2.08 2.84
C om bretaceae Term inaiia arjuna 1.95 3.95
M oraceae Morus indica 1.79 1.52

19 Acta Botanica Hungarica 29, 1983



290 A . К .  S I N G H

th e  leaves during  h a rv e s t, n itro g en  level o f th e  su b s tra te , p rocedures invo lved  
in  se p a ra tin g  th e  p ro te in  from  leaves a n d  th e  d eh y d ra tio n  of le a f  sam ples 
( P i r i é  1955, A r k c o l l  1971). So, in  th is  su rv ey  th e  p re-flow ering  stage  w as 
se lec ted  an d  th e  m ed ium  m a tu re  leaves w ere p icked  ran d o m ly  to  avo id  th e  
age fa c to r . S o ft- tex tu red , sap p y  leaves a re  m ost su itab le  as p ro te in  sources. 
In  th is  in v estig a tio n  w a te r  w as used as th e  m edium  for ex trac tio n  o f lea f 
p ro te in . Twice of th e  w e ig h t w a te r was ad d e d  an d  hom ogenized in  a w aring  
b len d e r. I t  is know n th a t  in  aqueous so lu tio n  th e  n u tr i t iv e  cy top lasm ic fra c ­
tio n  is easily  d issolved. H ow ever, th e  ch lo ro p las t frac tio n  to  be d ea lt w ith  
ru m in a n ts  w hose d igestive  system  is b e tte r  su ited  to  such m a te ria l ( W o o d h a m  

1969). In  th e  e x tra c tio n  process th e  h o m o g en a te  was coagu la ted  an d  c e n tr i­
fuged for th e  sep a ra tio n  o f  th e  cy top lasm ic  an d  ch lo rop last frac tion .

Proteins are in a sta te  o f continual flu x  in plants and the net am ount at 
any one tim e depends on the balance betw een synthesis and degradation. 
The highest rate o f protein synthesis and the minimum degradation m ay be 
expected  at the pre-flow ering stage o f th e  plant (P irié  1955).

V ary ing  degrees o f  d ifficu lty  h av e  b een  en coun tered  during  th e  hom o­
gen iza tio n  and  d is in te g ra tio n  of tissues o f  d ifferen t p la n t species. In  th e  
p re se n t in v es tig a tio n , th e  le a f  tissues o f  th e  fam ilies C om bretaceae, L y th ra -  
ceae, R ub iaceae , S ap o taceae , B ignoniaceae, E u p h o rb iaceae , V erbenaceae , and  
A pocynaceae  w ere fo u n d  to  be fa irly  so ft a n d  easy  to  d is ru p t w hereas th o se  of 
th e  fam ilies M oraceae a n d  Palm ae e tc . co n ta in ed  co m p ara tiv e ly  m uch  fib re  
a n d  p resen ted  som e d ifficu lty  during  m incing . T he ty p e  of m ach in ery  an d  th e  
s tru c tu re  of th e  tissu e  a re  n o t, how ever, th e  only  fac to rs  th a t  can influence  
th e  e x tra c ta b ili ty  o f le a f  p ro te in  co n cen tra tes . P heno ls and  th e ir  o x id a tiv e  
p ro d u c ts  w ere also re p o r te d  to  in te rfe re  w ith  th e  e x tra c tio n  ra te  (C o h e n  e t al. 
1956; L o o M iS H  an d  B a t t a i l e  1966). B u t in  th e  p resen t in v estig a tio n  th is  was 
n o t n o ticed . H ow ever, in terference  o f  th e  m ucilag inous su bstance  d irec tly  
affec ting  th e  e x tra c tio n  ra te  of p ro te in  w as ta k e n  in  considera tion .

T he e x tra c ta b ili ty  o f lea f p ro te in  an d  th e  LPC yield  v aried  considerab ly  
am o n g  th e  species te s te d  as show n in T ab le  2. The m ax im u m  e x tra c ta b ili ty  of 
L PC  w as recorded  in  th e  fam ilies S ap o taceae  and  L ecy th idaceae  (m ore th a n  
18%  LPC e x tra c tio n ). Some o th e r species, such as A rd isia  solanacea and  
Trew ia polycarpa  e tc ., h a d  sa tis fac to ry  levels o f e x tra c tio n . This e x tra c tio n  
r a te  is also d irec tly  in flu en ced  b y  lea f a rea  an d  le a f  a rran g em en t due to  cap tu re  
o f m ore  effective l ig h t fo r p h o to sy n th es is , so th e  h ig h est n i tra te  red u c tio n  
shou ld  be no ticed  fo r th e se  leaves. T he low est values o f LPC yield  w ere found  
fo r th e  fam ilies C o m bretaceae , E u p h o rb iaceae , M oraceae and  P a lm ae . These 
fam ilies in  general show  m ost fib ro u s species w hich influence th e  yield of 
p ro te in  e x trac tio n . H ow ever, legum inous p la n ts  w ould be b e tte r  p ro te in  p ro ­
ducers econom ically  ow ing to  th e ir  a b ility  to  assim ilate  m olecular, a tm o sp h eric  
n itro g en  in  th e  form  o f n itra te  to  n itr i te .
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Several w orkers ( B y e r s  1961; V a l l i  D e v i  e t al. 1965; G h o s h  1967) 
w orked  on some tre e  species a n d  concluded  th a t  th e se  species are  rich  in 
fib ro u s m a tte r  and  d ry  m a tte r  b u t  to ta l  n itrogen  an d  p ro te in  n itro g en  were 
also h igher in  com parison  w ith  so m e cereal lea f p ro te in  co n cen tra tes . I t  was 
fo u n d  th a t  to ta l  n itro g en , p ro te in  n itro g en , p ro te in  a n d  ash  c o n ten ts  w ere 
h ig h er in  LPC in com parison  w ith  th e  le a f  sam ples of th e  sam e species. This is 
due to  a h igher co n cen tra tio n  o f  th e se  com ponents in  LPC . H ow ever, th e  
va lu es  o f e x tra c ta b ility  o f LPC a n d  p ercen tag e  e x tra c ta b ilitie s  o f to ta l  n itro g en  
an d  p ro te in  n itrogen  o f  LPC were ca lc u la ted  values (T ables 2 an d  3).

T he am o u n t o f  LPC  th a t  c a n  be ob ta ined  from  le a f  sam ples depends 
considerab ly  on th e  p H  of leaf e x tra c ts  ( S i n g h  1964, P i r i é  1971). T hus th e  
p rec ip ita tio n  was a d ju s te d  b y  a d d in g  1 N-HC1 a t  p H  4.5. T his is p ro b ab ly  
close to  th e  isoelectric  p o in t a t w h ich  p ro te in  (charged  p artic les) b reak s its  
w eak bond ing  and  com es in the  fo rm  o f ions and p re c ip ita tio n  occurs. P ro te in  
c o n te n t and  its  e x tra c ta b ili ty  v a ry  in  le a f  sam ples o f d iffe ren t species (V a l l i  

D e v i  e t al. 1965).
C oagulation  is one of th e  im p o r ta n t  steps in e x tra c tio n s  o f p ro te in  from  

leaves. B y h ea t coag u la tio n  th e  le a f  ju ice  can be se p a ra te d  in to  tw o  frac tions 
a t  d iffe ren t te m p e ra tu re s . A t 60 °C f i r s t  th e  cy top lasm ic fra c tio n  w as sep ara ted  
follow ed a t  80 °C b y  th e  ch lo ro p last frac tio n .

R ic in u s com m unis  (castor oil tre e )  did n o t y ie ld  m uch  p ro te in  b u t  i t  
was n o t  know n to  w h a t e x te n t th e  e x tra c tio n  ra te  w as a ffec ted  b y  th e  p ro te o ­
ly tic  enzym e p ap a in  p re se n t in  th e  leav es. Some of th e  leaves show ed a h igher 
p ercen tag e  of p ro te in  ex trac tio n  w h ile  th e ir  to ta l  n itro g en  c o n te n t w as found  
low er. F o r these  fac to rs  th e  su rv ey ed  p la n ts  were ca tego rized  in to  th re e  m ain , 
an d  fo u r sub-groups on th e  basis o f  th e  p ro te in  n itro g en  e x tra c te d  from  th e  
le a f  an d  LPC co n ta in in g  n itrogen  o n  th e  basis of d ry  m a tte r . T h e  p la n ts  w ith  
h igh  LPC  e x tra c ta b ility  an d  p ro te in  n itro g en  d ry  m a tte r  w ere fo u n d  su itab le  
fo r fu r th e r  stud ies ( V a l l i  D e v i  e t a l. 1965; B y e r s  1961).

L e x a n d e r  e t al. (1970) su p p o rte d  th e  view  th a t  th e  p ro te in  p ro d u c tio n  
p er u n it  of lea f area is d irec tly  in flu en ced  by  th e  ap p lica tio n  o f fe rtilize r, rap id  
g ro w th  o f p lan ts , su itab le  lea f a rra n g e m e n t, large le a f  a rea  an d  p er cen t 
e x tra c ta b ili ty  of lea f p ro te in  c o n c e n tra te .
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THE EFFECT OF INCREASING NITROGEN DOSES 
UPON DRY MATTER PRODUCTION, TRANSPIRATION 

AND WATER UTILIZATION OF MAIZE PLANTS

S . S z l o v á k

R E S E A R C H  I N S T I T U T E  F O R  I R R I G A T I O N ,  S Z A R V A S , H U N G A R Y  

(R eceived: 1 Ju n e  1982)

P o t ex p erim en ts w ere con d u cted  in a grow th-house to  determ ine th e  effect of 
n itrogen  doses u p o n  d ry  m a tte r  p ro d u c tio n , tran sp ira tio n  and  w a ter u tiliza tio n  of 
m aize (Zea mays L .).

On b o th  soil m o is tu re  levels u sed  in th e  ex p erim en ts, th e  h igh n itro g en  doses 
decreased th e  d ry  m a tte r  w eight of p la n t  p a r ts  and th e  tra n sp ira tio n . T ran sp ira tio n  
in ten sity  calcu la ted  per u n it leaf a rea  decreased a t  n itro g en  doses h igher th a n  in 
th e  N ^ -P K -tre a tm e n t. T he decreasing tran sp ira tio n  re su lted  from  th e  sm aller p la n t 
surface and q u a lity  d ifferences in leaves. W ith  th e  ex cep tio n  of p lan ts  developed  a t 
th e  low est n itrogen  dose th e  w a ter u tiliza tio n  calcu la ted  p e r u n it  gra in  w eigh t was 
m ore favourable  in all n itrogen  tre a tm e n ts  a t  op tim um  soil m oistu re  th a n  a t  low 
w ater supply.

Introduction

N itrogen  p lays a very  im p o r ta n t role in bu ild ing  th e  p ro te in s  an d  nucleic acids o f th e  
liv ing  organism s. The p ro te in s are  im p o rta n t s tru c tu ra l elem ents o f th e  liv ing  cells, o f th e  v ita l 
com pounds regu la ting  th em , th e  enzym e ca ta ly s ts , o f the  various cell m em branes an d  of th e  
d iffe ren t carriers o p erating  in  th e  ion u p ta k e  m echanism . N ucleic acids carry  th e  genetic  
c h arac te ris tic s  on to th e  p rogeny . T he im p o r ta n t role n itrogen  p lay s in th e  p la n t life m akes 
com prehensive , de ta iled  s tu d ies  o f n itrogen  effect u p o n  p lan t g ro w th  and  w ater econom y of 
p la n ts  indispensib le.

A ccording to  our earlier experim en ta l d a ta  ( S z l o v á k  1974a, 19746, 1979a) on alluv ial- 
m eadow  soil, am ong th e  th ree  m ain m acroelem en ts used in ag ric u ltu re , n itro g en  affec ted  
th e  y ield  and  tran sp ira tio n  ra te  o f maize to  th e  g re a te s t ex te n t (F igs 1 an d  2). F igure  1 show s 
th a t  du rin g  th e  g row th season th ere  is an  increasing  difference in  d ry  p la n t w eigh t of th e  
n itro g e n -tre a te d  p lan ts  an d  th o se  receiving no n itro g en  fertilizer. A t shooting  d ev elopm en t 
stage (p la n t height ab o u t 1 m ; 30 th  Ju n e ) th e  effect of n itrogen  defic iency  was on ly  sligh t 
y e t because  th e  n itrogen  c o n te n t of th e  soil could to  a certa in  e x te n t  su p p ly  th e  developing 
p la n t w ith  n itrogen . A t tasse ling  (22nd Ju ly ) th e re  was a defin ite  d ifference in th e  d ry  w eigh t 
of n itro g e n -tre a te d  p lan ts  a n d  those  receiving no n itro g en  fertilizers. T h is difference increased 
du rin g  th e  g row th season an d  a t  th e  w ax y  an d  ripen ing  developm en t s tage  i t  was m ore th a n  
double. F igure  2 shows th a t  th e re  is a sm aller difference in  th e  tra n sp ira tio n  th a n  in  d ry  
w eigh t of th e  n itro g en -trea ted  p lan ts  and those  receiv ing  no n itro g en . T his m eans th a t  th e  
u tiliz a tio n  of w a ter was b e tte r  a t  n itro g en  tre a te d  p lan ts  th a n  a t  p la n ts  receiving no n itrogen  
fertilizers . F igure 3 shows th a t  in th e  average of tre a tm e n ts  co n ta in in g  no n itrogen  th e  p lan ts  
h a d  a h igher tran sp ira tio n  coefficient th a n  th e  p lan ts  in th e  n itro g en  con ta in ing  tre a tm e n ts . 
T he b e tte r  w a ter u tiliza tio n  w as due to  a h igher ra te  o f d ry  m a tte r  p ro d u c tio n  in th e  n itrogen  
co n ta in in g  trea tm en ts . T he h igher d ry  m a tte r  p ro d u c tio n  was coupled w ith a sm aller ra te  of 
tra n sp ira tio n  increase. The ex p erim en ta l resu lts  clearly  ind icate  th e  y ield  increasing- an d  b e tte r  
w a te r  u tiliza tio n  effect of n itrogen .
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To see w hether th e  in creased  n itro g en  doses also increase th e  d ry  m a tte r  yield, th e  
t ra n s p  ira tio n  and th e  w a te r  u tiliza tio n , cu ltu re  p o t ex p erim en t was c a rried  o u t using six 
n i tro g e n  doses on o p tim u m  (7 0 %  of m ax im um  w aterh o ld in g  cap acity  o f  soil) and  low' (50%  
o f m a x im u m  w aterho ld ing  c a p a c ity  o f soil) soil m o is tu re  levels.

VI.30. VII.22. VIII. 26. IX. 8.

Fig. 1. E ffec t o f n u trie n ts  u p o n  th e  d ry  yield o f m aize

F ig. 2. E ffec t of n u trie n ts  u p o n  th e  tra n sp ira tio n  of m aize
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Fig. 3. E ffec t o f n itrogen  u p o n  th e  tra n sp ira tio n  coefficient o f m aize

M aterial anil m ethod

I n  1977 on th e  5 th  o f  M ay and in 1978 on  th e  4 th  of M ay m aize seeds w ere p lan te d  in  
p o ts  in  a grow th-house. T h e  p lan ts  were exp o sed  to  en v iro n m en ta l fac to rs  nearly  iden tica l 
w ith  th o se  in  th e  field since  th e  culture p o ts  co n ta in in g  th e  p la n ts  w ere p laced  on ca rts  ru n n in g  
on  a t r a c k  and m oved e v e ry  m orning in to  a  space enclosed b y  a w ire n e t. F o r th e  n ig h t and  
w h en  i t  ra in ed  th e  c a rts  w e re  pushed  u n d e r a  glass roof.

I n  th e  20 X 25 cm  w h ite  enam el p a in te d  p o ts  for six kg ab so lu te  d ry  soil, a ir d ry  alluv ial- 
m ead o w  surface soil (S zarvas-B ikazug) w as p laced . T he m ax im u m  w ater-h o ld in g  cap a c ity  of 
4 9 .90%  w as ob tained  (ex p ressed  in w e igh t %  of abso lu te  d ry  soil). T he soil on  w h ich  th e  
M v-580 h y b rid  maize p la n ts  developed w as f illed  w ith  w a te r  to  50 an d  70%  of i ts  m ax im u m  
w ater-h o ld in g  capacity  a t  d a ily  w aterings.

T h e  active in g red ien ts  o f fertilizers p e r  p o t  in  th e  fe rtilized  tre a tm e n ts  w ere as follow s: 
N : 2.4 g (am m onium  n i tr a te ) ,  P20 5: 1.2 g (su p erp h o sp h a te ), IC20 :  1.2 g (p o tash , KC1). T he 
low est n itro g en  dose w as 1.2 g and th e  h ig h e s t 7.2 g per p o t. T he in c rem en t o f th e  n itro g en  
doses w as 1.2 g. All n itro g e n  trea tm e n ts  c o n ta in ed  th e  sam e a m o u n t o f phosp h o ru s an d  p o ta sh .

F iv e  seeds were sow n p e r pot. A fter em ergence th e  p la n ts  w ere th in n e d  to  one in  each 
p o t. T h ere  were ten  re p lica te s  for all tr e a tm e n ts  in  b o th  y ears. F o r tra n s p ira tio n  m easu re ­
m en ts  th e  p o t soil was co v ered  w ith  PVC film . T h u s th e  w a te r  loss fro m  th e  p o t  w as due on ly  
to  th e  tran sp ira tio n  by  p la n ts .  T he am oun t o f  tra n sp ire d  w a te r w as re s to red  b y  d a ily  w a terings. 
T h e  fre sh  p la n t w eight in c re ase  during th e  g ro w th  season was ta k e n  in to  acco u n t a t  w aterings. 
T h e  fre sh  w eight increase o f  p la n ts  was d e te rm in e d  b y  periodic h a rv estin g  du ring  th e  g ro w th  
season . T h e  p lan ts  w ere h a rv e s te d  on 1 5 th  S ep tem b er 1977 an d  on 2 5 th  of S ep tem b er in  
1978. A t h a rv est th e  ro o ts  w ere  washed o u t  o f  th e  p o t soil. A fte r  sep a ra tio n , th e  p la n t  p a r ts  
w ere d ried  a t  an owen te m p e ra tu re  of 60 °C. T h e  dry ing  co n tin u ed  u n til  th e re  w as no m ore 
change  in  th e  subsequent w e ig h t m easu rem en ts.

Som e o ther soil ch a ra c te ris tic s  were as follow s:

p H  H 20 6.73
KC1 5.69

T o ta l sa l t ,  % 0.06
H u m u s, % 2.06
T o ta l N , % 0.14
P 20 5 A L -P m g/100 g

m e th o d
6.47

Iv20  A L -K soil 18.20

Acta Botanica Hungarica 29, 1983



296 S. SZLOVÁK

Results and discussion

W ith  th e  ex cep tion  o f leaf-b lade  and g rain  p ro d u ced  a t  low soil m o is tu re , th e  dry  
w e ig h t o f p lan t p a r ts  a n d  also th e  d ry  yield of th e  w hole p lan ts  a t  b o th  soil m o istu re  levels 
gave th e  h ighest value  in  resp o n se  to  N 1>0 P K  tre a tm e n t. T here  w as no significant difference 
b e tw een  th e  ab o v e-m en tio n ed  tw o  p la n t p a r ts  (leaf-b lade an d  gra in) in  th e ir  response to  
N 0.5 P K  and  N j.q P K  tre a tm e n ts  a t  low soil m o is tu re . H usks d id  n o t re a c t to  th e  n itrogen  
doses like th e  o th er p la n t  p a r ts .

F igures 4 and  5 show  th e  effect o f n itro g en  doses u p o n  th e  m aize develo p m en t a t  tw o 
soil m o is tu re  levels. T he effec t o f  increasing  n itro g en  doses u p o n  th e  d ry  w eight o f p lan t p a r ts , 
tra n s p ira tio n  and w a te r u til iz a tio n  can  be seen in T ab le  1.

As shown in T ab le  1 a t  b o th  soil m oistu re  levels, a f te r  hav in g  reach ed  th e  h ighest ro o t 
w e igh t (in the  N ,.0 P K  tre a tm e n t) , th e  increasing  n itro g en  doses decreased  th e  roo t w eight. 
A lth o u g h  a t  b o th  soil m o is tu re  levels th e  h ig h est ro o t w eigh t was o b ta in ed  in response to 
N j.q P K  tre a tm e n t th e  h ig h es t ro o t w eight increase  pe r u n it  w eigh t o f ap p lied  n itrogen  was 
obse rv ed  a t  th e  n itro g en  dose o f N 0 -. A t low soil m o istu re  th is  increase re la te d  to  th e  contro l 
w as 203.47%  and a t o p tim u m  soil m o istu re  252.90% . B y doubling  th e  n itro g en  dose (N ,.0 P K ) 
th e  ro o t w eight increase  w as on ly  218.93 and  268.30%  re la te d  to  th e  co n tro l. T hus a 100%  
n itro g e n  increase re su lted  o n ly  in a 15.46%  and  15.40%  ad d itio n a l ro o t w eight increase, 
resp ec tiv e ly .

T he ro o t w eights o f  p la n ts  u n d e r o p tim u m  w a te r su p p ly  w ere h igher th a n  those  u n d e r 
low soil m oistu re  co n d itio n s, w ith  th e  excep tion  of those  in th e  PK  tre a tm e n t. T he g rea tes t 
d ifference occurred  a t  th e  h ig h es t n itro g en  dose (N 3.0 P K ) w here th e  ro o t w eigh t of th e  p lan ts  
a t  o p tim u m  w ater su p p ly  w as th re e  tim es th a t  o f p la n ts  a t  low' soil m o istu re  level.

S im ilarly  to  th e  ro o t w eigh t, th e  w eigh t o f s ta lk , a f te r  hav in g  reach ed  th e  m axim um , 
d ecreased  as a resu lt o f in creas in g  n itro g en  doses a t  b o th  soil m o istu re  levels. In  th e  s ta lk  th e

Fig. 4. E ffec t o f n itro g e n  doses upon  m aize dev elo p m en t a t  low soil m o istu re  level
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w eigh t increase a t N 0.5 P K  tre a tm e n t re la te d  to  th e  con tro l w as sm alle r th a n  in th e  roo ts. 
A t low  soil m oisture th is  w eigh t increase w as  131.90%  and a t  o p tim u m  w a te r  supp ly  156.89% . 
T h u s  th e re  was a d iffe ren tia l w eight in crease  reac tion  of roo ts a n d  s ta lk s  to  th e  n itrogen  a t  
b o th  soil m oisture levels. T he applied n itro g e n  increased  th e  ro o t w e ig h t to  a g rea ter e x te n t 
th a n  th e  weight of s ta lk . T he difference in  s ta lk  w eight in  response  to  N 0.5 P K  and N j.0 P K  
tre a tm e n t  like in th e  case o f roo ts was re la tiv e ly  sm all (11 .60%  a t  low  — an d  9 .92%  a t o p tim u m  
soil m oisture). As w ith  th e  roo ts, th e  g re a te s t  difference be tw een  th e  s ta lk  w eight a t  th e  tw o 
soil m o istu res occurred  a t  N 3.0 PK  tr e a tm e n t,  b u t  i t  was co n sid erab ly  lo w er th a n  in th e  case 
o f ro o ts . S talk  w eight o f  p la n ts  grown a t  o p tim u m  soil m o istu re  in th is  t r e a tm e n t  was sligh tly  
m o re  th a n  double of th o se  grown a t low  w a te r  supply.

L ike th e  above-d iscussed  p lan t p a r ts  a lower w eight in  lea f-b lad e  resu lted  from  th e  
n itro g e n  and w ater defic iency , which l im ite d  th e  life processes a n d  also lead  to  th e  earlier 
d e a th  o f leaf-blades. T h e  d ea th  resu lting  fro m  n itrogen  deficiency is th e  fu n c tio n  of th e  n itro ­
gen  co n te n t of the  p la n t. A t low n itro g e n  doses th e  n itro g en  c o n ce n tra tio n  of th e  p la n t was 
n o t  suffic ient for n o rm al life processes e v en  a t  o p tim u m  w a te r su p p ly . L eaf-b lade  d e a th  w as 
in fluenced  also by th e  r a t io  of tra n sp ira tio n  an d  w a te r  u p tak e . As tra n s p ira tio n  exceeded th e  
w a te r  u p tak e  a t f irs t th e  low er leaves b e ca m e  d eh y d ra ted . T his d e h y d ra tio n  caused an  irre ­
versib le  dam age in leaf-b lades. The d ea th  o f  leaves could be observed  also in p lan ts  well supplied  
w ith  n itro g en  and w a te r  b u t  th is  process w as due to  th e  senescence of p la n ts  an d  s ta r te d  only 
a f te r  an thesis. M ainly th e  leaves d e te rm in e  th e  d ry  m a tte r  p ro d u c tio n  a n d  th e ir  size g rea tly  
d ep en d s upon the  n u tr ie n t  supply . The p ro p e r  n itrogen  supply  u su a lly  in creases th e  leaf a rea  
w hich  resu lts  from  an  increased  num ber o r  increased  size of leaves o r from  b o th . T he leaf area 
is in fluenced  by  th e  n u m b e r and  th e  size o f  cells. N itrogen  —  d ep end ing  u p o n  th e  dose — m ay 
also increase th e  lo n g ev ity  o f leaves.

C ontrary  to th e  ro o ts  and sta lks th e  m ax im u m  dry  w eigh t o f lea f  b lades was o b ta ined  
a t  d iffe ren t trea tm e n ts  a t  th e  two soil m o is tu re  levels. W hile a t  low  soil m oistu re  th e  N 0.5 P K ,
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Table 1

The effect o f  increasing nitrogen doses upon the dry matter weight

T r e a t m e n t

S ta lk L e a f  b la d e H u s k s Cob
P l a n t  p a r t s

g g g g g

50* 70 50  70 50 70 50  70 50  70

C ontro l 6.92 8.96 23.45 32.57 10.00 12.31

P K 9.06 9.04 26.85 34.92 11.77 13.28

n „.5 P K 14.08 22.66 30.93 51.10 17.14 23.29 7.16 12.71 10.22 17.41

N , „ P K 15.15 24.04 33.65 54.33 15.82 26.84 7.09 14.94 11.66 23.23

N M  P K 13.04 23.57 30.58 51.82 14.90 25.27 6.33 14.01 9.37 21.65

n 2.0 P K 10.38 23.61 29.18 51.89 14.44 25.08 7.41 17.48 7.46 21.12

N ... P K 8.99 18.96 27.03 41.49 13.31 22.32 7.56 13.73 7.18 19.21

N 3.„ P K 5.73 17.49 19.21 41.41 10.37 20.64 4.72 14.29 4.09 15.82

L SD  0 .1% 4.45 8.49 2.53 4.01 2.48

1.0% 3.45 6.60 1.96 3.10 1.92

5 .0% 2.61 4.99 1.48 2.35 1.45

Significant difference betiveen the same fertilizer

L S D  0 .1% 4.38 8.26 2 . 6 6 3.91 2.55

1.0% 3.41 6.42 2.06 3.02 1.97

5.0% 2.57 4.85 1.56 2.29 1.49

* Soil m oisture in  p e r cen t of its  m axim um  w ater-holding capacity

a t  o p tim u m  soil m oistu re  th e  N 1.0 P K  tre a te d  p lan ts  had  the  h ighest d ry  leaf-b lade  w eight. 
A f te r  reach ing  th e  m ax im u m  th e  increasing  n itro g en  doses decreased  th e  leaf-b lade w eight. 
T h e  g re a te s t difference b e tw een  th e  leaf-b lade w eigh t o f p lan ts  a t  th e  tw o  soil m oistu re  levels 
w as observed  a t th e  N r 0 P K  tre a tm e n t.

I t  can be seen in  T ab le  2 t h a t  a t  b o th  soil m o istu res in p lan ts  u n d erg o in g  n itrogen-free 
t r e a tm e n t  (P K ) and in th e  co n tro l p la n ts  th e  ra tio  o f s ta lk  to  lea f b lad e  is h igher th a n  in  
p la n ts  sub jected  to  n itro g en  tre a tm e n t.

T he m ost im p o r ta n t p la n t  p a r t ,  th e  g ra in , developed on ly  in  p la n ts  given n itrogen  
c o n ta in in g  trea tm e n t, th u s  th e  cob an d  th e  husks were n o t w eighed se p a ra te ly  b u t to g e th e r 
w ith  th e  sta lk  in the  co n tro ls  an d  in  th e  P K -tre a te d  p lan ts . T he w eigh t o f th e  husks was no t 
in flu e n ce d  by  th e  d iffe ren t n itro g en  doses as i t  was observed for o th e r p la n t p a r ts . A t th e  sam e 
tim e , th e  op tim um  w a te r  su p p ly  re su lted  in  a sign ifican tly  h igher h u sk  w eigh t.

A fter having reach ed  th e  h ig h est w eigh t, th e  grain and  th e  cob w e igh t decreased as th e  
n i tro g e n  increased.

T he grain yield of m aize  depends u p o n  th e  sy n th e tic  a c tiv ity  o f th e  lea f  b lade. As can 
b e  seen  in Table 3, th e  effec t o f various n itro g en  doses upon  th e  g ra in  w eigh t calcu la ted  per 
u n i t  o f leaf-blade w eigh t w as d ifferen t. A t b o th  soil m oistu re  levels th e  h ig h est gra in  w eight 
p e r  1 g of leaf blade w as o b ta in e d  a t  N ,.0 P K  tre a tm e n t (2.85 g a t  low  m o is tu re  and 4.03 g
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o f  p la n t parts , transpiration and water u tiliza tion  o f  maize plants

P la n t p a r t s

G ra in
g

W h o le  p la n t
g

T  r  a n s p i r  a t io n  
k g

T r a n s p ir a t i o n  
c o e f f ic ie n t  c a lc u la te d  
f o r  t h e  w h o le  p l a n t

T r a n s p ir a t i o n  
c o e ff ic ie n t  c a lc u la te d  

f o r  g r a in

50 70 5 0  70 5 0  70 50 70 50 70

40.35 56.83 7.66 11.31 191.52 201.39
47.67 59.06 7.71 10.63 162.00 180.85

45.26 70.12 126.26 196.96 16.55 29.07 132.39 147.92 369.14 418.78

44.71 107.87 128.00 253.00 14.32 32.78 112.29 129.68 323.97 306.94

37.59 94.85 112.43 231.20 13.69 33.18 121.72 143.62 368.80 353.87

28.99 82.03 97.60 224.69 12.40 29.49 127.59 131.39 436.68 362.10
20.40 69.24 84.94 189.75 10.54 23.81 124.95 126.00 558.08 349.32

14.46 55.45 58.84 167.10 6.69 21.59 114.21 129.79 468.72 397.85

12.78 17.19 1.95 20.52 112.44

9.89 13.36 1.52 15.96 86.97

7.48 10.10 1.15 12.12 65.81

treatm ents o f the two soil moisture groups

11.87 16.41 1.92 19.71 108.60

9.18 12.76 1.49 15.33 84.00

6.95 9.64 1.13 11.64 63.56

a t  o p tim u m  soil m o is tu re ) . The d ifferen t va lues ob ta in ed  a t  th e  tw o  soil m o istu re  levels 
in d ic a te  th a t  besides th e  n itrogen  doses, th e  w a te r  supp ly  also sig n ifican tly  in fluenced th e  
e ffec t o f leaf blades u p o n  g ra in  yield. T h e re  was a sign ifican t d ifference du ring  all n itro g en  
t r e a tm e n ts  betw een th e  tw o  soil m oistu re  levels as regards th e  g ra in  w eigh t y ield  pe r u n it  
o f lea f-b lad e  weight. T h e  g re a te s t d ifference (1.57 g) was observed  in  th e  N 2.5 P K -tre a tm e n t.

T he dry w eight o f w hole p lan ts w as also affected  b y  th e  n itro g en  doses and  th e  tw o 
soil m o is tu re  levels, i.e. n itro g en  deficiency as well as its  excess an d  also low soil m o istu re  
re d u ce d  d ry  m atte r  p ro d u c tio n .

T here  was a g re a t  difference in th e  ra tio  o f th e  w hole p la n t  w eigh t of con tro l and  
N 3.0 P K -tre a te d  p la n ts  g row n a t the tw o  soil m o istu re  levels. W hile a t  low soil m oistu re  th is  
ra tio  w as 68.58% , a t  o p tim u m  soil m o is tu re  i t  decreased  to  34 .01% . T hese d ifferences were 
e v id e n t shortly  before ta sse lin g  (Figs 4 a n d  5).

N itrogen p layed  a v e ry  im p o rtan t ro le  in  th e  d ry  m a tte r  p ro d u c tio n  of th e  whole p lan ts . 
E v en  a t  deficient w a te r su p p ly  th e  w eight o f th e  N j.0 P K -tre a te d  p la n ts  w as 3.17 tim es h igher 
th a n  th a t  of n itrogen-free  con tro l p lan ts . T h e  w eight o f N , .0 P K -tre a te d  p lan ts  was also 
2.69 tim es  higher th a n  t h a t  o f th e  P K -tre a te d  ones.

In  n itrogen d e fic ie n t p lan ts  (con tro l an d  P K -tre a tm e n t)  a t  b o th  soil m oistu res th e  
ra tio  o f ro o t and whole p la n t  w eight was sig n ifican tly  (P  <  0.001) h igher th a n  in  th e  n itro g en
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Table 2

Stalk—lea f blade ratio o f  maize p lants in  response to nitrogen-free 
and nitrogen containing treatments

T r e a tm e n t

S ta lk ,
g

L e a f  b la d e ,  
g

S ta lk —le a f  b la d e  
r a t i o

50 * 70 50 70 50  70

Control 23.45 32.57 10.00 12.31 2.343 2.641

PK 26.85 34.92 11.77 13.28 2.281 2.633

N ,.0PK 33.65 54.33 15.82 26.84 2.156 2.030

LSD 0.1% 7.43 2.12 0.427

1.0% 5.63 1.60 0.324

5.0% 4.20 1.20 0.242

Sign ifican t difference between the same fertilizer treatments 
o f  the two soil moisture groups

LSD 0.1% 7.47 1.90 0.445

L 0 % 5.66 1.44 0.337

5.0% 4.22 1.08 0.252

* Soil m oisture in  p e r cen t of its m axim um  w ater-ho ld ing  cap acity

t r e a te d  p lan ts  (Table 4). A t low soil m oistu re  th e  ro o t and  whole p la n t  w eigh t ra tio  was h igher 
th a n  a t  op tim um  w a te r  su p p ly . T he p lan ts  reac ted  to  th e  lim ited  n itro g e n  a n d  w a te r  supp ly  
in  th e  soil w ith  a re la tiv e ly  m ore ac tive  ro o t develo p m en t in  o rder to  u tilize  b e tte r  th e  availab le  
scarce  n itrogen  and  w a ter.

T he ob ta ined  ex p e rim en ta l d a ta  in d ica te  th a t  even a t  low  soil m oisture  
th e  app lied  n itrogen  m a y  increase th e  y ield  of th e  w hole p la n ts  s ig n ifican tly  
(T ab le  1). A t low soil m o istu re  th e  y ie ld  of th e  N ^ p P K -tre a te d  p la n ts  was 
2.25 tim es and  2.17 tim es  h igher, re spec tive ly , th a n  th e  y ie ld  of contro ls an d  
P K - tre a te d  p lan ts  a t  o p tim u m  w a te r supp ly . T h a t is, th e  y ield -increasing  
e ffec t of n itrogen  a t  low  soil m o istu re  w as m uch h igher th a n  the effect of 
w a te r  a t  th e  n itro g en -free  con tro l an d  P K -tre a te d  p la n ts  a t  o p tim u m  soil 
m o is tu re .

In  re la tion  to  th e  y ield -increasing  effect of n itro g en  G a r w o o d  and  
W i l l i a m s  (1967) o bserved  th a t  u n d e r fie ld  cond itions if  th e  g row th  of grasses 
s to p p e d  during d ro u g h t an d  n itro g en  w as in jec ted  in  th e  deeper soil layers 
th e  grasses again b eg an  to  grow  w ith o u t irrig a tio n . T he p ro b ab le  ex p lan a tio n  
is t h a t  th e  p lan ts  could  no t u tilize  th e  n itro g en  in  th e  u p p e r d ry  soil layers. 
T h e  deeper, w et soil lay e rs  ensured  th e  u tiliza tio n  of th e  in jec ted  n itrogen . 
In  o u r po t ex p e rim en t even  un d er low soil m oistu re  cond itions th e  n itrogen  
s ig n ifican tly  increased  th e  yield.
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The n itro g en  doses an d  th e  d ifferen t w ate r su p p ly  also in fluenced  th e  
w eigh t ra tio  of g ra in  an d  w hole p la n t. As it  can he  seen in  T ab le  5 th e  w eigh t 
ra tio  of g ra in  an d  w hole p la n t a f te r  reaching  th e  h ig h es t v a lu e  decreases as 
th e  n itrogen  doses increase. T he h ig h est grain  and  w hole p la n t ra tio , 0.428 was 
o b ta in ed  a t  o p tim u m  w a te r su p p ly  w ith  N 1M)P K -tre a tm e n t. The grain  and  
w hole p lan t ra tio  was m ore fav o u rab le  a t o p tim um  th a n  a t  low w ate r supp ly . 
A m ore fav o u rab le  gra in  ra tio  w as o b ta in ed  if th e  ro o t w eigh t was o m itte d  in  
o u r calcu lations. T hus th e  ra tio  o f grain and ab o v e-g ro u n d  p la n t p a r ts  a t  
o p tim u m  soil m o istu re  u n d er N ^ P K  tre a tm e n t rose to  0.471

The d iffe ren tia l n itro g en  a n d  w a te r supply besides th e  p la n t w eight 
sig n ifican tly  in fluenced  also th e  tra n sp ira tio n . W ith  th e  excep tion  o f th e  
h ig h est n itrogen  dose tre a tm e n t a t  low  soil m oistu re , th e  p la n ts  in th e  n itrogen - 
co n ta in in g  tre a tm e n ts  tra n sp ire d  m ore th a n  in  th e  n itro g en -free  tre a tm e n ts . 
S im ilar resu lts  w ere o b ta in ed  also b y  K. D e b r e c z e n i  (1965), B. D e b r e c z e n i  

(1970) and  S z l o v á k  (1974a, 19746, 1979a and  19796).
A t low soil m o istu re  th e  m ax im u m  tra n sp ira tio n  o f p la n ts  was observed  

a t  a low er n itro g en  dose (N 0.5P K ) th a n  a t o p tim um  w a te r  su p p ly  (N j .5P K ).

Table 3

Effect o f  nitrogen doses upon leaf-blade weight, grain y ie ld  and grain y ie ld  per unit 
o f  leaf-blade weight at two soil moisture levels

T r e a tm e n t

L e a f -b la d e  w e ig h t  
g

G ra in -w e ig h t
g

G r a in  y ie ld  
c a l c u la te d  f o r  1 g 
l e a f - b la d e  w e ig h t ,  

g

T h e  r a t i o  o f  
p la n ts  g ro w n  
a t  o p t im u m  
a n d  lo w  so il 

m o is tu r e
50* 70 50 70 50 70

N M PK 17.14 23.29 45.26 70.12 2.64 3.03 1.15

N ,.0 PK 15.87 26.84 44.71 107.87 2.85 4.03 1.41

N j .5 P K 14.90 25.27 37.58 94.85 2.53 3.79 1.50

N 2.„ PK 14.44 25.08 28.99 82.03 2.02 3.28 1.62

N ,., P K 13.31 22.32 20.40 69.24 1.53 3.10 2.03

N 3.0 PK 10.37 20.64 14.46 55.45 1.43 2.71 1.90

LSD 0.1% 2.96 12.78 0.61

1.0% 2.29 9.89 0 .47

5.0% 1.73 7.48 0.36

Significant difference between the same fertilizer treatments o f  the two soil moisture groups

LSD  0.1% 2.86 11.87 0.58

1.0% 2.21 9.18 0.45

5.0% 1.67 6.95 0.34

* Soil m oisture in per cent of its m ax im um  w ater-holding cap acity
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Table 4

The weight ratio o f  roots and whole p lan ts in  the nitrogen-free 
and nitrogen containing treatments

T re a tm e n t

R o o t
g

W h o le  p l a n t  
g

R o o t- w h o le  
p l a n t  r a t i o

5 0* 70 50 70 5 0  70

Control 6.90 8.96 40.35 56.83 0.170 0.160

P K 9.06 9.04 47.58 59.06 0.191 0.153

N ,.„ P K 15.15 24.04 128.00 253.00 0.119 0.095

LSD 0.1% 4.31 12.57 0.039

1.0% 3.26 9.52 0.030

5.0% 2.44 7.11 0.022

S ign ifican t difference between the same fertilizer treatments 
o f  the two soil moisture groups

LSD 0.1% 3.98 11.49 0.036

1.0% 3.02 8.70 0.027

5.0% 2.25 6.50 0.020

* Soil m oisture in  p e r cen t o f its  m ax im um  w ater-holding capacity

A fte r  reaching th e  h ig h e s t tra n sp ira tio n  v a lu e  th e  in creasin g  n itro g en  doses 
d ec reased  th e  tr a n s p ira tio n . D uring  th e  w hole g row th  season th e  low est 
t ra n s p ira tio n  was o b ta in e d  a t  th e  h ig h es t n itro g en  dose (N 3.0P K ) in  th e  case 
o f  low  soil m oisture a n d  in  th e  P K - tre a tm e n t  in  th a t  o f o p tim u m  w a te r  supply . 
T h e  g rea tes t difference in  th e  tra n sp ira tio n  of p la n ts  g row n on th e  tw o soil 
m o is tu re  levels w as o b se rv ed  a t  th e  h ig h est n itro g en  dose. A t th is  k in d  
o f  tre a tm e n t th e  p la n ts  grow n a t  o p tim u m  soil w a te r level tra n sp ire d  m ore 
th a n  th re e  tim es as m u ch  as th e  p la n ts  a t  low  w a te r su p p ly . T he tra n sp ira tio n  
d ecreasin g  effect o f in c rea s in g  n itro g en  doses is due p a r t ly  to  th e  sm aller 
tra n sp ir in g  area. T he lea f-b lad e  w eigh t ra tio  of N 3 0P K -tre a te d  p la n ts  re la ted  
to  th e  leaf-blade w e ig h t o f th e  N x 5P K -tre a te d  ones (h ig h est tra n sp ira tio n )  
dec reased  to  81.68%  a t  o p tim u m  w a te r  supp ly . A t low  soil m o is tu re  th is  ra tio  
o f  N 3 0P K - and  N 0SP K  (h ig h est tra n sp ira tio n )- tre a te d  p la n ts  w as o n ly  60.50% . 
A t low  soil m oistu re  th e  m ax im um  tra n sp ira tio n  to o k  p lace in  response to  
N 0.5P K  tre a tm e n t. B esides th e  decreasing  leaf-b lade w eigh t a n d  leaf-b lade 
a re a , th e  q u a lity  of th e  le a f  b lades w ere also d ifferen t u n d e r th e  vario u s n itro ­
gen  trea tm en ts . N itro g en  doses above N ^ jP K  decreased  th e  tra n sp ira tio n  
ca lc u la ted  per u n it  o f  le a f  a rea  a t  b o th  soil m oistu res levels (T able 6). The 
tra n sp ira tio n  ca lcu la ted  p er u n it  o f le a f  a rea  a t  o p tim u m  w a te r  supp ly  was
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sign ifican tly  h ig h e r (P <C 0.001) th a n  in  p la n ts  grow n a t  low soil m o is tu re  in 
each tre a tm e n t group .

A decrease in  tra n sp ira tio n  could be observed  n o t only in p la n ts  w ith  
increasing n itro g e n  doses, b u t  also in  th o se  w hich  d id  n o t receive a n y  n itro g en  
(contro l an d  P K  tre a tm e n t) . A t low  soil m o istu re  th e  P K -tre a te d  a n d  co n tro l 
p lan ts  tra n sp ire d  on ly  46.59%  a n d  46 .28% , resp ec tiv e ly , o f those su b je c te d  to  
N 0.5P K  tre a tm e n t .  A t op tim u m  soil m o istu re  th is  ra tio  was 36 .57%  an d  
38.91% . T he low  tra n sp ira tio n  va lu es  o f n itro g en  d efic ien t p lan ts , like a t  high 
n itrogen  doses, re su lted  from  sm alle r p la n t  surface an d  q u a lita tiv e  changes 
in  th e  p lan ts .

One of th e  m ain  reasons o f  decreased  tra n sp ira tio n  a t  high n itro g en  
doses is v e ry  lik e ly  th e  lim ited  w a te r  u p ta k e . In  our experim en ts a t  b o th  soil 
m oisture  levels th e  increased n itro g en  doses also increased  th e  to ta l  sa lt 
co n ten t of th e  soil. G enerally  th e  w a te r u p ta k e  b y  p la n ts  is m ore d ep e n d e n t 
up o n  th e  sa lt o r n u tr ie n t co n cen tra tio n  th a n  on its  com position . T he w a te r  
u p ta k e  of m aize ro o ts  was th e  sam e in  th e  ex p erim en t of H a w a p .d  an d  S p u r r  

(1944) using  th e  sam e osm otic p o te n tia ls  o f sucrose, m an n ito l, sodium  su lp h a te

T a b le  5

Grain-whole p lant ( including the roots)  ratio as a func tio n  
o f  nitrogen treatments

T r e a tm e n t

G ra in
g

W h o le  p l a n t  
g

G rain-A vhole 
p l a n t  r a t i o

50* 70 50 70 50 70

N„.5 p k 45.26 70.12 126.26 196.96 0.349 0.356

N j . o PK 44.71 107.87 128.00 253.00 0.350 0.428

N , 5 PK 37.59 94.85 112.43 231.20 0.335 0.410

N2.0 P K 28.99 82.03 97.60 224.69 0.301 0.365

n 2.5 P K 20.40 69.24 84.94 189.75 0.239 0.365

N 3.„P K 14.46 55.45 58.84 167.10 0.245 0.331

LSD 0.1% 12.78 19.41 0.068

1.0% 9.89 15.02 0.053

5.0% 7.48 11.36 0.040

Sign ifican t difference between the same fertilizer treatments
o f the two soil moisture groups

LSD 0.1% 11.87 18.73 0.065

1.0% 9.18 14.49 0.050

5.0% 6.95 10.96 0.038

* Soil m oistu re  in  pe r cent of its  m ax im um  w ater-ho ld ing  capacity
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T a b le  6

M aize transpiration  calculated fo r  unit o f  dry weight o f  lea f blade.

T r e a tm e n t

L e a f  b la d e  
g

T r a n s p i r a t i o n
kg

T r a n s p ir a t i o n  p e r  
u n i t  o f  le a f - b la d e  w e ig h t

5 0*  70 50 70 50 70

Control 10.00 12.31 7.66 11.31 769.86 917.63

PK 11.77 13.28 7.71 10.63 655.23 801.83

N M PK 17.14 23.29 16.55 29.07 967.11 1261.12

Ni.o P K 15.82 26.84 14.32 32.78 913.48 1223.68

N l r, PK 14.90 25.27 13.69 33.18 917.93 1323.90

N*.„ PK 14.44 25.08 12.40 29.49 861.64 1176.96

N2.5 P K 13.31 22.32 10.54 23.81 800.48 1069.14

N ,.0 P K 10.37 20.64 6.69 21.59 672.10 1060.87

LSD 0.1% 7.11 1.95 145.01

1.0% 5.53 1.52 112.74

5.0% 4.18 1.15 85.20

S ig n ifica n t difference between the same fertilizer treatments 
o f  the two soil moisture groups

LSI) 0.1% 6.77 1.92 142.48

1.0% 5.27 1.49 110.77

5.0% 3.34 1.13 83.71

* Soil m oisture in  p e r cen t of its m axim um  w ater-ho ld ing  capacity

a n d  sodium  chloride. I t  is v e ry  likely  th a t  in  our experim en ts th e  h igh  n itro g en  
doses increased  th e  n u tr ie n t  co n cen tra tio n  to  a such degree w hich a lread y  
lim ite d  th e  w a te r u p ta k e  b y  th e  p lan ts . As a re su lt of lim ited  w a te r u p ta k e , 
w a te r  deficit developed  in  th e  p lan ts . In  tu rn ,  th is w a te r defic it decreased  
th e  opening of s to m a ta . L ö s c h  (1979) in  h is stud ies on ep iderm is tissues of 
P olypodium  vulgare concluded  th a t  a sm all w a te r  deficit in fluenced  th e  s to m a ta  
open ings only slig h tly . As th e  ra te  o f w a te r  p o te n tia l u n d er th e  ep iderm is cells 
decreased  th e  openings of s to m a ta  becam e sm aller and  sm aller. I f  th e  w a te r  
p o te n tia l  sank  below  —20 bars  open s to m a ta  were observed  on ly  u n d e r 
fav o u rab le  en v iro n m e n ta l conditions.

In  our ex p e rim en ts  th e  alm ost closed an d  closed s to m a ta  decreased  no t 
o n ly  th e  tra n sp ira tio n , b u t  also lim ited  th e  d iffusion  of C 0 2 th ro u g h  th e  s to m a ta  
w hich resu lted  in  a red u ced  d ry  m a tte r  p ro d u c tio n  depending  upon  th e  n i t ro ­
gen doses and  w a te r  supp ly . L o f  (1976) ex am in ed  th e  effect o f n itro g en  d e ­
fic ien cy  upon p h o to sy n th es is  and  tra n sp ira tio n  in tw o grass species (Phalaris  
a n d  H ordeum ) in  a c lim a te  room . These species were k ep t for eleven d ays in
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th e  n itrogen  d efic ien t n u tr ie n t  so lu tion . T he tra n sp ira tio n  decrease of b o th  
species was a b o u t th e  sam e, a n d  m uch low er th a n  th a t  o f th e  pho to sy n th esis . 
Since tra n sp ira tio n  decreased to  a sm aller e x te n t th a n  p h o to syn thesis , th e  
w a te r  u tiliza tio n  of n itrogen  d efic ien t p la n ts  w as m ore un fav o u rab le .

Our m aize p la n ts  und erg o in g  n itrogen  co n ta in in g  tre a tm e n ts  u tilized  th e  
w a te r sig n ifican tly  (P  0.001) m ore e ffic ien tly  d u ring  th e  grow th  season a t  
b o th  soil m o istu re  levels th a n  th e  n itro g en  defic ien t ones (contro l and  P K - 
tre a te d ). G o l d r i a a n  and  K e u l e n  (1979) p o s tu la te d  th a t  “ dete rio ra tio n  of 
w a te r use effic iency  for w hole p la n ts  or crops un d er co n d itions of N sho rtag e  
m ay  . . . have  to  be a ttr ib u te d  to  differences in  th e  d is tr ib u tio n  p a tte rn  of th e  
assim ilates, n o ta b ly  a la rger sh a re  for th e  u n d erg ro u n d  p la n t p a r ts ” . O ur 
exp erim en ta l re su lts  do no t s u p p o r t th is p o s tu la tio n , because  if  w ater u tiliz a ­
tio n  is ca lcu la ted  fo r the  d ry  m a tte r  of th e  w hole p la n t (inc lud ing  the  “ u n d e r­
g round  p a r t” , th e  roo ts) th e  w a te r  use effic iency  is m ore fav o u rab le  in p la n ts  
sub jec ted  to  n itro g en  tre a tm e n ts  th a n  in  n itro g en  stressed  p la n ts  (contro l an d  
P K  tre a tm e n t) .

U nder o p tim u m  or n ea r-o p tim u m  cond itions th e  w a te r  u tiliza tion  of 
p la n ts  w ith  h ig h er d ry -m a tte r  w eigh t is u su a lly  b e tte r  th a n  o f those w ith  low 
d ry -m a tte r  w eigh t. N evertheless, th is  is n o t alw ays tru e  u n d e r  un favourab le  
conditions. In  our experim en ts a t  low soil m o istu re , u n fav o u rab le  for p la n t 
g row th , th e  tra n sp ira tio n  ra tio , c a lcu la ted  fo r th e  w hole p la n t  was lower th a n  
a t  op tim um  w a te r  supply . A d iffe ren t w a te r u tiliz a tio n  v a lu e  w as o b ta ined  if  
th e  tra n sp ira tio n  ra tio  was ca lcu la ted  for th e  m ost im p o r ta n t p la n t p a r t , th e  
g ra in . In  th is  case w ith  the  ex cep tio n  o f th e  low est n itro g en  dose the  w a te r 
u tiliz a tio n  ca lcu la ted  per u n it g ra in  w eight w as m ore fav o u rab le  for p lan ts  
developed  a t  o p tim u m  soil m o istu re . A t b o th  soil m o istu re  levels th e  m ost 
favourab le  w a te r u tiliza tio n  ca lcu la ted  for u n i t  o f grain  w eig h t w as ob ta ined  
in th e  N-, (IP K  tre a tm e n t.

R E F E R E N C E S

D ebreczeni, K . (1965): Víz- és tá p a n y a g e llá tá s  l ia tá sa  a  k u korica  tran szsp irác ió já ra  és t á p ­
anyagfelvételére  (The effect o f w a te r-  and n u tr ie n t  supp ly  upo n  th e  tran sp ira tio n  and  
n u tr ie n t u p ta k e  b y  m aize p lan ts). Öntözéses Gazdálkodás 2: 129-148.

D ebreczeni, В. (1970): A  táp an y ag - és v íze llá tás főbb  összefüggéseinek agrokém iai v o n a t­
kozásai (The m ain  corre lations b e tw een  n u tr ie n t  a n d  w a te r  su p p ly  in  re la tio n  to  agro­
chem istry). Thesis.

G arw ood, E . A., W illiam s, T. E . (1967): G row th, w a te r  use and  n u tr ie n t  u p tak e  from  th e  
subsoil by  grass sw ards. J . A gric. Se i. Camb. 69: 125-130.

G oudriaan , J . ,  K eu len , H . v an  (1979): T h e  d irec t an d  in d ire c t effect o f n itro g e n  shortage on 
pho to sy n th es is  a n d  tran sp ira tio n  in  m aize and  sunflow er. N eth. J . Agric. Sei. 27: 
227-234.

H a w ard , H. E ., S p u rr, W . B. (1944): E ffec t of osm otic co n cen tra tio n  of ino rgan ic  and  organic 
su b s tra tes  on  e n try  o f w ater in to  co rn  roo ts. Bot. Gaz. 106: 131-139.

Lof, H . (1976): W a te r  use  efficiency a n d  com p etitio n  be tw een  a rid  zone an n u als , especially 
th e  grasses P halaris m inor an d  H ordeum  m u rin u m . Agr. Res. R ep . 853. Pudoc. W age- 
ningen.

2 0 Acta  B o tan ica  H ungarica  29, 1983



3 0 6 S. SZLOVÁK

L ösch , R . (1979): R esponses o f s to m a ta  to  e n v iro n m en ta l factors. E x p erim en ts  w ith  iso lated  
ep id e rm al strip s o f P olypodium  vulgare , I I .  L eaf bu lk  p o ten tia l, A ir H u m id ity  and 
T em p era tu re . Oecologia (B erl.) 39: 229—238.

S v á b , J .  (1973): B iom etriai módszerek a ku ta tásban  (B iom etrical M ethods in R esearch). Second 
ed ition . M ezőgazdasági K ö n y v k iad ó , B u d ap es t.

S z lo v ák , S. (1974a): A k u k o rica  levéllem ezének összes n itro g é n ta rta lm a  és az egész növény  
tran szsp irác ió ja  k ö z ö tti k ap cso la t v izsg á la ta  (R elationsh ip  b e tw een  to ta l n itro g en  
c o n te n t of th e  m aize lea f b lade a n d  a m o u n t of w ater tran sp ire d  b y  th e  whole p la n tl  
Növénytermelés 23: 34-54.

S z lo v ák , S. (19746): A k u k o rica  egységnyi levé lfe lü le tére  szám íto tt tran szsp irác ió  in te n z itá s  
különbségek  különböző tá p a n y a g e llá to ttsá g n á l (The effect o f d iffe ren t n u trie n ts  upon  
th e  v a ria tio n  of leaf u n it  a rea  tra n s p ira tio n  of m aize p lan ts). Növényterm elés 2: 239-249.

S z lo v ák , S. (1979a): A k ukorica  tran sz sp irá c ió ján a k  és ev ap o tran szsp irác ió ján ak  v izsg á la ta  
(T ran sp ira tio n  and  é v a p o tra n sp ira tio n  s tu d ies  on maize p lan ts). Thesis.

S z lo v ák , S. (19796): A táp a n y ag e llá tá s  h a tá sa  a  kukorica  tran szsp irác ió já ra  (The effect of 
n u tr ie n t  supp ly  upo n  m aize tra n sp ira tio n ) . V I T U K I  K özlem ények  28: 87-90.

A cta  B otanica  H ungarica  29, 1983



A cta  Botanica H ungarica 29 (1 —4 ) , p p . 307-325 (1983)

STUDY ON THE PHYTOPRODUCTION 
OF REED CANARY-GRASS SOWN 

ON SOLONETZ MEADOW-SOIL TYPE

A . K o v á c s

DEPARTMENT OF PLANT TAXONOMY AND ECOLOGY, EÖTVÖS LORÁND UNIVERSITY,
BUDAPEST, HUNGARY

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

E x p e rim e n ts  w ith  a sw ard  u n d e r in tensive  tre a tm e n t,  sow n w ith  a single species 
were perfo rm ed  w ith  reed can ary -g rass  (Typhoides arundinacea ), rep ea ted  four tim es, 
on m elio rated  m eadow -soil of so lonetz  ty p e , in  th e  d is tr ic t  of K ák a  of th e  S ta te  M odel 
F a rm  of S za rv as in  au tu m n  1973. T he p o p u la tio n  collections, y ield , ro o t m ass o f th e  
sw ard s tan d , a n d  changes in th e  com position  of th e  la t te r  w ere s tu d ied  for th e  seven  
years (1974-1980).

D uring  th is  period th e  p ro p o rtio n  of th e  p o p u la tio n s o f th e  sown species a n d  
species th a t  in h a b ite d  the  area n e a r  th em  g rad u ally  changed and  becam e re la tiv e ly  
stabilized due to  th e  n a tu ra l succession  of th e  sow n sw ards, w ith o u t hav ing  a dam aging 
effect on th e  s tru c tu re  of th e  sw ard  s ta n d , an d  th e  q u a lity  an d  q u a n tity  of yield.

The y ie ld  reach ed  the  y ield  level of th e  sow n sw ards u n d e r in tensive  tre a tm e n t 
(40 t/h a  green y ie ld  and 10 t /h a  y ie ld  o f hay ) a lread y  in  th e  f ir s t  y ear a fte r sow ing; 
th en , over fo u r y e a rs , it was 60 t /h a  green y ield an d  14 t /h a  y ield  o f h ay  w ith  m ow ing 
four tim es in e ach  growing period . T h e  decrease in  y ield  observed  in  th e  la s t tw o y ears 
of th e  ex p erim en t can  be a ttr ib u te d  to  th e  th ree  m ow ings ra th e r  th a n  th e  spo t-c lim ate  
conditions or in su ffic ien t supply  in  n u tr ie n ts  an d  w a ter. T he d igestab le  raw  a lbum in  
con ten ts of th e  y ie ld  was 12—13%  on  th e  average, w hile th e  s ta rc h  co n te n t of th e  y ield 
was 47-49 g /kg  on  th e  average.

The ro o t m ass m easured a t  th e  tim e of th e  m ow ing of th e  d ifferen t g row ths, 
s tud ied  in a la y e r  o f  0—50 cm of soil, show ed a g ro w th  and  seasonal f lu c tu a tio n  c h a r­
acteristic  of th e  m eso p h y te  sw ard  s ta n d s . F rom  th e  fo u r th  y ear a f te r  sowing a re la tive ly  
s tab le  roo t m ass developed , w hich re flec ted  th e  local so il-clim ate  conditions, th e  supply  
of n u trien ts  a n d  w a te r ,  and also d epended  on th e  w eigh t ra tio  o f  th e  phy tom asses 
above and u n d e r  th e  ground.

The doses o f a rtific ia l fe rtilizers  and  th e  irr ig a tio n  n o rm s m ay  ensure a wide 
growing of th e  re e d  canary-grass (Typhoides arundinacea) an  m eliorized m eadow-soil 
o f solonetz ty p e  a n d  its  u tiliza tio n  as silage or early -m ow n hay .

Introduction

E xtensive  hom e a n d  foreign l ite ra tu re  deals w ith  th e  ecological an d  cu ltu ra l conditions 
o f  th e  reed  canary-grass (Typhoides arundinacea).

T he reed can a ry -g rass  (Typhoides arundinacea) can be fo u n d  in  C entra l E u rope, in th e  
E u ro p ea n  p a r t  of th e  U S S R , in  th e  wooded an d  w ooded-steppe zones, on th e  p lain  and in th e  
m o u n ta in s , m ainly on fre sh , w et, hard , deep soils b u t  i t  also occurs on d ry  podsol, sands, 
m oor, and  tu r f  soils. I t  is a hygrom esophilous p lan t w ith  m an y  ecoform s ( D o r n e r  1912, 
S h e n n i k o v  1944, G r u b e r  1954, R a b o t n o v  1974, V i n c z e f f y  1974). In  sw ards o f la te -d ry in g  
soil or of h igh w ater ta b le  it occurs freq u e n tly ; som etim es i t  co n s titu te s  a  large  n u m b er of 
s ta n d s . In H ungary  i t  lik es  m ain ly  th e  loose soils rich  in  n u tr ie n ts  ( V i n c z e f f y  1974). I t  is 
also th riv in g  w ith  th e  fu ll w a te r  sa tu ra tio n  of th e  soil if th e  oxygen  su p p ly  is ensured , w hich 
m ak es d rainage necessary  on  sw am p soil ( L o p a t i n  1959). I t  to le ra te s  even an  in u n d a tio n  of
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30 to  50 days ( R a m e n s k i  1938), b u t  it b e s t e n d u re  th e  spring flood ( H i t r o v o  1967). I t  is 
m o d e ra te ly  ha lo p h y te , L ears a soil brine even of 6—3 mol ( R a b o t n o v  1974). I t  is co ld -resis tan t 
b u t  is sensitive  strong  fro sts  ( R a m e n s k i  1938).

I t  is deep-rooted  (2.5 to  3.5 ms), its  th ic k  (1 cm), sto loniferous m ycorrh ize  sy s tem  of 
ro o ts  m akes i t  su itab le  fo r w ith  s tan d in g  d ry n ess o r an  in u n d atio n  com ing from  above ( G r u b e r  

1954, A n d r e y e v  1961, S e l i v a n o v - T J t e m o v a  1962, K u r k i n  1966, V i n c z e f f y  1974). I t  is a 
h ig h  p la n t  (50 to  300 cm ) w ith  an  e longated  lea fy  s tem . The young p lan ts  are h em ic ry p to p h y tes  
w hile th e  old ones are geo p h y tes ( L i n k o l a  1922, R a b o t n o v  1974, V i n c z e f f y  1974). T h ro u g h o u t 
th e  p e rio d  of th e ir  grow ing th e  p lan ts  hav e  few  leaves near th e  soil. T he m a jo rity  o f th e  leaves 
can  be found  a t a h e ig h t o f  10—20—30 cm to  60—100 cm  on th e  stem  as th e y  req u ire  m u ch  light 
o f  c o n s ta n t in ten sity  ( R a b o t n o v  1974). O f th e  p la n t p a r ts  above th e  g round  75%  is con­
s t i tu te d  by  the  stem  an d  25%  by  th e  leaves ( R a b o t n o v  1950). I t  can  grow  even 4 to  8 cm 
d a ily  ( K ö n e k a m p ) .  I t  is a g rass show ing average  developm ent and  m iddle  early  crop. I t  reaches 
i ts  full developm ent in  th e  3rd or 4 th  y e a r a f te r  sowing ( G r u b e r  1954). I ts  tra n sp ira tio n  
coefficien t is 535, w hich can  be decreased by  u sing  artificial fertilizer ( S c h w a r z  1932). I t  to le r­
a te s  an  average shad ing  an d  its  lo ngev ity  can  be ensured  by fe rtiliz a tio n ; it m akes re tu rn  for 
w a te rin g  ( B a s k a y — T ó t h  1966).

I t  is a ty p ica l m ow ing grass b u t  i t  does n o t to le ra te  f req u e n t m ow ing, lopp ing  off 
( K l a p p  1971), or being  s tam p ed  upon  b y  g razin g  anim als ( S e r e b r y a n i k o v  1936, R a b o t n o v  

a n d  D e m i n  1971). W hen  m ow n young , i t  is a v a lu ab le  fodder while m ow n la te , its  stem  lignifies, 
rou g h en s ( B a s k a y - T o t h  1966). I t  is o f av erag e  value as fodder an d  is m ain ly  su itab le  for 
m ak in g  silage ( B a r c s a k  1978). W hen it  is sow n, a large a m o u n t o f a rtific ia l fe rtilizer can be 
a p p lie d  to  th is  ty p e  of g rass th e  crop of w h ich  is, un d er in ten siv e  care, 60—70 t /h a  green 
( S z a b ó  1977) and 30 t /h a  d ry  m ate ria l, re sp ec tiv e ly  ( V i n c z e f f y  1974). R ecen tly , species th e  
s tem s of w hich ten d  to  lign ify  less have  been  developed. Such are  e.g. th e  Szarvas-72 and K -l 
re ed  canary-grasses ( J a n o v s z k y  1977).

On th e  basis o f th e  above écologie a n d  cu ltiv a tio n  d a ta  wc set ourselves th e  ta sk  of 
s tu d y in g  th e  p o p u la tio n  collections and  crop o f th e  reed canary -g rass sw ard  s ta n d  sow n w ith  
a  single species, th e  com position  of th e  y ie ld , th e  roo t m ass to  a soil d e p th  of 50 cm  a t  the  
t im e  of m ow ing, an d  th e  com position  of th e  ro o ts, on a m eadow -soil of so lonetz ty p e , under 
in te n siv e  tre a tm e n t and  ra in less c lim ate  con d itio n s, during  an ex p erim en ta l period  o f seven years.

Material and method

O ur sw ard  ex p erim en ts  w ith  an  in ten siv e  m ethod  of t r e a tm e n t,  sow n w ith  a single 
species w ere perform ed in  b lock K-10 of th e  g razing  land  of P lesovszk  in  th e  d is tr ic t  of K áka  
o f th e  S ta te  Model F a rm  of Szarvas (S zarvasi Á llam i T angazdaság , K ák ái k e rü le t, P lesovszki 
legelő), in  parcels of 100 m 2, rep ea ted  fo u r tim es , w ith  reed  can ary -g rass  (Typhoides arundi- 
nacea), w ith  th e  species “ Szarvasi 50” in  th e  a u tu m n  of 1973. P rev iously , a u tu m n  w h eat had  
b een  grow n in  th is  a rea . O f th e  16 dags o f seed sown w ith  a 12 cm  space be tw een  th e  lines 
in  an  area of 100 m 2, 310 000 seedlings h a d  sh o t up.

T he experim ental a rea  lies on th e  n o r th  p a r t  of th e  d is tr ic t o f K á k a  of th e  S ta te  M odel 
F a rm  of Szarvas, a b o u t 5 k m  aw ay fro m  Szarvas. H eigh t above sea level is 84—85 m. The 
u n d e rg ro u n d  w a te r  level is ra th e r  v a ria b le , i t  is betw een  1—2 m  deep depend ing  on  th e  am o u n t 
o f ra in fa ll, and on th e  w a te r  level in th e  a d ja c e n t irriga tion  canals. T he soil o f th e  field is a 
sodic soil due to  th e  accu m u la tio n  of th e  m ate ria ls  of d e tr i ta l  cones and  a llu v ia l deposits o f 
th e  original M aros an d  K örös rivers , on  low land  degraded  loess (h y d ro ca rb o n a te -su lp h a te , 
so lo n tch ak , c ru sty  m eadow -soil of so lonetz  ty p e , on m u d d y  aeo lian  clay) th e  m ain  ch ar­
ac teris tics  of w hich are  sum m arized  in  T ab le  1. In  order to  am elio ra te  th is  sodic soil artificial 
fe rtilizer N P K  =  200 : 180 : 280 k /g /h a  an d  СаСоз of 4500 k g /h a  w ere used in th e  form  of 
soil- and reserve fe rtiliz e r even before sow ing. This was follow ed in  O ctober every  y ear by  
b asic  m anuring  w ith  N P D  =  100 : 120 : 120 kg /ha  and by  m an u rin g  a t  th e  roo ts, using 
N  =  50 kg /ha  in  M arch as well as b y  a su p p le m e n ta ry  fertilizer o f N  =  50 k g /h a  a f te r  m owing.
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Characteristic soil data

Table 1

D e p th  o f  th e  
s o il  s a m p le s ,  

cm

p H H u m u s ,
%

T o ta l  N ,
о//о

P A K A C a C 0 3,
%

H a r d ­
n e s s

T o ta l
s a l t s ,
%

C a p illa ry  
w a te r  r a is in g

H 20 K C1 m g /1 0 0  g 5 h 24  h

0-15 7.10 6.80 3.29 0.17 89.00 86.73 0.42 50 0.20 80 160

15-30 7.40 7.05 2.48 0.14 43.00 32.52 0 50 0.15 70 175

30-45 7.55 7.05 3.69 0.09 16.42 21.68 0 59 0.15 50 135

45-60 7.95 7.20 1.41 0.07 11.20 19.27 0.84 61 0.17 30 115

60 90 7.50 7.05 0.94 0.04 7.05 19.27 2.95 59 0.40 80 225

T his area belongs to  zone A/4, B a c s Ó ’ s  clim ate  regions w ith  an  average  ra in fa ll of 
500 m m . The év ap o tran sp ira tio n  loss of w a te r  o f 700—800 m m , th e  g re a t da ily  and  seasonal 
f lu c tu a tio n s  in tem p e ra tu re , and  the  fre q u e n t d ro u g h ts  m ade irr ig a tio n  necessary  w hich was 
240—320 m m  of w a ter in  each  growing p e rio d  depending  on th e  ra in fa ll conditions, and  th is 
w a te r  w as supplied b y  o v e rh ead  irriga tion . F ro m  th e  m eteorological d a ta  as well as on th e  
b asis o f th e  w ea th e r-d iag ram s draw n for th e  ex p erim en ta l period  it  can  be estab lished  th a t  
in  th e  course of the  seven  y ears  of the  e x p e rim e n t four y ears w ere m ore ra in y , while dry  
w e a th e r  and drough t p re d o m in a te d  in th e  o th e r  th ree  years (T able 2, F ig . 1). The annual 
av erag e  am o u n t of ra in fa ll o f 528 m m , ch ara c te riz in g  th is  a rea , th e  m eadow -soil of solonetz 
ty p e  m ake  only th e  fo rm a tio n  of x eroph ilous v eg e ta tio n  ( Festucetum  pseudovinae , Festece- 
tum  rupicolae) possible. T h e  above-m en tioned  considerab le  fe rtilizer doses an d  th e  w a te r  of 
i r r ig a tio n  of 320 m m  en su red  an  in tensive  p h y to p ro d u c tio n  of th e  sow n grass o f long-term , 
larg e  p ro d u c tiv ity , w ith  a re la tiv e  s tab ility  o f th e  p o p u la tio n  collections o f th e  species th a t  
p la n te d  them selves n e x t to  th e  sown species a n d  becam e stead y .

G rass and roo t sam p les were tak en  fo u r  tim es in  each grow ing p eriod  an d  th ree  tim es 
in  th e  la s t tw o years o f th e  experim en t. G rass y ie ld  w as m easured  on  th e  basis o f sam ples tak en  
fro m  4 x 1  m 2 parcel b y  p a rce l, in  green an d  a ir-d r ie d  sta tes . R o o t m ass was m easu red  by  th e  
so il-m ono lith  m ethod, a  sy s te m  elaborated  b y  u s ( K o v á c s  and  GÁSPÁR 1975), to  a d ep th  of 
soil o f 0—50 cm. Soil m o n o lith s  tak en  four t im e s  w ere sectionalized  in  sam ples o f 1 d m 3 m ade 
o f iro n  sh ee t, th en  the  ro o ts , a f te r  being w ash ed  o u t of th em , w ere m easu red  in  b o th  raw  and 
a ir-d r ied  s ta te . The p re se n t s tu d y  has been m a d e  on th e  basis o f th e  e lab o ra tio n  of 208 raw  
a n d  a ir-d ried  grass sam ples as well as 2080 ra w  an d  a ir-d ried  ro o t sam ples. T he soil analyses 
a n d  in v estig a tio n s of th e  com position  of th e  y ie ld  an d  ro o ts w ere carried  o u t in  th e  Irr ig a tio n  
R esearch  In s ti tu te  of S zarv as. T he p hy toceno log ical survey  of th e  sw ard  s ta n d  was carried  
o u t  fo r fo u r years from  th e  4 th  y ear of sow ing b y  p lan ts  and  in each  parcel. T ab le  3 has been 
based  on th e  concized e v a lu a tio n  of 64 cenological sam ples.

R esu lts

Phytocenological conditions o f  the sward stand

T he resu lts  of th e  phytocenolog ical su rv e y  of th e  sow n sw ard  s ta n d  of reed  canary- 
g rass, re la tin g  to  the  years 1977—1980 are su m m ariz ed  in T able  3. I t  can  be estab lished  th a t  
d u rin g  th e  seven years a f te r  sow ing, th e  p o p u la tio n  collections o f th e  sw ard  s ta n d  sown w ith  
a single species changed co n sid erab ly . A lready b y  th e  end of th e  3 rd  y e a r m ore th a n  te n  k inds 
o f g rasses, th ree  pap ilionaceous species and sev era l p e ren n ial and  a n n u a l accom pany ing  species 
belonging to  o th er fam ilies (m ain ly  weeds) p o p u la te d  th e  a rea  n e a r th e  sow n species. The 
coverage o f th e  reed can ary -g rass  was 70, 60, 8 0 %  on  all of th e  four ex p erim en ta l parcels up 
to 1979. T he hydro-m ezophilous species began to  grow  th in  m ain ly  in  1979 an d  th e  coverage 
d ro p p ed  to  35-60%  a u tu m n  1980. Of the  p e re n n ia l species th a t  in h ab ited  th e  areas near
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Table 2
Characteristic meteorological 

Average

Y e a r /m o n th J a n . F e b . M a r . A p r . M a y

A verage for 50 years — 1.7 0.1 5.6 11.2 16.6

1974 0.9 5.3 8.9 9.5 16.7
1975 0.8 — 0.5 7.6 10.1 17.5
1976 0.0 — 1.6 2.9 13.1 17.0
1977 0.4 5.0 9.1 10.1 18.0
1978 — 3.0 0.0 6.4 9.9 13.8
1979 — 2.9 1.9 7.5 9.4 17.1
1980 — 3.9 0.9 4.8 8.4 13.0

N atural precipitation  - f -

Y e a r /m o n th J a n . F e b . M ar. A p r . M a y J u n e

A verage of 50 years 29 32 33 46 56 59

1974 6.5 21.2 7.4 33.3 76.5 121
W a te r  for irrigation — — — 80 60 40

1975 6.5 3.1 25.7 19.2 85.1 133.2
W a te r  for irrigation — — — 80 60 —

1976 29.8 1.5 37.8 25.6 56 33.3
W a te r  for irrigation — — — 40 40 80

1977 46.3 44.5 45.4 57.1 13.1 33.8
W a te r  for irrigation — — — — 80 80

1978 9.9 33.1 31.7 32.0 78.0 147
W a te r  for irrigation — — — 80 — —

1979 54.3 23.1 23.4 23.0 23.0 60.0
W a te r  for irrigation — — — 80 80 80

1980 12.4 23.0 46.3 51.7 111 110.5
W a te r  for irrigation — — — 80 80 80

H u m id ity ,

Y e a r /m o n th J a n . F e b . M ar. A p r . M a y J u n e

A verage  for 50 years 85 80 76 68 66 64

1974 86 75 66 62 73 72
1975 88 77 75 74 73 73
1976 75 72 67 54 58 56
1977 80 77 68 64 58 55
1978 81 82 71 70 74 70
1979 85 77 68 72 56 63
1980 82 86 75 72 68 72

N um ber o f

Y e a r /m o n th J a n . F e b . M a r . A p r . M a y J u n e

A verage for 50 years 62 83 140 189 250 272

1974 29.9 92.6 183.3 188.1 199.8 216.8
1975 87.6 142 151 163.8 216.6 225.4
1976 54.8 107.3 138.5 192.9 241.3 285.9
1977 64.9 73.4 175.1 168.9 234.7 251.4
1978 78.2 54.9 156.2 169.6 188.9 250.5
1979 51 82 140 197 267 260
1980 62 61 113 128 181 221
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data ( Szarvas-Kákafok)  
temperature, °C

J u n e J u l y A u g . S e p t. O c t. Nov. D e c .

19.7 21.9 21.7 17.1 11.4 5.4 0.4

11.3 19.4 22.0 18.3 8.7 2.9 5.7
18.9 19.7 22.1 19.9 7.1 4.3 — 1.9
20.0 23.5 19.5 16.3 12.6 4.7 — 1.0
21.4 21.9 20.5 15.0 11.2 5.0 — 2.3
18.1 19.0 18.4 14.5 10.4 1.9 1.2
21.9 18.8 19.4 16.9 9.5 5.7 4.0
18.3 19.2 19.8 15.3 11.4 3.6 — 0.7

water for irrigation, m m

J u ly A u g . S e p t. O c t. Nov. D e c . S u ra  t o t a l M a r .—S e p t .

50 50 40 47 48 38 528 334

47 105.4 24.7 112.8 23.6 21.8 601.2 415.3
60 — 60 — — — 300 300

100 68.7 80.2 15.3 7.0 16.3 560.3 512.1
80 80 — — — — 300 300

17.3 13.8 62.2 31.8 40.3 37.5 386.9 246
120 120 — — — — 400 400

36.4 44.4 37.1 4.9 63.7 30.3 457 267.3
— 80 80 — - — 320 320

60.0 37.0 21.0 2.3 9.6 47.5 509.9 406.7
80 80 — - — — 240 240

42.0 23.0 8.0 20.9 44.8 42.3 387.8 202.4
— 80 — — — — 320 320

66.2 25.3 9.0 49.0 99.0 24.8 628.2 420
80 — — — — — 320 320

%

J u l y A u g . S e p t. O c t. N o v . D e c .
Y e a r ly
a v e r a g e M a r .- S e p t .

59 62 67 73 85 86 73 66

71 76 78 78 82 86 75 71
86 93 89 72 75 85 80 80
50 59 75 78 81 83 67 59
60 68 63 72 70 82 68 62
71 68 74 76 88 86 76 71
67 70 61 66 85 84 71 65
72 70 68 74 85 85 76 71

su n n y  hours

J u ly A u g . S e p t. O c t. N o v . D e c . S u m  t o t a l

303 278 209 152 75 53 2076

265.8 269.1 220.6 112.8 75.4 69.1 1923.3
264.5 218.9 236.6 137.1 70.4 87.1 2001
285.4 230 139.6 117.1 58.1 71.3 1922.2
234.5 212.4 215.3 158.3 60.3 54.3 1903.5
300.1 258 162.8 176.3 51 47.5 1894
202 232 222 183 41 68 1945
199 275 188 229 69 55.7 1781.7
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Coenological composition o f  the introduced sward stand,

Table 3

1977

9. 5. 1 3 . 6 . 13 . 7. 3 0 . 8.

G r o w th s I II Ill IV
A v e ra g e  c o v e r ,  % 100 100 100 100

H H Cpl Typhoides arundinacea 4 4 3 - 4 3 - 4
H Cpl Poa pratensis + + + +
H E u L o liu m  perenne + H— 1 1 — 2

T h-T H M L olium  m ultiflorum + _1_ + +
H E u a Dactylis glomerata + + +
H Cpl A lopecurus geniculatus + + +
H E ua Alopecurus pratensis + + + +
G E ua Agropyron repens + + + -1-

H E ua Arrhenatherum  elatius ~r +
H E ua Festuca arundinacea + + +
H К Festuca pseudovina + + + +
H К B rom us inermis — — — —

T h Cos Echinochloa crus-galli — — — +
T h E ua Setaria viridis — — — +
T h E ua Echinochloa spiralis — — —

T h E ua B rom us mollis — — — —

H E ua Holcus lanatus — — — —

H E ua T rifo lium  repens, giganteum + - 1 2 2 1
H E ua Trifo lium  pratense + + + +
H E ua Lotus corniculatus + + - f -j-

H E ua T rifo liu m  repens - — — —
H E ua Lathyrus tuberosus + — — —
H Cos Taraxacum  officinale + — 1 + + +
G E u a C irsium  arvense + + + -f
T h Cos Geranium pusillum + + + +
H M Podospermum canum + + + +
T h Cos Polygonum aviculare — + + +
H E ua Cichorium intybus — — — +
H -G E ua Convolvulus arvensis — + + +
T h-T H E ua M elandrium  album — — — +
H E ua R u m ex  crispus — — — +
T h Cos Stellaria media + — 1 — — +
H E ua Achillea setacea — — — —

T h Cos Capsella bursa-pastor is H— 1 — — —

Acta Botanica Hungarica 29, 1983



P H Y T O P R O D U C T I O N  O F  R E E D  C A N A R Y -G R A S S 313

Typhoides arundinacea in  the years o f  1977-1980

1978

2 4 . 4 . 3 0 . 5. 4 .  7. 3 0 . 8.

I I I I l l IV

100 100 100 100

•i 4 4 4
l 1 1 — 2 1

+ + 1 — 2 2

+ 1 l — :

-b

_J_

+ +

_i_

+  +
4-

— — — +
+

— — +
— — + +

+ —2 1—2 +
+ + + +
+ + +
1 + + +

+ + + -|_
+ + + +
+ + + +
+ + + _J—
+ + + 1
+ + + +
+ + + —
+ +

+
—

+  - ] + —

-h + _ _

1979

11. 10. 1 4 . 4 . 27 . 6. 12 . 9 .

V I I I I l l

100 100 100 100

4 3—4 4 4
1 — 2

H— 1 

l

1 — 2 1 — 2 1 — 2

1 1 1

- f + - f

r + + Г

T "

+

+ +

+ + + +

+

++ — —

+ — — +

1 + — 1 1 — 2 1

- L + +

- L -j_

+ + + +

1 l + J _

+ + + +

+ + + +

+ + +

+

+ + +

1

+ + — +

— + + +

— H— 1 + —  •

1980

2 9 . 4 . 8 . 7 . 13 . 8. 12. 9 .

I I I I l l IV

100 100 100 100

3 3 3 3

2 — 3 2 — 3 2 — 3 2 — 3

1

1

1

1 1 1

- b + _ L

+ +

+ + +

+ + +

+ + + +

— — +

1 
+ + 

! 
1

— — +

1 2 2 2

+ + + +

+ + + _J_

+ + + +

+

1 1 1 1

+ + +

+ + + 4 -

+ + +

1 + + ~ b

+ + ■ b

+ + +

+ — — +

+ + + +

1 — — —
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(Table 3 continued)

D a te  o f  s a m p l in g
1977

9 . 5 . 1 3 . 6 . 1 3 . 7 . 3 0 . 8.

G r o w th s I I I I l l IV

A v e ra g e  c o v e r ,  % 100 100 100 100

T h Adv A m aran thus albus — — — - f

T h Cos C henopodium  album — — — +

T h Adv L a m iu n i purp u reu m — — — +

T h Adv Conyza canadensis — — — +

T h M Crépis setosa — + + +

T h E ua L a m iu m  amplexicaule + — — —

T h E ua M alva  neglecta — — — +
T h -T H Eua M atricaria  inodora — — — +

T h Adv Veronica persica + — — —

H Cos Sonchus arvensis — — — +

T h Eua A d o n is  aestivalis — — — —

T h Cos A m a ra n th u s retroflexus — — — —

T h Eua Chenopodium  urbicum — — — —

H Eua Stellaria  gram inea — - — —

T h Cos Sonchus oleraceus — — — —

T h E ua A tr ip le x  tatarica — — — —
T h M Chenopodium  vulvaria — — — —

T h E ua Gypsophila muralis - — — —
T h Cpl F allop ia  convolvulus — — — —

T il Eua M atricaria  recutita — — — —
H Eua Plantago major — — — —

H Eua R a n u n cu lu s repens — — — —
T h Cpl R a n u n cu lu s sceleratus — — + —

T h Eua Veronica hederifolia — — — —
T h Adv Veronica polita — — — —

Species num ber by g row ths 23 21 22 35

th e  sown species, th e  lep to p h y llo u s  Ju n e-g rass  (Poa august i f  olio), th e  red  darnel (Lolium  
perenne ) and the  h o rse ’s fo o t (Trifo lium  repens f. giganteum ) co n tin u o u sly  increased th e ir  
n u m b ers  of ind iv iduals; a n d  th e ir  coverage was 5—30%  by  a u tu m n  1980.

As a resu lt o f th e  n a tu ra l  succession of th e  sow n sw ards, th e  n u m b er of species of th e  
sw ard  s tand  was co n tin u o u sly  increasing  du ring  th e  ex p erim en ta l period . Several species of 
w eeds also appeared  m a in ly  n ear th e  p e ren n ial G ram ineae an d  Pap ilionaceae , w hich are 
v a lu ab le  from  th e  p o in t o f  view  of feeding; of these  th e  dandelion  (Taraxacum  officinale) even 
reach ed  a 5%  coverage in  som e places. In th e  f irs t g ro w th  of 1977, 23 species could be found  
w hile in the  f irs t g ro w th  o f 1980 a lready  30 species occurred . C om paring  th e  species nu m b er
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1978 1979 1 9 8 0

2 4 . 4 . 3 0 . 5 . 4 . 7. 3 0 . 8 . 1 1 . 1 0 . 1 4 . 4 . 27 . 6 . 12 . 9. 2 9 . 4 . 8 . 7 . 13 . 8 . 12. 9 .

I I I I l l IV V I I I I l l I I I I l l IV

100 1 00 100 100 1 00 100 100 100 100 1 00 100 100

+  +

+  +

+

+  —  —  —

+  +

—  +

+  +

+

+

+

—  —  +  +

+  +  —  —  —  —  —

+  —

+

+  — +  —

—  +

+

+  +  

+

-  +

—  —  —  + +

33 32 29 36 35 31 29 34 34 27 34 37

of th e  g ro w th s  in  one growing p e rio d  it  can  be observed  th a t  th e  low est n u m b er o f species 
could  in v a ria b ly  be  found  in th e  second g ro w th  w hile th e  h ighest n u m b er o f species occurred  
in th e  la s t  g ro w th . T he fac t th a t  th e  sw ard  s ta n d  becam e w eedy in  7—10%  b y  th e  end  o f 1980 
does n o t m ean  a  defin ite  s tru c tu ra l d eg rad a tio n .

C o n sequen tly , in  th e  7 th  y ea r a f te r  sow ing th e  sown sw ard  s ta n d  of reed  can ary -g rass 
has ach ieved , u n d e r  the  given soil-clim ate  conditions and a rtific ia l fe rtiliza tio n  a n d  irrig a tio n , 
a re la tiv e ly  s ta b le  po p u latio n  co llection  in  sp ite  o f th e  increase in th e  in d iv id u a l n u m b er and 
coverage o f th e  sow n species, w hich can  be illu s tra te d  by  th e  life form  and chorological sp ec tra  
of th e  co m p o n en t species, com paring  th e  y ears  1977 and  1980.
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10.8 °C 524 mm 10.8 °C 601mm 10.4 °C 560 mm 10.6 °C 387 mm

1975 1976

Fig. 1. C lim ate d iagram s fo r th e  y ears 1974-1980 a t  th e  Szarvas K ák afo k  ex p erim en tal area
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E3 ШЗ И  Bi
I. II. III. IV.

F ig . 2. Change of th e  y ie ld  o f  h ay  in  th e  sw ard  s ta n d  of Typhoides arundinacea  in  th e  y ears
1974-1980

Fig. 3. D igestab le  a lbum in  (% , cross-ha tched  colum ns) and  s ta rch  (g/kg, while co lum ns) 
o f  th e  y ie ld  o f sw ard  s ta n d s  o f  Typhoides arundinacea, according to  th e  grow ths in  th e  y ears

1975-1979
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Growths
f77X

I.
E3

II. III. IV.

Fig. 4. Changes of th e  a ir-d ried  ro o t m ass of th e  sw ard  s ta n d s  of Typhoides arundinacea  a t  
th e  tim e  of m owing th e  g row ths, in  1974—1980

Life fo rm  spectrum :

1977: H : 42 .5% , H -G : 2 .5 % , G: 5% , T h-T H : 7 .5 % , T h : 4 0 % , H H : 2 .5%
1980: H : 41.6% , H -G : 2 .0 8 % , G: 4 .17% , T h -T H : 4 .1 7 % , T h: 45 .83% , H H : 2.08%

Chorological spec trum :

1977: Cos: 20% , Cpl: 1 0% , E u a : 47 .5% , E u : 2 .5 % , M ed: 7 .5% , C ont: 2 .5% , A dv: 10%  
1980: Cos: 18.75% , Cpl: 8 .3 3 % , E u a: 50% , E u : 2 .08% , E ue: 2 .08% , Med: 4 .17% , C ont: 

4 .17% , A dv: 10 .42%

Change o f  y ie ld  in  the sw ard stand

The yield o f th e  sw ard  s ta n d  of reed can ary -g rass  is illu stra ted  in T ab le  4 and  Fig. 2. 
T h is sw ard  s tan d  reach ed  th e  y ield  level of the  sow n sw ards un d er in ten siv e  tre a tm e n t a lread y  
in th e  f irs t year a f te r  sow ing, i.e. 40 t /h a  green y ield  an d  10 th a  y ield  of h ay ; th en , su b ­
seq u en tly , an average green  y ield  o f 60 t/h a  and 14 t /h a  y ield  of hay  was m ain ta in ed  over fo u r 
y ea rs , in spite of th e  d ry , ra in less growing periods of 1976—1977.

The decrease in  y ie ld  observed  in th e  years 1979—1980 is no t only due to  th e  d iffe ren t 
p rec ip ita tio n  conditions (1979 was dry  while 1980 w as h um id), b u t  also to  th e  grass being 
m ow n th ree  tim es, w h ich  re su lted  in a considerable loss o f y ield (on average 20 t /h a  o f green  
y ield  and 4 t /h a  o f y ie ld  o f h ay ) as com pared w ith  th e  preceding y ears w hen it  was m ow n 
fo u r tim es. In  case o f in ten siv e  tre a tm e n t m ow ing fo u r tim es is ju stified  in o rder to reach  th e  
m ax im um  yield.
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Table 4

Y ie ld  ( in  t/ha) o f the sown sward stand , the reed canary-grass 
( Typhoides arundinacea) in  1974-1980

Y e a r

G r o w th  I G ro w th  I I G r o w th  I I I G r o w th  IV S u m  t o t a l

r a w a i r - d r ie d ra w a ir - d r ie d r a w a i r - d r ie d ra w a ir - d r ie d r a w a i r - d r i e d

m a s s m a ss m a s s m a s s m a s s

1974 13.665 3.257 9.714 2.265 7.812 1.876 8.876 2.132 40.067 9.530
1975 23.517 5.216 14.813 3.427 9.637 2.437 10.328 2.516 58.295 13.596
1976 25.735 5.671 15.327 3.672 11.221 2.876 11.735 2.361 64.018 14.580
1977 24.872 5.361 15.716 3.528 10.621 2.562 11.371 2.026 62.580 13.477
1978 25.012 5.527 14.837 3.312 11.322 2.761 10.883 2.413 62.054 14.013

1979 19.625 4.813 12.156 2.861 8.962 2.218 — — 40.743 9.892
1980 21.521 5.134 12.752 2.654 10.811 2.312 — — 45.084 10.100

As to th e  q u a n ti ty  of yield of th e  in d iv id u a l g row ths, in  each case th e  y ield o f th e  f ir s t  
g row ths w as th e  h ig h est while th a t  of th e  la s t  ones was th e  low est. T his was due to  th e  e v o lu ­
tio n , v ita lity , a n d  cap ab ility  for reg en eratio n  of th e  sow n species as well as th e  w a te r  supply* 
a t  iden tica l levels o f n u tr ie n t supply.

Growths
Ÿ//X f I Т’лА

I. II. III. IV

Fig. 5. P e rcen tag e  of th e  w eight of a ir-d ried  above g round  an d  un d er g round p h y to m a sses  
in th e  sw ard  s ta n d s  o f Typhoides arundinacea , b y  grow ths, in  1974—1980
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Composition o f  the y ield  o f  Typhoides arundinacea sward stand

Table 5 CO
i o
О

G r o w th O r ig in a l R a w R a w R a w M a te r ia l  f re e
N o . d r y

m a te r ia l ,
a lb u m in f a t f ib re f r o m  N

о//о

D ig e s ta b le  V a lu e
A sh e s  N  P 2 ^ 5  K 20  C aO  r a w  o f  s t a r c h

a lb u m in  g /k g

1975

II 100 23.97 1.43 30.27 30.13 14.20 3.84 1.44 4.95 3.04 16.30 49.82
h i 100 18.79 2.06 28.76 36.94 13.44 3.00 0.78 3.92 2.06 12.78 50.17
IV 100 18.94 2.10 27.01 38.00 12.86 3.03 1.07 4.47 2.81 12.88 50.84

1976

I 100 16.52 2.50 26.03 43.38 11.57 2.64 0.89 4.63 3.47 11.23 47.50
II 100 15.74 2.41 25.40 43.44 13.00 2.52 0.92 4.63 2.49 10.71 46.86

I I I 100 15.05 2.66 23.92 46.09 12.28 2.41 0.85 4.60 2.83 10.23 48.32
IV 100 13.63 1.85 24.34 47.63 12.58 3.81 1.00 5.56 2.98 9.27 47.82

1977

I 100 20.94 1.79 20.89 44.02 12.36 3.35 1.16 5.33 2.06 14.24 49.46
II 100 11.41 2.10 31.31 41.26 13.92 1.82 1.09 3.52 1.65 7.76 43.26

I I I 100 20.53 3.03 22.54 41.18 12.72 3.28 0.95 4.37 2.02 13.96 48.61
IV 100 13.78 2.39 24.68 49.48 9.67 2.20 0.88 2.30 1.25 9.37 49.91

1978

I 100 23.44 2.29 19.84 44.01 10.39 3.75 0.88 4.27 2.17 15.94 51.38
I I 100 17.30 1.46 23.24 46.07 11.91 2.76 0.63 4.27 1.81 11.76 48.63

I I I 100 11.47 2.45 25.93 49.01 11.14 1.83 0.86 3.35 2.05 7.80 48.35
IV 100 19.98 2.24 21.81 44.33 11.64 3.20 1.29 4.00 2.00 13.59 49.64

1979

I 100 22.40 1.91 21.35 44.70 9.64 3.58 0.97 5.74 3.75 14.32 54.87
11 100 22.60 1.78 24.82 38.27 12.53 3.57 1.19 5.61 6.33 14.45 47.05

I I I 100 17.29 2.63 24.30 44.73 11.04 2.77 1.35 5.36 4.05 11.76 48.97

.. 
K

O
V

Á
C
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Root mass ( in  q/ha) o f  the Typhoides arundinacea sward stand  
at the time o f test mowings

Table 6

G r o w th  I  G r o w th  I I  G r o w th  I I I  G r o w th  IV

S o il  d e p th ,
c m r a w  a i r - d r ie d ra w a i r - d r ie d ra w a i r - d r ie d ra w a i r - d r ie d

w e ig h t w e ig h t w e ig h t w e ig h t w e ig h t w e ig h t w e ig h t w e ig h t

1974 3 M a y 17 J u n e 6 A u g u s t 28 S e p te m b e r

0 -  5 161.362 51.126 168.572 52.828 174.163 53.562 178.963 54.013
5-10 15.773 4.613 14.481 4.235 15.226 4.651 6.142 4.825

10-15 5.221 1.636 5.813 1.842 6.271 1.913 6.724 2.035
15-20 2.944 0.952 3.226 1.051 3.783 1.122 4.017 1.242
20-25 1.713 0.536 2.016 0.612 1.862 0.573 2.016 0.635
25-30 1.061 0.315 1.171 0.345 1.311 0.362 1.425 0.402
30-35 0.406 0.128 0.526 0.135 0.457 0.121 0.482 0.149
35-40 0.273 0.091 0.298 0.102 0.246 0.085 0.317 0.105
40-45 0.131 0.047 0.123 0.041 0.117 0.032 0.141 0.037
45-50 0.028 0.007 0.025 0.008 0.052 0.012 0.042 0.010

T otal 188.912 59.451 196.251 61.199 203.488 62.333 200.269 63.454
1975 30  A p r il 20  J u n e 21 J u ly 20 S e p te m b e r

0 -  5 183.561 57.211 184.826 59.222 189.512 62.231 198.160 66.162
5-10 16.813 5.353 17.235 5.736 18.435 6.113 21.217 6.844

10-15 6.624 2.121 7.144 2.213 7.244 2.327 6.828 2.418
15-20 3.535 1.114 3.953 1.221 4.212 1.338 4.013 1.227
20-25 2.418 0.725 2.018 0.689 1.727 0.716 1.872 0.675
25-30 1.122 0.413 1.421 0.431 1.535 0.452 1.381 0.412
30-35 0.531 0.161 0.431 0.157 0.401 0.126 0.362 0.131
35-40 0.326 0.108 0.361 0.126 0.311 0.097 0.295 0.102
40-45 0.157 0.043 0.164 0.052 0.142 0.036 0.132 0.041
45-50 0.041 0.012 0.038 0.010 0.025 0.008 0.051 0.013

T ota l 215.128 67.261 217.591 69.857 223.544 73.444 234.311 78.025
197 6 10 M a y 16 J u n e 24 A u g u s t 16 S e p te m b e r

0 -  5 221.516 71.482 224.182 74.660 245.328 78.516 256.314 82.326
5-10 21.837 7.037 22.693 7.216 23.172 7.424 22.426 7.232

10-15 7.121 2.313 6.817 2.112 7.081 2.232 8.272 2.413
15-20 4.432 1.324 3.818 1.223 3.457 1.012 3.712 1.118
20-25 2.143 0.641 2.235 0.716 2.446 0.731 2.336 0.718
25-30 1.212 0.395 1.321 0.413 1.416 0.441 1.321 0.461
30-35 0.416 0.156 0.428 0.137 0.372 0.147 0.326 0.135
35-40 0.301 0.087 0.203 0.061 0.221 0.071 0.194 0.063
40-45 0.126 0.031 0.096 0.028 0.117 0.029 0.112 0.035
45-50 0.041 0 . 0 1 1 0.023 0.007 0.026 0.009 0.041 0 . 0 1 1

T ota l 259.145 83.477 261.816 86.573 283.636 90.612 295.054 94.512
1977 29  A p r il 20  JГu n e 19 J i d y 15 S e p te n b e r

О
 

1
i a
t 265.316 85.427 276.312 88.613 289.817 92.481 298.424 96.126

5-10 23.527 7.631 23.871 7.827 23.424 7.512 25.131 8.134
10-15 8.438 2.613 9.124 2.838 8.138 2.563 8.452 2.612
15-20 4.427 1.318 5.163 1.441 4.043 1.216 3.813 1.126
20-25 2.382 0.752 2.233 0.731 1.961 0.682 2.412 0.723
25-30 1.426 0.448 1.317 0.412 1.144 0.391 1.335 0.416
30-35 0.526 0.171 0.511 0.165 0.422 0.137 0.453 0.148
35-40 0.341 0.105 0.362 0.112 0.261 0.083 0.234 0.072
40-45 0.127 0.047 0.146 0.051 0.073 0.021 0.112 0.035
45-50 0.046 0.012 0.061 0.014 0.031 0.009 0.046 0.012

T otal 306.556 98.524 319.100 102.204 329.314 105.095 340.412 109.404
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(Table 6 continued)

S o il  d e p t h ,  
c m

G r o w th  I G r o w th  I I G r o w t I I I G ro w t IV

r a w a i r - d r i e d r a w a i r - d r ie d ra w a i r - d r ie d ra w a ir - d r ie d
w e ig h t w e ig h t w e ig h t w e ig h t w e ig h t w e ig h t w e ig h t w e ig h t

1 978 28  A p r il 30  M a y 17 J u l y 17 A u g u s t

0 -  5 308.574 99.122 302.712 98.213 300.551 97.557 304.663 98.782
0-10 25.661 8.439 24.363 7.817 25.027 8.271 24.318 8.127

10-15 8.853 2.745 7.881 2.528 8.163 2.613 7.726 2.438
15-20 4.319 1.317 4.072 1.244 4.385 1.328 3.834 1.124
20-25 2.017 0.682 2.327 0.726 2.283 0.731 2.416 0.761
25-30 1.421 0.431 1.251 0.402 1.317 0.424 1.463 0.443
30-35 0.568 0.172 0.424 0.146 0.367 0.135 0.526 0.171
35-40 0.403 0.116 0.326 0.102 0.232 0.075 0.401 0.112
40-45 0.201 0.065 0.162 0.051 0.134 0.044 0.162 0.056
45-50 0.072 0.016 0.034 0.009 0.051 0.012 0.064 0.013

T o ta l 352.089 113.105 343.552 111.238 342.510 111.190 345.573 112.027

197 9 12 M a y 16 J u l y 10 S e p te m b e r

0 -  5 346.542 101.224 319.838 103.142 323.512 105.352
5-10 26.353 8.631 28.073 9.327 26.663 8.713

10-15 9.362 2.818 8.482 2.624 8.071 2.418
15-20 4.871 1.826 4.416 1.313 3.884 1.261
20-25 2.627 0.816 2.338 0.762 2.217 0.721
25-30 1.522 0.437 1.327 0.401 1.346 0.416
30-35 0.496 0.163 0.427 0.142 0.437 0.134
35-40 0.348 0.117 0.312 0.104 0.261 0.085
40-45 0.161 0.046 0.173 0.051 0.091 0.026
45-50 0.040 0.011 0.034 0.010 0.031 0.009
T o ta l 362.322 116.089 365.420 117.876 366.513 119.135

198 0 7  M a y 20  J u l y 17 S e p te m b e r

0 -  5 320.419 104.561 318.663 102.312 321.660 105.019
5-10 25.134 8.328 24.842 8.181 25.314 8.427

10-15 8.143 2.434 8.684 2.620 8.712 2.638
15-20 3.751 1.212 4.191 1.318 4.361 1.353
20-25 1.964 0.648 2.236 0.721 2.401 0.736
25-30 1.127 0.346 1.361 0.413 1.421 0.428
30-35 0.412 0.124 0.502 0.157 0.519 0.164
35-40 0.317 0.093 0.300 0.101 0.344 0.112
40-45 0.139 0.042 0.161 0.056 0.224 0.071
45-50 0.062 0.013 0.039 0.010 0.063 0.013
T ota l 361.468 117.801 360.919 115.889 365.019 118.961

Composition o f  the y ie ld

V alues o f th e  com position  of th e  y ield  a re  show n in T ab le  5 an d  Fig. 3. I t  c an  be 
estab lish ed  th a t  th e  ra w  fib re  co n ten ts w as h ig h es t in  grow ths I I  a n d  I I I  in  each case. T he 
va lues o f th e  d ig estab le  a lb u m in  and  s ta rc h  w ere sligh tly  lower (1 1 -1 3 %  and 47-49 g /kg ) as 
com p ared  to  o th e r sw ard s u n d e r in tensive  tr e a tm e n t  b u t  th ey  w ere re la tiv e ly  co n stan t d u rin g  
th e  ex p erim en ta l p eriod . S tu d y in g  th e  o rgan ic  an d  inorganic com p o n en ts  of th e  y ield  as a 
w hole, i t  can be e s tab lish ed  th a t  th e y  ensu re  a  fo d d e r of average v a lu e  for anim als b o th  in 
th e  form  of silage a n d  hay .
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Changes o f  root mass

D a ta  re la tin g  to  th e  ro o t m ass m easu red  a t  th e  tim e of m owing a re  show n in  T ab le  6 
and  F ig . 4. I t  can  be estab lished  th a t  a f te r  sow ing, th e  grass s tan d  co n tin u o u sly  increased  
its  ro o t m ass over four y ears th e n , from  th e  y e a r  1978, i t  became sta b ilize d , w ith  a slig h t 
seasonal f lu c tu a tio n , a t  a level o f 36 t /h a  raw  ro o t m ass and 11 t /h a  a ir-d ried  ro o t m ass. T he 
co n tin u o u s co n cen tra tio n  of th e  ro o t m ass could  also be observed in th e  u p p e r  10 cm  lay e r 
o f th e  soil, w hich  w as 89%  in S ep tem b er, 1974 a n d  96%  in  Septem ber, 1980. T his p h enom enon  
can  be  ex p la in ed  by  th e  general g row th  of th e  sow n sw ards, th e  m assing of th e  soil as well as 
th e  effect o f th e  a rtific ia l fe rtilizer and  irrig a tio n  w a te r  supplied reg u la rly  on  th e  soil su rface . 
T he co n tin u o u s increase, th e n  s ta b iliza tio n  of th e  ro o t m ass a t  a level c h a ra c te ris tic  o f sw ards 
u n d e r in ten siv e  tre a tm e n t also ju s tify  th e  se lec tion  o f th e  dose of a r tif ic ia l fe rtilizer as a 
fu n c tio n  of th e  w a ter supp ly . A ccording to  th e  re su lts  o f our experim ents on  artific ia l fe rtiliz a ­
tio n  of sw ards an d  flu id  fe rtiliz a tio n  ( K o v á c s  a n d  A n g e l i  1977, 1978, 1981, K o v á c s  1979, 
1979) large  q u a n titie s  o f th e  fe rtilizer N  gen era lly  cause a decrease in  th e  ro o t m ass, an d  a 
decrease  in y ield  m ay  occur, m a in ly  u n d e r u n fa v o u ra b le  w a ter supply co n d itions. T his p h e n o m ­
enon  could  n o t be observed  in  o u r experim en t.

Some characteristics o f  the com position o f  the root mass

D a ta  on th e  com position  of th e  ro o t m ass a re  sum m arized in  T ab le  7 accord ing  to  th e  
g row ths (m easu rem en ts  o f 1977) and  soil levels (m easu rem en ts of 1978). A ccording to  th e  
d a ta  o b ta in e d , du rin g  th e  grow ing period  a  co n tin u o u s  accum ulation  o f b o th  o rgan ic  an d  
in o rgan ic  m ate ria ls  could be  o bserved  in  th e  ro o ts . S tu d y in g  th e  co m p o sitio n  of th e  ro o ts  
in  va rio u s soil layers i t  can  be e s tab lish ed  th a t  in  ro o ts  to  be found in  th e  u p p e r level o f  th e  
soil se rv ing  m ain ly  for t ra n s p o r t  an d  sto rage, th e  q u a n ti ty  of bo th  th e  o rg an ic  and  ino rg an ic  
m ate ria ls  is h igher th a n  t h a t  in  th e  th in  ro o ts  a n d  ro o tle ts  to  be fo u n d  m ore  deeply. I f  i t  is 
accep ted  t h a t  th e  to ta l  ro o t m ass is exchanged  i.e ., m ineralized  w ith in  tw o  y e ars  (ro o t change) 
( R a b o t n o v  1974), th e n  it  m eans t h a t  o f th e  m acro -e lem en ts  accum ula ted  in  th e  ro o ts  a  con­
siderab le  a m o u n t ge ts b ack  in to  th e  soil. T h u s an  o p p o r tu n ity  would p re se n t its e lf  for d ecreas­
ing th e  q u a n ti ty  of th e  N P K  a rtific ia l fe rtilizer u sed  in  g rea t quan titie s  ev ery  y e a r fo r sw ard s

Table 7

Composition o f  the root mass according to growths (1977) and soil levels (1978)

G r o w th s

Dry-
m a te r ia l

C o m b u s t ib le
m a te r ia l A sh e s c C :  N N P . o . K,0 C aO

%

I 100 74.14 25.85 37.07 54.51 0.74 0.25 0.38 0.44
i n 100 79.47 20.51 39.73 56.75 0.76 0.32 0.98 0.56

IV 100 80.26 19.72 40.13 51.44 0.80 0.26 0.71 1.16

S o il  l e v e l ,
c m

0 -  5 100 81.28 18.71 40.63 46.17 0.97 0.26 0.78 0.46
6-25 100 80.11 17.78 40.05 81.84 0.51 0.51 0.55 0.22

26-50 100 76.43 23.56 38.21 47.15 0.23 0.12 0.24 0.16
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u n d e r  in tensive tr e a tm e n t  an d  for calcula ting  m ore  a ccu ra te ly  th e  n u trie n t tu rn o v e r o f a 
g iven  sw ard s tand . T h is q u e s tio n  is to  co n stitu te  th e  su b jec t o f fu r th e r  experim ents in  sw ard  
farm ing .

W eight ratio between the above- and underground phytom asses

The p ercen tage  d is tr ib u tio n  of th e  w eigh t o f th e  p h y to m asses  above and u n d e r th e  
g ro u n d  according to  th e  g ro w th s  is to  be seen in  F ig . 5. I t  can  be estab lished  th a t  on a s ta n d  
level th e  w eight ra tio  b e tw e e n  th e  phytom asses ab ove  and  u n d e r  th e  ground showed v a lu es 
ch arac te ris tic  of th e  m eso p h y te  sw ards even if  b e tw een  these  th e re  are considerable d is­
crepancies in  abso lu te  v a lu e . T he w eight ra tio  b e tw een  th e  p h y to m asses  above and u n d e r  th e  
g ro u n d  was alw ays th e  sm a lle s t w ith  th e  f irs t g ro w th s (1 : 2, 1 : 3), w hich  is the resu lt o f th e  
fav o u rab le  w in ter an d  e arly -sp rin g  supply  of n u tr ie n ts  and  w a te r , w hile by the  end o f th e  
grow ing period th is  ra tio  w as 1 : 5, 1 : 6 w ith  th e  la s t  g row ths, w h ich  is in  connection w ith  th e  
lack  of n u trien ts  an d  w a te r , increasing  from  th e  m iddle  of su m m er a n d  it could no t be  co n ­
siderab ly  m odified w ith  ir r ig a tio n  either. F igure  5 also clearly  show s th a t  under th e  in flu en ce  
o f a favourable  su p p ly  o f n u tr ie n ts  and w ater th e  s ta n d  did n o t increase  its root m ass ev en  
in  th e  d ro u g h ty  y ears  (1976, 1977, 1979); i t  on ly  show ed th e  seasonal flu c tu a tio n  c h a ra c ­
te r is tic  of th e  ro o t m ass g ro w th  of Grarnineae.
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15-N DYNAMIC IN GRASSLAND COMMUNITIES I. 
INVESTIGATIONS OF THE PLANT SUBSYSTEM 

IN A SANDY GRASSLAND*

E .  N .  M o l n á r , J .  N .  N ő s e k  a n d  G .  B a k o n y i 1
R E S E A R C H  I N S T I T U T E  F O R  B O T A N Y , H U N G A R I A N  A C A D E M Y  O F  S C I E N C E S , V Á C R Á T Ó T , H U N G A R Y  

1 Z O O L  O G IC A L  D E P A R T M E N T  O F  A G R I C U L T U R A L  U N I V E R S I T Y , G Ö D Ö L L Ő , H U N G A R Y

(R eceived: 15 M arch, 1983.)

T his p ap er is d ev o ted  to  th e  in v estig a tio n s of 15-N flow  in  th e  p la n t  subsystem  
of a  san d y  g rassland  co m m u n ity  ( Festucetum  vaginatae danubiale). I t  is a p a r t  of an 
inv estig a tio n  series ( F á b i á n  e t al. 1978-79).

On th e  basis of in v estig a tio n s of several years i t  could be e s tab lish ed  th a t  th e  
u p ta k e  of th e  15-N iso tope w as in fluenced  in a g reat degree by  th e  m e th o d  of p u ttin g  
o u t an d  th e  in itia l 15-N co n te n t o f th e  fertilizer. T he ch ara c te ris tic s  o f 15-N u p tak e  
curves b o th  in th e  liv ing  an d  dead  p la n t  p a rts  depended on th e  in it ia l  15-N content. 
T he u p tak e  could be described b y  th e  V e r h u l s t —B r o d y  fu n c tio n  in  th e  liv ing  p a rts  
and by  sim ple logistic  one in dead  p a rts .

T he in itia l 15-N en rich m en t influenced  no t only th e  u p ta k e  b u t  also th e  release 
from  all p la n t co m p artm en ts . T he to ta l  release of 15-N iso tope fro m  th e  liv ing  p a rts  
was a b o u t seven y ears, th a t  from  th e  dead  p a rts  was a b o u t te n  y ears. F ro m  th e  living 
p a r ts  th e  release beg an  in  th e  y ear of fe rtiliza tio n , how ever from  th e  d ead  p a r ts  only 
ab o u t one y ear la te r.

F ro m  th e  p o in t o f view  of th e  effect o f fertilizer, em b edd ing  seem s to  be m ore 
efficient th a n  sp ray ing , considering  th e  recovery  values.

In tro d u c tio n

One of th e  possible approaches to  s tu d y  th e  fu n c tio n  of biocenoses is to  in v es tig a te  the  
flow  of d ifferen t e lem ents th ro u g h  th e  food w eb. T he ap p lica tio n  of s tab le  no n rad io activ e  
iso topes has g re a t a d v an tag e  in such  s tud ies , especially  in th e  fie ld  w ork.

In  th e  course of ou r in v es tig a tio n  series our aim s w ere to  s tu d y  th e  tro p h ic  re la tio n ­
sh ips and  to  de te rm in e  th e  u p ta k e  ra te s  of 15-N in th e  various tro p h ic  g ro u p s of th e  p lan t- 
a r th ro p o d s  su bsystem  in  a g rassland  an d  in an irrig a ted  m eadow  using  15-N tra c e r  m ethod, 
as well as to  co n stru c t th e  co m p a rtm e n t m odel o f th e  N flow.

In  th is  p a p e r we give an  accoun t of th e  resu lts  of th e  in v es tig a tio n s  carried  o u t on th e  
p la n t  subsystem . F irs t  in o rder to  get a b e tte r  com prehension i t  is w o rth w h ile  g iv ing  a b rief 
su m m ary  of th e  w hole s tu d y  ( F á b i á n  e t al. 1977, 1978-79).

In v estig a tio n s  w ere carried  o u t in a san d y  grassland n e a r V á c rá tó t, N o r th  H ungary . 
T h e  a rea  h ad  been u n d is tu rb ed  fo r n early  20 y ears, n e ither ag ricu ltu ra l a c t iv ity  n o r grazing 
h a d  b een  done on it. T he v e g e ta tio n  w as b u ilt up  of a lte rn a tin g  p a tc h es  o f s ta n d s  o f Festuce­
tu m  vaginatae danubiale  and  Festucetum  ivagneri w ith  a cover be tw een  60—100%  depending  on 
th e  tw o  com m unities. A d e ta iled  flo ris tic  lis t an d  cenological desc rip tio n  h as  been  given by  
K á r p á t i  and  K á r p á t i  (1954) and  H o r á n s z k y  an d  N a g y  (1977).

* “ Tece s tu d ies”  N o. 28.
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In  the  a rth ropod  fa u n a  g rassh o p p ers  and  leafhoppers a re  o f g re a t im po rtan ce  b o th  in 
n u m b e r  o f individuals a n d  in  b iom ass. A d e ta iled  descrip tion  of th e  fa u n a  can  be found in 
F á b i á n  et al. (1978-79).

T he up take  of 15-N w as in v es tig a te d  in th e  follow ing 11 groups of th e  soil-plant- 
a r th ro p o d  system : soil, liv in g  p la n t  p a r ts , l it te r ,  grasshoppers (A crid ida), leafhoppers (Hom o- 
p te ra ) , m an tis (M antidea), sp id e rs  (A raneidea), tiger beetle  (C icindelidae), an t-lion  (M vrme- 
leo n tid ae ), an t (Form icidae), d a rk lin g  b eetle  (T enebrionida), lo cu st (T ettigon iidae). (These 
g ro u p s are identical w ith  t h a t  o f th e  c o m p artm en ts  of th e  m odel.)

T he relationships in  th e  m odel ( th a t  is th e  tro p h ic  re la tio n s) were estab lished  on th e  
b asis o f field  observations, g u t  c o n te n t analysis ( B a k o n y i  1980) an d  th e  co rre la tio n  coefficients 
ca lcu la te d  from  15-N v a lu es. C o rre la tion  coefficients were c a lcu la ted  on tw o  w ays: ( i )  from  
sim u ltan eo u s sam pling d a ta :  ( i i )  from  th e  sh ifted  sam pling d a ta . In  th e  in te rp re ta tio n  of th e  
“ sim u ltan eo u s” corre lation  co effic ien ts i t  w as to  be po in ted  o u t th a t  a h igh  value m ight not 
on ly  m ean  th a t  th e  m em b ers  o f an  in v es tig a ted  p a ir consum ed  each  o th e r, b u t also th a t  
b o th  of th em  consum ed th e  sam e th ird  m em ber. I f  th e  “ sh if ted ”  co rre la tio n  coefficient was 
s ig n ifican tly  greater th a n  th e  a d e q u a te  “ sim ultaneous” one it d en o ted  a real tro p h ic  connec­
tio n  is all probability .

On the  basis of th e  15-N  u p ta k e  tw o  different p a th s  of n itro g en  flow in the  subsystem  
ex am in ed  could be e stab lish ed . T hese tw o  p a th s  were id en tica l w ith  tw o s tra ta ,  th e  g round  
su rface  and  the abov e-g ro u n d  p a r t  o f th e  com m unity . The u p ta k e  ra te s  in  th e  la tte r  s tra tu m  
w?ere high and on the  g ro u n d  su rface  s tra tu m  were low. T hese tw o  s t r a ta  seem ed to correspond 
to  th e  tw o cenological s t r a ta  ch arac te rized  by an ts  and  o r th o p te ra s  ( B a l o g h  and L o k s a  

1948). The results suggested  th e  conclusion  th a t  th e  s tra ta  se p a ra ted  in s tru c tu re  were sep ara ted  
in  fu n c tio n , too.

Material and methods

O ur investigations w ere  carried  o u t in th e  open san d y  g rasslan d  ( Festucetum  vaginatae 
danubiale) from  1976 till 1980. A p re lim in a ry  experim ent was m ad e  in 1976 on an  u n o b stru c ted  
a rea  o f 3 0 x 4 0  m re ly in g  on  th e  o b se rv a tio n  of W i e g e r t  e t al. (1967). T he fertilizer (5 g 
carb am id e) containing 50 a to m ic  %  15-N w as sprayed  on a surface  of 0.5 m 2 in th e  m iddle 
o f th e  30 X 40 m area. S am p les w ere ta k e n  from  th e  soil, liv ing  and  dead  above-ground p lan t 
p a r ts  (th e  dead p a r ts  c o n ta in ed  th e  s ta n d in g  b u t a lready  d ead  p a r ts  an d  th e  l it te r  g a thered  
from  th e  ground surface) a n d  a rth ro p o d s  on six occasions fro m  M ay 04 till Ju n e  09, over 
36 days. The soil and p la n t  sam ples for th e  15-N c o n ten t o r ig in a ted  from  th e  sprayed  area , 
fo r th e  to ta l N co n te n t a n d  p h y to m a ss  th e y  were ta k e n  from  th e  u n sp ray ed  p a r t  of th e  
30 X 40 m area. The iso tope  cou ld  be d e tec ted  reliably on ly  in  th e  p la n t  species, b u t no t in  th e  
a rth ro p o d s .

Therefore, in  1977 a closed ex p erim en ta l box of 4 m 2 m ad e  from  wire screen of 0.5 m m  
m esh  and glass was se t up . Sam pling  w as carried o u t th ro u g h  tw o rem ovab le  sm all doors. 
T h e  carbam ide fertilizer so lu tio n  co n ta in in g  50.4 a tom ic %  15-N w as in jec ted  in to  th e  soil of 
th e  box  so as to be ev en ly  d is tr ib u te d  a t  a d ep th  of 10 cm . T h e  to ta l  a m o u n t of the  fertilizer 
w as 10 g. Samples w ere ta k e n  from  th e  co m p artm en ts as in  1976 on nine occasions du ring  
th e  experim ental p eriod  (M ay 23—J u ly  6, 45 days). On each  occasion  we to o k  sam ples from  
th e  b o x  for determ in ing  th e  15-N and  to ta l  n itrogen  co n te n t, an d  o th e rs  from  th e  area by  th e  
b o x  for phytom ass.

In  1978 we re p ea te d  th e  ex p erim en t b u t for a m ore a ccu ra te  d e tec tio n  of the  u p tak e  
of 15-N a more fre q u e n t sam p lin g  w as applied . The ex p erim en ta l p eriod  las ted  from  Ju n e  5 
t il l  J u ly  13 (40 days), w ith  da ily  sam plings on odd weeks a n d  sam pling  tw ice  on even weeks. 
T h e  carbam ide (10 g) c o n ta in ed  30.65 a tom ic  %  15-N. O therw ise  th e  exp erim en t was sim ilar 
to  t h a t  of in 1977.

The air te m p e ra tu re  an d  th e  re la tiv e  h u m id ity  in  th e  box  did n o t differ from  th a t  of 
th e  open area, b u t th e  l ig h t  in te n s ity  w as 15—25%  less in  th e  box.

The release of 15-N fro m  liv ing  and  dead above-ground  p la n t  p a r ts  w as followed on th e  
th re e  places from 1976 till  1979 an d /o r 1980, tak in g  sam ples several tim es in th e  succes­
sive years.
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P h y to m ass  sam ples were tak en  by  h a rv estin g  m eth o d  using  20 X 20 cm  q u a d ra ts .  
A fter d ry in g  a t  105 °C an d  weighing, th is  m ate ria l was also used  fo r to ta l n itrogen  d e te rm in a ­
tio n  by  th e  K j e l d a h l  m ethod .

T he d e te rm in a tio n  of 15-N was p e rfo rm ed  using  a S ta to tro n  NO I-5 A nalyzer in  th e  
Chem ical D ep t, o f A g ricu ltu ra l U n iversity , Gödöllő. T he d e te rm in a tio n  was based on  em ission- 
sp ec tro p h o to m etry .

In  1976 and  1977 th e  to ta l  above-ground  liv ing  p la n t p a r ts  were in v estiga ted  co llecting  
th e  species singled ab o u t in  p roportion  to  th e ir  b iom ass and  pooled  for analysis.T he d is tr ib u tio n  
of th e  p h y to m a ss  w as th e  following: in 1976: Festuca vaginata Medicago m inim a >  T h y m u s  
sp. >  Carex stenophylla  >  Cynodon dactylon; in 1977: Festuca vaginata Euphorbia seguieri- 
ana  and  E . cyparissias  >  Carex liparicarpos and  C. stenophylla  >  Medicago m inim a  >- E quise- 
tum  ram osissim um .

In  1978 th e  d o m in a n t species w ere tre a te d  se p a ra te ly  (Festuca vaginata , Carex lip a r i­
carpos an d  C. stenophylla , Medicago m in im a , Cynodon dactylon). As th e  Festuca vaginata  g ives 
th e  m a jo rity  o f th e  p h y to m ass , only th is  species is tre a te d  in th e  evaluation .

In  th e  s tu d y  of th e  u p tak e  th e  recovery  va lues were calcu la ted  afte r H a u c k  an d  
B r e m n e r  (1976):

100 P(c —  b)

/ ( °  -  b)

w here P  =  th e  to ta l  n itro g en  in th e  c o m p a rtm e n t in v es tig a te d , f  =  to ta l n itro g en  in  th e  
fertilizer, a, b an d  c are th e  15-N atom ic %  in  th e  fe rtilizer, in th e  u n fertilized  soil (b a ck g ro u n d  
level) and  in  th e  c o m p a rtm e n t investiga ted .

To follow th e  release to ta l  N /15-N  ra tio s  w ere calcu la ted  (cf. C l a r k  1977).

R esults

D iurnal and in d iv id u a l variation

T he effects o f d iu rn a l rh y th m  and  of in d iv id u a l v a ria b ility  on th e  15-N u p ta k e  w as 
in v estig a ted  tak in g  sam ples from  five in d iv iduals o f Festuca vaginata  a t  8.00 a .m ., 12.00 a n d  
18.00 p .m . du rin g  th re e  d ays. The sam ples were se p a ra ted  in to  liv ing  p lan t p a rts , s ta n d in g , 
b u t a lread y  dead  p a r ts , and  litte r , and th e n  analysed . On th e  basis o f ANOVA it  cou ld  be 
estab lished  fo r each  group  th a t  th e  tim ing  of sam pling  w ith in  a d a y  had no effect on th e  15-N 
co n ten t, in  c o n tra s t  to  th e  indiv idual v a ria b ility  w hich  was s ig n ifican t a t  0.1%  p ro b a b ili ty  
level on each  day .

Fig. 1. T he f i t te d  u p ta k e  curves of 15-N va lues for th e  above ground-liv ing  c o m p artm en ts  in  
d ifferen t y ears  ( a .......... 1976 above-ground liv ing , h a n d -fitted  cu rve, -f----------- 1977 a b o v e ­

g round  living, о .............. 1978 Festuca)
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1 5 -N  uptake

In  the  liv ing  p la n t p a r ts  15-N could be d e te c te d  a f te r  a sho rt tim e  in  every  year. T he 
c u rv e  of 1976 differs from  t h a t  o f th e  o th er tw o  y e a rs  (F ig . 1). The u p tak e  in  1977 an d  1978 
co u ld  be  ap proached  by  th e  V e r h u l s t -B r o d y  or m onom olecu lar g ro w th  fu n c tio n  (F ig. 1). 
In  1977 th e  va lues o f th e  s a tu ra tio n  level (A) a n d  th e  re la tiv e  u p tak e  ra te  (c) w ere g re a te r  
t h a n  in  1978. T he slower u p ta k e  in  1978 is also re fle c te d  in  th e  values o f «д /2 (T able 1).

I n  th e  case o f th e  ab o v e-g ro u n d  dead p a r ts  th e  15-N values increased  co n tin u o u sly  till 
th e  end  of th e  ex p erim en ta l periods (36, 45 a n d  40 d a y s  a fte r fe rtiliza tio n ). R eg ard in g  on ly

Table 1

Parameters o f  the curves f it te d  to the 15 -N  uptake in  different compartments and years

Parameters tA/2 Signifi-

Type of function Compartment
A

sa tu ra ­
tion

level)
a

C
(relative
uptake
rate)

(tim e in 
days neces­

sary  to 
reach A/2)

cance of 
fitting

P

V  e r h u l s t - B r o d y  
(m o n o m o lecu la r)
у  =  ,4(1 —  ae~cx)

1977

1978

a b o v e -g ro u n d  liv ing  

Festuca

10.65

8.52

1.04

0.81

0.104

0.038

7.0

12.9

0.05

0.001

E x p o n e n t ia l 1977 ab o v e -g ro u n d  d ead  o v e r  
th e  e x p e r im e n ta l p e r io d  
(d a y  0 -40 ) 0.42 0.051 0.001

у  =  aecx 1978 a b o v e -g ro u n d  d ead  o v e r  
th e  e x p e r im e n ta l p e r io d  
(d a y  0 -40 ) 0.64 0.022 0.001

S im p le  lo g istic 1976 ab o v e -g ro u n d  d e a d  o v e r  
350 d ay s 4.34 10.57 0.187 12.6 0.001

У ~ А  ( l  +  ae~cx )
1977 ab o v e -g ro u n d  d e a d  o v e r  

350 d ay s 4.38 15.78 0.092 30.1 0.001

1978 a b o v e-g ro u n d  d ead  o v e r  
350 d ay s 3.21 4.25 0.034 42.5 0.001

F ig . 2. T he f i t te d  u p ta k e  curves for th e  a b o v e-g ro u n d  dead p la n t p a r t  o ver th e  ex p erim en ta l 
period  in  d iffe ren t y ears ( A .......... 1976, -(------------ 1977, о ..............  1978)
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F ig . 3. T he f i t te d  u p ta k e  curves for th e  ab o ve-g round  d ead  p la n t  p a r ts  over a  y e a r long 
period  in  d iffe ren t years ( A ............  1976, -f-----------  1977, о - - - - 1978)

350-] 350—1 300- ,
Ач

E
Ol N /  Ч ч

V  ________
4 ^  ___

о ^  ^ — .__ __  ___.____ '

-C
a.

0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
d a y s  d a y s  d a y s

a b  c

F ig. 4. T he p h y to m ass , to ta l  n itro g en /m 2 a n d  to ta l  15-N /m 2 va lues over th e  ex p erim en ta l 
p e rio d  in  d ifferen t y ears  (----------above-g round  liv ing  an d /o r Festuca  (in  1 9 7 8 ),............... above­

g ro u n d  dead , a — 1976, b —  1977 an d  c —  1978)

th is  p e rio d  in  1976 a sim ple logistic curve, in th e  o th e r cases (1977, 78) ex p o n en tia l curves 
could  be f i t te d  to  th e  va lues (F ig. 2). T ak in g  also in to  con sid era tio n  n ex t y ear va lues over 
a  p e rio d  of 400 days a f te r  th e  fe rtiliza tio n , in  th e  la t te r  tw o  y ears  th e  u p tak e  also reach ed  a 
lim it so i t  can  be described  b y  a  sim ple log istic  curve (F ig . 3). I t  is rem ark ab le  th a t  a decrease 
can  be  d e tec ted  a t  th e  beg inn ing  o f th e  n e x t  y ear a f te r  th e  fe rtiliz a tio n  in  all th re e  cases. 
A fte r th is  decrease th e  15-N atom ic  %  v a lu es ap p ro ach ed  th e  m ax im u m  of th e  p rev io u s y ear 
a n d  th e  rea l release s ta r te d  only ab o u t in  th e  m iddle  o f th e  second y ear (Figs 5—6). T he re la tiv e  
u p ta k e  ra te  was th e  h ig h es t in  1976, as fo r th e  o thers sim ila rly  to  th a t  of th e  liv ing  p a r ts  
va lues o f  1977 w ere h ig h er b o th  in  th e  case o f ex p o n en tia l an d  sim ple logistic curves.
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Table 2

Recovery values fo r  the uptake period  
in  the different compartments and years

A b o v e ­
ground
living

F e s tu c a
A b o v e ­
ground

dead

1 9 7 6 . 5 . 8 . 2 .5 1 .6

5 . 1 2 . 2 .1 0 .7

5 . 1 9 . 1 .4 2 .4

5 . 2 8 . 1 .3 2 .5

6 . 9 . 2 .0 4 .4

1 9 7 7 . 5 . 2 8 . 3 .9 0 .9

6 . 1 . 1 8 .8 0 .9

6 . 7 . 1 8 .8 1 . 0

6 . 1 5 . 1 9 .9 3 .2

6 . 2 1 . 1 0 .7 4 .1

6 . 2 5 . 9 .5 5 .2

6 . 3 0 . 6 .8 7 .7

7 . 6 . — 1 3 .1

1 9 7 8 . 6 . 1 3 . 1 1 .2 0 .8

6 . 1 9 . 7 .2 2 .1

6 . 2 2 . 8 .9 2 .6

6 . 2 7 . 1 0 .8 2 .6

7 . 4 . 1 5 .0 2 .7

7 . 6 . 1 7 .2 2 .0

7 . 1 3 . 2 4 .1 3 .6

151

F ig . 
(-----

5. T he h a n d -fitted  curves of th e  re lease  from  d iffe ren t co m p artm en ts  o n  th e  p lo t of 1977
—  above-ground l i v i n g , ............- above-g round  dead , th e  arrow  in d ica te s  th e  s ta r t  o f

release)
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F ig. 6. The h a n d -fitted  curves of th e  re lease  from  d ifferen t c o m p a rtm e n ts  on th e  p lo t of 1978 
(---------- Festuca , .............. ab o v e-g round  dead, th e  arrow  in d ica tes  th e  s ta r t  of release)

A t the  beg inn ing  of th e  u p ta k e  th e  changes in 15-N a tom ic  %  p la y  an  im p o rtan t p a r t  
in  changes of th e  15-N a m o u n t (m g /m 2), w hereas approach ing  th e  s a tu ra t io n  level th e  effects 
o f p h y to m ass and to ta l  N  c o n ten t becom e d o m inan t (Figs 4a, 6, c). C om paring  the  curves of 
15-N m g/m 2 values fo r th e  dead p la n t  p a r ts  th ey  are sim ilar to  each  o th e r  in tendency , b u t  
th e  increase in 1976 is m ore rap id  th a n  in  th e  o ther tw o years.

The recovery v a lu es are show n in  T able  2.

The release o f 15 -N  isotope fro m  the p la n t parts

T he release o f 15-N iso tope fro m  th e  living and dead  ab o v e-g ro u n d  p a r ts  was followed 
b y  th e  sam ples ta k e n  from  place of 1977 an d  1978 till 1979 an d /o r 1980 (F ig . 5). The decrease 
o f 15-N con ten t in th e  d o m in an t p la n t  species (Festuca vaginata) w as obse rv ed  over two years 
(F ig . 6). H ere it is to  be n o ted  th a t  th e  p re lim in a ry  ex p erim en t of 1976 is also to  be considered 
as a release from  th e  liv ing  p a r ts  because  of th e  m ethod of p u ttin g  o u t o f th e  isotope.

The process o f release can be well rep resen ted  by  th e  changes in  th e  isotope con ten t. 
In  th e  above-ground liv ing  p a r ts  an d  in Festuca th e  release begins a lre ad y  in th e  y ear of 
fe rtiliza tio n . A fter an  in itia l rapid  phase  th e  release becom es slower a n d  oscillating  b u t g ra d ­
ually  approaches th e  b ack g ro u n d  level.

In  the dead p a r ts  th e  release s ta r ts  only in th e  n e x t y ear a b o u t 400 days afte r th e  
fe rtiliz a tio n  a t b o th  places. In  th e  p lo t o f 1978 only th e  beg inn ing  of th e  release could be 
observed  in lack of fu r th e r  d a ta . T he oscilla tions appear in th is  c o m p a rtm e n t, too , and alm ost 
coincide w ith  th a t  o f th e  living p a rts .

The ra tio  o f to ta l  N and  15-N refers to  th e  e x te n t o f acc u m u la tio n  (cf. C l a r k  1977). 
T ab le  3 contains th ese  d a ta . I f  th e re  is a real linear re la tio n sh ip  b e tw een  th e  d a ta , by linear 
e x trap o la tio n  th e  p e rio d  necessary  fo r reach ing  th e  n a tu ra l b ack g ro u n d  can  be ascertained. 
T he value  of th e  slope is p ro p o rtio n a l to  th e  release ra te . T he h igher th e  va lue  of the  form er, 
th e  fa s te r is th e  release. T he f i tte d  lin ea rs  proved  to  be s ign ifican t a t  1%  or less p robab ility  
levels (Table 4).

In  case of th e  F estuca  species if  th e  in itia l 15-N c o n te n t o f th e  fe rtilizer (30.65% ) is 
co n v erted  to  th e  va lue  of 1977 (50 .4% ) th e  ch aracteris tics o f th e  re lease  approaches th a t  of 
th e  above-ground liv ing  p a r ts  in 1977 (T able 4). I t  is w orth  m en tio n in g  th a t  by using fer­
tilizers of nearly  th e  sam e 15-N co n te n t b u t  d ifferent m ethods of p u ttin g  th em  out sim ilar 
releases are ob tained  from  th e  ab o v e-g round  living p a rts  (Table 4).
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Table 3

The N /1 5 -N  ratios fo r  the release period 
in  the different compartments and years

D a te  o f  s a m p lin g
A b o v e -g ro u n d

l iv in g Festuca
A b o v e ­
g r o u n d

d e a d

1976. 5. 8. 22.22
5. 12. 27.17
5. 19. 36.97
5. 28. 41.41
6. 9. 36.17

1977. 6. 15. 7.3
6. 21. 10.5
6. 25. 9.3
6. 20. 12.9

1978. 6. 9. 49.5 24.2
7. 5. 36.1 26.4
7. 7. — 12.8 —
7. 13. — 13.4 —

10. 13. 70.4 23.5 49.3
11. 16. 54.3 18.9 37.4

1979. 2. 8. 46.9 58.1 27.2
4. 4. 36.9 37.3 33.8
5. 3. 51.0 — 44.6
6. 19. 82.0 58.8 71.9
8. 21. 89.3 81.3 57.5
9. 14. 86.9 — 62.9

10. 23. 84.0 109.9 59.9
1980. 3. 8. 56.8

5. 4. 71.9

Conclusions

I t  can  be u n am b ig u o u sly  e stab lish ed  from  th e  s tu d ie s  o f th e  d iu rnal 
v a r ia tio n s  th a t  pooled  sam ples h a v e  to  he tak en  for an  e x a c t es tim a tio n  of 
th e  15-N  co n ten t o f all c o m p a rtm e n ts  because of th e  s ig n ifican t v a riab ility  
o f in d iv id u a ls .

T he u p tak e  of 15-N iso tope  is in fluenced  to  a g rea t e x te n t b y  th e  m ethod  
o f ap p lica tio n  and  b y  th e  15-N  c o n te n t of th e  fe rtilize r used . T he fertilizer 
sp ra y e d  on th e  leaves is a b so rb ed  b y  th e  p lan ts , th u s  ow ing to  th e  im m edia te  
u p ta k e  th e  release begins w ith o u t de lay . C ontrarily , i f  th e  fe rtilize r is incorpo-

Acta Botanica Hungarica 29, 1983



15-N  D Y N A M IC  I N  G R A S S L A N D  C O M M U N IT IE S , I 335

Table 4

The release time and rate calculated fro m  the f itted  linear s 
fo r  different compartments and years

C o m p a r tm e n t
Y e a r s  n e c e s s a r y  

f o r  t o t a l  
r e le a se * *

R e le a s e
ra te * * *

S ig n if ic a n c e  
o f  f i t t i n g

P

A bove-ground living

from  p lo t 1976 7.73 0.077 0.01
from  p lo t 1977 7.86 0.085 0.001
Festuca 1978 3.72 0.184 0.001

A bove-ground dead

from  p lo t 1977 10.8 0.063 0.001

Festuca 1978* 6.11 0.112 0.001

* F rom  th e  values converted to  th e  in itia l 15-N atom ic %  of 1977 (50.4% )
** In  th e  case o f to ta l release N /15-N  =  250

*** N /15-N  increase per day

ra te d  in to  th e  soil, th e  course o f th e  u p ta k e  is delayed . T he u p ta k e  ra te  an d  th e  
s a tu ra tio n  level a re  in fluenced , am ong  o th e rs , also b y  th e  e x te n t o f  th e  in itia l 
iso to p e  en rich m en t (Table 1, Figs 1—3). W ith  sp ray  tre a tm e n t th e  iso tope  gets 
d ire c tly  to  th e  d ead  p a r ts  from  th e  liv in g  ones (liv ing p la n t —*■ d ead  p la n t 
p a rts ) , how ever w hen  p u ttin g  i t  in to  th e  soil th e  ro u te  will be longer because 
o f th e  u p ta k e  from  th e  soil (soil —► liv in g  p la n t —*- dead  p la n t p a r ts ) . This 
m eans th a t  w ith  sp ray in g  th e  tra n s fe r  from  th e  liv ing  p a r ts  in to  th e  dead 
p a r ts  ra th e r  resem bles th e  ro u te  soil —> liv ing  p la n t p a r ts . This is su p p o rted  
by  th e  p a ra m e te rs  of f i t te d  curves, to o  (Table 1).

In  th e  dead  p a r ts  sim ilar to  th e  liv in g  ones th e  h igher 15-N a tom ic  %  of 
th e  fe rtilize r re su lts  in  h igher s a tu ra tio n  level an d  m ore ra p id  u p ta k e .

I t  is c lear from  th e  re su lts  t h a t  th e  m ore d is ta n t th e  c o m p a rtm e n t 
exam ined  from  th e  in itia l iso tope pool, th e  longer ex p erim en ta l period  m u st he 
chosen to  e s tab lish  unam biguously  th e  ty p e  of th e  cu rve  (e.g. in  th is  ex am in a­
tio n  s tu d y in g  th e  ro u te  of soil —>■ liv in g  p la n ts  ► dead  p lan ts  th e  one an d  a 
h a lf  m o n th  o b se rv a tio n  period is to o  sh o rt. B y increasing  th e  in itia l en rich ­
m en t o f th e  iso tope  th is  period becom es sh o rte r.

T he changes of release w ith in  a y e a r  can  be b ro u g h t in to  connection  
w ith  th e  seasonal dynam ics of p la n ts , w ith  th e  n itro g en  re tra n s lo c a tio n  in 
p la n ts  and recycling  (Figs 5-6).

Cl a r k  (1977) found  in  his s tu d y  21.3 years for th e  to ta l  re lease in  the  
above-g round  green p a rts  of a sh o rtg ra ss-p ra irie  on san d y  loam  w ith  blue 
g ram a dom inance . C onverting  his in itia l 15-N atom ic  %  values (80% ) to  our 
50 .4% , th is  tim e  is 13.5 years. O ur in v es tig a tio n s  produced  th e  v alues of 7.7 
an d  7.8 y ea rs  in  an  old-field g rasslan d  (Festucetum  vaginatae danubiale) on a
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ca lcareo u s sandy  soil (T able  4). T he release of 15-N  iso tope from  th e  dead  
p a r ts  is slower th a n  th a t  o f  from  liv ing  p a r ts , w hich agrees w ith  C l a r k ’s re su lt.

T he 15-N c o n te n t o f th e  fe rtilize r in fluences considerab ly  th e  period 
n eed ed  for th e  to ta l  re lease  and  th e  release ra te . B u t th e re  is no effect o f th e  
m e th o d  of p u ttin g  i t  o u t (Table 4).

T h e  recovery  o f  th e  15-N labelled  u rea  fe rtilize r is v e ry  d ifferen t d ep en d ­
in g  on th e  various e x p e rim e n ta l cond itions. T he m ajo rity  of th e  ex perim en ts 
w ere perform ed on c u ltiv a te d  p lan ts  u n d er e ith e r  fie ld  or greenhouse cond i­
tio n s . In  a field e x p e rim en t th e  reco v ery  o f N in  sorghum  gra in  w as only 
1 0 .3 -1 1 %  (M y e r s  1979). A h igher va lu e , 19 .4%  w as rep o rted  by  K e e n e y  

an d  M a c G r e g o r  (1978) in an  estab lished  ry eg rass—w hite c lover p as tu re . 
H e l t a i  e t al. (1972) fo u n d  6 4 -7 2 %  recovery  va lu es  in  oa t grown in a green­
house.

In  our s tu d y  i f  th e  fertilizer w as em bedded , th e  recovery  w as g rea te r 
th a n  w ith  sp ray ing  (even  if  the q u a n ti ty  of th e  fe rtilize r p er u n it area was 
g re a te r  in  the  la t te r  case). Beside th is  th e  am o u n t o f recovered  15-N increases 
or rem ain s co n stan t on a higher level for a ce rta in  tim e , b u t a t  sp ray in g  th e  
v a lu es  decrease a lm o st im m ed ia te ly  (T able 2). T h is fa c t is w o rth  ta k in g  in to  
a c c o u n t in th e  p ra c tic e  in  connection  w ith  soil or foliage fe rtiliza tion .
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PLANT COMMUNITIES OF CUBA, I
F R E S H  A N D  SA LT W A T E R , SW A M P AND COASTAL V E G E T A T IO N  

A. B o r h i d i , 1 0 .  M u n i z 2 and E. D e l  R i s c o 3
'B O T A N I C A L  R E S E A R C H  I N S T I T U T E  O F  T H E  H U N G A R IA N  A C A D E M Y  O F  S C I E N C E S , 

V Á C R Á T Ó T , H U N G A R Y

G E O G R A P H I C A L  I N S T I T U T E  O F  T H E  A C A D E M Y  O F  S C IE N C E S  O F  C U B A , L A  H A B A N A , C U B A  

» B O T A N IC A L  I N S T I T U T E  O F  T H E  A C A D E M Y  O F  S C I E N C E S  O F  C U B A , L A  H A B A N A , C U B A

(R eceived : 9 F e b ru a ry  1982)

A u th o rs  p u b lished  a sy s tem atic  review  of th e  h igher phytocenolog ical u n its  of 
th e  v eg eta tio n  of C uba in th is  p e rio d ica l (Vol. 25, 1979), a n d  lis ted  th e  p la n t  associa­
tions belonging to  each  of th e  h ig h er categories. T he series of pap ers  co n ta in s th e  
descrip tions o f th e  C uban p la n t assoc ia tions m entioned  in  th e  c ited  sy s tem atic  review , 
based  on th e ir  ty p ic a l sam plings. I n  th e  f ir s t  s tu d y  of th e  series th e  fresh  a n d  sa lt 
w a te r com m unities an d  th e  p la n t  assoc ia tions of th e  sw am p a n d  coasta l v e g e ta tio n  are 
tre a te d  and  docu m en ted  b y  phytosocio log ical tab les. D escrip tions of 51 assoc ia tions are 
done and 41 of th e m  are f irs t pub lish ed  here.

In tro d u c tio n

T his sy s tem atic  rev iew  is a m ore d e ta iled  an d  e lab o ra ted  version  of th e  c lassifica tion  
of th e  v eg e ta tio n  of C uba, published  b y  B o r h i d i ,  M u n i z  and  D e l  R i s c o  (1979). I t  is based  
m ain ly  on th e  o rig inal phytosocio log ical re levés m ade by  B o r h i d i ,  B o r h i d i  a n d  M u n i z ,  

B o r h i d i  and  D e l  R i s c o ,  B o r h i d i  and  R .  C a p o t e  betw een  1969 an d  1979, w ith  a con sid era ­
tio n  of th e  v eg eta tio n  s tu d ies  and  re su lts  o f ( K n a p p  1964, 1965), C u a t r e c a s a s ,  C h a p m a n ,  

C i f e r r i ,  G ó m e z - P o m p a ,  Н а п а с ,  D a n s e r e a u ,  M o n c a d a ,  B a l á t o v X , B e r a z a i n ,  S a m e k ,  

S c h u b e r t  and  co llabora to rs, S t e h l e ,  S t o f f e r s ,  S m i t h ,  V a n  C l e e f ,  V a n  D o n s e l a a r  etc. 
T he rev iew  contains th e  f ir s t  descrip tion  a n d  o rig inal ty p e  relevés o f m an y  C uban and  A n tille an  
p la n t  com m unities.

1. Class: SA LV IN IO -EIC H H O R W ETEA  B orhid i an d  Del Risco 1979
(S yn.: Cabombo-Eichhornietea K n a p p  1964 p .p .). T he free flo a tin g  p h a ­

nerogam ic v eg e ta tio n  o f th e  n eo tro p ica l freshw aters, especially  in  th e  C arib ­
bean  area .

C h arac te ristic  species; Salvin ia  auricula ta , .5. rotundifolia , Azolla caroliniana, Lem na  
m in im a , L . perpusilla , E ichhornia crassipes, E . azurea, E . heterosperma, E . diversifolia, P istia  
stratiotes, A ldrovanda vesiculosa, U tricularia  spp.

1.1 O rder: S A L V IN IO -E IC H H O R N IE T A L IA  B orhid i 1979
F ree  flo a tin g  p hanerogam ic  p la n t  com m unities o f th e  neo tro p ica l a reas , 

fo rm ed b y  n o t ro o ted  p la n ts  f lo a tin g  on th e  surface of m a in ly  eu tro p h ic  fre sh ­
w a te r tab les.

Characteristic species; Salvinia auriculata, S. rotundifolia, Azolla caroliniana, Lemna
spp., Eichhornia spp., Pistia stratiotes.
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] .1 .1 . A lliance: A z o l l a e o -  S a l v i n i o n  B orhidi an d  M uniz 1979

F ree  floating  fre sh w a te r  vegeta tion  fo rm ed  b y  little  sized w a te r-p te rid o - 
p h y te s  and  L em naeeas, co v erin g  th e  surface of lak es , ponds, an d  slow stream s. 

A ssociation s tu d ie d  in  Cuba:

1.1 .1 .1 . Lemno-AzoUetum carolinianae B orh id i an d  M uniz
A ssociations o f L e m n a  perpusilla  an d  A zo lla  caroliniana, rep resen ted  in  

te n  re levés (Table 1) m a d e  b y  A. B o rh idi an d  0 .  M u n iz , in  th e  ponds and

Table 1

Lem no-A zolletum  carolinianae B orh id i e t Muniz

1 2 3 4 5 6 7 8 9 10

C over, % 60 75 40 50 45 65 60 70 60 55

L em n a  perpusilla  Torr. 3 3— 4 3 2 - 3 2 2 2— 3 4 3 2

L em n a  trinervis (A ustin) Sm all. — + — 1 H" 1 — —

A zolla  caroliniana  W illd. о 2 1 2 2 3 3 1— 2 2 3

Spirodela polyrhiza (L .) Schleid . + — — — — -1— ] + —

s tre a m s  of the  B a ta b a n o  Sw am p, S. of H a v a n n a  (Dec. 1969) an d  in  th e  L ake 
A rig u an ab o , SE of G u a n a ja y , L a H ab an a  p ro v in ce  (Jan . 1970). T ype : R elevé 
N o. 2. E . of B a tab an o .

1.1 .1 .2 . Spirodelo-Salvinietum  auriculatae B orh id i and  M uniz
A ssociation o f S a lv in ia  and  L em naceae species, rep resen ted  in  10 relevés 

(T ab le  2) m ade b y  A . B o r h id i and  0 .  M uniz  in  th e  ponds an d  stream s of th e

Table 2

Spirodelo-Salvinietum  auriculatae B orhidi e t Muniz

1 2 3 4 5 6 7 8 9 10

C over, % 70 75 65 80 70 55 70 75 65 60

S a lvin ia  auriculata A ubl. 4.4 4.4 3.4 4.4 4.4 3.3 4.5 4.5 4.4 4.5

Spirodela polyrhiza (L .) Schleid . 1 . 2  2 . 2 2 . 2 2.3 2 . 2 2 . 2 i . i — +  .1 —

S a lvin ia  rotundifolia —  — — — — — — — — +  .1

L em na  perpusilla T orr. —  + — +  .1 — — + . 1 + . 1 — —

P is tia  stratiotes L. +  ----- — — — — — — —

B a ta b a n o  Sw am p, in  th e  L ake A riguanabo an d  in  the  Z a p a ta  Sw am p (M alan- 
zas province), 1969—1970. T ype: Relevé N o. 7. Z apata-S w am p.
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1.1.2. A lliance: E i c h h o r n i o n  a z u r e a e  B orh id i and M uniz 1979
F ree f lo a tin g  freshw ater v e g e ta tio n  fo rm ed  b y  big sized, n o t ro o te d , 

u su a lly  em erg en t aq u a tic  p lan ts  on  th e  su rface  o f eu troph ic  an d  o lig o tro p h ic  
lakes an d  ponds a n d  th a t  of th e  slow s tre a m in g  rivers and creeks. 

A ssociations stu d ied  in  Cuba:

1.1 2.1. E ich h o rn ie tu m  crassipedis S am ek an d  M oncada 1971
W a te r-h y a c in th  m at associa tion , u su a lly  m onodom inan t an d  n e a rly  

m ono typ ic  p la n t com m u n ity  of ex trem e  ru sh  g ro w th  and  p o pu la tion  d y n am ics. 
I t  is rep resen ted  in  8 relevés; 3 of th e m  m ade b y  Sam ek  and Mo n c a d a  in  th e  
w hite  san d  area  o f  Cortés (P in ar del R io p rov ince), 1 b y  B okhidi  in  th e  R io 
H ondo (P in a r del R io province), an d  4 b y  B o r h id i  and  Muniz  in  L a g u n a  de 
A riguanabo . T y p e : R elevé No. 1 (T able 3).

Table 3

Eichhornietum crassipedis Sam ek e t M oncada 1971

l 2 3 4 5 6 7 8

Cover, % 100 100 95 95 100 100 100 100

Eichhornia crassipes (M art.) Solms. 5.5 3.4 5.5 5.5 5.5 5.5 5.5 5.5

Paspalid ium  gem inatum  (L .) Stapf. +  ■1 2.2 +  .1 + + — + —
Vigna  sp. (?) +  .1 +  .1 — — - — — -

Ludivigia repens F o rs t, va r. repens +  .1 — — +  .1 + .1 + + —
Pistia  stratiotes L. — — — — + — — —

Spirodela polyrhiza  (L .) Schleid. — — — +  ■1 + 1.1 +  .1 +  .1
Azolla caroliniana  W illd. — — 2.2 — — + - - —

Salvin ia  auriculata  A ubl. — — — +  .1 — — — + .1

Table 4

Pistietum  stratiotidis (Ciferri 1936) Borhidi

1 2 3 4 5 6 7 8 9 10

Cover, % 100 90 95 80 75 95 70 75 80 95

Pistia stratiotes L. 5.5 5.5 5.5 5.5 4.4 5.5 4.5 4.5 5.5 5.5

Salvinia auriculata  A ubl. 1.1 + .1 + .1 — — 1.1 1.1 — + .1 —

Spirodela polyrhiza  (L .) Schleid. + .1 — — +  .1 — + .1 — — + —
Azolla caroliniana  W illd. + — — — 1.1 — + .1 +  .1 — + .1
Proserpinaca pa lustris L. — — — + .1 — — — +  .1 — —
Ludw igia peduncularis  (W r. ex

Griseb.) M aza — — — — — — + — + —
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1.1 .2 .2 . Pistietuni stratiotidis (Ciferri 1936) B orh id i

T he nam e o f th e  association  of P istia  stratiotes was used b y  Ci f e r r i  
(1936: 146) for a specia l aq u a tic  p la n t zone in  th e  zonation  of a lak e  w ith  
m u d d y  b o tto m . In  h is in te rp re ta tio n  P istia  stratiotes form s a slightly  ro o ted  
p o p u la tio n , b u t  th e  w a te r- le ttu ce  association  is u su a lly  a free flo a tin g  a q u a tic  
co m m u n ity , ch a ra c te riz e d  b y  th e  follow ing com position  (Table 4). T he associa­
tio n  is rep resen ted  in  10 phytosociological re levés m ade by  B o r h i d i , B o r h id i  
a n d  M uniz  in  th e  S w am p area of B a ta b a n o , L ake A riguanabo, 1969-1970. 
T y p e : R elevé No. 7. L ak e  A riguanabo.

1.1.2.3. Eichhornietum  azureae B orhidi
T his w a te r-h y a c in th  association  d iffers fro m  Eichhornietum  crassipedis  in  

p re fe rrin g  m ore o ligo troph ic  and /o r d y s tro p h ic  shallow  freshw aters, sw am p- 
lakes, e tc . The c o m m u n ity  is rep resen ted  in  5 relevés m ade by B o r h id i  in 
th e  Z a p a ta  Sw am p n e a r  to  Santo  T om ás a n d  L ag u n a  del Tesoro, M ay, 1970. 
T y p e : R elevé No. 3 (T able  5).

Table 5

Eichhornietum azureae B orhidi

1 2 3 4 5

Cover, % 100 100 95 90 95

Eichhornia azurea  (Sw .) K un th . 5.5 5.5 5.5 5.5 5.5

P istia  stratiotes L. +  .1 1.1 — - Ы 1.1

Salvin ia  auriculata  Aubl. — — +  ■1 — 1.1

Panicum aquaticum  Poir. 1.1 +  .1 -J- +■1 —

Polygonum hispidurn  H B K . +  .1 -L +  .1
Polygonum hydropip  oroides Michx. — +  .1 + •1 — —

Azolla caroliniana  W illd. + — — + —

1.2. O rder: A L D R O V A N D O -U T R IC U L A R IE T A L IA  Borhidi 1979
A quatic  p la n t com m unities form ed by  free-liv ing subm erged , m a in ly  

ca rn ivo rous h y d a to p h y te s . Some of th e  p la n t  species live only  s lig h tly  su b ­
m erg ing  u n d er th e  su rface  of th e  w a te r  ta b le , an d  rep ro d u c tiv e  o rgans a re  
u su a lly  em ergen t. T h e y  occur p re fe rab ly  in  eu tro p h ic  or m ore f re q u e n tly  in  
d y stro p h ic  w a te r  o f th e  sw am p-lakes, bogs an d  sw am p-curren ts.

C harac te ris tic  species: Aldrovanda vesiculosa, U tricularia foliosa, U. ju n cea , U. brevi- 
fo l ia , U . sclerocarpa, 1 7 . stellaris , U. cornuta , U. resu p in a ta , 1 7 . otivacea, U. incisa , 1 7 . p u rp u rea , 
U. v irgatula , etc.

1.2.1. A lliance: A l d r o v a n d o  - U t r i c u l a r i o n  B orhidi 1979 
C h arac te ris tics  o f  th e  order. C om m unities stu d ied  in Cuba:
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1 .2 .1.1. Utricularietum foliosae B orh id i
Free flo a tin g  subm erged  w a te r  p la n t co m m u n ity  fo rm ed  b y  bigger sized 

carn ivorous p la n ts  liv ing  m ostly  in  deeper d y stro p h ic  or eu troph ic  sw am p 
lakes of n eu tra l o r basic  freshw ater. T he association  is rep resen ted  in  5 relevés 
m ade by A. B o r h i d i  in the Lake A riguanabo  an d  in  th e  Z a p a ta  Sw am p a rea . 
T y p e : Bélévé N o. 2. L ake A riguanabo , 1970 (T able 6).

1.2.1.2. Utricularietum junceae B orhid i
Free f lo a tin g  subm erged  w a te r p la n t c o m m u n ity  fo rm ed  b y  m edium  or 

l i ttle  sized carn iv o ro u s p lan ts  liv ing  m ostly  in shallow  d y stro p h ic  or o ligotro- 
ph ic  freshw aters o f  n e u tra l or s lig h tly  acidic chem ical reac tio n . The associa­
tio n  is rep resen ted  in  5 relevés m ade b y  A. B o r h id i  in  th e  W -C uban w h ite  
san d  lake area. T y p e : R elevé No. 2. L aguna  S a n ta  M aria (P in a r del Rio p ro ­
vince) M arch, 1976 (T able 7).

1.2.1.3. Utricularietum resupinatae B orhidi
F ree f lo a tin g  or p a r tly  ro o ted  w a te r  p la n t co m m u n ity  form ed b y  li ttle  

sized  carnivorous p la n ts  living in th e  shallow  su b litto ra l san d y  shore o f th e

Table 6

Utricularietum foliosae  B orhidi

l 2 3 4 5

Cover, % 45 50 60 40 55
Utricularia foliosa  L. 3.4 3.3 4.5 2.3 3.4

Utricularia m ix ta  B aruh . +  .1 2.2 — 1.1 1.2

Ludwigia erecta (L .) H . Н ага — — 1.1 1.1 —
Spirodela po lyrh iza  (L .) Schleid. — + •1 1.1 — —
Salvinia auriculata  Aubl. — + .1 — — 1.1

Table 7
Utricularietum junceae  Borhidi

l 2 3 4 5

Cover, % 50 55 45 60 50

Utricularia juncea  V ahl. 3.2 3.3 3.3 3.3 3.3

Utricularia virgatula  B arnh . +  •1 — — — -

Utricularia p u silla  V ahl. — — 1.1 + .1 —
Utricularia p u m ila  W alt. — + .1 — — —
Bulbostylis tenuifo lia  McBr. 1.2 + .1 — 1.2 1.1

Bulbostylis capillaris (L .) С. B. Clarke + •1 — 1.1 — —
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Table 8
U tr ic u la r ie tu m  r e s u p in a ta e  Borhidi

1 2 3 4 5

Cover, % 45 55 60 40 45

U tr ic u la r ia  r e s u p in a ta  B. D. Greene 3.2 3.3 4.3 3.2 3.3

U tr ic u la r ia  p u r n i la  W alt. +•1 1.1 1.1 — +  •1
U tr ic u la r ia  sc le ro ca rp a  W r. in  Sauv. +  .1 +•1 — — - -
B u lb o s ty l is  te n u i fo l ia  M cBr. 1.2 1.1 2.2 +  .2 1.1
B u lb o s ty l is  a r e n a r ia  L indm . — — +  .1 +  .1 —
C a p e ro n ia  cu b a n a  P a x . e t Hoffm . — +.1 — — —

Table 9

M a y a c e tu m f lu v ia t i l i s  Borhidi

1 2 3 4 5

Cover, % 90 100 90 95 100
M a y a c a  f l u v i a t i l i s  A ubl. 5.5 5.5 5.5 5.5 5.5

F im b r is ty l i s  a n n u a  (All.) R . e t S. +  .2 1.1 +  .1 +  .1 —
E le o c h a r is  e leg á n s  (H B K .) R . e t S. +.1 — +  .1 — +  .1
A n e m ia  n ip e n s is  B enedict. +  .1 — +  .1 — —
U tr ic u la r ia  p u s i l l a  V ahl + Л + .1 — +  .1 —
H e p ta n th u s  lo b a tu s  B ritt . — + .1 — — +  .1
K o e h n e o la  re p e n s  (G riseb. ex U rb .) U rb . — — +  .1 + .1 —

lak es  o f o ligo trophic  a n d  u su a lly  acid ic freshw ater. T he assoc ia tion  is d is­
t r ib u te d  all over th e  W -C uban w e t la n d  o f th e  Is th m u s  of G u an ah acab ib es , 
a n d  i t  is rep resen ted  w ith  5 relevés m ad e  b y  A. B o r h id i  an d  R am o n a  Ov i e d o , 
M arch  1976. T he assoc ia tion  is ch a rac te rized  b y  a c o m m u n ity  o f little  sized 
U tricularia  an d  B ulbostylis  species. T y p e : R elevé No. 2, L ag u n a  del Jo v ero , 
ce rca  de Sandino (P in a r  del Rio p rov ince) (Table 8).

1.3. O rder: MAY AC E T  A L I A F L U V IA T IL IS  B orh id i 1979
A quatic  subm erged , occasionally  am phib ie  p la n t com m unities form ed by  

th e  dense sw ard o f m oss shaped  ro o te d  phanerogam ic  p la n ts  liv ing  in th e  
tra n s it io n a l l i t to ra l  zone of m o n tan e , ru sh  c u rren t creeks a n d  o ligo trophic  
low lan d  lakes. T he com m unities are  d is tr ib u te d  th ro u g h o u t th e  neo tro p ica l 
reg ion .

C harac teristic  species: M a y a c a  f l u v i a t i l i s ,  M .  f l u v i a t i l i s  ssp. w r ig h t i i , U tr ic u la r ia  sc iero-  

c a r p a ,  U . c le is to g a m a , U . c o r n u ta , etc.
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1.3.1. A lliance: M a y a c i o n  f l u v i a t i l i s  B orhidi 1979 
C h arac te ristics o f th e  o rder. A ssociations s tu d ied  in  Cuba:

1.3.1.1. M ayacetuin fluviatilis B orhid i
Subm erged  rock  p av em en t v e g e ta tio n  a long  th e  m o n tan e  creek-sides an d  

river-sides in  th e  m o u n ta in s  o f O rien te , especia lly  on se rp en tin e  rocks. Mayaca 
fluviatilis is m o nodom inan t, am ong th e  com pan ions can be f in d  several e n d e m ­
ics. T he associa tion  is rep re sen ted  in  5 re levés m ade b y  A. B o r h id i  in  th e  
S ierra de N ipe (Rio P ilo to , R io del M edio, R io G uayabo). T ype : R elevé N o. 1 
(Table 9) from  th e  Rio P ilo to , 19 J u ly  1970.

1.3.1.2. M ayacetum wrightii B orh id i
D ense, p e rm an en tly  or seasonally  subm erged  litto ra l  sw ard  on th e  shore 

of th e  o ligo troph ic  lakes in  th e  w e tlan d s o f th e  w hite  sand  areas of W -C uba 
and  Isle  o f P ine . Mayaca fluviatilis ssp. wrightii is ch a rac te ris tic , m o rp h o ­
logically  d is tin c t eco type of th e  w h ite  san d  areas. T ype: R elevé No. 2 (T able 
10) from  th e  lag u n a  de la  M áqu ina , P in a r  del Rio p rov ince , m ade b y  A. 
B o r h id i  an d  R am ona  Ov i e d o , M arch 1976.

2. Class: CABOMBO-NYMPHAEETEA B orh id i and  Del Risco 1979
(S yn .: Cabombo-Eichhornietea K n ap p  1964 p .p .). A q u a tic  v e g e ta tio n  of 

the  n eo tro p ica l freshw aters, fo rm ed  b y  ro o te d  h y d a to p h y te s  subm erged  or 
em erged, in  th e  d ifferen t ecological ty p e s  (eu troph ica l, o ligo troph ica l an d  
dy stro p h ica l) freshw aters.

C h arac te ris tic  species: B rasenia  peltata, B . schreberi, Cabomba aqualica, C. p ia u h yen sis, 
Hydrocotyle umbellata , N ym phaea  spp ., Potamogeton spp ., M yriophvllum  sparsiflo rum , Л/. verti- 
cillatum , N ym phoides  spp ., etc.

2.1. O rder: C A B O M B O -N A JA D E T A L IA  B o rh id i an d  Del Risco 1979
(S yn .: Utriculario-Najadetalia K n a p p  1964 p .p .). N eo trop ica l a q u a tic  

v eg e ta tio n  form ed b y  subm erged  an d  ro o te d  p la n ts  in  th e  s tan d in g  or slow ly 
c u rren t fresh w aters , som etim es also in s lig h tly  saline b rack ish  w aters.

C h arac te ris tic  species: Cabomba spp ., Ceratophyllum  demersum , M yriophyllum  p in n a -  
turn , M . sp arsiflo rum , N ajas m arina , N . microdon , Vallisneria americana , V. neotropicalis.

2.1.1. A lliance: Y a l l i s n e r i o n  a  m e r i c  а п а е  B orh id i and  Del R isco
1979

S u b aq u a tic  fresh w ater sw ards fo rm ed  by ro o ted  subm erged  aq u a tic s  
w ith  rib b o n -lik e  leaves m ostly  in  eu tro p h ic  or s ligh tly  d y stro p h ic  lakes, ra re ly  
also in slig h tly  saline w aters.

A ssociations s tud ied  in C uba:
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Table 10

M ayacetum w rightii Borhidi

1 2 3 4 5

Cover, % 100 100 90 100 100

M ay аса flu v ia ti l is  ssp. ivrightii (Griseb.) 
Borhidi 5.5 5.5 5.5 5.5 5.5

Eleocharis interstincta  (Vahl) R. et S. и + .1 — 1.1 1.2
Eleocharis capillacea K ük . — + .1 1.1 +  .1 —
Eleocharis m in im a  K u n th + .1 + .1 — — —

Eriocaulon lacustre R uh l. — + .1 +  •1 — —

Pinguicula f il i fo lia  (W r. ex Griseb.) — + •2 — -f.2 —
Rhynchospora cyperoides (Sw.) M art. +  ■2 + .1 1.1 +  .2 +  .1
Scirpus confervoides Poir. +  ■2 +  .2 + .1 1.2 —
Rhynchospora tracei B ritt . — — — +  .2 +  .1
Utricularia juncea  V ahl +  .2 +  ■2 +  .1 1.2 —
Andropogon sp. — — — + .2 —

2.1.1.1. Vallisnerietum americanae B orh id i a n d  Muniz

Subm erged a q u a tic , m onodom inan t dense sw ard of Vallisneria am ericana  
w ith  v e ry  few co m p an io n  species. The assoc ia tion  is know n also from  F lo rid a  
a n d  SE. U n ited  S ta te s . I t  is rep resen ted  in  5 relevés m ade b y  A. B o k h i d i  

an d  0 .  M u n i z  in  th e  R io Zaza (S ancti S p iritu s  p rovince), Ju ly  1970. T y p e : 
R elevé No. 3 (T able 11).

Table 11

Vallisnerietum americanae B orhidi e t Muniz

1 2 3 4 5

Cover, % 100 100 100 100 100

Vallisneria americana  Michx. 5.5 5.5 5.5 5.5 5.5

Hydrocotyle umbellata  L. + •1 + .1 +  .1 — +  .1

Potamogeton nodosus Poir. — — +  •1 + •1 —

2.1.1.2. Vallisnerietum  neotropicalis B o rh id i an d  Del Risco
S u b aq u a tic  dense sw ard  form ed a lm o st exclusively  by  V allisneria  neo­

tropicalis. The asso c ia tio n  is very  d is tr ib u te d  and  com m on in th e  L ag u n a  del 
Tesoro (Z ap a ta  P én in su le , M atanzas p ro v in ce). I t  is rep resen ted  w ith  5 relevés 
m ade b y  A. B o r h i d i  an d  E. D e l  R i s c o , O ctober 1974. T ype: R elevé N o. 2 
(Table 12).
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Table 12

Vallisnerietum neolropicalis B orh id i e t Del Risco

1 2 3 4 5

Cover, %  100 100 100 100 100
Vallisneria neotropicalis M. Y ict. 5.5 5.5 5.5 5.5 5.5
Utricularia fo liosa  L. -j- .l + .1 +  .1 l . i —

Hydrocotyle umbellata L. и — — +  •1
P anicum  gem inatum  Forsk . — — — +  .1
Potamogeton nodosus Poir. — + .1 + •1 —

Table 13

Cabombetum piauhyensis  B orh id i e t M uniz

1 2 3 4 5

Cover, % 70 75 80 70 65

Cabomba p iauhyensis  A ubl. 4.4 4.4 4.5 4.5 4.4

Proserpinaca pa lustris  L. 1.1 — +  .1 — —
Potamogeton nodosus Poir. —  — +  •1 + .1 —
M yriophyllum  sparsiflorum  C. W r. ex Sauv. +  .1 — — -

Ludw igia inclinata  (L. f.) H . Н ага +  ■1 — — +  •1
Ludw igia erecta (L .) H . Н ага +  .1 +  .1 — —
Utricularia m ixta  B arnh . +  .1 + .1 — —

2.1.2. Alliance: C e r a t o p h y l l o - C a b o m b i o n  p i a u h y e n s i s  Sa-
m ek an d  M oncada 1971
N eo trop ica l a q u a tic  v eg e ta tio n  form ed b y  subm erged  an d  p a r tly  em erged 

p lan ts  of p a lm a te - an d  p in n a tesec ted  leaves in  eu tro p h ic  or m odera te ly  oligo- 
troph ic  lakes.

A ssociations s tu d ied  in  Cuba:

2 .1.2.1. Cabonihetuin piauhyensis B orhidi an d  M uiiiz
The m o n o d o m in an t subm erged p la n t c o m m u n ity  of th e  Cabomba p ia u ­

hyensis only  w ith  some acc iden t com panions. I t  is rep resen ted  w ith  5 relevés 
m ade b y  A. B o r h i d i  an d  O. M u n i z  in th e  L ag u n a  A rig u an ab o  n ear to  G u an a jay  
(H ab an a  prov ince), J a n u a ry  1970. T ype: B élévé No. 1 (Table 13).

2.1.2.2. Nymphaeo-Caboinbetum piauhyensis S am ek  an d  M oncada 1971

The association  is fo rm ed  b y  tw o lay ers: th e  subm erged  layer of Cabomba 
and  th e  em ergen t lay e r o f th e  w ater-lilies w ith  la rge , en tire  floa ting  leaves.
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T h e  c o m m u n ity  is rep resen ted  w ith  5 re lev és , all m ade in  w h ite  san d  w e tlan d  
o f  W -C uba, tw o  b y  Sa m e k  an d  Mo n c a d a  in  S an ta  L ucia , th re e  o th e rs  b y  
A . B o r h id i  an d  R am o n a  Ovie d o  in  th e  A lca traz  M ayor (3 -4 -5 ). T y p e : R elevé 
N o. 1 (T able 14).

2 .2 . O rder: N Y M P H A E E T A L IA  A M P L A E  K nap p  1964
A q u a tic  v e g e ta tio n  form ed m o s tly  b y  roo ted  large sized em erg en t 

h y d a to p h y te s  w ith  f lo a tin g  leaves. T h e  com m unities belonging to  th is  socio­
log ica l u n it  live in  shallow  eu tro p h ic , o lig o troph ic  and  d y stro p h ic  fre sh w ate rs .

C h arac te ris tic  species: Brasenia schreberi, N ym phaea  ampla, N . blanda, N u p h a r luteum  
ssp . m acrophyllum , Hydrocotyle umbellata, N elum bo lutea, N ym phoides hum boldtiana, N . gra- 
y a n a , Potamogeton spp.

2.2 .1 . A lliance: Potam ion illinoensis B o rh id i 1979
S lig h tly  em ergen t, densely  closed  a q u a tic  sw ards m o stly  in  eu tro p h ic , 

s low ly  c u rre n t freshw aters.

Table 14

Nymphaeo-Cabombetum p ia u h yen sis  Sam ek e t M oncada 1971

1 2 3 4 5

Cover, % 90 75 80 75 85

Cabomba piauhyensis  Aubl. 3.3 3.3 3.3 4.4 4.5

N ym phaea odorata D ryand 4.5 3.2 2.3 1.3 2.2

N ym phoides aureum  (B ritt.)  B ritt ,  e t M illsp. — + .1  + .1 1.1 1.1

Ludivigia inclinata  (L. f.) H. Н ага — +  ■1 +  .1 —
Sa lvin ia  auriculata  Aubl. — —  — +  •1 +  .1
H ym enachne amplexicaulis (R udge) Nees. — +  .1 — —

Table 15

Potametum illinoensi-nodosi Borhidi e t Muniz 
(Potametum nodosi-m alaini Borhidi e t Muniz)

1 2 3 4 5

Cover, % 70 75 80 60 70

Potamogeton illinoensis Morong 3.3 3.4 5.5 3.3 3.4

Potamogeton Tiodosus Poir. 3.4 3.2 1.3 2.3

Utricularia fo lio  sa L. — + .1  1.1 — —
Hydrocotyle umbellata L. +  •1 + .1 — —
Vallisneria neotropicalis M. \ i c t . — 1.1 2.2 —

P aspalid ium  paludivagum  (L .) S ta p f +  •1 --- --- — —
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Table 16

N ym phaeo-Potam etum  nodosi Borhidi

1 2 3 4 5

Cover, % 100 90 95 80 100
Potamogeton nodosus Poir. 5.5 5.5 5.5 5.5 5.5
N ym phaea ampla  (Salisb.) DC. 2.2 2.2 1.3 2.2 —
Sagittaria lancifolia  L. 1.2 — +  •1 - +  •1
Utricularia fo liosa  L. 1.2 + .1 — 1.1 —
Utricularia m ixta  B arnh . — — — — +  .1
Proserpinaca pa lustris  L. — — — + —

T a b le 17

Hydrocotyletum umbellati Del Risco

1 2 3 4 5

Cover, % 60 70 75 80 70

Hydrocotyle umbellata L. 3.3 3.4 4.4 4.5 3.3
Utricularia fo liosa  L. + .1 +  .r — — —
Vallisneria neotropicalis M. Viet. 1.1 2.2 2.2 4.4 + .1
Scirpus validus (Vahl) T . K oyam a — +  .1 — 1.1 1.1
Paspalid ium  paludivagum  (L .) S tap f — — +  .1 -j-.r —
Polygonum punctatum  E ll. 1.1 — — — —

A ssociations s tu d ied  in  Cuba:

2.2.1.1. Potam etum  illinoensi-nodosi B orh id i an d  Muiiiz
A ra th e r  dense a q u a tic  p lan t co m m u n ity  form eds b y  tw o m ostly  co­

d o m in an t Potamogeton species. I t  can  be  fo u n d  m ain ly  in  th e  su b litto ra l zone 
o f th e  slow ly c u rren t low land  rivers an d  d ra inage  d itch es  o f w etlands an d  
sw am p areas. The 5 re p re se n ta tiv e  relevés (T able 15) w ere m ad e  b y  A. B o r h id i  
an d  O. M uniz  in  th e  Z a p a ta  Sw am p, M ay 1970. T ype: R e levé  No. 2. L aguna  
del Tesoro.

2.2.1.2. Nym phaeo-Potam etuin nodosi B orh id i
A n aq u a tic  p la n t co m m u n ity , s im ila r to  th e  fo rm er one, b u t i t  occurs 

fre q u e n tly  in co n tac t w ith  it  in shallow er freshw ater, on m udd ier b o tto m , 
rep lac ing  m ostly  sho rew ards th e  fo rm er association  in  th e  zonality . T he 
re p re se n ta tiv e  5 relevés w ere m ade by  A. B o r h id i  an d  O. M u n iz  a t th e  sam e 
localities an d  d a ta . T y p e : R elevé No. 1. Z a p a ta  Sw am p n e a r  B u en av en tu ra  
(Table 16).
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2.2 .1 .3 . H ydrocoty letum  u m bella ti Del R isco

A v ery  com m on p la n t  com m u n ity  o f Hydrocolyle um bellata , fo rm ed 
u su a lly  in  th e  tra n s it io n a l zone betw een  w ater-lily  m a t a n d  litto ra l sedge 
m arsh  or reed-grass m a rsh  com m unities. I t  is u sually  com posed  o f tw o lay ers , 
a su b m erg ed  and  an  em erg en t one. T he subm erged  d o m in an t can  be 1 allisne- 
ria, N a ja s , Potumogeton , Ceratophyllum  a n d  o thers. F ive re p re se n ta tiv e  relevés 
(T able  17) w ere m ade b y  E . D el  R isco  an d  A. B o r h id i  in  th e  L aguna del 
T esoro , n ear G uam a (Z a p a ta  Sw am p), in  O ctober and  N o v em b er 1974. T y p e : 
R elevé No. 4.

2 .2 .1 .4 .  Myriophylletum sparsiflori B orhid i
T his co m m u n ity  is a v e ry  ch a ra c te ris tic  association  o f  th e  little , shallow  

w h ite  sand  lakes, fo rm in g  th e  in n er b e lt o f th e  ro o ted  a q u a tic  v eg e ta tio n . 
I t  can  be found  in  s lig h tly  o ligo trophic , shallow  freshw aters on  sandy  b o tto m . 
R e p re se n ta tiv e  relevés (T able 18) m ade b y  A. B o r h i d i  an d  R am ona O v i e d o

T a b le  18

M y r io p h y l le tu m  s p a r s i f lo r i  B orh id i

1 2 3 4 5

Cover, % 70 80 90 85 95

M yriophyllum  spar siflor urn C. W r. ex 
Sauv. 3.4 4.4 4.5 4.4 4.5

Proserpinaca pa lustris  L. 1.2 2.2 +  .1 1.1 —

Cabomba p iauhyensis  Aubl. 1.1 — — — 1.2

Utricularia fo liosa  L. 2.2 - 1.1 - —

Utricularia m ixta  B arnh . — 1.1 - — —
M ayaca flu v ia tilis  ssp. wrightii (G riseb.) 

Borhidi - — — 1.1 —

Table 19

Brasenietum  schreberi Borhidi

1 2 3 4 5

Cover, % 80 75 90 85 70

Brasenia schreberi Gmel. 4.5 4.5 5.5 4.5 3.3

Nym phaea am pla  (Salisb .) DC. — + .1 — — 1.2

N uphar luteum  (L .) S ib th . et Sm. +  .1 +■1 — + .1 —

Potaraogeton nodosum  Poir. +  .1 — — — —

Utricularia fo lio sa  L. — — 2.2 — 1.2

Websteria conferoides (Po ir.) T. K oy. — - — — 1.2

Eleocharis interstincta  (Vahl.) R . y  S. — — — — 1.1
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in  th e  w hite  san d  w e tlan d  of W -C uba, M arch, 1976. T ype: R elevé N o. 4. 
L aguna  A lca traz  C hiqu ito , near Cortés (P in a r del R io province).

2.2 .2 . A lliance: N e l u i n b i o - N y m p h a e i o n  a m p 1 a e Sam ek  an d
M oncada 1971

E m erg en t fre sh w a te r  v eg e ta tio n  fo rm ed  h y  w a te r-lily  m ats and  b y  o th e r 
large-sized ro o ted  a q u a tic  p lan ts  w ith  large f lo a tin g  or em ergent leaves an d  
show y flow ers. T he com m unities belonging  to  th is  a lliance  grow in all ty p e s  o f 
freshw aters, b u t  m ore freq u en tly  in  d y stro p h ic  an d  oligo trophic ones. 

A ssociations s tu d ie d  in Cuba:

2.2.2.1. Brasenietum  schreberi B orhid i
E m erg en t, ro o te d  freshw ater p la n t  co m m u n ity  liv in g  m ostly  in  th e  in n e r 

side of th e  w ate r-lily  m a ts , in  som ew hat deeper w a te r  an d  on m u d d y  su b ­
s tra te . Brasenia  is m o n o d o m in an t, th e  com pan ions a re  th e  dom inan t species of 
th e  n e ighbour com m unities of th e  zo n a tio n . F ive  re p re se n ta tiv e  relevés w ere 
m ade b y  A . B o r h id i  in  th e  A riguanabo  lake , J a n u a ry , 1975. T ype: R elevé 
No. 3 (Table 19).

2 .2 .2 .2 . Nym phaeetum  amplae B orhidi a n d  M uniz
A ssociation  o f th e  v e ry  com m on w ater-lily  m a ts  o f the  A ntilles an d  

tro p ic a l A m erica, m en tio n ed  b u t n o t an a ly zed  b y  Ci f e r r i  (1936) an d  D a n - 
S E R E A U  (1966). T his co m m u n ity  is w idely  d is tr ib u te d  in eu troph ica l an d  
d is tro p h ica l lakes, p o n d s, dead  arm s o f riv ers  e tc . F iv e  rep resen ta tiv e  relevés 
m ade b y  B o r h id i  an d  M uniz  in  the  L ake A riguanabo  n e a r G uana jay , J a n u a ry , 
1970. T y p e : R elevé N o. 3 (Table 20).

2 .2 .2 .3 . Nupharetum macrophylli B orhid i an d  Del R isco
A v ic a r ia n t associa tion  o f th e  w ate r-lily  m a t in  shallow er, more d y stro p h ic  

fre sh w ate r an d  m u d d ier sites. Som ew here i t  is in c o n ta c t shorew ards w ith

Table 20

Nymphaeetum  amplae B orh id i e t Muííiz

l 2 3 4 5

Cover, % 80 90 85 90 80

N ym phaea ampla  (Salisb.) DC. 4.4 5.5 5.5 5.5 5.5

Brasenia schreberi Gmel. 2.2 — — — —
N uphar luteum  ssp. macrophyllum  (Small) 

Beal. _ 1.1 _ +  .1 _
Potamogeton nodosus Poir. — +  •1 2.2 — 2.2

Utricularia foliosa  L. 2.2 - 1.1 1.1 + •2

Eleocharis interstincta  (V ahl.) R. y  S. +  •1 +  •1 — — + Л

Ludw igia erecta (L .) H . Н ага — +  •1 — — —
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Table 21

N upharetum  macrophylli B orhidi e t Del Risco

l 2 3 4 5

C over, % 80 70 85 65 75
N u p h a r luteum  ssp. macrophyllum  (Sm all) 

Beal. 4.4 3.3 5.5 4.4 4.5
N ym phaea  ampla (Salisb.) DC. 2.2 2.3 1.3 2.2 1.2

Potamogeton nodosus Poir. 2.2 — 1.2 — —
U tricularia foliosci L. 2.2 — — -j-.2 -J-.2

Eleocharis interstincta (Vahl.) Б . y  S. — 1.1 — l . i —
Sagittaria  lancifolia L. — - + .1 — —
Polygonum punctatum  Ell. — — +  .1 — —

Table 22

Nelum bonetum  luteae Sam ek e t M oncada 1971

1 2 3 4 5 6 7 8 9 10

C over, % 80 50 85 70 85 80 90 85 100 95

N elum bo lutea (W illd.) Pers. 4.4 3.3 1.3 1.2 4.4 3.4 4.5 4.4 4.4 3.3

Eleocharis interstincta (Vahl.) 
R . y  S. _ 2.3 2.3 2.3 1.2 1.2 ____ — — —

N ym pho ides aurea (B ritt.) 
B r i t t ,  e t Millsp. — 2.2 1.2 3.2 — — — — — —

N ym p h a ea  ampla (Salisb.) DC. — — — — 1.1 3.3 3.3 2.3 4.4 4.4

U tricu laria  foliosa  L. 2.2 2.2 - — — 2.2 1.3 2.3 1.2 + .2

P a n icu m  gem inatum  Forsk. — — 3.3 1.2 — +  .2 1.2 — — —

P a n icu m  parvifolium  Lam . — — — 1.2 - - — — — —

R hynchospora cyperoides (Sw.) 
M art. _ _ ____ 1.1 ____ ___ ____ ____ — —

Schoenoplectus validus (Vahl.) 
K oy . — — — — — 1.1 2.2 1.2 1.1 1.2

U tricularia  m ixta  B arnh. — — - — — — +  .2 — + .2 —

w a te r- lily  m at. F ive  re p re se n ta tiv e  relevés w ere m ade b y  B o r h id i  an d  D e l  
R isc o  in  th e  Z ap a ta  Sw am p, E . o f B u e n a v e n tu ra , Z an ja  de J iq u i, an d  b y  
B o r h i d i  in th e  L ag u n a  del T esoro , O cto b er and  N ovem ber 1974 an d  M arch 
1975, respective ly . T ype : R elevé No. 1 (T able 21).

2 .2 .2 .4 . Nelumbonetum luteae S am ek an d  M oncada 1971
T he A m erican lo tu s  m a t a ssoc ia tion  form ed b y  la rg e  leaved , h ig h ly  

e m e rg e n t, roo ted  w a te r p la n ts  is r a th e r  com m on in th e  l i t to ra l  zones of b o th  
e u tro p h ic  and  o ligo trophic  fre sh w a te r  lakes. I t  is m ostly  a 2 or 3 -layered
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co m m u n ity , w ith  a h igh  em ergen t lay er of N elum bo lu tea , a less em ergent 
lay e r w ith  f lo a tin g  leaves of N ym phaea , N uphar  an d  Potamogeton  species and 
a subm erged lay e r fo rm ed  m o stly  b y  U tricularia  species. T en  rep re sen ta tiv e  
relevés can be d iv ided  in to  tw o subassociations. R elevés Nos 1-5 rep resen t 
th e  subass. eleocharetosum interstinctae (relevés m ade b y  S a m e k  and  M o n c a d a  

a t  S ab an a lam ar, in  o ligo troph ic  lak es; ty p e  relevé: N o. 1). R elevés Nos 6-10 , 
m ade by  R o r h i d i  an d  M u n i z  in  th e  L aguna A rig u an ab o , J a n u a ry , 1970, 
rep re sen t th e  subass. nym phaeetosum  amplae  of th e  m ore eu troph ic  w ate rs 
(T able 22).

2 .2 .2 .5 . Eichhornio heterospermae-Nyniphoidetuni aureae Sam ek and  M oncada 
1971

This is an a q u a tic  associa tion  o f th e  sligh tly  o ligo troph ic  till eu troph ic  
shallow  lakes of W -C uba, com posed b y  ro o ted  flo a tin g  leav ed  aqua tics (N ym -  
phoides , M arsilea , N ym phaea) an d  of free flo a tin g  a q u a tic s  (E ichhornia , Sal- 
v in id ). Ten re p re se n ta tiv e  relevés w ere m ade in  th e  L ag u n a  S an ta  L ucia , 
n e a r  M antua , a t th e  edge of th e  w h ite  san d  area o f W -C uba, by  S a m e k  y  
M o n c a d a . The relevés 1—5 rep re sen t th e  subass. m arsilietosum  polycarpae, 
th o se  o f Nos 6 -7  rep re sen t th e  subass. ty p icu m , an d  8 -1 0  th e  subass. cabombe- 
betosum. The ch a rac te ris tic  species of th e  subassocia tion  m arsilietosum  is cor­
re c tly : M arsilea po lycarpa  H ook, e t G rev. an d  n o t M . quadrifo lia  L. as i t  w as 
pu b lish ed  by  th e  m en tio n ed  au th o rs . T ype : R elevé N o. 6 (T able 23).

Table 23

Eichhornio heterospermae-Nymphoidetum  aurei Sam ek e t M oncada 1971

marsilietosum cabombetosum

1 2 3 4 5 6 7 8  9 10

Cover, % 95 45 75 80 90 80 40 100 60 80
N ym phoides aureum  (B ritt .)  

B ritt ,  et Millsp. 4.4 2.2 3.3 3.4 4.4 4.4 2.3 1.2 1.1 2.3
Eichhornia heterosperma 

A lexander +  .1 1.2 2.3 + .1 1.2 1.1 1.2 5.5 2.2 +  .1
Salvin ia  auriculata Aubl. + .1 +  .1 +  .1 + .1 1.3 +  .1 +  .1 — + .1 —
M arsilea polycarpa Hook, et 

Grev. 3.2 2.2 1.2 3.3 3.3 _ _ _ _
Polygonum  punctatum  EIL +  .1 + .1 +  .2 + .1 — — — — — —
Cabomba piauhyensis Aubl. — — — + .1 +  .1 — — 2.3 3.3 2.3
N ym phaea odorata D ry and. — — — — — — — — 2.2 3.3

Lutlw igia inclinala (L. f.) H . 
Н ага 1.2 +  .1 +  .1 _

Hym enachne amplexicaulis 
(R udge) Nees. — +  .1 +  •1 — — — — — — —
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2 .2 .2 .6 . Nymphoidetum aurei B orh id i
A ssociation  m o n o d o m in an t fo rm ed  by  N ym phoides aurea  in  shallow  

s lig h tly  oligotrophic lakes o f th e  w h ite  sand  area. T ype: R elevé N o. 1 (Table 
24) m a d e  b y  S a m e k  an d  M o n c a d a  in  th e  L aguna S an ta  L uc ia , o th e r  relevés 
(N os 2 -5 ) m ade b y  B o r h i d i  an d  O v i e d o  in  L aguna L a M aqu ina , M arch, 1976.

2 .2 .2 .7 . Nymphoidetum grayani B orh id i
F resh w ate r p la n t asso c ia tio n  fo rm ed  b y  roo ted , f lo a tin g  leav ed  aqua tics, 

in  shallow , eu troph ic  w a te rs  o f lim estone  carstic  p its  in  S o u th  Isle  of P ine 
a n d  P en in su la  of G u an ah acab ib es . T he five rep re sen ta tiv e  re levés were m ade 
b y  B o r h i d i , 26 D ecem ber 1969, be tw een  Cayo P ied ra  an d  P u n ta  del E s te ’ 
Is la  de Pinos. T ype: R elevé No. 3 (T able 25).

2 .2 .2 .8 . Polygonetum densiflori B orh id i
Seasonally  flooded  fre sh w a te r  p la n t co m m unity  fo rm ed  b y  aq u a tic  and  

a m p h ib ie  p lan ts  in  th e  l i t to ra l  zone o f th e  shallow , m u d d y  sw am p lakes. I t  is

Table 24

N ym phoidetum  aurei Borhidi

l 2 3 4 5

Cover, % too 80 65 70 90

Nymphoides aurea (B ritt .)  B r itt ,  e t 
Millsp. 5.5 4.5 3.4 4.4 4.5

Nymphaea odorata D ry  and. — + .1 2.2 + •2 1.2

Ludwigia inclinata  (L. f.) H . Н ага 1.2 — 1.2 — + .2

Ludwigia erecta (L .) H . Н ага — - f . l — +  .1 + .1
Hymenachne amplexicaulis (B udge) Nees. 1.2 — — — +  .1
Cabomba p iauhyensis A ubl. — — — +  •1 1.2

Caperonia palustris  (L .) S t. H il. — +  •1 — —

Table 25

N ym phoidetum  grayani Borhidi

1 2 3 4 5

Cover, % 80 70 90 75 80

Nyjnphoides grayana  (G riseb.) A rth u r 4.5 4.4 5.5 4.4 4.5

Cabomba piauhyensis  A ubl. +  •1 — и — + .2

Nymphaea ampla  (Salisb.) DC. +  .2 +  •1 — — —

Hydrocotyle umbcllata L. — - - + .1 — 1.1

Marsilea poly car p a  H ook, e t G rev . 1.2 +  •1 — — +  .1
Salvinia natuns L. — +  ■1 — +  .1 —
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Table 26

Polygonetum densiflori Borhidi

1 2 3 4 5

Cover, % 80 95 100 100 90
Polygonum densiflorum  Meisn. 3.3 4.5 5.5 4.4 4.4
Eleocharis interstincta  (V ahl.) R . y  S. +  •1 — 1.2 1.1 —

Sagittaria lancifolia L. 1.1 — — — —
Hydrocotyle umbellata L. - Ы 1.2 2.2 2.2 —
N ym phaea ampla  (Salisb.) DC. — +  .1 — — 2.2
P anicum  gem inatum  Forsk . — + .1 — — 1.1
Ludw igia  erecta (L .) H. Н ага + .1 — +  .1 — —
H ymenachne amplexicaulis (R udge) Nees. — — — 1.1 —

Table 27

Limnocharietum  flavae  Borhidi

1 2 3 4 5

Cover, % 100 100 100 100 100

Lim nocharisfla v a  (L.) B uchen. 5.5 5.5 5.5 5.5 5.5

Rhynchospora cyperoides (Sw.) M art. 1.1 +  •1 — —
Rhynchospora stellata (L am .) Griseb. +  .1 — 1.2 1.1 1.2

F im bristylis ovata (B urm . f.) K ern . — 1.1 — 1.2 —

F uirena umbellata R o ttb . +  •1 +  •1 1.1 1.1 +  ■1
Eleocharis cellulosa Torrey — 1.1 — — —
C rinum  americanum  L. — — — — +  .2

a tra n s itio n a l co m m unity  to  th e  grass an d  sedge m arshes. F ive  re p re se n ta tiv e  
relevés m ade b y  B o r h i d i  in  th e  Sw am p area  of B a tab an o . T ype : R elevé N o. 3 
(Table 26).

2 .2 .3 . A lliance: C r i n o - L i m n o c h a r i o n  f  1 a v a e B orhidi 1979
E m erg en t aq u a tic  v e g e ta tio n  of th e  slow ly c u rre n t, shallow , s ligh tly  

eu tro p h ic  freshw aters, fo rm ing  dense sw ards along th e  creek- an d  riversides.

C harac te ris tic  species; Crinura am ericanum , C. oliganthum , Lim nocharis fla va , F u irena  
umbellata, Rhynchospora  spp.

A ssociations stud ied  in  C uba:

2.2.3.1. Limnocharietuin flavae Borhidi
A ssociation  of sw am p-lily  form ed in  shallow , beds of slowly c u rre n t 

fre sh w ate r s tream s, especially  in  riv e r bends. Five rep re sen ta tiv e  relevés m ade
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b y  B o r h id i  in  R io C ris ta l, L a H ab a n a  a n d  R ancho  B oyeros, O ctober, 1969. 
T y p e : R elevé N o. 3 (T able  27).

3. C lass: CL A DIETE A JAMA1CENSIS K n a p p  1964

H igh  reed -g rass, sedge-, w in tersedge-, c a tta il-m arsh es  an d  sw am ps, 
riv ercan e- an d  b am b o o -b rak es in  th e  re g u la rly  flooded a llu v ia l surfaces and 
l i t to ra l  zones o f th e  lo w lan d  rivers in  C en tra l A m erica an d  W est Ind ies.

3.1. O rder: G Y N E R IO -B A M B U S E T A L IA  B o rh id i 1979
R ivercane- an d  b am boo-b rakes m o n o d o m in an t, fo rm ed by  3 -10  m high, 

o ften  lignified g ram in eas, along th e  riversides.

C h arac te ristic  species: G ynérium  sagittatum , B am busa vulgaris (n a tu ra lized ), A rundo  
donax, e tc .

3.1.1. A lliance: G y n e r i o n  s a g i t t a t i  B orhid i 1979
W ith  th e  sam e ch a rac te ris tic s  as in th e  o rder. A ssociation  s tud ied  in Cuba:

3.1.1.1. Gynerietum sagittati B orhidi
3.2. O rder: C Y P E R O  H E T E R O P H Y L L I-P E N N IS E T E T A L IA  B orh id i 1979

S econdary , a n th ro p ie a lly  cond itioned  reedgrass- an d  sedge-m arshes along 
th e  g ravelly  su b m o n tan e  an d  m o n tan e  creeks an d  riversides.

C harac te ris tic  species: Cyperus heterophyllus, C. surinam ensis , P ennisetum  p u rp u ­
reum , etc.

3.2.1. A lliance: C y p e r i o n  h e t e r o p h y l l i  B orhid i 1979
W ith  th e  sam e ch a rac te rs  an d  in  th e  o rder, rep resen ted  w ith  several 

an th ro p iea lly  co n d itio n ed , secondary  associations in C uba and  th e  o th e r 
A ntilles.

3.3. O rder: S C IR P O -E L E O C H A R IE T A L IA  IN T E R S T IN C T A E  B orh id i an d  
M uniz 1979

Big sized sw am p an d  m arsh  v e g e ta tio n  form ed b y  gram ineas and cype- 
raceas in  s te a d y  or seasonally  flooded  e u tro p h ic , d y stro p h ic  or s ligh tly  saline 
w e tlan d  areas, w ith o u t a con tinuous accu m u la tio n  of p ea t in  th e  soils.

C h arac te ristic  species; Schoenoplectus va lidus, S . am ericanus, Eleocharis interstincta, 
E . cellulosa, E . articulata, Cyperus articulatus, C. d iffu su s , C. sw artzii, Sagittaria lancifolia, 
S . interm edia , E chinodurus  spp ., Puntederia lanceolata, P aspa lid ium  pa lud ivagum , P anicum  
aquaticum , P. lacustre , Rhynchospora corniculata , R . gigantca , etc.

3.3.1. S a g i t t a r i o - E l e o c h a r i o n  i n t e r s t i n c t a e  B orhid i and 
D el R isco 1979

H igh sp ike-rush  an d  sedge m arshes in  eu tro p h ic  or s ligh tly  saline fresh- 
w aters of low w e tlan d s . C harac te ristic  species are  th e  sam e as in th e  order.
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A ssociations s tud ied  in C uba:

3 .3 .1 .1 . Sagittario-Eleocharetum interstinctae Del Risco
A ssociation  o f th e  litto ra l zone o f  th e  m uddy  eu tro p h ica l an d  p e a ty  

d y stro p h ic  lakes, ponds and hogs o f  th e  sw am p- and w etlan d  a reas, fo rm ed  by  
th e  dom inan t sp ike-rush  species, sedges an d  w ith  a lay e r o f a q u a tic  p la n ts . 
F iv e  rep re sen ta tiv e  relevés w ere b y  A. B o r h id i  and  0 .  M u n i z , in  1970 and  
la te r  by  E . D el  R isco  and A. B o r h i d i  (1974-1975), all in th e  Z a p a ta  Sw am p. 
T y p e : R elevé No. 3 (Table 28).

3 .3 .1 .2 . Paspalidietum paluilivagi Del R isco an d  Borhidi
M onodom inan t association o f h igh , em ergen t g ram ineas fo rm ing  a low er 

v eg e ta tio n  zone a t  th e  inner side o f  th e  reed-grass or c a tta il  zone in  th e  su b ­
l i t to r a l  be lt of th e  eu troph ic  or d y s tro p h ic  lakes. In  ty p ic a l fo rm  i t  is a one­
lay e red  co m m unity , b u t in deeper w a te r  develops a tw o-layered  fo rm , w ith  a 
dense second h e rb  lay e r form ed b y  subm erged  aq u a tic  p la n ts . In  o u r fiv e  
re levés, all m ade b y  E . D el R isco a n d  A. B o rh idi  in th e  Z a p a ta  Sw am p a rea  
{M arch, 1975), Nos 1 -3  rep resen t th e  tw o -lay e red  subass. vallisnerietosum , a n d  
N os 4—5 th e  subass. typicum . T y p e : R e levé  No. 4 (Table 29).

Table 28

Sagittario-Eleocharietum interstinctae Del Risco

l 2 3 4 5

Cover, % to o 100 90 90 100
Eleocharis interstincta  (Vahl.) R. y  S. 4.5 5.5 5.5 4.5 5.5
Pontederia lanceolata N u tt. 2.4 — 1.2 — —

Sagittaria lancifolia  L. 1.1 2.3 2.3 2.2 + .2
N uphar luteum  ssp. macrophyllum  

(Small) Beal. 2.2 + . r — _ _
Nymphaea ampla  (Salisb.) DC. — + . r 1.2 2.3 2.2
Polygonum punctatum  Ell. +  -r — — 1.1 —
Typha domingensis (Pers.) K unth — 1.1 — — —
Cyperus ligularis L. — 1.1 + .1 — —
Potamogeton nodosus Poir. — +  .1 — + .1 1.1
Proserpinaca pa lustris  L. — +  .1 + .1 — —
Rhynchospora stellata Griseb. — 1.2 — + .1 —
Hymenachne amplexicaulis (Rudge) Nees — — — — +  .1
Phyla stoechadifolia (L .) Small — + . r — — —
M ihania  hastata (L .) W illd. — +  .Г — — —
Scirpus cubensis Poepp. y  K unth 2.3 — 1.2 + .1 —
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3.3.1.3. E leochare tum  cellu losae B orh id i
H igh sp ike-rush  m arsh  association  w ith  tw o herb  lay e rs  form ed in  th e  

eu tro p h ic  w etlands a n d  th e  d y stro p h ic  to  s lig h tly  h a lo tro p h ic  seaside sw am ps

Table 29

P aspalidietum  paludivagi Del Risco et Borhidi

l 2 3 4 5

Cover, % 100 100 95 100 90

P aspalidium  p a lud ivagum  (L .) S tap f 5.5 4.5 4.5 5.5 4.5

Vallisneria rieotropicalis M. Viet. 5.5 2.3 2.2 — —
Fypha domingensis (Pers.) K u n th . +  •1 — — +  .1 —
Hydrocotyle utnbellata  L. — — — 1.2 2.2

Schoenoplectus va lidus  (Vahl) Koy. — — 1.1 — 1.2

Proserpinaca pa lu str is  L. — + .1 — -

Panicum gem inatum  Forsk . — — +  •1 — —
Aeschynomene villosa  Poir. in Lam . — — — — + . 1

Table 30

Eleocharetum cellulosae B orhidi

1 2 3 4 5

Cover, % 100 95 100 90 100

Eleocharis cellulosa T orrey 5.5 4.4 5.5 3.4 4.4

Sagittaria lancifo lia  L. +  .1 — — 1.1 —

Sporolobus v irg in icus  (L .) K u n th +  .1 — - 1.1 —

Echinodorus berteroi (Spreng) F asse tt — +  •1 — — 1.1

Fim bristylis annua  (All.) R . y  S. 2.2 1.2 2.2 1.2 2.2

F im bristylis spadicea  (L .) Vahl. — 2.2 — 1.2 1.2

Rhynchospora stellata Griseb. 2.2 1.1 2.2 +  .2 +  .2

Rhynchospora corniculata  (Lam .) A. Gray. — +  •1 — +  .2 -

Veliveria zizanoides (L .) N ash — — 1.2 — —

Ludicigia suffru ticosa  Maza + •1 +  •1 - —

Pontederia lanceolata N u tt +  .2 +  •2 +  .1 - -

Phyla stoechadifolia  (L .) Small — — + .1 +  .1 —

Hydrocotyle verticillata  Thunb. — — — 4_.2 1.1

Cynodon dactylon  (L .) Pers. — — 1.2 2.2 2.2

Ipomoea n il (L .) R o th . — — — — + .1

Ludw igia peruviana  (L .) H. Н ага — — — +  .1 -r  -2
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Table 31

Cypereteum articulati Borhidi

l 2 3 4 5

Cover, % 100 100 85 95 100

Cyperus articulatus L. 4.5 5.5 4.5 4.4 5.5

Cyperus ligularis  L. +  .1 1.1 +  .2 +  -1 + . ]
Rhynchospora stellata Griseb. 1.1 1.2 2.2 2.3 + .1
Limnocharis f la v a  (L.) Buchen. +  .2 — — —
Paspalum vaginatum  Sw. — — 1.1 1.1 —
Cyperis fil i fo rm is  Sw. — +  .2 +  •1 — 1.2

Eleocharis interstincta  (Vahl.) R . y  S. +  .2 — — 1.1 —
Aster exilis E ll. +  .1 1.1 2.2 1.2 —

Pluchea purpurascens (Sw.) DC. — — +  •1 2.2 —
Pluchea rosea Godfr. +  .1 1.1 — — —

Ruellia panicu la ta  L. — +  .] — — —
Phyla stoechadifolia  (L .) Small — — — 2.2 1.1

Nephrolepis biserrata (Sw.) S ch o tt 1.1 — 1.1 — —
Bacopa m onnieri (L .) Pennell — 2.4 — 2.3 2.3

N asturtium  portoricense Spreng. 2.2 — 2.3 1.3 —
Ipomoea triloba L. — +  .1 — — —
M ika n ia  hastata (L .) W illd. — — — +  •1 —
Commelina erecta L. +  .2 — — — —

a n d  m arshes. T he h igh  herb lay e r is com posed of th e  m o n o d o m in an t Eleocha­
ris ccllulosa, Pontederia lanceolata, Sagittaria  lancifolia F im bris ty lis  spp ., th e  
low er one is form ed b y  Rhynchospora stellata, C ynodon , Hydrocotyle an d  Echino- 
dorus  spp. Five rep resen ta tiv e  re lev és  w ere m ade b y  B o r h i d i  in  th e  m arshes 
o f R an ch o  Boyeros an d  th e  seaside sw am ps of B a tab an o , O ctober an d  D ecem ­
b e r, 1969. T ype: R elevé No. 1 (T able  30).

3 .3 .1 .4 . Cyperetnm  a rticu la ti B orh id i
A tw o-layered  sedge m arsh  asso c ia tio n  on reg u la rly  flooded , m u d d y  

s ites along slowly c u rre n t sw am p s tre a m s. T he h igh herb  lay e r is fo rm ed  b y  
th e  m onod o m in an t Cyperus articu la tus, m ixed  w ith  Rhynchospora stella ta , 
Eleocharis interstincta  an d  P a spa lum , A ster , Pluchea , e tc. species, th e  o th e r 
h e rb  lay e r is v e ry  low , form ed b y  B ulbostylis steacea, P hyla  stoechadifolia, 
B acopa m onnieri an d  N asturtium  portoricense. F ive  rep re sen ta tiv e  relevés w ere 
m ad e  b y  B o r h i d i , a t  th e  n o rth e rn  edge  o f th e  B a tab an o  w e tlan d , D ecem ber, 
1969. T ype: Relevé N o. 3 (Table 31).
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3.3 .1 .5 . Schoenoplectetum  validi B orhidi an d  M uniz
A h igh sedge m arsh  associa tion  in  th e  l i t to ra l  zone o f th e  eu troph ie  and  

s lig h tly  d istroph ic  lakes a n d  ponds, w here i t  genera lly  su b s titu te s  th e  lack in g  
reed -g rass- and  c a tta il  m arsh es. I t  has a seasonally  flooded  te rre s tr ia l form  
(R elevés Nos 1 - 5 ,  T ab le  3 2 )  considered b y  m e as subass. ty p icu m , ch a rac ­
te riz e d  b y  helop h y tes  as Centella erecta, Pontederia lanceolata , Bulbostylis an d  
F im b ris ty lis  spp . ( ty p e : R elevé No. 3 ) ,  an d  a p e rm an en tly  flooded aq u a tic  
fo rm  (R elevés Nos 6 - 1 0 )  considered  b y  m e as subass. vallisnerietosum , ch a rac ­
te r iz e d  b y  h y d ro p h y te s , as Vallisneria  an d  L tricu laria  spp . (ty p e : R elevé 
N o. 9 ) .  Relevés (T able 3 3 )  m ade by  B o r h i d i  an d  M u n i z , M ay, 1 9 7 0  an d  by  
B o r h i d i  and  D e l  R i s c o , M arch, 1 9 7 5 ,  in  th e  L ag u n a  del Tesoro, Z a p a ta  
Sw am p.

Table 32

Schoenoplectetum validi Borhidi et Muniz

1 2 3 4 5 6  7 8 9 10

Cover, % 60 65 80

Schoenoplectus validus 3.4 3.5 4.5

Vallisneria neotropicalis M. 
Y ict. — — _

U tricularia foliosa L. — +  •1 —

N ym phaea ampla (Salisb.) 
DC. +  .1 _ _

Hydrocotyle umbellata L. +  .1 +  •1 —

Centella erecta (L. f.) Fern . +  .1 l . l 1.1

Sagittaria lancifolia  L. — - +  ■1
Echinodorus berteroi 

(Spreng.) F asse tt +  .1 +  .1 —
Pontederia lanceolata N u tt . +  .1 1.1 1.2

Eleocharis interstincta 
(V ahl.) R . y  S. 1.1 _ —

Rhynchospora corniculata 
(L am .) A . Gray — + •1 + .2

Rhynchospora gigantea L ink. +  .1 — —
Bulbostylis capillaris (L .) 

С. B. Clarke _ +  .2 2.2

Fim bristylis ovata (B urm . 
f.) K ern 1.1 +  .1 1.2

F im bristylis castanea 
(Michx.) Vahl. 1.1 1.2 1.1

Paspalid ium  paludivagum  
(L .) S tap f _ _ _

70 55 100 100 100 100 100

4.4 3.4 3.5 4.4 3.3 3.4 4.4

— — 5.5 3.5 4.5 5.5 3.4

— 1.2 1.1 +  •1 1.2 +  .1 +  •2

1.1
_ 1.1 +  •1 +  .2 1.1 1.1

+  .1 — — — — — —

+ .1 + .1

1.2 2.2 — — — — —

1.2

+ .1

—

— — —

—

1.2

1.2

2.2 _ _ _ — —

2.2 +  .2 — — — — —

+  .2 1.1 _
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Table 33

Acrostycho-Schoenoplectetum americanae Borhidi

1 2 3 4 5

Cover, % 100 100 100 100 100

Schoenoplectus americanus Pers. 4.4 3.4 3.3 5.5 4.5
Acrostichum aureum  L. 3.4 3.5 4.4 3.3 3 4

Eleocharis cellulosa Torrey 1.1 — 1.2 — —
Fim bristylis a nnua  (All.) R. y  S. — 1.1 — +  .2 —
Typha dom ingensis (Pers.) K u n tli. — - - 1.1 — +  .1
Baccharis ha lim ifo lia  ssp. angustior DC. +  .1 — + .1 +  .1 —
Fim bristylis ovata (Burm . f.) K ern . — +  .2 — — —
H eliotropium  curassavicum  L. — — + •1 — —
Conocarpus erecta L. — — — +  .2 —
Cladium jam aicense  Crantz — — — — +  .1

T ab le  34

Rhynchosporeto-Eleocharetum interstinclae Sam ek e t M oncada 1971

A в c

Eleocharis interstincta  (V ahl.) R. y S. V. d---- 4 V. d ~ 3 V. 2— 5

Rhynchospora cyperoides (Sw.) Mart. V . H---- 2 V. d---- 2 V. 1— 3

X y r is  grandiceps G riseb. p. m aj. p. V. -1---- 2 IV r— 1 I I I .  1— 2

Utricularia foliosa  L. I I I .  H-----2 V. + — 2 I I I .  2— 3

P anicum  parvifo lium  Lam . V. -)— 3 — —
P a n icu m  tenerum  B eyr. I I I .  d— 2 I. + —
P a n icu m  lacustre H itch c . y  Ekm an I. 2 I. _L —

Scirpus confervoides Poir. — V. 1— 4 I. d-
Utricularia purpurea  W alt. I. + I. 1 —
Blechnum  serrulatum  A. Rich. I. + — —
Caperonia palustris (L .) S t. Hil. — I. + —
Rhynchospora gigantea L ink — — I. +

A : panicetosum  (7 sam ples); B: scirpetosum  (5 sam ples); C: typicum  (5 sam ples)

3.3 .1 .6 . A crostycho-Schoenoplectetum  am erican ae  B orhidi
A h a lo tro p h ic  sedge m arsh  a sso c ia tio n  o f th e  seaside w etlan d s in  th e  

tra n s it io n a l zone o f  th e  eutrophic o r  d y s tro p h ic  w etlands or sw am ps to  th e  
m an g ro v e . The assoc ia tion  is ch a rac te rized  b y  th e  co -dom inan t Schoenoplectus
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américaines and  Acrostichum  aureiim , accom pan ied  b y  helophy tes as T yp h a  
and  C ladium , an d  b y  ob lig a te  and  fa c u lta tiv e  h a lo p h y te s  as Conocarpus erecta, 
H elio tropium  curassavicum , Baccharis ha lim ifo lia  ssp. angustior and Eleocharis 
cellulosa. T he five  relevés were m ade b y  B o r h i d i  (D ecem ber, 1969) n ea r 
B a tab an o . T ype : R elevé No. 4 (Table 33).

3.3.2. A lliance: R h y n c h o s p o r o - E l e o c h a r i o n  i n t e r s t i n c t a e
Sainek an d  M oncada 1971
Sedge m arsh  v e g e ta tio n  of th e  l i t to ra l  zone in  th e  oligotrophic lakes o f 

th e  w hite  sand  w e tlan d  o f W -Cuba. I t  is ch a rac te rized  b y  acidophilous, little  
sized hydro - an d  h e lo p h y te s , m any  of th e m  endem ics.

Table 35

Eleocharetum interstinctae Sam ek e t M oncada 1971

A B C

Eleocharis interstincta  (V ahl.) R . y S. 

Paspalum  serratum  H itchc . y  Chase

M ay аса flu v ia tilis  ssp. w rightii (Griseb.) 
Borhidi

Utricularia foliosa L.

Aeschynomeme tuberculata Griseb. 

Rhynchospora cyperoides (Sw.) M art. 

Sacciolepis striata (L .) N ash.

Vigna  sp.

Panicum  lacustre H itchc. y  E km an 

Scirpus confervoides Poir.

N ym phaea ampla  (Salisb.) DC.

X yr is  grandiceps Griseb.

Caperonia palustris (L .) S t. H ill 

Pontederia lanceolata N u tt.

Brasenia schreberi Gmel.

Utricularia purpurea  W alt.

P anicum  gem inatum  Forsk.

Nym phoides aureum  (B ritt .)  B ritt , et Millsp. 

F uirena scirpoidea M ichx.

Rhynchospora gigantea L ink.

Ludw igia repens Fo rst.

Salvin ia  auriculata  Aubl.

V . 1- 5 V. H— 4 V. 2- -3

II. 1 - 3 I. + — —

I. 2 -3 — —

I. 3 4 I I . -I—  2 II. 1

I. r — (- — I. 1

I.
T

+ I. + I. + — 1

1 .

I.

r

1 I. 1 — —

I. 1 — — — —

I. -p- i n . 2— 4 —

I. r V. 1 3 ! ! H----- 2

I. 1 — — —

I. —

I . 4- I. + —

— II. 4— 3 — —

— I. 1— 2 — —

— V. +  — 4

— — — — II. H-----3

— — — I. 1

— I.
T

+

I I I 1 .

T. +

B: nymphaeetosum amplae (13 sam ples); A: typ icum  (10 sam ples); C: panicetosum  gemi- 
nati (9 sam ples)
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Characteristic species: Eleocharis interstincta, E . alveolata, E . m in u tiss im a , E . oligantha, 
X y r is  grandiceps, X .  flexuosa, Rhynchospora gigantea, R . cyperoides, P a n icvm  lacustre, P . pa rv i-  
fo liu m , P. tenerum , M ayaca wrightii. T he  alliance has an intermediate position w hith in  the  
oligopsammosere between Mayacetalia f lu v ia t i l is  and Rhynchosporeto-Xyridetalia.

A ssociations stud ied  in C u b a :

3 .3 .2 .1 . Rhynchosporeto-Eleocharetum  interstinetae Sam ek an d  M oncada 1971 
This a ssoc ia tion  occupies th e  superio r p a r t  of th e  l i t to ra l  zone o f th e

o ligo trophic  w h ite  sand  lakes in  th e  W -C uba w etland . I t  can  be d iv ided  in to  
th re e  subassoc ia tions, each re p re se n tin g  a l i ttle  b e lt in  th e  zo n a tio n . T he 
su b ass . panicetosum  parvifo lii o ccup ies th e  ex te rio r p a r t , th e  subass. scirpeto- 
su m  confervoidis th e  cen tral p a r t  an d  th e  subass. ty p icu m  th e  tra n s itio n a l 
p a r t  to  the  in n e r side of the l i t to r a l  zone (Table 34).

3 .3 .2.2. Eleocharetuin interstinetae Sam ek and  M oncada 1971
This sedge m arsh  associa tion  occurs in th e  sam e area  in  c o n ta c t w ith  

th e  fo rm er one. I t  form s the in n e r  rin g  of th e  litto ra l  belt being  d iv ided  in to  
th re e  subassoc ia tions. The su b ass . nym phaeetosum  is p e rm a n e n tly  flooded , 
th e  subass. typ icu m  is seasonally  flooded , generally  in  a u tu m n , th e  subass. 
panicetosum  fo rm s th e  tran s itio n a l zone to  th e  fo rm er association  (T able 35).

3.4. O rder: T Y P H E T O -C L A D IE T A L IA  JA M A IC E N SIS  B orh id i an d  D el 
R isco 1979

(S yn.: Pontederio-Cladietalia  K n a p p  1964 an d  Rhynchosporo-C ladietalia  
K n a p p  1964 p .p .) . R eed-grass a n d  h igh sedge m arshes and  sw am ps g en era lly  
on p e rm an en tly  flo o d ed  sites, w ith  p e a t accum ulation  in  th e  soils.

3.4 .1 . A lliance: T y p li i о n d o m i n g e n s i s  Del Risco 1979 
R eed-grass an d  ca tta il m a rsh es , h igh sedge m arshes an d  M aran th aceae -

sw am ps in  eu tro p h ic  or dystroph ic  w e tlan d s on tu r fy  soils.

Characteristic species: Typha dom ingensis, Phragmites australis, C ladium  jam aicense , 
Pontederia lanceolata, F uirena umbellata, Cyperus giganteus, Thalia  geniculata, E rian thus  
giganteus, etc.

3.4 .1 .1 . Typhetum domingensis B o rh id i an d  M uniz
C a tta il m arsh es in eu tro p h ic  a n d  d y stro p h ic  w etlands com m only  as 

p e rm a n e n tly  flo o d ed  stands of th e  l i t to ra l  zone, w ith  a second herb  lay e r 
fo rm ed  b y  a q u a tic  p la n ts . Five re p re se n ta tiv e  relevés were m ade b y  B o r h i d i  

an d  M u n i z  M ay, 1970, and  by B o r h i d i  an d  D e l  R i s c o  M arch, 1975, in  th e  
Z a p a ta  Sw am p a rea . T ype: Relevé N o. 3 (Table 36).

3 .4 .1 .2 . Cyperetum gigantei B orhidi
G ian t sedge m a rsh  association , u p  to  3 m  high, w ith  m o stly  th re e  h e rb  

lay e rs . T he firs t h e rb  lay e r is fo rm ed  b y  th e  m onodom inan t Cyperus giganteus,
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Table 36

Typhetum domingensis Borhidi et Muniz

1 2 3 4 5

Cover, %

T ypha  domingensis (P e rs .)  K u n th  

Ipomoea triloba L.

M ika n ia  hastata (L .) W illd .

P anicum  virgatum  v a r . cubense Griseb. 

Jussiaea suffruticosa  L.

Polygonum punctatum  E ll.

Hymenachne donacifolia  (R addi) Chase 

Solidago stricta A it.

N ym phaea blanda G F W . Meyer 

Cabomba p iauhyensis  A ubl.

Hydrocotyle umbellata L.

Cynoctonum mitreola (L .) B iitt . 

Pluchea purpurascens (Sw .) DC. 

Ipomoea tenuissim a  Choisy 

Centelia erecta (L. f.) F e rn .

F uirena umbellata R o ttb .

Aster exilis Ell.

F im bristylis ovata ( B u m .  f.) Kern.

100 95 90 100 90

5.5 5 .5 5.5 5.5 5.5

1.1 — +  .1 —
1.1 1.1 1.1 +  •1 —

— 1.1 1.2 +  •1 —

+ .1 — +  ■1 — 1.2

+ .1 — 1.1 +  .1 +  .2

+  .1 1.1 

+  •1

+  •1 +  .1 +  •1

1.1

2.2 +  •1

—

+ •2

—

+  Л 1.2 +  •2 1.2 2.2

— +  .1 1.2 — —

— +  •1 1.2 — —

— +  •1 +  .1
+  .2

— —

— — +  .1 — +  •1

+ .1
1.2

th e  second one b y  Rliynchospora , Eleocharis an d  G ram ineae species, an d  th e  
th i r d  one b y  a q u a tic  an d  helophy tic  p la n ts  as Lim nocharis fla v a , C rinum  
am ericanum , Sagittaria , an d  Ruellia  spp . F ive  relevés w ere m ade by  B o r h i d i  

in  th e  w et m arshes o f  R ancho B oyeros, O ctober, 1969 (Table 37). T ype: 
R elevé  No. 1.

3 .4 .1 .3 . Polygoneto-Thalietum  geniculatae B orh id i
Seasonally flo o d ed  broad leaved  m arsh  associa tion , in w hich th e  M aran- 

ta c e a e  Thalia gen icu la ta  is associated  w ith  h igh , he lophy tic  gram ineas as 
Vetiveria zizanoides, P an icum  virgatum  v a r . cubense, cyperaceas, and  w ith  
Polygonum  portoricense. T here is developed  also a species rich, densely  closed 
low  h erb  layer u n d e r  th e  p ro tec tion  of th e  b ro ad leav ed  Thalia. In  th e  succes- 
sional process th is  associa tion  is going over to  a w et sh rub  sav an n a  b y  se ttlin g  
o f  M im o a pigra, P aspalum  secans an d  o th e rs . F ive  relevés were m ade by  
B o r h i d i  in th e  w e tla n d  area of R ancho  B oyeros, O ctober, 1969. T ype : R elevé 
N o. 1 (Table 38).
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Table 37

Cyperetum gigantei Borhidi

1 2  3 4

Cover, %

Cyperus giganleus Vahl.

Pontederia lanceolata N u tt. 

Lim nocharis f la v a  (L .) Buchen.

C rinum  am ericanum  L.

C yperus ligularis L.

Rhyncho spóra Stellát a Griseb.

F uirena umbellata R o ttb .

Phyla nodiflora  (L .) Greene 

Eleocharis interstincta  (Vahl.) R . y S. 

Panic um  lancearium  T rin .

Polygonum puncta tum  Ell. 

Rhynchospora cyperoides (Sw.) M art. 

Sagittaria lancifolia  L.

P anicum  virgatum  var. cubense Griseb. 

I etiveria zizanoides (L .) Nash. 

H ymenachne donacifolia (R addi) Chase 

R uellia  paniculata  L.

90 85 95 100 100

4.5 4.4 4.5 5.5 4 5

+  ■1 +  .2 — — ~~
2.3 2.3 1.3 1.2 2.2

— — +  .2 — +  •2
1.2 — - - 2.2 —

1.3 2.2 2.3 2.3 1.2

+  •2 1.2 1.1 1.1 1.1

1.2 2.2 2.2 +  .1 —

— — — +  •2 —
+  .2 — — — 1.1

— —

+ .1
1.1

— — — — -|-.r

— 1.2 — — —

- - +  .1 1.1 — —

— — — 1.1 —

+  .1 — — — —

3.4.2. A lliance: C l a d i o n  j a m a i c e n s i s  B orh id i and  M uniz 1979
H igh  sw am p v eg e ta tio n  of th e  w in te r sedge, m ostly  in  d y stro p h ic  fresh- 

w aters and  tu r fy  soils, ra re ly  form ing  w ide ex te n d e d  swinging sedge-bogs on 
th e  su rface of sw am p-lakes.

C h arac te ris tic  species: C ladium  jam aicense , C rinum  am ericanum , C. oliganthum , Paspa- 
lum  giganteum , Rhynchospora stellata, P anicum  lancearium , P . condensum, P . virgatum , Andro- 
pogon glomeratus, E rian thus giganteus, Sacciolepis striata, Thelypteris palustris, Centella erecta, 
Solidago stricta, etc.

A ssociations s tu d ied  in  C uba:

3.4.2.1. Crino-Cladietum jam aicensis B orh id i an d  M uniz
I t  is v e ry  com m on an d  w idely  d is tr ib u te d  sedge-sw am p associa tion  in 

th e  W est Ind ies, rep re sen ted  w ith  th e  g re a te s t ex tension  in  th e  Z a p a ta  Sw am p 
o f C uba an d  in  th e  E verg lades of F lo rid a . T he enclosed five relevés were 
m ade b y  B o r h i d i  an d  M u n i z  M ay, 1970 an d  b y  B o r h i d i  and  D e l  R i s c o  

M arch, 1975 in  th e  Z a p a ta  Sw am p. T y p e : R elevé No. 5 (Table 39).
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Table 38

Polygoneto-Thalietum geniculatae Borhidi

l 2 3 4 5

Cover, % 100 100 100 100 100

Thalia  geniculata L. 5.5 4.5 5.5 4.5 4.5

Vetiveria zizanoides (L .) N ash. 1.2 2.2 1.2 2.3 2.2

P anicum  virgatum  var, cubense Griseb. 1.1 1.2 1.3 2.2 2.3

F uirena umbellata R o ttb . +  Л — 1.2 + •2 —

Pontederia lanceolata N u tt . +  •1 +  •2 — — —

T ypha  domingensis (Pers.) K u n th +  •2 +  .1 — +  .2 1.1

Polygonum portoricense B ert. 1.2 2.3 2.3 3.3 2.3

Baccharis halim ifolia  L. +  Л — - — —

M im osa  pigra  L. — 1.1 — 2.1 —

Sagittaria lancifolia  L. 1.2 +  .2 — +  •2 —

Rhynchospora stellata Griseb. — — — — 1.2

Nephrolepis biserrata (Sw .) Schott 2.2 — 1.2 — —

Cyperus ligularis L. — — +  •1 +  .1 —-

Cyperus f  lavus (V ahl.) Nees. - +  .1 — +  ■1 —

P hyla nodiflora (L .) Greene 2.3 2.3 — +  .2 —

L u d u ig ia  repens F o rs t. — — 1.2 — —

Centella erecta (L. f.) Fern . — — — — 1.1

Cynoctonum mitreola (L .) B ritt. — — +  .1 — 1.2

Hydrocotyle umbellata L. — +  .2 — +  .2 +  •2

Cyperus filifo rm is  Sw. — — 1.2 — —

Bulbostylis capillaris (L .) С. B. Clarke — — — + .2 —

M ika n ia  hastata (L .) W illd. +  .2 1.1 — — —

Ipomoea triloba L. — +  ■1 1.2 — —

A ster leonis B ritt . - — — +  •1 —

Scleria pterota P resl. — — 1.1 — -

Cassytha filifo rm is  L. — — — 1.2 1.3

4. C lass: PA R V IR  H YN HO SPO RO - E RIOC A U LETE A Borhidi 1979
O pen and  m o d e ra te ly  closed sh o rt g rassland  v eg e ta tio n  on h u m id  or a t  

le a s t seasonally  w et, m ostly  o ligo troph ic  acid soils, poor in n u tr ie n ts , m ost 
fre q u e n tly  on h u m id  w hite  san d  seasonally  flooded  hy  o ligo trophic  shallow  
fresh w ate rs . The v eg e ta tio n  is fo rm ed  by  sh o rt or dw arf sized cyperaceas, 
x y rid aceas , e riocau laceas, scrophu lariaceas an d  rub iaceas  w ith  pygm aeous or 
c reep ing  stem s, accom pan ied  b y  carn ivo rous p la n ts  as dw arf, ro o ted  Utricula- 
ria species, P ingu icu la  f i l i fo l ia , Drosera interm edia  and  little  ro se tte  hem i-
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Table 39

Crino-Cladietum jam aicensis B orhidi e t Muniz

1 2 3 4 5

Cover, %

100

90 +  30 

100 100 100 100
Cladium  jam aicense  C rantz 5.5 4.4 4.5 4.4 5.5

Andropogon glomeratus (W alt.) BSP. +  •1 +  .2 1.2 1.1 +  .2

Typha dom ingensis (Pers.) K unth . +  . Г 3.2 +  •1 +  .r —

Ipomoea tenuissim a  Choisy +  .r + .1 — — —
Cassytha filifo rm is  L. -f-.r 3.3 1.2 2.3 1.3

Conocarpus erecta L. + .Г + . r +  -Г — +  .r
Solidago stricta A it. — 1.1 +  .2 — l . i

A nnona  glabra L. — +  -Г — +  . Г +  .r
Hydrocotyle umbellata  L. - 1.2 — — —
M ika n ia  hastata (L .) W illd. — 1.1 +  •1 _j о + .1

Cynoctonum mitreola (L .) B ritt. + •1 1.2 1.2 +  .2 1.2

P anicum  virgatum  va r. cubense Griseb. +  .2 1.1 1.1 1.2 1.2

Echinochloa crusgalli (L .) Beauv. — 1.1 +  •2 — —
Rhynchospora cyperoides (Sw.) M art. — 1.1 + .1 +  •1 —

Phyla nodiflora  (L .) Greene — 1.1 — — —

Sagittaria lancifolia  L. — -j-.r + . 1 +  .1 +  •1
Pluchea purpurascens  (Sw.) DC. — +  - Г + •1 — 1.2

Sisyrinchium  recurvatum  B licknell — +  . Г — — —

Baccharis halim ifo lia  L. — -}-.r — — -

Chara foliosa  M eichle — 3.3 — — —

Bacopa m onnieri (L .) Pennell. — 2.2 +  •2 — —

Crinum  oliganthum  U rban . — ( - ) +  •2 +  .1 + .1
Erianthus giganteus (W alt.) Muhi. — — +  .2 +  •2 —

P anicum  lancearium  T rin . — — +  ■1 +  •1 -

Rhynchospora stellata  Griseb. — — +  .2 +  •1 —

Centella erecta (L. f.) Fern . — — 1.1 1.2 1.2

Sacciolepis striata  (L .) N ash. — — 1.1 +  .1 + .1
Thelypteris pa lustris  (L .) Salisb. — — 2.3 1.3 —

Nym phaea ampla  (Salisb.) DC. — — — — + .1
Nephrolepis biserrata (Sw .) Schott — — — — + .1
Blechnum serrulatum  A. Rich. — - f - . 2 — — —

Proserpinacu pa lustris  L. — — — — +  .1

Ludw igia natans E ll. — — 1.2 — —
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c ry p to p h y te s  as H yp tis  pedalipes, A ster grisebachii, Lachnorrhiza , S tenandrium , 
Sachsia , etc.

4 .1 . O rd er: R H Y N C H O S P O R O -X Y R ID E T A L 1 A  B orh id i 1979
S h o rt w et g rassland  v e g e ta tio n  on o ligo troph ic , m ostly  w h ite  sand  so ils.

Characteristic species: Rhynchospora cyperoides, R . fil i fo lia , R . podosperm a , R . brachy- 
chaela, R . tenuis, R . trncei, R . leptorhyncha, A cisan lhera  quadrata, Chaetolepis cubensis, R hexia  
cubensis, Eleocharis capillacea, H erpyza grandiflora , Lnchnocaulon ekm an ii, Lachnanthes tinc-  
toria, P a n icum  w righlianum , Scleria spp., X y r is  bicarinata, X . navicularis, X .  elliottii, e tc .

4 .1 .1 . A lliance: R h y n c h o s p o r o - X y r i d i o n  B orh id i 1979
Closed w et sh o rt g rasslands v e ry  r ic h  in  endem ics and  p la n ts  o f n o r th e rn  

d is tr ib u tio n  p a tte rn . A ssociations observed  a n d  s tud ied  in  C uba:

4 .1 .1 .1 . Burm annio-Hypericetum  fasciculati B ala to v á-T u lack o v á  an d  R . C a­
pote  1983

4 .1 .1 .2 . Chaetolepidi-Rhynchosporeum filifoliae B orhidi

4 .2 . O rder: P A E P A L A N T H O -E R IO C A U L E T A L IA  K n ap p  1964 em end. B o r­
h id i 1979

Seasonally  d ry  o ligo trophic  open  sh o rt g rasslands, fo rm ed  b y  li ttle  sized 
ro s e tte  perenn ials, d w arf an d  n eed le -leav ed  sh rubs, cush ion-shaped  p la n ts , 
e ssen tia lly  on w hite  san d , ra re ly  on hu m id  se rpen tine  la te n te ,  b o th  ex trem ely  
p o o r in  n u tr ien ts .

Characteristic species: Eriocaulon arenicola, E . fu lig in o su m , E . ovoideum, etc., Paepa- 
lan thus alsinoides, P , seslerioides, P . lam arcltii, Syngonanthus androsaceus, S . insu laris, S . lago- 
podioides, S . leonis, S. tvilsonii, X y r is  ekm a n ii, Scleria pauciflora , S . interrupta, S. cilia',a, 
R ichard ia  arenicola, R . ciliata, Nodocarpaea radicans, Borrichia strum pfio ides, M itracarpus  
depauperatus, Cuphaea pseudosilene, Cenchrus d istichophyllus, etc.

4 .2 .1 . A lliance: E r i o e a u l o - P a e p a l a n t h i o n  B o rh id i 1979
W ith  th e  sam e ch a rac te ris tic s  as in  th e  order. A ssociations observed  a n d  

s tu d ie d  in Cuba:

4 .2 .1 .1 . Syngonantho-Paepalanthetum  alsinoidis B orhidi
4 .2 .1 .2 . Spigelio sphagnicolae-Paepalanthetum  seslerioidis B al.-T ul. and  R . 

C apote 1983

5. Class: ZOSTERETEA C hapm an  1974
S ubm arine ro o ted  sw ards fo rm ed  b y  subm erged  phan ero g am s o f w ide, 

m o stly  p an tro p ica l d is trib u tio n .

5.1. O rder: T H A L A S S IO -S Y R IN G O D IE T A L IA  F IL IF O R M IS  K n ap p  1964 
T ropical subm arine  subm erged  sw ards in th e  C aribbean  region.

Characteristic species: Thalassia les tu d in u m , Syringodium  filifo rm e , Halodule w rightii, 
H . beaudettii, H alophila  baillonis, H . aschersonii, L im nob ium  laevigatum.
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5.1 .1 . A lliance: S y r i n g o d i o - T h a l a s s i o n  B orhid i 1979
W ith  th e  sam e ch arac teris tic s  as in  th e  o rder. A ssociations observed  and  

s tu d ied  in  C uba:

5 .1 .1 .1 . Syringodio-Thalassietum (Ciferri 1936) B orhidi
S ubm arine  phanerogam ic  sw ards of th e  shallow  su b litto ra l zones o f th e  

san d y  beach . F iv e  re p re se n ta tiv e  relevés w ere m ade by  B o r h i d i  in  th e  Casilda 
P én insu le  (S an c ti S p iritu s  province) S ep tem b er, 1969, and in  P u n ta  Maisi 
(B aracoa  prov ince) M arch, 1970. T ype: R elevé No. 2 (Table 40).

5 .1 .1 .2 . Halodulo-Syringodietum  filiformis B orh id i
A ssociation  o f  th e  m o d era te ly  to  ex trem ely  saline w ate rs o f  th e  estu aries  

o f th e  rivers a n d  th e  shallow  m angrove-areas. F ive re p re se n ta tiv e  relevés 
w ere m ade by B o r h i d i  and  D e l  R i s c o  M arch, 1975, and  b y  B o r h i d i  F e b ­
ru a ry , 1981, in Las Salinas, Z a p a ta  P én insu le , B ahia  de Cochinos. T ype : 
R elevé No. 2 (T able  41).

5.1 .1 .3 . Lim nobietum  laevigati B orhidi
(Syn .: H ydrom istrie tum  stoloniferae B o rh id i 1979 n .n .)
O pen su b m arin e  sw ard fo rm ed  m ostly  by sto loniferous p h an ero g am s in 

shallow  su b litto ra l zone o f th e  san d y  beaches. F ive  relevés w ere m ade by

Table 40

Syringodio-Thalassietum  (Ciferri) Borhidi

l 2 3 4 5

Cover, % 90 95 90 85 90
Syringodium  filifo rm e  K ütz. 2.3 1.3 3.3 3.4 3.4
Thalassia testudinum  B anks e t 

K önig
Sol. ex

4.4 5.5 3.4 3.3 3.3
Halodule wrightii Aschers. — — — +  .2 —

Table 41

H alodulo-Syringodietum  filifo rm is Borhidi

1 2 3 4 5

Cover, % 90 80 65 80 95

Syringodium  filifo rm e  K ütz. 5.5 4.4 3.4 4.5 5.5
Halodule beaudettii d .H a rt — +  •1 — + .1 +  .Г
N ajas guadelupensis (Spr.) M agnus — +  .1 2.2 — —
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B o r h id i  in  J ib aco a  (N ovem ber, 1969; M ay, 1974) Y aradero  (Ju n e , ] 976) and  
C asilda (S ep tem ber, 1969). T ype : R elevé No. 2 (T able 42).

6. Class: IPOM OEO-M ALLOTONIETEA K n ap p  1964 em end. B orh id i 1979 
(S yn .: Ipomoeo-Tournefortietea  K n ap p  1964 p .p .) . H erbaceous and

sh ru b b y  v e g e ta tio n  o f th e  tro p ica l san d y  sea shores.

Table 42

Limnobietum  laevigati B orhidi

1 2 3 4 5

Cover, % 70 75 70 80 65

Lim nobium  laevigatum  (H . e t B .) M ort. 4.4 4.4 3.4 4.5 4.4

Halophila baillonis Aschers. +  .2 1.2 — — +  .1
Halodule wrightii Aschers. — +  .1 +  .1 +  .1 —

Syringodium  filifo rm e  K ü tz . — — 2.2 1.2 —

Table 43

Sesuvio-Ipom oeetum  pes-caprae B orhidi

1 2 3 4 5

Cover, % 60 80 55 50 60

Ipomoea pes-caprae (L .) Sweet 3.3 4.4 3.4 3.3 3.3

Canavalia m aritim a  (A ubl.) T houars + .1 1.1 — + .1 1.1

Cakile lanceolata (W illd.) Schulz + .1 — — + .1 -

Cenchrus brownei R oem . e t Schult. + .1 — 1.1 — -

Sesuvium  portulacastrum  L. 2.3 3.3 2.3 1.2 1.2

Sporobolas virginicus ssp. littoralis (K u n th ) 
Borhidi 2.3 1.2 1.1 1.2 1.1

M allotonia graphaloides (L .) B ritt. Ы — — +  .1 r.

Ipomoea alba L. +  .1 — +  .1 -f- .r + .1
Eclipta prostrata  (L .) L. -(-.r — — — ■f-.r

Chamaesyce buxifolia  (Lam .) Small +  .r +  •1 — + .1 —

Rhizophora mangle I , . +  .r — — —

Laguncularia racemosa (L .) G aertn. f. +  .Г — — —

Stachytarpheta jam aicensis  (L .) \  ahl + . r — -j-.r + .1
Ipomoea triloba L. +  -Г — — —

Eragrostis sa lzm annii Steud. +  .2 — — —

Diodia serrulata (B eauv.) Tayl. — — + .1 1.1 —

Stemodia m aritim a  L. — +  -1 — — 1.1

Philoxerus vermicularis (L.) B. Br. — +  •1 + .1 — + .1
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6.1. O rder: C A N A V A L IO -IP O M O E E T A L IA  K n a p p  1964 em end. B orh id i 1979
O pen p io n eerin g  v e g e ta tio n  o f th e  beaches fo rm ed  b y  creeping lianes and  

to lon iferous stream ers .

C h arac teristic  species: C anavalia m aritim a, Ipomoea pes-caprae, I .  alba, Cakile m ari­
tim a , Cenchrus tribuloides, U iodia m aritim a, Philoxerus verm icularis, Sporobolus virginicus, 
P aspalum  vaginatum , Stem odia m aritim a, etc.

6.1.1. A lliance: I p o m o e o - C a n a v a l i o n  m a r i t i m a e  B orhid i 1979 
W ith  th e  sam e ch a ra c te ris tic s  as in th e  o rder. A ssociations s tu d ied

in Cuba:

6 .1.1.1. Sesuvio-Ipem ceetum  pes-caprae B orhidi
P ioneer association  o f th e  san d y  beaches. O rig ina lly  i t  is a very  com m on 

p la n t co m m u n ity , b u t  a n th ro p ic a lly  heavily  d am ag ed  an d  destroyed  in  m ost 
o f th e  san d y  shore areas. F iv e  rep re sen ta tiv e  re levés w ere m ade b y  B o r h i d i  a t  
A lam ar and T a ra ra  n ea r H a b a n a , A ugust, 1969. T y p e : R elevé No. 4 (Table 43).

6.1.1.2. Pliiloxero-U nioletuin virgatae B orhidi

6.1.1.3. Ipom oeo-Philoxeretum  vermicularis Ciferri n . n u d .

6.2. O rder: B O B R IC H IO -M A L L O T O N IE T A L IA  B o rh id i 1979
Closed l i t to ra l  san d y  m eadow s and low co as ta l scrubs on beach  form ed 

b y  succu len t leav ed  sh rubs a n d  su ffru tescen t p la n ts .

C h arac te ristic  species: B orrichia arborescens, B . cubana, Tourneforlia-M allotonia gna- 
phaloides, D istichlis spicata, Ernodea littoralis, Suriana  m aritim a , Scaevola p lu m ier i, E ritha lis  
fru tico sa , Spartina  ju n cea , U niola virgata, Casasia clusiifolia.

6.2.1. A lliance: B o r r i c h i o - M a l l o t o n i o n  B orh id i 1979 
Closed sa n d y  m eadow s a n d  seaside p ra iries in  th e  san d y  shore. 
A ssociations s tu d ied  in C uba:

6 .2 .1.1. Borrichio-M allotoiiietum  B orhidi
Closed sa n d y  sw ard  or p ra ir ie  association fo rm ed  b y  sto lon iferous grasses 

an d  succu len t leav ed  h em ic ry p to p h y te s , su ffitescen ts  a n d  low  shrubs. I t  is a 
w idely  d is tr ib u te d  c o m m u n ity  b u t  m ostly  h eav ily  d am ag ed  an d  destroyed  b y  
tb e  an th ro p ic  use o f th e  beaches fo r recreative  p u rp o ses . F iv e  rep re sen ta tiv e  
relevés were m ade by  B o r h i d i  a t  A lam ar, T a ra ra  an d  G uanabo  E a s t o f 
H a b a n a , A u g u st-O c to b e r, 1969. T ype : R elevé N o. 3 a t  A lam ar (Table 44).

O ther observed  com m unities:

6.2.1.2. Sporobolo-Spartinetum junceae Ciferri 1936
6.2 .1.3. Turnereto-UnioIetum virgatae Ciferri 1936
6.2.2. A lliance: S u r i a n o - B a c c h a r i d i o n  l i a l i m i f o l i a e  B or­

hid i 1979
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Table 44

Borrichio-M allotonietum  Borhidi

1 2 3 4 5

Cover, % 85 80 90 80 85

Borrichia arborescens (L .) DC. 3.3 1.3 3.3 2.2 1.2

M allotonia gnaphaloides (L .) B ritt. 1.1 2.2 1.3 2.2 2.3

Ernodea littoralis Sw. J.2 1.1 + Л — +  .2

Uniola virgata (Poir.) Griseb. 1.3 2.3 1.1 1.2 —
Sporobolus virginicus ssp. littoralis (K u n th .) 

Borhidi 1.1 2.2 2.2 1.2 1.2

Turnéra ulmifolia L. +  .1 — — +  .Г —
P ed is  cubensis (A. R ich .) Griseb. — -f .r — — —

Distichlis spicata (L .) Greene +  .2 1.2 2.3 1.2 3.3

Chamaesyce hyssopifolia  (L .) Sm all — +  ■1 +  .1 — —
E rithalis fruticosa L. — — — +  ■1 - h i

Cenchrus brownei R oem . e t Schult. — — + •1 +  •1 —
Canavalia maritima  (A ubl.) T houars + .1 — — — +  .1
Stemodia maritima  L. - +  •1 — -

Stachytarpheta jam aicensis  (L .) Vahl — — +  .1 —
Chamaesyce brasiliensis (L am .) Small — — +  ■1 — —
Suriana maritima L. — — — +  .1 H-.l

L itto ra l th ick e ts  in  th e  tra n s itio n o f t h e litto ra l m ea dows to w a r
Coccoloba-scrub.

A ssociations o b serv ed  an d  s tu d ied  in  Cuba:

6 .2 .2 .1 . Ernodeo-Surianetum maritim ae Ciferri 1936

6.2 .2 .2 . Suriano-Baccharidetum halim ifoliae B orhidi
T he Suriana-B accharis  th ic k e t is r a th e r  com m on in th e  seaw ard  slopes 

o f th e  coastal dunes, fo rm in g  m ostly  a th in  sk ir t along th e  edge of th e  Cocco- 
loba-scrub . I t  develops in  g rea te r ex tension  and  w ith  a m ore species rich 
v a r ia n t  on the  f la t beaches a n th ro p ica lly  n o t in fluenced , an d  on th e  edge of 
th e  co as ta l lagoons. F iv e  re p re se n ta tiv e  relevés were m ade a t  P u n ta  del E ste , 
P u n ta  G orda, C arapach ibey , all in  th e  S ou th  p a r t  o f Is la  de P in o s. T ype: 
R e lev é  No. 3 (Table 45), C arapach ibey , D ecem ber, 1969. A. B o r h i d i .

7. C lass: SESUVIO-R H A C H IC A LLIETEA  Borhidi 1979
O rophilous h a lo p h y tic  v e g e ta tio n  of th e  su p ra tid a l ro ck y  shores, con­

d itio n ed  b y  th e  in flu en ce  of sa lt sp ray , th e  u n p ro te c te d  exposu re  an d  th e
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•extrem ely poor soil conditions. In  th e  h a rd  lim estone  coastal areas it can  
ex ten d  in lan d  to  a 100-200 m  wide ran g e .

7.1. O rder: T R I A N T H E M O -S E S U V IE T A L IA  B orh id i 1979
P ioneer rock  v e g e ta tio n  on th e  co as ta l cliffs an d  su p ra tid a l rock  p a v e ­

m en ts, fo rm ed  m o stly  b y  creeping, leaf-succu len t p la n ts , u n d er a co n tin u o u s  
in fluence  of th e  tid a l sp ray .

C harac te ris tic  species: Sesuvium  portu lacastrum , S. m a r itim u m , Trianthem a portu la ­
castrum , L ithophila  muscoides, etc.

7.1.1. A lliance: T r i a n t h e m o - S e s u v i o n  B orh id i 1979
O pen, species po o r coastal rock p a v e m e n t v eg e ta tio n , form ed m o stly  b v  

p ro s tra te , lea f-su ccu len t p lan ts .

Table 45

Suriano-Baccharidetum  halim ifoliae  B orhidi

l 2 3 4 5

Cover, % 75 85 100 95 85
Suriana m aritim a  L. 3.3 3.3 3.4 4.5 4.5
Baccharis halim ifolia  L. 2.3 3.3 2.3 1.1 +  •1
Borrichia arborescens (L .) DC. +  .1 +  ■1 1 2 1.2 +  .1
Uniola paniculata  L. 2.2 1.2 2.3 1.1 + •1
Ernodea littoralis Sw. — — 1.2 + .1 2.2
Erithalis fru ticosa  L. +  .1 — 1.1 — +  •1
M allotonia gnaphaloides (L .) B ritt. — + .1 1.1 — +  .1
Sporobolus virginicus ssp. littoralis (K u n th .)  

Borhidi 1.2 1.2 _ 2.3 +  .1
Turnéra ulm ifolia  L. — — “h*r +  .1 —
F  imbristylis spathacea R o th 1.2 1.1 — — —
Torulin ium  filifo rm e  (Sw .) Clarke — — — +  .2 —
D istichlis spicata (L .) Greene — — 1.2 + .2 1.2
B atis m aritim a  L. +  •2 +  .2 — — —
Chamaesyce hyssopifolia  (L .) Small — — +  •1 — +•1
Cassia lineata Sw. — — — +  .2 —
Flaveria trinervia  (Spr.) Mohr + •1 — — — + .2
Eclipta prostrata  (L .) L. — + . r — + . r —
Ipomoea triloba L. — +  .r +  .r — —
Paspalum fim bria tum  H B K . — + •2 — — —
Dactyloctenium aegyptium  (It.) R ieht. — — +  •1 — —
Sesuvium  portulacastrum  It. — — — — +  .2
Cynodon dactylon (L .) Pers. — — — +  .2 —
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Tabic 46

L i th o p h i lo - T r ia n th e m e tu m  p o r tu la c a s tr i  Borhidi

1 2 3 4 5

C over, % 25 35 30 40 20

Lithophila muscoides Sw. 1.2 2.3 1.2 2.2 1.2

Trianthema portulacastrum  L. 2.2 2.2 2.3 3.4 2.3

Rhachicallis americana  ( J a c q .)  H itc h c . +  .Г — — +  .1 —
Conocarpus erecta L. — +  .1 — — . . .

Sesuvium  portulacastrum  L. — +  ■1 +  .1 -j-.r —

Table 47

Trianthem o-Sesuvietum  portulacastri B orh id i

1 2 3 4 5

C over, % 45 55 50 60 40

Sesuvium  portulacastrum  L. 3.3 3.4 3.3 4.4 2.3

Trianthema portulacastrum  L. 1.2 1.3 2.2 1.2 2.2

Rhachicallis americana  ( Ja c q .)  H itc h c . - +  .1 +  •1 - —

Conocarpus erecta L. — — — +  .2 —

H eliotropium  hu m ifu su m  H B K . — — — +  .1 —

Chamaesyce buxifolia  (L a m .)  S m all — + . r — — —

Lithophila muscoides Sw. — — — — +  .1
Flaveria linearis L ag . — — + . r — —

A ssociations s tu d ied  in  Cuba:

7.1.1.1. Lithophilo-Trianthemetum portulacastri Borhidi
Open p ro s tra te  v eg e ta tio n  fo rm ed  in  th e  m ost seaw ard ran g e  of th e  ro ck y  

shore zonation , b y  Lithophila muscoides a n d  Trianthema portulacastrum. F iv e  
re p re se n ta tiv e  relevés were m ade b y  B o r h i d i  a t Jibacoa  (O ctober, 1969), a t  

A lam ar (A ugust, 1969) and  a t  P u n ta  Colorados (Cienfuegos province) S ep ­
tem b er, 1969. T y p e : B élévé N o. 2 a t  J ib a c o a  (Table 46).

7.1.1.2. Trianthem o-Sesuvietum  portulacastri B orhidi
S om ew hat closer p ro s tra te  v e g e ta tio n  on th e  la n d w a rd  range of th e  

p ioneering  zone o f th e  ro ck y  shore zo n a tio n  (p e tro h a lo p h y tia ) fo rm ed  b y  
Sesuvium portulacastrum an d  Trianthema portulacastrum an d  a few com pan ion  
l i t to ra l  h a lo p h v tes . F ive  relevés w ere m ade b y  B o r h i d i  a t  th e  sam e p laces as 
b y  th e  fo rm er associa tion . T y p e : R elevé N o. 4 a t  J ib aco a  (T able 47).
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7.2 . Order: BO R R IC H IO -R H A C H IC A LLIETA LIA  Borhidi 1979
M oderately closed vegetation  o f the rocky shores form ed m ostly  b y  

cushion-shaped hem icryptophytes and cham aephytes, and dom inantly b y  su c­
culent-leaved dwarf shrubs and shrubs. This plant com m unity group is d is­
tributed all over the Caribbean shores.

Table 48

Conocarpo-Rhachicallietum americanae Borhidi

l 2 3 4 5

Cover, % 45 45 60 70 80
Rhachicallis americana (Jacq .) H itchc. 3.3 2.3 3.4 3.3 1.2
Conocarpus erecta L. f. caespitosa 1.2 2.2 1.2 3.4 4.4
Chamaesyce buxifolia  (Lam .) Sm all. +  .2 +  •1 + .1 — —
Chamaesyce adenoptera (B erto î.) Millsp. —h r — +  .1 — —
Pectis leptocephala (Cass.) U rb. — +  Л +  .1 — —
H eliotropium  hum ifusum  H B K . 1.1 + .1 +  .1 +  •2 +  .Г
Cassia lineata  Sw. — +  .1 — — —
M elochia tomentosa L. + .1 — — — —

F  laver ia linearis Lag. — + .1 1.1 — —
Tephrosia senna  H B K . + . r + .1 — — —
Coccoloba uvifera  L. + .1 — — — —
Suriana  m aritim a  L. +  .1 + •1 — +  .1 —

O puntia dillen ii Ker.-Gawl. 1.1 1.1 — — 1.1
Turnéra ulm ifolia  L. +  .1 +  .1 — +  .1 —
Stachytarpheta jamaicensis (L .) Valii. +  .Г — + . r — —
Chenopodium ambrosioides L. +  .Г — — — —
Cassia clarensis (B ritt.) H ow ard + .1 — — — —
Pectis ritlandi H ow ard et Briggs +  .Г — — — —
M or inda royoc L. + .1 — 1.1 1.2 —
Chamaesyce hirta (L .) Millsp. — — +  .Г + .1 —
Canavalia m aritim a  (Alibi.) T houars — — + .1 + .1 + .1
Solanum  bahamense L. — + .1 — — —
Borrichia arborescens (L.) DC. — +  .1 + .1 +  .2 + .1
Sesuvium  portulacastrum  L. + .2 + .2 + •1 1.2 1.2
M allotonia gnaphaloides (L.) B ritt. +  .2 + .1 — — —
Catesbaea parviflora  Sw. — — — — + .1
Castela calcicola (B ritt, e t Sm all) E km . e t 

U rb. _ + .1 1.2
Jacquemontia jamaicensis (Jacq .) N all. f. — — +  .2 — 1.2
Ipomoea pes-caprae (L.) Sweet — — — — -J-.2
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C harac teristic  species: Rhachicallis am ericana, Borrichia arborescens, B . cubana. Cono­
carpus erecta f. caespitosa, H elio trop ium  h u m ifu su m , Chamaesyce bu x ifo lia , P ed is  spp ., S tru m p fia  
m a ritim a , E rithalis vaccin iifo lia , Flaveria linearis, O puntia  dillen ii, e tc.

7.2 .1 . Alliance: B o r r i c h i o  - R h a c h i c a l l i o n  Borhidi 1979
W ith the sam e characteristics as in the order. A ssociations observed and 

studied  in Cuba:

7 .2 .1 .1 . Sesuvio-R hachicallietuin am ericanae Borhidi

7 .2 .1 .2 . Conocarpo-Rhachicallietum  am ericanae Borhidi

Association o f th e  high, seaside, in ten sively  erosioned lim estone banks, 
a hum id, saline dog-tooth  site. The prostrate form of the Conocarpus erecta 
can form a continuous closed carpet together with Rhachicallis, Catesbaea, 
Castela, O puntia  in tertw ined  by xerophytic lianes as M orinda  royoc, Jacque- 
m o ntia  jam aicensis  and Ipomoea. Five representative relevés were made by  
B o r h i d i  at Punta Colorados, September, 1969, at Mai Paso, May, 1970 and 
at Punta del H olandés (Péninsule of G uanahacabibes), Decem ber, 1974. Type: 
R elevé No. 3 at Mai Paso (East of P laya Girón) (Table 48).

7 .2 .1 .3 . Borrichio-Rhachicallietum  am ericanae (U phof 1924) Ciferri 1936

7.2 .1 .4 . Erithali-Strum pfietum  Borhidi

It is an endem ic littoral dwarf shrub association o f the southern seaside 
lim estone cliffs in South  Oriente and H ispaniola, m ostly  distributed along the  
coasta l belt betw een Siboney and Maisi. The association is formed by tw o

Table 49

E rithali-S trum pfie tum  Borhidi

1 2 3 4 5

Cover, % 60 70 40 50 70

Erithalis vacciniifolia  (Griseb.) W r. 3.4 4.4 3.3 2.3 3.3

S trum pfia  m aritim a  Ja c q . 2.3 2.3 1.2 3.3 3.4

Conocarpus erecta L . f. caespitosa — — +  .1 + -1 —
Rhachicallis americana  (Jacq .) H itchc. — 1.1 — — +  •1
Sesuvium  portulacastrum  L. — — +  .1 — —
Trianthema portulacastrum  L. +  •1 — — — —
Lithophila muscoides S\v. +  •1 — — — —

*Caribaea littoralis A la in — — — — +  .2
Caesalpinia pauciflora  (Griseb.) W r. — — — -f-.r —

* Endem ic species
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co-dom inant succulent leaved dwarf shrubs, the subendem ic E ritha lis vaccini- 
fo lia  and the W est Indian S tr u m p fia m aritim a. A notable com panion is the  
endemic Cuban littoral cushion-plant: Caribaea littoralis. F ive relevés were 
made by B o r h i d i  at Siboney and Macambo (near to San A ntonio del Sur) 
January and February, 1976. Type: R elevé No. 1 E. o f  P laya Siboney (Table 49).

8. Class: BATIDI-SALICORNIETEA Knapp 1964
V egetation o f the salines formed by leaf-succulent dwarf shrubs and 

annual or perennial succulents and by grasses o f  high osm otic tension. The 
belt of the saline vegetation  is developed inlandwards behind the mangrove- 
zone, in the area flooded only tw ice a year by the high equinoctial tides, 
where the salt trends to concentrate extrem ely by evaporation, and allows the  
developm ent of herbaceous fla ts w ith  Salicornia  m ats and/or low  Batis m ari­
tim a  scrub.

8.1. Order: B A T ID I-SA L IC O R N IE T A L IA  AM BIG UAE Knapp 1964
Tropical vegetation  of saline sites formed m ostly  b y  succulent plants.

C h arac te ristic  species: B atis m aritim a, Salicornia am bigua, S. perennis, Suaeda fru li-  
cosa, S. linearis, F im bristy lis  spathacea, e tc.

8.1.1. Alliance: F i m b r i s t y l i  - S a l i c o r n i o n  p e r e n n i s  Chapman 
1960
Open vegetation  o f saline sites formed by suffrutescent plants. 

Associations studied in Cuba:

8.1.1.1. Fim bristyli-Salicornietum  perennis Borhidi
Association o f saline vegetation  developed on hum id, seasonally flooded  

shallow sandy seaside sites. F ive representative relevés were m ade by B o r h i d i  

at the Guanahacabibes Peninsula and the Southern shore of the Pinar del

T a b le  50

F im bristyli-Salicornietum  perennis B orhidi

1 2 3 4 5

Cover, % 35 40 40 50 45

Salicornia perennis  Mill. 2.3 2.3 3.3 3.3 1.2

F im bristylis spathacea R o th 2.2 1.2 1.2 2.2 2.3

Distichlis spicata  (L .) Greene — 1.2 — +  .2 —
H eliotropium  c u r a s s a v ic u m  L. +  .1 — +  .1 — —
B atis m aritim a  L. — — — +  .2 1.2

Suaeda linearis Moq. +  .1 — — — —
Nostoc 'omrnune L. — — — — + •2
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Table 51

Salicornio-D istichlietum  spicati Borhidi

1 2

Cover, % 85 90

D istichlis spicata  (L .) Greene 5.5 5.5
H eliotropium  curassavicum  L. + . r +  .1

Salicornia perennis  Mill. 1.1 1.2
F im bristylis annua  L. -f-.r +  .1
F im bristylis spathacea R o th — +  .2
Conocarpus erecta L. f. prostrata 1.2 —
Portulaca oleracea L. + . r —

R io p rov ince  a t L a C olom a, M arch, 1976. T ype: R elevé N o. 1 a t  E l V cral 
(T able  50).

8 .1 .2 . A lliance: B a t i d i o n  n i a r i t i m a e  B orh id i 1979
Clo sed v eg e ta tio n  o f th e  saline b e lt, form ed m o stly  b y  succu len t suffru- 

te sc e n t p lan ts .

A ssociation s tu d ie d  in  C uba:

8 .1 .2 .1 . Batidetum niaritim ae Ciferri 1936

8.2. O rder: D IS T IC H L IO -S P A R T IN E T A L IA  (C hapm an  1974) B orh id i and  
Del R isen 1979

Saline prairie  v e g e ta tio n  o f th e  su p ra tid a l b e lt fo rm ed  b y  grasses and  
sedges o f high osm otic ten sion .

C harac teristic  species: D istichlis sp ica ta , Spartina  ju n cea , Sporobolus virg in icus  ssp . 
litto ra lis , Chloris sagraeana , Eragrostis sa lzm a n n ii , Philoxerus verm icularis , H eliotropium  curas, 
sav icu m , etc.

8.2.1. A lliance: D i s t i c h l i o n  s p i c a t a e  (C hapm an  1960) B orh id i and  
D el Risco 1979
W ith  the sam e c h a ra c te ris tic s  as in  th e  order. A ssocia tion  s tu d ie d  in Cuba:

8 .2 .1 .1 . Salicornio—D isticlietum  spicati Borhidi
Species poor, m o n o d o m in an t saline p ra irie  in  th e  h ig h er f la t  te rra in s  

of th e  m angrove b e lt. T ype  relevé (N o. 1.) m ade b y  B o rh id i an d  Del R isco, 
M arch , 1975. in  Las S alinas, P en in su la  de Z ap a ta . (T able 51.)

R E F E R E N C E S
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THE LOCAL COMPLEX OF PHYTOCENOSES 
AND THE VEGETATION LANDSCAPE 

-  FUNDAMENTAL UNITS 
OF THE SPATIAL ORGANIZATION 

OF THE VEGETATION 
ABOVE THE PHYTOCENOSE LEVEL

J .  S o l o n

IN S T IT U T E  O F  G E O G R A P H Y  A N D  S P A T IA L  O R G A N IZ A T IO N , P O L IS H  A C A D EM Y  O F  S C IE N C E S ,
W A R S A W , P O L A N D

(R eceived: 1 D ecem ber 1982)

T his p a p e r p roposes a sy s tem  of u n its  useful for desc rip tio n s of a p a tte rn  in  a 
d is tr ib u tio n  of p la n t  com m unities.

T he basic  u n it  o f th e  sp a tia l o rg an iza tio n  above th e  phytocenose level is a 
local com plex of phytocenoses. I t  com prises all p la n t co m m unities living to g e th e r  in  
th e  v e ry  sam e, hom ogeneous site  (h a b ita t) , being  u n d e r th e  sam e kind  of h u m a n  
influences.

T he n e x t u n it  of th e  system  is a v eg e ta tio n  lan d scap e  T he vegeta tio n  la n d ­
scape is ch arac te rized  b y  m ore or less reg u la rly  d is tr ib u te d  h a b ita ts  o f d ifferen t ty p e s  
of th e  p o te n tia l  n a tu ra l  v eg eta tio n , occupied  by  ex ac tly  defined  local com plexes 
o f phytocenoses.

M oreover, th e  a u th o r  d iscusses tw o o th e r sp a tia ; categories, i.e. th e  g roup  of 
d ep en d en t co m m unities an d  th e  v e g e ta tio n  ca ten a ; b o th  a re  only su p p le m e n ta ry  
u n its , p u ttin g  in  o rd er sp a tia l d is trib u tio n .

Introduction

A g reat n u m b er of in v estig a tio n s show , w ith o u t a n y  d o u b t, t h a t  th e  p lan t cover is no t 
sim ply  a m ix tu re  o f p la n t  associations, b u t  —  due to  a v a riab le  re lief com bined w ith  d iffe ren t 
soils and  a m o is tu re  c o n te n t th ere  is a special k in d  of p a t te rn  in th e  d is tr ib u tio n  of 
phytocenoses.

The o rgan ized  sp a tia l s tru c tu re  o f th e  v eg eta tio n  was n o ticed  as long ago as in  th e  la s t  
c en tu ry . In  1858 L o r e n z  described  peat-bogs in  th e  su rro u n d in g s o f Salzburg  as association  
com plexes. In  1863 K e r n e r ’ s w ork was p u b lished , in w hich th e  H u n g a rian  “ p u sz ta ”  w as 
tre a te d  as a m ain  fo rm atio n  w ith  spots o f o th er associations, re g u la rly  sca tte red  in  space.

Since th e n  m an y  a rtic les have  d ea lt w ith  sp a tia l v e g e ta tio n  u n its  of d ifferen t k in d s 
an d  sizes. The a im  of th e  m a jo rity  o f these  in v estig a tio n s was to  e s tab lish  a system  of sp a tia l  
u n its  and /o r to  ap p ly  th e  system  to  solve th e  given p rob lem  for th e  g iven  area.

D esp ite  all th e  differences resu lting  from  th e  d iv ers ity  of th e  va rio u s au th o rs’ th e o re t­
ical an d  p rac tica l ap p roaches, all u n its  an d  system s could be p u t  in to  one of th e  th ree  g ro u p s 
corresponding to  th e  th ree  levels o f th e  b iosphere  o rgan ization , i.e. p lan e ta ry , regional a n d  
local ( N e e f  1967).

In  th e  f irs t group  of system s th e  w hole surface of th e  E a r th  is d iv ided  in to  v e g e ta tio n  
landscapes accord ing  to  d iffe ren t clim atic  zones ( P a s s a r g e  1919, G r a n ö  1929, B e r g  1958).

In to  th e  second group  m ig h t be p u t  all th e  u n its  referring  to  th e  d is trib u tio n  o f th e  
v eg e ta tio n  a t  regional level. B y th is  ap p ro ach  th e  p la n t cover d iv e rs ity  is described a n d
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e x p l a i n e d  i n  c o n n e c t i o n  w i t h  e d a p h i c  a n d  m o i s t u r e  c o n d i t i o n s .  T h e  m a i n  c o n c e p t  s e r v i n g  a s  

t h e  b a s i s  f o r  t h i s  k i n d  o f  i n v e s t i g a t i o n s  i s  t h e  t h e o r y  o f  t h e  p o t e n t i a l  n a t u r a l  v e g e t a t i o n  ( T Ü X E N  

1956, S c h m i t h ü s e n  1968, B é g u i n ,  H e g g  1975, 1976, M a t u s z k i e w i c z  1979, P l i t  1981) o r  

o t h e r  t h e o r i e s  o f  a  s i m i l a r  c h a r a c t e r  ( R a t s k o v s k a v a  1963, I s a t c h e n k o  1966, I l i n a  1975).
C ontrary  to  th e  tw o  ab o v e-m en tioned  g ro u p s , landscape v eg e ta tio n  u n its  of th e  th ird  

g ro u p  are referred  to  sm all a reas a t  local level. In  th e se  cases th e  m ain  c rite ria  o f v eg e ta tio n  
d iffe re n tia tio n  include m icro en v iro n m en ta l fa c to rs  a n d /o r hu m an  im pacts .

I t  is su rprising  th a t ,  desp ite  m any  d iffe re n t u n its  proposed —  e.g. th e  v eg e ta tio n  
c o m p lex  ( T Ü X E N  1973), th e  com plex of c o m m u n itie s  ( D o i n g  1979), th e  sp a tia l association  
com plex  ( M e d w e c k a - K o r n a s  1978), m ic ro co m b in atio n s ( I s a t c h e n k o  1966), th e  local aggrega­
t io n  of phvtocenoses ( M a t u s z k i e w i c z  1979), th e  v e g e ta tio n  m osaic ( S c h l ü t e r  1979, 1980), 
e tc .  — there  is no genera l m e th o d  for d e lim iting  u n its  o f th is  kind.

M oreover, th e  size a n d  co n ten ts  of th ese  u n its  are based  on a th e  a u th o r’s su b jective  
v iew  ra th e r  th a n  on th e  re a l v eg e ta tio n  p a t te rn  in  th e  space. T h a t is w h y , in  m ost cases, it is 
im possib le  to  com pare  th e  p roposed  u n its  w ith  each  o th er. The h ierarch ic  c h a ra c te r  o f v eg eta ­
t io n  u n its  is no t ta k e n  in to  considera tion  e ither.

The aim o f the study

T he aim  of th is  s tu d y  is to  p re sen t a h ie ra rch ic  system  of u n its  u sefu l for th e  de ta iled  
d e sc rip tio n  of th e  sp a tia l  d is tr ib u tio n  of rea l v e g e ta tio n  in sm all areas.

This p ro p o sitio n  arose  from  th e  an a ly sis  o f  o th e r  system s’ fa u lts  a n d  ad v an tag es  as 
w ell as from  th e  m an y  y ears  field  in v es tig a tio n s  in  th e  su rroundings o f  th e  to w n  Suw alki 
(N E  Poland).

General remarks

The system  o f v eg e ta tio n  sp a tia l u n its  ought to  h av e  th e  follow ing 
p ro p rie tie s :

— reflection  o f th e  h ie ra rch ic  s tru c tu re  o f  a v ege ta tion ;
— em bracem en t o f n a tu ra l, sp a tia l-fu n c tio n a l, ecological com plexes;
— th e  p o ssib ility  to  delim it b o th  re a l a n d  typological u n its ;

- th e  possib ility  to  use these  u n its  n o t  only  for th e  fo rm al descrip tion  of 
th e  v eg e ta tio n  b u t also for v e g e ta tio n  m apping  and  reg ionaliza tion ; 
co m p arab ility , in  ra n k  and  size, w ith  u n its  of th e  com plex  physical- 
geographical ty p o lo g y  and  reg io n a liza tio n .
The system  p re sen ted  here is b ased  on th e  hypo thesis  o f th e  ex istence  of 

a t  least tw o m ain  sp a tia l u n its  o f th e  v eg e ta tio n  a b o v e  th e  phy tocenose  
level, i.e. th e  local com plex  of ph y to cen o ses  and  th e  v e g e ta tio n  landscape , as 
well as tw o o th e r sp a tia l  categories, i.e . th e  group of d ep e n d e n t com m unities 
an d  the  v eg e ta tio n  c a te n a  (Fig. 1).

I t  seems th a t ,  c o n tra ry  to  th e  p rev io u s  system s, th is  one fulfills all the  
above cond itions.
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F ig . 1. S p a tia l u n its  of v eg eta tio n  and th e ir  h ie ra rch y

The local complex o f phytocenoses

The local com plex of phytocenoses is th e  f irs t sp a tia l u n it o f a v eg eta tio n  above th e  
phytocenose level. I t  com prises all p la n t com m unities liv ing  to g e th e r on  th e  sam e ho m o ­
geneous h a b ita t  u n d e r  th e  sam e h u m an  influences.

T here  are tw o  reasons for th e  h a b ita t  hom ogeneity  p o stu la te . T he f irs t  arose from  th e  
op in ion, th a t  — a t  lea s t in  m ost cases — connections be tw een  p la n t com m unities grow ing 
to g e th e r on th e  sam e site  are stro n g er th a n  connections betw een  a d ja ce n t ones living on 
d ifferen t h a b ita ts . T hese  connections are n o t only due to  th e  m a tte r , energy  and in fo rm ation  
flo\N, b u t  also, w h ich  seem s to  be m ore im p o rta n t, to  th e  id en tica l k in d  of th e  succession of, 
and  com m on re ac tio n s  to  en v iro n m en ta l changes of all k inds.

M oreover, i t  h ap p en s  th a t  y e a r by  y ear th ere  are changes in th e  a rea  and location  of 
ind iv idual p h y tocenoses, b u t  th e  general p a tte rn  of d is tr ib u tio n  (reg is te r o f p la n t com m unities, 
a rea  frag m e n ta tio n , q u a n tita tiv e  p ro p o rtio n s of associations, form  of a  ne ighborhood, e tc .) is 
s tab le  for several y ears .

T he second reaso n  is to  e lim inate  or, a t  least, to  re s tr ic t th e  a rb itra rin e ss  of delim iting  
u n its , as it is in cases o f  those  based  on h a b ita t  m osaics ( M e d v e c k a - K o r n a s  1978, D o i n g  

1979, S c h l ü t e r  1979), show ing on ly  th e  ind iv idual, and  being im possible to  com pare and  
typologize.
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In  th e  system  p roposed  here th e  analysis an d  com parison of in d iv id u a l, real local 
com plexes o f phytocenoses m ak es i t  possible to  define th e ir  types. I t  seem s th a t  th e  b e s t w ay 
for a  fo rm al description of th e se  ty p es  is to  use th e  m eth o d  e lab o ra ted  fo r sigm associa tions 
( B é g u i n ,  I I e g g  1975, 1976, B a l c e r k i e w i c z ,  W o j t e r s k a  1978 and  o thers).

T h e  com plete d escrip tion  of th e  c h a ra c te r  o f th e  ty p e  of th e  local com plex of p h y to ­
cenoses con tains:

th e  reg is te r of all p la n t associations;
th e  d istinction  be tw een  p rin c ip a l and  su p p lem en ta ry  associations as well as betw een 
specific, non-specific an d  a lien  ones;

—  th e  q u a n tita tiv e  p ro p o rtio n s  of associations;
— th e  m ode of th e  a sso c ia tio n s’ d is tr ib u tio n  (i.e. areal, linear or as a  p o in t) ;
—  th e  va lue  of th e  a rea  fra g m e n ta tio n  in d ex ;
—  th e  m ean  percen tage o f b o rd ers  be tw een  each p a ir of associations w ith  resp ec t to  the  

m ea n  num ber of all b o rd e rs  inside th e  local com plex of phytocenoses;
—  th e  ty p e  of th e  p o te n tia l  p la n t  association .

Som e term s m en tio n ed  above o u g h t to  be exp lained . T he p rin c ip a l associations are 
th o se  w hich  occupy m ore th a n  10%  of all th e  area . In  any  given ty p e  of th e  local com plex 
o f phy to cen o ses th ere  a re  2—5 associations o f th is  k ind . O ther assoc ia tions occurring  are 
su p p le m e n ta ry  ones.

T he specific associations can  be m et in  one ty p e  (or a group of ty p es )  only. The n o n ­
specific  ones occur in v e ry  d iffe ren t ty p es ; th e y  h av e  a very  low fid e lity .

Som etim es i t  h ap p en s th a t ,  u n d e r special c ircum stances, in  d eg rad ed  places, one can 
m ee t p la n t  com m unities belonging  to  a ty p e  q u ite  d ifferen t from  th e  local com plex of p h y to ­
cenoses. T his is an alien assoc ia tion .

B eside well developed com m unities, inside  th e  local com plex of p hy tocenoses one m ay 
fin d  frag m en ts  of com m unities, d ep en d en t com m unities, and  even  syn u sia  or sep a ra te  p o p u la ­
tio n s  (e.g. th e  po p u latio n  o f tree s  grow ing on roadsides). All th ese  cen o tax a  en rich  th e  
c h a ra c te r  of local com plexes o f p h y tocenoses, o ften  de term in ing  th e ir  m u ta b ility .

A t th e  local level th e  reg is te r of p la n t  associations of th e  sep a ra te  local com plex of 
p h y to cen o ses is m ainly  d e te rm in ed  b y  th e  q u a lity  o f th e  h a b ita t  a n d  a ty p e  of lan d  use, and 
only in  a sm all degree by  th e  geographical v a r ie ty  of a p la n t cover. T hese  facto rs also d e te r­
m ine th e  size of local com plexes o f ph y to cen o ses, w hich  is h ighly  v a ria b le , b u t  in m ost cases 
i t  is m ore  th a n  100 m 2 an d  less th a n  1 k m 2.

D uring  m any  y e ars’ fie ld  in v estig a tio n s in  th e  surroundings o f th e  to w n  Suw alki (N E  
P o la n d ), several ty p es o f th e  local com plexes o f  phytocenoses were d is tin g u ish ed  an d  described. 
I  w a n t to  p resen t th ree  o f th em , w ith  th e  sh o rte n ed  charac te ris tics , as an  exam ple  of u n its  
o f th is  k ind . All th e  ty p es  p re sen te d  below  are  lo ca ted  in th e  T ilio -C arp inetum  h a b ita t.

T he f irs t ty p e  is conn ec ted  w ith  th e  low build ings and  th e  a rea  o f  sm all ru ra l se ttle ­
m en ts . T he area  occupied b y  a single com plex is of ab o u t 2000—100 000 m 2. T he ch arac te ris tic  
fe a tu re  here is the  lack  of a v eg e ta tio n  on 2 0 -8 0 %  of th e  to ta l te rr i to ry  occupied . T he com plete 
re g is te r  of p lan t associations co n ta in s 12 item s, b u t  only tw o, i.e. Lolio-P lantaginetum  and 
Arrhenatherelum  are th e  p rin c ip a l associations. As th e  specific associations are regarded : 
Leonuro-A rctie tum , U rtico-M alvetum , P otentillo-Artem isietum , Lolio-P lantaginetum  growing in a 
fo rm  o f big spots and  frag m e n ts  o f associations from  Polygono-Chcnopodietalia , m ain ly  of 
Galinsogo-Setarietum  and  V eronico-Fum arietum .

T he second ty p e  is t h a t  of open fields. T he area  occupied b y  a single com plex is of 
a b o u t 10-50 ha or m ore. T h e  com plete reg is te r o f p lan t associations co n ta in s 17 item s, of 
w h ich  fo u r are p rincipal ones, i.e. A rrhenatherelum , Lolio-C ynosuretum , Consolide-B rom etum  
an d  Veronico-Fum arietum . T he las t th ree , to g e th e r w ith  E chio-M elilo tetum , Tanaceto-Arte-
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m isie tu m , Centaureo-Berteroetum, Prunetalia  an d  Lolio-P lantaginetum  occurring  in  a lin ea r 
fo rm  are also specific associations.

Som etim es P olygalo-N ardetum , P in u s  silvestris p o p u la tio n s  and  frag m en ts  o f san d y  
g rasslands from  Festuco-Sedetalia  occur, b u t  th e y  are  alien cen o tax a .

T he th ird  ty p e  is t h a t  o f w oody te rr ito rie s . T he a rea  occupied  by  a single com plex is 
m ore th a n  50 ha . T he com plete reg is te r o f p la n t a ssoc iations con tains 11 item s, b u t  only 
th ree , i.e. T ilio -C arp inetum , Rubo-Salicetum  and  th e  y oung  fo res t w ith th e  dom inance  of 
Picea excelsa, are p rin c ip a l associations. T ilio -C arp inetum , T rifo lio -A grim onietum , Prunello- 
P lantaginetum  and  Fragarion  are specific com m unities.

As i t  can be easily  seen, th e  local com plex of phy to cen o ses m ight be com pared  w ith 
th e  v eg e ta tio n  asp ec t o f some basic u n its  o f th e  com plex physico-geographical system . 
I t  seems th a t  th e  “ su b u ro tsh is tsh e”  (poduroczysko ; K o n d r a c k i  1976) is a p a ralle l ca tegory  
of th is  k ind .

The vegetation landscape

The real v eg e ta tio n  landscape is th e  second m ain  u n it  o f  a vegeta tio n  sp a tia l o rg an iza ­
tio n  above th e  phytocenose  level. I t  com prises d ifferen t h a b ita ts ,  d is trib u ted  in a special 
w ay in a space occupied  by  diverse local com plexes o f phy tocenoses.

D esp ite  a succession of phytocenoses an d  th e ir  com plexes, th e  v eg eta tion  lan d scap e  is 
a stab le  u n it  and  p e rsists  for some h u n d red  y ears, as long as no ca tas tro p h ic  ev en ts  occur 
(m ain ly  due to  d ra s tic  changes in land  use, e.g. d e fo resta tio n , co n struction , etc.).

In  m ost cases d iffe ren t h a b ita ts  are reg u la rly  p laced in  a space, b u t the  sam e can  no t 
be said ab o u t local com plexes of phy tocenoses, because of a v e ry  com plicated  p a tte rn  in 
th e ir  d is trib u tio n .

I t  seem s th a t  th e  rea l v egeta tion  lan d scap e  is th e  sm allest u n it of regional c h a ra c te r  
and  it o u g h t to  be ta k e n  in to  consideration  du rin g  geobotan ica l regionalization .

T he com plete  descrip tion  of th e  c h a ra c te r  of th e  in d iv id u a l vegeta tio n  lan d scap e  
co n ta in s:

— th e  area  of th e  landscape;
th e  reg is te r o f all ty p es  of local com plexes o f phytocenoses to g e th e r w ith  th e ir  a rea  and  
th e  ty p e  of h a b ita ts  occupied;
th e  d is tin c tio n  be tw een  principal and  su p p lem en ta ry  ty p es  of local com plexes of 
phytocenoses;

— th e  v a lue  of th e  a rea  frag m en ta tio n  index ;
— th e  ou tline  of v eg e ta tio n  catenas occurring ;
— th e  m ain  d irections o f lan d  use.

The analysis and  com parison  of in d iv id u a l, re a l v eg e ta tio n  landscapes m akes i t  possible 
to  define th e ir  ty p es . A m ain  criterion  for a  general sim ila rity  is th e  resem blance of v e g e ta ­
tio n  caten as and  th e  p a t te rn  o f d is tr ib u tio n  of phytocenoses in local complexes.

T he a rea  occupied  b y  a vegeta tio n  lan d scap e  is from  severa l k m 2 to few h u n d re d  k m 2 
or even m ore.

In v estig a tio n s  carried  o u t up  to  now  h av e  show n th a t  in m o st cases th ere  a re  less th a n  
one h u n d re d  local com plexes o f phytocenoses belonging to  less th an  ten  ty p es in th e  com ­
p osition  of a sep a ra te  v eg e ta tio n  landscape. H ow ever, p ro p o rtio n s  m igh t be q u ite  d iffe ren t 
in  th e  d ifferen t regions.

As an  exam ple  o f th e  u n it described above th e  m eadow -fo rest-m arsh -field  system  
occurring  on a f la t  surface  w ith  sporadic  sm all hills m igh t be  m entioned . T here  are  Tilio-
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C m p in e tu m  h a b ita ts  on these  hills, occupied b y  th e  open-fie ld -type  local com plexes of 
ph y to cen o ses.

O n th e  rem ain ing  a rea  th e  h a b ita ts  of Circaeo-A lnetum  and  C arici-A lnetum  p rev a il w ith  
th e  a d d itio n  of some Vaccino u lig inosi-P inetum . T here  are th ree  p rincipal ty p e s  of local 
com plexes of phytocenoses here, the  f irs t one w ith  th e  dom inance  of Cirsietum  rivularis  and  
th e  m eadow  of C irsio-Polygonetum  ty p e  (the  C ircaeo-A lnetum  h a b ita t) , th e  second  w ith  th e  
d o m in an ce  of Salicetum  pentandro-cinereae, Salicetum  repentis and  Carici-Agrostietum  ( th e  
C aric i-A lnetum  h a b ita t)  a n d  th e  th ird  w ith  th e  dom inance  of C arici-A lnetum  an d  d iffe ren t 
f ra g m e n ts  of M agnocaricion  associations (C aric i-A lnetum  h a b ita t) .

I t  seems th a t  for th e  u n it understood  as abo v e , th e  m icroregion or te r ra in  ( K o nd ra cki  
1976) is th e  parallel physico-geographical ca tegory .

O ther categories

B eyond the  d is tin c t and  au tonom ous u n its  like th e  local complex of phy to cen o ses and  
th e  v eg e ta tio n  lan d scap e , com prising  n a tu ra l,  ho lis tic , ecological system s, th e re  are o th e r  
sp a tia l  categories of v eg eta tio n .

One of th em  is a g roup  of d ep en d en t com m unities. I t  is com posed of com m unitie&  
a lw ay s (or alm ost a lw ays) occurring  to g e th e r e.g. th e  F agetulia forest w ith  th e  Trifolio- 
Geranietea  com m unity  a n d  th e  ep iphy te  co m m u n ity , o r Salicetum  pentandro-cinereae w ith  
Filipendulo-G eranietum  an d  Convolvulelalia sep ium .

W ith o u t any d o u b t, th e  group of d ep en d en t co m m u n itie s  is an ecological u n it,  b u t ,  in 
fa c t,  i t  has no real sp a tia l sense. N evertheless, i t  is p a r t  o f th e  local com plex o f phy to cen o ses 
a n d  i t  m u st he ta k e n  in to  considera tion  in course o f th e  com plex describing.

T he o th er a d d itio n a l u n it  is th e  v eg e ta tio n  ca ten a . I t  illu stra tes  an  a rra n g e m e n t of a  
v e g e ta tio n  along g rad ien ts  o f  en v ironm en ta l fac to rs  (p H , h u m id ity , n itro g en  co n ten ts , etc .). 
I t  h a s  a linear c h arac te r  ra th e r  th a n  spa tia l. T he v eg e ta tio n  ca ten a  shows connections am ong  
phy to cen o ses b u t it does n o t  reflect all th e  sp a tia l d iffe ren tia tio n , o ften  su b d iv id in g  n a tu ra l  
sy s te m s. T h a t is w hy  it  can  n o t be tre a te d  as an au to n o m o u s level of v eg e ta tio n  organ ization .

T he above-described  categories are n o t in d ep e n d en t sp a tia l u n its , n ev erth eless th e y  
m ig h t be th e  basis for de lim itin g  landscape v e g e ta tio n  u n its , as it was done b y  M a t u s z k i e w i c z  

(1979), Armand (1980), C z e r w i n s k i  (1981) and  o thers .

F ina l rem ark s

E very  sp a tia l u n it based on th e  real v eg e ta tio n  is p a r t  o f th e  ex ac tly  
d e fin ed  landscape u n it  based on p o te n tia l v eg e ta tio n . F rom  th e  th eo re tica l 
p o in t of view  it is possible to  c o n s tru c t an  un iform  h ie ra rch ic  system  o f 
lan d scap e  v eg e ta tio n  u n its  w ith o u t an y  in n er co n trad ic tio n s, in te g ra tin g  th e  
sy stem  presen ted  above  w ith  app roaches of S c h m i t h ü s e n  (1968), M a t u s z k i e ­

w i c z  (1979), R a d k e  (1980), Р ы т  (1981) an d  o th ers , based on th e  T ü x e n ’s 

(1956) p o ten tia l v e g e ta tio n  princip le .
B ased on th e  h v po thesis  th a t  each phy tocenosis  re flec ts  a biocenosis 

a n d  an  ecosystem  ( M a t u s z k i e w i c z , W . 1974), all the  lan d scap e  v e g e ta tio n  
u n its  are, a t th e  sam e tim e, com plex geograph ical landscape u n its . T h a t is
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w hy th ey  m ig h t be used for th e  com pletion  o f th e  ch a rac te riza tio n  o f o th e r  
sp a tia l un its . Also, th e  system  o f the  sp a tia l u n its  o f th e  real v e g e ta tio n  
shows som e sim ilarities to  d ifferen t system s based  on geom orphology a n d /o r 
land  u tiliz a tio n , e.g. th e  phy to -geom orph ic  sy stem  of H o w a r d  and M i t c h e l l  

(1980).
T here are  g rea t perspectives for ap p ly in g  lan d scap e  vegeta tion  u n its , 

f irs t of all for reg iona liza tion  and for th e  com plex  ev a lu a tio n  of the  en v iro n m en t.
The system  of landscape u n its  based  on th e  rea l v eg e ta tio n  has been  

applied  no t only  for describ ing  in d iv idua l reg ions, b u t  also for the o p tim iz a ­
tio n  of lan d  use d irec tions, ev a lu a tio n  of tu r is tic  fea tu re s  and ev a lu a tio n  o f 
an th ropogen ic  changes.
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BOOK REVIEWS

E d ito r : G. F e k e t e

L y o n s ,  J .  М . - V a l e n t i n e ,  R .  C . - P h i l l i p s ,  D .  A . - R a i n s ,  D .  W . - H u f f a k e r ,  R .  C .  (eds): 
G enetic  E n g in eerin g  of Sym biotic  N itro g en  F ix a tio n  and  C onservation  of F ix ed  N itrogen . 
P lenum  Press, N ew  Y o rk -L o n d o n  1981

T his vo lu m e com prises th e  p a p ers  p resen ted  a t  th e  S ym posium  on: “ E n h an c in g  B io­
logical P ro d u c tio n  of Am m onia from  A tm o sp h eric  N itro g en  an d  Soil N itra te ”  he ld  a t  L ake 
T ah o l, C alifornia in  Ju n e , 1980. T he m ee tin g  an d  accord ing ly  th is  vo lum e focuses on  enhan c in g  
th e  efficiency o f n itro g en  fix ation , b rid g in g  th e  gap be tw een  th e  rh izobial m ic ro sy m b io n t 
an d  its  h o st p la n t  w ith  em phasis on th e  fu n d a m e n ta l b iology of th e  sym biosis. In c o rp o ra tin g  
th e  w ork  of sc ien tis ts  from  several d isc ip lines, th e  book develops a basic u n d e rs tan d in g  of th e  
genetics, p h y sio logy  and  biochem istry  o f sy m b io tic  N 2 f ix a tio n , th e  acqu isition  an d  assim ila­
tio n  of fixed  n itro g e n  and th e  effects o f d e n itr if ic a tio n  on fixed  n itrogen . M any tra d itio n a l 
genetic  te c h n iq u es  being used to  solve p ro b lem s re la ted  to  N 2 fix a tio n , NO^~ u tiliz a tio n  and  
N O 3 co n se rv a tio n  are  outlined . F u rth e rm o re  som e of th e  f irs t  a tte m p ts  to  p rov ide  so lu tions 
th ro u g h  m eth o d s  o f genetic  engineering are  also rep o rted .

T he m ain  c h ap te rs  are: “ G enetics a n d  reg u la tio n  of n itro g en  f ix a tio n ” , “ P la n t  fac to rs  
im p ac tin g  n itro g en  assim ila tion” , “ N itro g en  f ix a tio n  by  non legum es” , “ C onservation  o f fix ed  
n itro g e n ” .

T his vo lum e will be w orth-w hile read in g  and  of p rim a ry  im p o rtan ce  to  resea rch ers  and 
w orkers in g enetics, agronom y and b o tan y  as well as b io ch em istry  and  photob io logy .

I. G y u r j á n

R o o d y n ,  D. B. (ed .): Subcellu lar B io ch em istry . Vol. 8 . P lenum  Press , New Y o rk -L o n d o n  1981

T his is a new  book in th is series, dealing  w ith  th e  b io chem istry , biogenesis, s tru c tu re  
an d  evo lu tion  of cell organelles and m em b ran e  system s.

The f ir s t  c h a p te r , published by  J .  O e l z e ,  is concerned w ith  a  deta iled  acco u n t o f th e  
com position  an d  d evelopm en t of th e  b a c te r ia l p h o to sy n th e tic  a p p a ra tu s . A n u m b er o f p h o to ­
sy n th e tic  b a c te r ia  are  discussed, w ith  p a r tic u la r  em phasis on  th e  w ell-studied  R hodosp irillum  
rubrum  and  Rhodopseudomonas spheroides. A m odel of th e  a rra n g e m e n t of m em b ran es in  th e  
cell and  of fu n c tio n a l system s in  m em branes o f a p h o to tro p h ic  b ac te riu m  is p resen ted .

In  th e  second  chap ter, A. C. B a k k e  an d  R .  A. L e r n e r  sum m arize  th e  changes in 
m em b ran e  s tru c tu re  du rin g  developm en t o f Dictyostelium  discoideum . T h is slime m ou ld  can  
ex is t in  a v e g e ta tiv e  form  as a co n v en tio n al “ am o eb a” . H ow ever, u n d e r ap p ro p ria te  co n d i­
tio n s  i t  is tran s fo rm e d  in to  a m u ltice llu la r organism . T he p lasm a  m em branes h av e  been  
s tu d ied  a t  every  s tag e  and  th e  resu lts  o f su ch  s tu d ies  are sum m arized  in  th is ch ap te r .

The n e x t c h a p te r  system atica lly  su rv ey s th e  cu rre n t know ledge of th e  b io ch em is try  of 
th e  m ic ro tu b u le  sy s tem  and of th e  m echan ism  of m ic ro tu b u le  assem bly . One sec tion  deals 
w ith  recen t e x p e rim e n ts  on the  cloning of th e  tu b u lin  gene b y  B. B. B i s w a s ,  A. C. B a n e r j e e  

and  B. B l I A T T A C H A R Y Y A .
N ex t is d e a lt  w ith  the  question  of th e  re la tio n sh ip  be tw een  nucleus and  cy to p lasm . 

A. Y. L i c h t e n s t e i n ,  M .  M .  Z a b o y k i n ,  V .  L .  M o j s e e v ,  V .  S .  S h a p o t  are p a rticu la rly  concerned  
w ith  how th e  flow  c f  genetic  in fo rm ation  fro m  nucleus to  cy to p lasm  is contro lled . T h ey  m ake 
som e fascin a tin g  suggestions ab o u t th e  possib le  role o f u b iq u ito u s nuclear pores in th e  process.
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T h e  f if th  ch ap te r  is a sh o rt sum m ary  of th e  m ain  m etab o lic  tran s fo rm a tio n s  of v i ta ­
m in  D. H e re  th e  su b cellu lar localization  of various h y d ro x y lase  system s invo lved  in these  
tran s fo rm a tio n s  is discussed.

T h e  n e x t c h ap te r  deals specifically  w ith  recep to rs  o f  fu n d am en ta l im p o rtan ce , nam ely  
those  o f ace ty lcho line . M odels o f th e  m olecular o rg an iza tio n  of acety lcholine  re ce p to r com plex 
are g iven . A  survey  of th e  d is tr ib u tio n  of acety lcho line  recep to rs , th e ir  com position , s tru c tu re , 
and m o rpho logy , and th e  differences betw een  ju n c tio n a l an d  e x tra ju n c tio n a l recep to rs  can 
also be fo u n d .

A n  a rtic le , by  A. R . P o o l e ,  describes th e  ap p lic a tio n  of m odern  im m unolog ical te c h ­
n iques to  th e  s tu d y  of tis su e  pro teinases. M oreover, th e  in tra -  and  ex trace llu la r loca lization  
of c a th e p s in  D is d iscussed . H e includes a  m ost usefu l section  en titled  “ Im m unolog ical 
M ethods fo r th e  S tudy  of P ro te in ase s”  w ith  helpful ad v ice  on th e  p re p a ra tio n  of an tibod ies , 
im m u n o p ré c ip ita tio n , im m u n o in h ib itio n , im m u n o loca lization , e tc . The a rtic le  show s strik ing ly  
how  c u r re n t  advances in im m unology  m ay be usefu lly  app lied , to  th e  s tu d y  of th e  tissue  and 
in tra c e llu la r  d is tr ib u tio n  o f specific enzym e m olecules.

T h e  fin a l c h ap te r  is a brief, critical and  s tim u la tin g  acco u n t by S. W . F o x ,  K . H a r a d a  

and  P . E . H a r e  of s tu d ies  th a t  have been m ade to  estab lish  th e  significance o f th e  trac e  
a m o u n ts  o f am ino acids t h a t  have been d e tec ted  in sam ples of lu n ar rock  and  in th e  core of 
va rio u s m eteo rites .

T h e  volum e includes an  extensive  book review  sec tion  e laborating  on  ce rta in  aspects 
such  as recogn ition  sy s tem s, m ethodology , cell bio logy, an d  evolu tion  an d  m an y  top ics d is­
cussed a re  re la ted  to  c h ap te rs  in th e  review ed volum e.

A . H .  N a g y

B r o w n ,  R . M. J r .  (ed .): Cellulose and O th er N a tu ra l P o ly m er System s. P len u m  Press, New 
Y o rk  1982, pp . 519, IV p la te s

I t  is surprising  t h a t  we know  very  l ittle  a b o u t how  cellulose, th e  m ost a b u n d a n t m acro  
m olecu le  On ea rth , is sy n thesized . In  sp ite  of th e  trem en d o u s econom ic p o te n tia l  for wood 
a n d  cellulose p ro d u c ts , an d  in sp ite  of th e  v a s t a cc u m u la tio n  of scientific  d a ta  on  th e  com ­
p o s itio n  and  s tru c tu re  o f wood and tex tile s , th e  m ech an ism  of cellulose b iogenesis are m uch  
less u n d e rs to o d  th a n  one m ig h t have suspec ted . R e p ea te d  a tte m p ts  to  assem ble cellulose 
m ic ro fib rils  in v itro  h av e  been  m ade w ith o u t success, y e t a close re la tiv e , ch itin , h as been 
sy n th e s ize d  in m ic ro fib rilla r form  in v itro .

Cellulose, c h itin , lig n in  and  o th e r n a tu ra l  p o ly m er system s are so com m on and wide- 
sp ead  in  th e  living sy s tem s, and are so essen tia l to  ou r da ily  lives th a t  i t  is o f g re a t im poi tan ce  
t n a t  w e striv e  to  b e t te r  u n d e rs tan d in g  how th ese  p ro d u c ts  are assem bled  b y  liv ing  cells. 
B ecau se  these  are com plex , in te rd ep en d en t sy s tem s, th e  skills and effo rts o f b iochem ists, 
m o lecu la r  genetic ists , an d  physic is ts  are needed to  help  solve th e  m an y  ex trem e ly  com plex 
an d  d iff ic u lt prob lem s in th e  field.

In  sp ite  of th e  re la tiv e  p au c ity  o f in fo rm a tio n  on  cellulose m icro fib ril b iogenesis, we 
h av e  b egun , a t  la s t, to  m ak e  progress in th e  area . A tre a tis e  dealing w ith  th e  su b je c t is needed. 
New technolog ical d iscoveries and approaches h av e  p ro v id ed  us w ith  a b e tte r  u n d e rs tan d in g  
of how  th e  cellulose m ic ro fib ril is assem bled.

In  th is vo lum e, som e of th e  m ost recen t an d  in n o v ativ e  ap p ro ach es are  p resen ted  
d ea lin g  w ith  th e  b io ch em is try , m acrom olecu lar s tru c tu re , and  cyto logy of cellulose an d  its  
a ssem b ly  and d eg rad a tio n .

Focusing  on th e  com position , biogenesis, and  d e g rad a tio n  of cellulose, th is  book surveys 
b asic  resea rch  on th e  b iosyn thesis and s tru c tu re  o f d iverse  n a tu ra l po lym er system s, in ­
c lu d in g  those of b ac te ria , algae, and insects, as well as h igher p lan ts.

A lthough  th e  w o rk  co n cen tra tes on cellulose as a n a tu ra l po lym er sy s tem , i t  co n ta in s 
im p o r ta n t  ch ap ters  concerned  w ith  th e  m acrom olecu lar s tru c tu re  of th e  p o ly m er and  th e  role 
o f cellulose in p la n t g ro w th  and developm en t. N a tu ra l  po lym er system s are  co m pared  w ith  
m an -m ad e  fibers, an d  o th e r, noncellulose cell w all com p o n en ts  such as hem icellulose, callose, 
c h itin , p ro te ins, and  g lycopro teins.

T he volum e co n ta in s  23 papers from  29 a u th o rs  (m ostly  from  th e  U SA  and  C anada), 
an d  h as  th ree  m ain  sections.

I .  Biogenesis. T h e  f irs t  section gives th e  th re e  q u a rte rs  of th e  w hole vo lum e: 18 pap ers . 
T he m ain  topics are : th e  m icrofibril assem bly  of cellulose in vivo, cy to log ical m odels of cel­
lu lose  biogenesis, cell-w ell fo rm ation , assem bly  an d  loca lization  of wall po lym ers, th e  in te r ­
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a c t io n  o f  ce ll-w all fo rm a tio n  a n d  cell d iv is io n , cell-w all r e g e n e ra tio n  b y  p ro to p la s ts ,  m ic ro ­
f ib r i l - tip  g ro w th  a n d  th e  d e v e lo p m e n t o f  p a t t e r n  in  cell w alls, th e  ro le  o f  th e  G o L G l-a p p a ra tu s  
in  th e  b io sy n th e s is  o f  n a tu r a l  p o ly m e r  s y s te m s , ca llo se -d e p o s it f o rm a t io n  in  ro o t  h a ir s ,  c h it in -  
f ib r i l  f o rm a t io n  in  a lg ae , sy n th e s is  o f  c h i t in  m ic ro fib r ils  in  v i t ro ,  th e  c o n tro l  o f  m o le c u la r  
w e ig h t a n d  i t s  d is tr ib u t io n  in  th e  b io g e n e s is  o f  ce llu lose , Acetobacter x y lin u m  as a  m o d e l 
s y s te m  fo r  ce llu lose  sy n th e s is .

Several papers deal w ith  th e  b io sy n th es is  of diverse g lycopro teids, callose an d  o th er 
n a tu ra l  po lym ers.

T he p la n ts  stud ied  range  from  b a c te r ia  (m ostly  Acetobacter species) to  algae and 
h igher p lan ts .

I I .  Structure. The fo rm atio n  an d  s tru c tu re  o f cellulose m icrofib rils are in v es tig a ted  by 
various techn ics of X -ray  d iffrac tion , au to ra d io g ra p h y , scanning an d  h igh reso lu tion  electron  
m icroscopy , e tc . The resu lts give us a d e ta iled  and  up -to -d a te  o \ erall p ic tu re  o f th e  cross- 
sectional, in te rn a l, la te ra l, an d  lo n g itu d in a l s tru c tu re  of cellulose m icrofib rils as well as th e  
accu rate  d im ensions of them .

S im ilar tools are used to  d iscover th e  s tru c tu re  of ch itin  m icrofib rils an d  t h a t  of th e  
ch itin -p ro te in  com plex. C om parisons b e tw een  sy n th e tic  m an-m ade, and  n a tu ra l m icrofibril 
system s show  th a t  all these system s can  be  described  th ro u g h  th e  form alism s of n o n equ ilib rium  
th erm o d y n am ics .

I I I .  Degradation. The decom position  of n a tu ra l polym ers has ccu a l im p o rtan ce  to  th e  
syn thesis o f th em . F or catabo lizing  cellulose, ch itin  and o th er n a tu ra l po lym ers, th e re  are 
p re sen t in  n a tu re  a num ber of enzim es. In  h igher p lan ts  these  are invo lved  in  cell g ro w th  and 
div ision , d iffe ren tia tio n ; m a tu ra tio n  of fru its , invasion  of foreign organ ism s (e.g. fungi) th ro u g h  
w ounded  tissu es, callose deposition , sym biosis o f nitrogen-fix ing  b a c te ria  w ith  p lan ts , etc.

L it te r  decom position, wood decay , d igestion  and m any o th er im p o rta n t n a tu ra l  p ro ­
cesses г re  in  close connection w ith  catabo liz ing  cellulose and chitin .

C e llu la se  en z im es h a v e  a  sp e c ia lly  p ro m is in g  fu tu re  in th e  p o ss ib le  c o n v e rs io n  o f  w a s te  
ce llu lo se  in to  g lucose , a n d  f u r th e r ,  e th a n o l.

T he w hole volum e is w ell-docum en ted  w ith  m any  oxer lien t m icrophotos a n d  color 
p la tes . E a c h  ch ap te r  is follow ed by b ib liographies. An overall su b jec t index  is included . T his 
w ell-ed ited  book  will m ost certa in ly  be w elcom ed by  cell biologists, b iochem ists , b iophysic ists , 
m olecu lar geneticists, and o th er ex p erts  o f n a tu ra l  polym er system s.

Z. Szőcs

J o h r i , B. M. (ed.): E x p erim en ta l E m b ry o lo g y  o f  V ascular P lan ts . Springer V erlag, B erlin  
H eidelberg—N ew  Y ork 1982, pp. 273

T his book on experim en tal em bryology  of p te rid o p h y tes , gym nosperm s an d  angio- 
sperm s co n ta in s a  wide range of top ics in c lud ing  flow er, an th e r, ov ary , ovule and  nucleus 
cu ltu re , po llen -p istil in te rac tio n  and  contro l o f fe rtiliza tio n , endosperm , em bryo  an d  p ro to ­
p las t cu ltu re .

F irs t p a r t  of th e  book is d ev o ted  to  e x p erim en ta l em bryology of p te rid o p h y te s  (C hap. 2 
by  A. E . D e  M a g g i o ) ,  gym nosperm s (C hap. 3 by  K . N o r s t o g ) ,  and angiosperm s (C hap. 4 by 
R .  N .  K o n a r  an d  S. K i t c h l u e ) .  E ac h  c h ap te r  is self-contained, th e  te x t  and  legends have 
n o t been load ed  w ith  too m an y  de ta ils  of m edia  b u t  these  can be found  in th e  references. The 
sign ifican t ach ievem en ts and m an y  of th e  un reso lved  problem s have  been so rap id  th a t  a 
com prehensive review  is no m ore possible.

C h ap te r 5 deals w ith  th e  p rob lem s of a n th e r  culture. D uring  th e  las t te n  y ears  th e  
m ost sp ec tacu la r  ach ievem en t seem s to  be th e  in  v itro  developm ent of hap lo id  p lan ts  from  
pollen. A fte r th e  discovery  of th e  origin o f hap lo id  p lan ts  from  pollen th ro u g h  a n th e r  cu ltu re  
by  G u h a  a n d  M a h e s h w a r i  (1964) th e  n e x t step  w as to  cu ltu re  iso lated  pollen grains. C. N i t s c h  

(1976) has given an excellent tech n iq u e  for p re -tra in in g  of an th e rs  and iso lating  pollen  grains. 
She (1977) also discusses th e  ad v an tag es  of iso la ted  m icrospore cu ltu re  over a n th e r  cu ltu re . 
In  th is  w ay  th e  possib ility  of dip lo id  callus fro m  a n th e r  tissue is avoided. T he p ro d u c tio n  of a 
large n u m b er o f haplo ids and hom ozygous d ip lo ids is of g reat im p o rtan ce  to  geneticists.

T he successful cu ltiv a tio n  of p o llin a ted  ovaries w ith  p roem bryos and  free nuclear 
endosperm  h as m ade it possible to  cu ltu re  ovaries an d  ovules w ith  th e  zygote and  p rim ary  
endosperm  nucleus (Chap. 6). T est tu b e  fe rtiliz a tio n  of gynoecia, p iacé rt a w ith  ovules (C hap. 7) 
is a g rea t step  fo rw ard  in rem oving b a rrie rs  to  c rossab ility  and ob t. i ung  in te rgeneric  and 
in terspecific  hybrids.
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C h ap te r  8 is d ev o ted  to  endosperm  tissue , w hich  w as considered  to  be ‘‘dead” and 
in cap ab le  of undergoing m o rphogenesis. Since 1965 endosperm s hav e  been  successfully cu ltu red  
a n d  organogenesis also ach iev ed . A nu m b er o f d iverse  ta x a  h av e  y ielded  callus of un lim ited  
g ro w th  a n d  d iffe ren tia tio n  lead in g  to  trip lo id  ro o ts, shoo ts and  even p la n tle ts  in ab o u t a 
dozen ta x a .

T he prob lem  of p ro to p la s t  cu ltu re  also deserves to  be m en tioned , th o u g h  th is  m ay  n o t  
d irec tly  p e r ta in  to  ex p e rim e n ta l em bryology. H ow ever, em bryogenesis does occur in  p ro to ­
p la s ts  o f a n u m b er of ta x a  (C hap . 10). Som e o th er a spects o f p ro to p la s t  cu ltu re  have  also been 
considered  for th e  sake of a  co m prehensive  coverage.

T h e  a u th o r s  o f  th e  in d iv id u a l  c h a p te r s  a re  w e llk n o w n  sp e c ia lis ts  in  th e ir  r e sp e c tiv e  
f ie ld s  a n d  th e y  e m p h a s iz e  t h e  r e le v a n t  a sp e c ts  o f  v i ta l  im p o r ta n c e . P ro fe sso r  J o h r i’s sh o r t  
b u t  in te r e s t in g  in t ro d u c tio n  (C h a p . 1) m a k e s  th is  b o o k  t o m p le te .

T his book is in v a lu ab le  n o t  on ly  for u n d e rg ra d u a te  an d  p o stg ra d u a te  s tu d en ts  b u t  
also fo r th o se  —  firs t of all re sea rc h  w orkers —  in te re s ted  in u n d e rs tan d in g  th is sub ject and  
m ak in g  use of th e  p rogress ach ieved  so far.

A. B r e z n o v it s

R u z i c k a ,  J . :  Die D esm id iaceen  M itte leuropas B an d  1, 2. L ieferung. E . S chw eizerbart’sche 
V erlag sb u ch h an d lu n g  (N ägele u . O berm iller) 1981, pp . 736

W e are  glad to  w elcom e th e  second vo lum e of th e  D esm idiales  series. In  th is  w ork  
th e  species of four gen era  (A ctin o ta en iu m , Tetm em orus , E u a s tru m , M icrasterias) are included. 
T he book  is w ritte n  on  a h ig h  level cu sto m ary  fo r th e  a u th o r  and  a lread y  w ell-know n from  
th e  p rev io u s L ieferung. H e re , h is tw o basic princip les a re  stressed , too . H e refuses th e  ch an g e­
ab le  m orphological m ark s  (n o t fix ed  genetically ), and  he in sists  m ost rig id ly  on th e  specifica­
tio n s  o f th e  In te rn a tio n a l C ode of B o tan ica l N o m en c la tu re . T he a u th o r  believes th a t  a t  lea s t 
50%  of th e  ta x a  are u n c e r ta in  because these  are based  on v a riab le  m orpholog ical d ifferences. 
I t  w o u ld  m ean  a g re a t s te p  in  algology if  th is  con cep tio n  becam e general because it occurs 
also w ith  o th e r  g roups t h a t  if  th e  v a ria b ility  o f a species is con tro lled  by  cu ltiv a tio n  th en  th e  
seem ingly  d ifferen t tax o n s  a re  to  be com bined in  th e  end. R u z ick a ’s re la tio n  to  th e  Code is 
s lig h tly  am b iv a len t. H e  p ro te c ts  th e  p restige  o f th e  Code by  p o in tin g  o u t th e  in to le rab le  
s itu a tio n  deriv ing  from  th e  fa c t  th a t  one p a r t  of th e  p a ra g ra p h s  is follow ed by  certa in  ta x o ­
n o m is ts  while those  be ing  u n p le a sa n t for th em  are  ignored . A t th e  sam e tim e he criticizes th e  
Code sh a rp ly  (and r ig h tfu lly  in  our opinion) because i t  is n o t  ex p lic it enough  and has a special 
lega l term inology . O rg a n iza tio n  of courses for alga resea rch ers  w ould n o t m ean a so lu tio n  
b ecause  th ese  courses c a n n o t be  a tte n d ed  b y  each  alga researcher. T he te x t  should be m ad e  
m ore unam biguous, c lear a n d  an  explic it, exp la ined  v e rsio n  is needed. T he algologists h av e  
n o t  ta k e n  th e  Code in to  co n sid era tio n  for a long tim e  and  now th e y  p ro tes t m ostly  in  v a in  
t h a t  th e ir  special p o in ts  o f  v iew  are h a rd ly  ta k e n  in to  co n sidera tion . I t  w ould be a so lu tion  
if  m ore  algologists o f d is tin c tio n  could p a r tic ip a te  in  th e  com p ila tio n  of th e  Code. I f  it w ere 
re p re se n ted  in  th e  sec tion  of N o m enclatu re  of th e  In te rn a tio n a l B o tan ica l Congress acco rd ­
ing  to  its  im p ortance  th e n , th e re  w ould be an  o p p o r tu n ity  for h av in g  th e  desired changes 
accep ted . B u t un rea l a sp ira tio n s  should n o t be ta k e n  seriously . I f  u p  till now everybody  has 
accep ted  th e  fa c t th a t  th e  n am es of species c an n o t be  conserved  th e n , algologists, m u st do 
th e  sam e. On describ ing  th e  in d iv idua l species we can  f in d  th e  follow ing en tries, D iffe­
re n tia lm erk m a le ,T ax o n o m ie , V a riab ilitä t, V orkom m en , w hich  are follow ed by  th e  in fraspecific  
tax o n s . T he in fo rm atio n  o b ta in e d  a t  th e  e n try  T ax o n o m y  is ex trem e ly  valuable. R u z i c k a ’ s  

sober m atu re  tax o n o m ic  a p p ro ac h  resem bles p e rh ap s  only th a t  of Sk u j a . W e can n o t b u t  
ad m ire  th e  a u th o r’s fa m ilia r ity  w ith  th e  lite ra tu re , as algology does n o t belong to th e  m o st 
p re fe rred  field of science. I  recom m end th is  book  w arm ly  to  every  algologist.

L. H a j d ú

M edicinal and A ro m atic  P la n ts  A b stracts . R ep o rtin g  C u rren t W orld  L ite ra tu re  P u b lica tio n s 
an d  In fo rm atio n  D irec to re , C S IR . New Delhi

T he b i-m o n th ly  jo u rn a l  “ M edicinal and  A ro m atic  P la n ts  A b s tra c ts  (М Л РА )”  com ing 
o u t is pub lished  by  th e  “ P u b lica tio n s  and  In fo rm a tio n  D ire c to ra te , C S IR ” in New D elhi, in 
In d ia . T he E d itin g  C om m ission  of e igh t m em bers is assisted  in th e  p re p a ra tio n  of th e  p u b lic a ­
tio n  b y  a nine m em b er a d v iso ry  council consisting  o f in te rn a tio n a lly  w ell-know n sc ien tists .
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T he aim  of th e  jo u rn a l is to  follow th e  e x p an s iv e  public istic  a c tiv ity  in  connection  w ith  th e  
m edicinal and  a ro m a tic  p la n ts , in th e  form  o f sh o rt a b s trac ts . W ith  th is aim  it is u n iq u e  in 
th e  w orld , th u s  i t  re p re se n ts  a very  im p o r ta n t source of in fo rm a tio n  for th e  exp erts  s tu d y in g  
th e  m edicinal p lan ts  an d  secondary  m etabolic  p ro d u c ts .

T ak ing  in to  co n sid era tio n , the  in te rd isc ip lin a r ch arac te r o f th e  researches o f m edical 
p lan ts  also th e  p u b lish ed  a b strac ts  are g ro u p ed  according to  th e  p a r tia l sciences and  th e  
p rospective  field of ap p lica tio n , respectively , th u s  for exam ple “ A gronom y; B o tan y ; B reed ing ; 
and  G enetics; D iseases an d  P ests ; Physio logy a n d  Toxicology; A n tim ic ro b ia l A c tiv ity ; In se c ti­
cidal and  Piscicidal A c tiv itie s: P h y to c h em istry ; C hem otaxonom y; E th n o m ed ic in e ; A n a ly tica l 
and Processing  T ech n iq u es; M iscellaneous; N ew  P u b lica tio n s” . T his p rom otes th e  coverage of 
th e  a c tiv ity  o f th e  e x p e rts  w orking in  th e  sam e fie ld  of research  b u t  stu d y in g  d ifferen t p lan ts . 
T he qu icker and m ore special ga thering  in fo rm a tio n  is fa c ilita ted  by  a K eyw ord In d ex .

Besides th e  a b s tra c ts , th e  reader m ay  also g a th e r in fo rm a tio n  ab o u t th e  in d iv id u a l 
congresses as well as, u n d e r “ B ibliography” , a b o u t th e  com plete collection  of th e  p u b lica tio n s 
of d ifferen t ch arac te r, re la tin g  to  a given, ch osen  species, e.g. Tylophora Ind ica  (Vol. 3, No. 1).

The n u m b er of p u b lica tio n s trea te d  b y  th e  M APA is well d e m o n s tra ted  by  th e  fa c t 
th a t  of 109 jo u rn a ls  (th ese  are included in  a sep a ra te  lis t) 739 a b s trac ts  are p u b lished  in 
E ng lish  e.g. in th e  issue o f F eb ru ary  1981, w ith  th e  addresses o f th e  au th o rs , besides th e ir  
nam es also given.

M ost of th e  jo u rn a ls  in th e  issue in q u e stio n  are In d ian . T his fa c t is fav o u rab le  for 
th e  E u ro p ean  read e r b ecause  in th is  w ay one can  easily  g a th e r in fo rm a tio n  also on th e  h a rd ly  
accessible pub lica tio n s o f In d ia  carry ing  ou t s ig n ifican t researches for m edicinal p lan ts . I t  can  
be se t dow n as a fau ltin ess  th a t  only th e  m o st im p o rta n t in te rn a tio n a l jou rn a ls  are  su rveyed  
while several jo u rn a ls  w ith  pub lica tions on m ed ic in a l p lan ts  a re  issued e.g. H erba H u n g arica , 
A cta B o tan ica  (B u d ap es t) , e tc. are left o u t o f considera tion . I t  can  also be m en tio n ed  as a 
d raw back  th a t  also o f th e  published jo u rn a ls  on  positively  m edic ina l p lan ts  th e  s tud ies are 
m ade know n on ly  w ith  se lection ; d isp ro p o rtio n s can  be found  also in  th e  d ep th  of th e  re p re ­
sen ta tio n .

In  sp ite  o f th e  above-m en tioned  d raw b ack s w hich  m ay be a ttr ib u te d  also to  th e  ch arac te r 
of th e  jo u rn a l, th e  M A PA  is a m odern, w ell-ed ited , new, long-needed  ab strac tin g  jo u rn a l, 
w hich is ind ispensib le  fo r th e  experts dealing w ith  th e  m edicinal p lan ts  and  is a t  i ts  re ad e rs ’ 
disposal a t  a re la tiv e ly  m o d era te  cost, its a n n u a l su b scrip tion  price  is 17 $.

1 .  M Á T H É

S y m o n ,  D. E .: A R ev ision  of th e  Genus Solanum  in  A ustra lia . Jo u rn a l o f th e  A dalaide  B o tan ic  
G ardens, Yol. 4, 1981. 367 pp ., 167 draw ings, 21 sk e tch  m aps

T his book gives a  desc rip tio n  and c ritica l su rv ey  of th e  Solanum  genus species occurring  
in A u stra lia . 125 species are  discussed in  d e ta il  in th is  book, o f w hich 94 are of A u s tra lian  
origin, o f these  15 are new  species described b y  th e  a u th o r  while th e  o th ers  are n o t of A u s tra lia n  
orig in  b u t  can  be fo u n d  in  th e  flora  of A u s tra lia .

T he sh o rt h is to rica l su rvey  of th e  ta x o n o m y  of th e  d iscussed  Solarium s is follow ed by  
ch ap ters  on  general m orpho logy  (root, leaf, s te m , th o rn s, pubescence, inflorescence, flow er, 
f ru it, seed) th en  a fte r  a germ ina  ive and cy to log ica l survey  of b a re ly  one page, th e  in d iv id u a l 
species are sy s tem atica lly  discussed on ab o u t 200 pages. The course o f th is is as follow s: th e  
ty p e  c ita tio n  is follow ed b y  th e  lecto type c ita tio n , th e n  come th e  d e ta iled  l ite ra ry  c ita tio n s  
re la tin g  to  th e  species, w hich  are followed, a f te r  m ention ing  th e  vern acu la rs , by  th e  b o tan ic  
d escrip tion  of th e  p la n t  w ith  h ab it d raw ings, th e n  th e  v a r ia n ts  (ssp ., v a r.)  are given. T hus, 
for exam ple, six v a r ia n ts  are  m entioned in  th e  Solanum  aviculare , for th e  cu ltu re  fo r p h a r­
m aceu tica l in d u s try  o f w hich  cu ltu ra l e x p erim en ts  have been  an d  are being tried . V ar. 1 
acutifo lium , va r. 2 brisbanense , var. 3 g ra n d iflo ru m , var. 4 gran d ifo liu m , var. 5 hyb rid u m , 
var. 6 p a tu lum . C harac te riz in g  these m arked  v a r ia n ts  th e  p rac tica l n o te  is also included  th a t  
th e  so lasodin  co n ten ts  o f th e  hybridum  var. is 1.5—1.8% , while th a t  of th e  p a tu lu m  va r. is 
2.1- 2.6%.

The rem ark  is m ad e  on th e  Solanum dulcam ara  s tud ied  in  d e ta il in H u n g ary  th a t  th is  
p la n t is considered  to  be a p o ten tia l alkaloid source  for m aking s te ro id  d rugs in  several w orks, 
p a r tly  in E a s te rn  E u ro p e , b u t  lite ra tu re  re ferences are  no t m en tioned . H un g arian  p u b lica tions 
are n o t re ferred  to  w ith  th e  Solanum  nigrum  d iscussed  in d e ta il, e ither.

T he taxonom ic  k ey  used  for the  d e te rm in a tio n  of th e  discussed species is well su p p o rted , 
besides th e  h ab it d raw ings, by  th e  tables illu s tra tin g  th e  fru it em b ran ch m en ts , f ru it form s, 
s ta m in a , fertile  p a r ts  (o v a ry , stigm a). In  th e  long list a t th e  end of the  w ork, co n ta in in g
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a lm o st 700 lite ra tu re  d a ta , som e H u n g a rian  a u th o rs  are also included b u t  th e  b ib liog raphy  of 
th e  re ce n t H un g arian  re su lts  is no t to  be fou n d . On th e  whole, i t  is long-needed  w ork, w hich 
is in d ispensab le  for all e x p e rts  stu d y in g  th e  genus So lanum . I. M Á T H É

H o r t o b á g y i ,  T .- S i m o n ,  T . (eds): N övén y fö ld ra jz , tá rs u lá s ta n  és ökológia (P la n t  G eography, 
P la n t  Sociology and  Ecology). T an k ö n y v k iad ó , B u d a p es t 1981: pp. 546

T he book ed ited  b y  H o r t o b á g y i  and  S i m o n  w as published u n d e r th e  auspices o f 
T a n k ö n y v k iad ó  w ith  th e  co llab o ra tio n  of th e  H u n g a rian  experts of sy n b o ta n y  as the  th ird  
a n d  la s t  p a r t  of th e  tex t-b o o k  series em bracing  th e  b ran ch es of b o tan y . I t  g ives an excellen t 
su m m ary  of th eo re tical an d  p rac tica l know ledge of p la n t geography, p la n t sociology, ecology 
a n d  th e  p ro tec tio n  of th e  en v iro n m en t and  n a tu re .

T he w ork is d iv ided  in to  th ree  m ain  c h ap te rs  an d  one dealing w ith  th e  p ro tec tio n  of 
th e  en v iro n m en t and n a tu re .

C h ap te r 1 p resen ts  th e  v eg eta tio n  zones o f th e  E a r th  and th e  m o st im p o rta n t v e g e ta ­
tio n  ty p es  w ith in  th em  on th e  basis o f th e  classical an d  u p -to -d a te  resu lts  o f p la n t  geography . 
F u rth e rm o re  it covers th e  com position  of th e  H u n g a rian  flora  and  ex ten d s to  th e  p lan t geo­
g ra p h ic a l classification  of H u n g a ry . T he a u th o r  sum m arizes th e  fu n d am en ta l ideas of p la n t 
g eo g rap h y  and  gives a sh o rt survey  of th e  h is to ry  of th is  science. The c h ap te r  is illu s tra ted  by  
a  g re a t  deal of original p h o to s , m aps and  figures.

In  th e  second c h ap te r  th e  ch arac te ris tic s  an d  reg u la r phenom ena of p la n t p opu lations 
an d  p la n t  associations a re  d e a lt  w ith . T here  is a clear descrip tion  on th e  a n a ly tic  and sy n th e tic  
fe a tu re s  of associations an d  classical and  m o d ern  m eth o d s of in v estig a tio n s as well as th e  
s t ru c tu ra l  ch aracteris tics o f p la n t association . F in a lly  th e  m ost im p o rta n t p la n t  associations 
o f H u n g a ry  are discussed.

In  chap ter 3 a te a m  of au th o rs  hav e  u n d e rta k e n  a com prehensive rev iew  of th e  la te s t  
re su lts  o f ecology. Follow ing th e  ecological fu n d a m e n ta l conceptions and  th e  ecological n iche 
co n cep t i t  is concerned w ith  th e  effects o f b io tic  and  ab io tic  en v iro n m en ta l facto rs (lig h t, 
h e a t ,  w a te r , air, soil, e tc .) on  th e  v eg eta tio n . P rinc ip les of bioclim atology, bioclim atological 
ty p e s  a n d  th e ir corre lations to  zonal v e g e ta tio n  are  also trea te d . The life-form  types, th e  eco­
log ical species groups and  th e  a rtific ia l reg u la tio n  of env iro n m en ta l facto rs are  ou tlined  briefly . 
A  special p a r t  deals w ith  th e  regu larities o f th e  fo rm atio n , developm ent an d  fu n c tio n  of eco­
logical system s, w ith  th e  ro le and  th e  c h arac te ris tic s  o f s tru c tu ra l e lem ents. T he m a tte r  c ir­
c u la tio n  and  th e  energy flow  of system s an d  fac to rs  influencing th em  are tre a te d  too. F in a lly  
a su rv ey  of th e  m ost im p o r ta n t  ideas and  ru les o f th e  p la n t  p roduction  b iology is given.

A t th e  end of th e  bo o k  a sh o rt c h ap te r  connected  w ith  th e  th ree  m ain  ones covers th e  
p ro te c tio n  of th e  e n v iro n m en t and n a tu re . I t  p resen ts  th e  h isto ry  of th e  p ro tec tio n  of th e  
e n v iro n m en t and n a tu re  o f H u n g a ry  p rov id ing  d a ta  on  its  p resen t s itu a tio n  and  fu tu re  ta sk s . 
I t  g ives a  sho rt review  of th e  legal system  a n d  th e  official o rgan ization  of th e  p ro tec tio n  of 
n a tu re  and  calls a tte n tio n  to  th e  im po rtan ce  of th e  p rincip les and m eth o d s of the  p ro tec tio n  
o f w ild  anim als, p lan ts  an d  p la n t  associations. Som e tab les  sum m arize an d  a m ap illu s tra te s  
th e  im p o r ta n t p ro tec ted  a reas and n a tio n a l p a rk s  o f H u ngary .

T he m aps show ing th e  n a tu ra l v e g e ta tio n  of H u n g ary  (a fte r Z ó l y o m i )  an d  of th e  E a r th  
(a fte r  P o es) are a tta c h e d  to  th e  book as su pp lem en ts.

T he w ork is a n  u n ifo rm  tex t-b o o k  for H u n g a rian  te r tia ry  ed u ca tio n  of b o tan y  an d  
su m m arizes th e  cu rricu lu m  w ith  a p ro d u c tio n  b iological background . A p a rt  from  th e  th e o ry  
i t  t r e a ts  public  h ea lth , a g ricu ltu ra l and  in d u s tr ia l aspects. I t  has been com piled no t only for 
s tu d e n ts , i t  m ay be useful fo r anyone in te re s ted  in  b o tan y  as well. G. B u d a y

G o o d ,  R . E . - W h i g h a m ,  D . F . - S i m p s o n ,  R . L. (eds): F resh w ater W etlan d s. Ecological P ro ­
cesses an d  M anagem ent P o te n tia l. A cadem ic P ress , N ew  Y ork  1978, pp . 378

T his book com prises th e  m ate ria l o f a conference en titled  “ F re sh w ate r M arshes: 
P re se n t S ta tu s , F u tu re  N eeds” , held 13—16 F eb . 1977 a t  R u tgers , T he S ta te  U n iversity  of 
N ew  Je rse y , New B runsw ick , New Je rsey . T he conference w orked in  four sections: P r im a ry  
p ro d u c tio n , D ecom position , M ineral cycling an d  M anagem ent p o ten tia l, sum m arizing  th e  
know ledge of 1977 on fre sh w a te r  w e tlands ecology in  USÀ and C anada.

T he book is also d iv id ed  in to  four m ajo r p a r ts :  P rim ary  p ro d u c tio n  processes, D ecom ­
p o sitio n  processes, N u tr ie n t  dynam ics an d  M anagem en t po ten tia l. E ac h  contains several 
co n trib u tio n s  w ith  illu s tra tio n s  and  references an d  a “ S um m ary  an d  R eco m m en d a tio n s”  
w r i t te n  b y  th e  session ch airm an .
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F resh w ater w e tlan d  can  be considered from  d iffe ren t p o in ts  o f view. L et us ta k e  for 
exam ple  tw o ex trem e opin ions: (i) these  areas are useless w aste lan d s an d  can be used on ly  
by  expensive drainage  a n d /o r as dep o sit area for h u m an  w aste  p ro d u c ts ; (ii) from  th e  p o in t 
o f view  of a lim nologist, th ese  a reas a re  com plex system s of ex trem e  im p o rtan ce  as resources 
or special n a tu ra l b a rrie rs  an d /o r sieves a round  lakes — especially  shallow  lakes — re ta rd in g  
th e  n u trie n ts  and  delay ing  eu tro p h ica tio n . F reshw ater w e tlan d s are m oreover very  d iffe ren t 
as landscapes of u n ique  b e au ty . T his v a riab ility , how ever, causes d ifficu lties in  uniform  m an ag e­
m en t. research  and  ev a lu a tio n . T ypes of freshw ater w e tlan d s v a ry  v e ry  w idely, e.g. fro m  
m arshes of g lacial origin to  p ra irie  w e tlan d s, sw am ps, etc. T herefore  th e  prob lem s arise a lread y  
a t  th e  defin ition  stage.

P a r t  I deals w ith  p rim ary  p ro d u c tio n  processes. T h is p a r t  con ta ins five  stud ies on th e  
above-ground  p rim ary  p ro d u c tio n  of en tire  com m unities as well as several species. Several 
m ethods (e.g. m easuring  p eak  b iom ass, m axim um  m inus m in im um  biom ass, d isappearance  
m ethods, m ultip le  h a rv es t, gas exchange) and th e  reasons for u n d e re s tim a tio n  (e.g. ignorance 
of h e rb ivo ry , leaf m o rta lity , tu rn o v e r)  are discussed. In  c o n tra s t w ith  th e  above-ground  p ro ­
du c tio n , g rea ter e fforts should  be ta k e n  to  estim ate  th e  below -ground  p ro d u c tio n . The role o f 
species’ life histories in th e  p rim a ry  p ro d u c tio n  is also em phasized . T he la s t  p ap er of th is  p a r t  
is concerned w ith  th e  key  role of th e  hydrologic regim e of w e tlan d  ecosystem s on th e  basis 
o f a general concep tua l m odel. T he source, velocity , renew al ra te  an d  tim in g  of w ater seem  
to  be th e  m ajo r con tro lling  facto rs. T heir effect on sp a tia l h e te ro g en e ity , n u tr ie n t cycles and  
d is trib u tio n , s tru c tu ra l a n d  fu n c tio n al characteris tics are also discussed.

In  P a rt  I I  decom position  processes are discussed. F ro m  th e  p ap ers  o f th is  p a r t  we can  
get a p ic tu re  of decom position  based  on various field  a n d  la b o ra to ry  experim ents. Several 
p lan t species (e.g. P eltandra , N u p h a r , Pontederia , Z iz im ia , Sagittaria , Carex, T yp h a , Sparga- 
n iu m , N a ja s , M yrio p h yllu m , S a lix , B etu la , etc.) are exam in ed  u n d e r various conditions (e.g. 
aerobic, anaerobic  cond itions a t  d iffe ren t tem p era tu res , litte rb a g s  exposed on th e  p e a t’s 
surface, in th e  w ater, on th e  so il-w ater interface). The process o f decom position  was follow ed 
by  m easu rem en t of w eigh t loos, loss in  d ifferen t elem ents (N , P , Ca, K , N a, Fe, etc .), changes 
in C : N ra tio . D ecom position  ra te s , tu rn o v e r  tim es a n d  e lem en tal m o b ility  are also d e te r­
m ined. Som e of th e  s tu d ies  are  d ev o ted  to  th e  ap p ro x im atio n  of th e  p a tte rn s  of elem ent flow . 
C onten t, flow and  release o f d iffe ren t elem ents (N, P , K , Ca) du ring  decom position  in  th e  
stan d in g  litte r-fa llen  litte r-rh izo m es-w a te r system  were in v es tig a te d  in  th ree -y ea r field ex p eri­
m ents. As in P a r t  I th e  re su lts  and  conclusions are su p p o rte d  b y  a g re a t n u m b er of d a ta  and  
a general conceptual m odel of decom position  in  fresh w ate r m arsh  p lan ts  is also ou tlined .

P a r t  I I I  con ta ins five  p ap ers  o f n u tr ie n t dynam ics. T he f irs t  one gives us in fo rm atio n  
on th e  chem ical com position  an d  energy  co n ten t of p la n ts . T he v a r ia tio n  in  th e  com position  
was th e  low est in th e  w ith in -s ite  in traspecific  case, h igher in  b e tw een-site  in traspecific  case 
and  th e  h ighest a t  th e  in te rspecific  case. E nergy  c o n te n t va lues w ere m ore co n stan t th a n  
chem ical param ete rs . T he second p a p e r  is concerned w ith  th e  q u estio n  of n u tr ie n t m ovem en t 
th ro u g h  lakeshore m arshes based  on th e  s tu d y  of p h o sp h o ru s u p ta k e  an d  a llocation  in T ypha  
latifolia. F ina lly  a m ass ba lan ce  m odel for n u trie n t t r a n s p o r t  th ro u g h  lakeside  m arshes is 
offered. T he n u tr ie n t dy n am ics of riv erin e  m arshes is th e  to p ic  o f th e  n e x t s tu d y  from  a p o in t 
of view  of th e  em erg en t p lan ts-w ater-so il system  d ep ic tin g  th e  n u tr ie n t  flow  in  a  Scirpus  
flu v ia tilis  s tan d . The n e x t p a p e r is concerned w ith  th e  dy n am ics an d  cycling of n u trie n ts  in  
four n o rth e rn  w e tlan d  ty p e s  (fens, bogs, sw am ps and  m arshes). On th e  basis o f th e  co n te n t, 
exchange, seasonal p a t te rn  o f n u tr ie n ts  o f various co m p a rtm e n ts  (e.g. soil, w a ter, p lan t)  and  
th e  ecosystem  too , m odels of a n n u a l N , P , Ca fluxes a n d  pools a re  dep ic ted . T he la s t review  
of th is  p a r t  is a s tu d y  of th e  seasonal m ovem en t of d issolved n u tr ie n ts  in  a freshw ater t id a l 
m arsh . H ydrological changes cause d iffe ren t p a tte rn s  o f n u tr ie n t  d is tr ib u tio n  w hich is strong ly  
affected  by  th e  m ac ro p h y te s , too.

P a r t  IV deals w ith  m an ag em en t p o ten tia l. The p a p ers  o f th is  p a r t  of course could n o t 
cover th e  en tire  scope of w e tlan d  m an ag em en t, th ey  are r a th e r  illu s tra tio n s  on some of th e  
prob lem s in  th is  field , e.g. w ildlife, m an ag em en t n u tr ie n t tran s fo rm a tio n  processes involving 
w astew ate r t re a tm e n t, p rob lem s of canals, w etland  re g u la tio n  an d  p lan n in g , renew al dam aged  
w e tlands, crea tion  of m arshes de novo for several p u rposes, e tc . F o r b e tte r  m anagem en t i t  is 
n o t enough to  have  a sc ien tific  u n d e rs tan d in g , th e  coopera tion  of sc ien tists , laym en , p lan n ers, 
a d m in istra to rs  and  m an ag ers  is needed.

A lthough  th e  s tu d ies  and  th e  num erica l d a ta  o rig in a te  from  th e  region of USA and 
C anada, an E u ro p ean  sc ien tis t can m ak e  use of them . T he “ S u m m ary  an d  R ecom m endations” 
in the  fin a l papers of th e  sep a ra te  p a r ts  are very  useful an d  va luab le . T h ey  give us a b rie f  
s ta te -o f-th e  a r t  of th e  fo u r to p ics a n d  a sum m arized  overv iew  of fu tu re  needs and  task s and  
recom m ended  m ethods.

J .  N ő s e k

A cta  B o tan ica  H ungarica  29, 1983



392 BOOK REV IEW S

v a n  d e n  B o sc h , R .-M e s s e n g e r , P . S .-G u t i e r r e z , A. P .: An In tro d u c tio n  to  Biological 
C ontro l. P lenum  Press, N ew  Y o rk —L ondon 1982, X IV  -\- 247 pp.

T he increasing w orld-w ide efforts w hich  a im  to  reduce en v iro n m en ta l p o llu tio n , among 
o th e rs  to  lim it th e  use of p estic id es , have  g iven  a new  im petus to  research  and  dev elo p m en t in 
m e th o d s  of biological co n tro l o f p ests and  w eeds. W hile chem ical con tro l o f p e s t organism s 
can  be  carried  ou t successfully even  w ith o u t specia l tra in in g , th e  use of m ost b iological control 
m e th o d s  en ta ils  m uch m ore d e ta iled  know ledge of th e  ta rg e t organism s, th e  o rgan ism s used 
fo r co n tro l, th e  possibilities o f com bin ing  th ese  m eth o d s w ith o th e r availab le  m eans of control, 
a n d  th e ir  econom ic aspect.

T his book is a concise, u p d a te d , ex ce llen t overview  of th e  p rincip les and  m odes of 
ap p lic a tio n  of biological co n tro l m ethods. I t  is designed for u n d e rg ra d u a te  s tu d e n ts  in the  
a reas o f  p e s t control, ag ro n o m y , and  ecology and  it is also of in te re s t to  s tu d e n ts  o f b o tan y  
an d  a g ricu ltu ra l economics.

T he tw o  opening c h a p te rs  deal w ith  d efin itions and  ou tline  th e  m ajo r a reas where 
b io log ical m ethods of co n tro l can  be used . T h ey  also give a concise overview  o f th e  m ain 
p rincip les of population  ecology as th e  basis o f n a tu ra l  control. T he c h a p te r  on th e  h is to ry  and 
d ev e lo p m en t of biological co n tro l co n ta in s a sh o rt descrip tion  of h is to rica l h ig h lig h ts  from  
th e  a n c ien t origins th ro u g h  som e m ajo r ach iev em en ts till th e  ac tiv itie s  o f p resen t in te r­
n a tio n a l organizations in th is  fie ld . T he c h a rac te riza tio n  of en tom ophagous insects, th e ir  m ain 
ty p e s , m odes of rep ro d u c tio n , and  h o st spec ific ity  are discussed in a sep a ra te  ch ap te r . The 
f i f th  c h ap te r  deals p rim arily  w ith  th e  d e fin itio n  and scope of m icrobial con tro l, as used for 
p e s t  in sects, and , to a lesser e x te n t , w ith  th e  co n tro l of weeds and p la n t pa th o g en s. N em atodes 
a re  also considered as “ m ic ro b ia l co n tro l”  ag en ts  because of th e  tech n iq u es in vo lved  in  their 
ap p lica tio n . The co m p arativ ely  large  C h ap te r 6 tre a ts  th e  n a tu ra l-en em y  in tro d u c tio n  process 
as th e  essence of classical b io logical co n tro l, fro m  th e  id en tifica tio n  of th e  p e s t as an  exotic 
species to  th e  design of q u a ra n tin e  and  m ass cu ltu re  insectaries as well as th e  ev a lu a tio n  of 
n a tu ra l  enem ies. The life ta b le  analysis as a m ajo r m ethod  in  p o p u la tio n  ecology, th e  use of 
m odels for popu lation  d y n am ic  s tu d ies an d  th e ir  ap p licab d ity  to  th e  ev a lu a tio n  of biological 
co n tro l p rogram m es are d e a lt  w ith  in  C h ap te r 7. T he factors affec ting  success o r fa ilu re  of 
in tro d u c e d  n a tu ra l enem ies a n d  an  analysis o f classical biological con tro l p ro g ram m es are 
d iscussed  in th e  following tw o  ch ap ters . T he a u th o rs  em phasize th a t  a lth o u g h  m o st a tte m p ts  
in  classical biological con tro l e ith e r have  b een  a to ta l  fa ilure, or hav e  been  on ly  p a rtia lly  
successfu l, by  1976 ap p ro x im a te ly  128 species o f p e s t insects and  w eeds w ere com ple te ly  or 
su b s ta n tia lly  controlled by  im p o rted  n a tu ra l enem ies in m any  p a r ts  o f th e  w orld. Several cases 
a re  d iscussed  illu stra tin g  c e r ta in  p roblem s, ap p roaches, or p henom ena th a t  have  recu rred  in 
classical biological con tro l p rog ram s. A sep a ra te  ch ap te r  ou tlines th e  p rincip les of in teg ra tin g  
n a tu ra lly  occurring biological co n tro l in to  co n tro l m easures ag a in st ag ricu ltu ra l pests by 
develop ing  in teg rated  p e s t m an ag em en t. I t  t r e a ts  th e  in ev itab le  ecological a n d  economic 
b ack lash es th a t  occur w here  p estic ides are  used , th e  conflicts be tw een  p riv a te  a n d  societal 
goals in using pesticides, th e  econom ic p e rsp ec tiv es of in teg ra ted  con tro l p ro g ram s, and  the  
re sea rc h  going on in th is  field . In  o rder to  com plete  th e  p ic tu re  of biological ap p ro ach es in 
p e s t co n tro l, Chapter 11 b rie fly  surveys th e  biological contro l of v e r te b ra te s  an d  d u n g  as well 
as o th e r  k inds of biological co n tro l m eth o d s like crop p lan t resistance, cu ltu ra l co n tro l, sterile 
in sec t release m ethod, and  o th e r  genetic  m an ip u la tio n s. C hapter 12 co n ta in s d a ta  on  estim a ted  
sav in g s to  th e  agricu ltu ra l in d u s try  in C alifornia th ro u g h  m ajo r successful b iological contro l 
p ro jec ts  in th e  last fifty  y ears. I t  also deals w ith  cost-benefit e s tim a tes , s ta te  a n d  federal 
b u d g e ts  for im ported  b io logical con tro ls, costs o f in tro d u c tio n , and  th e  econom ic feasib ility  
o f u sing  in u n d ativ e  release p ro g ram m es of n a tu ra l  enem ies in  co n ju n c tio n  w ith  en v iro n m en ta l 
m an ip u la tio n  (e.g.: selective use  of insecticides) to  enhance th e  n a tu ra lly  occurring  enem y 
com plex  for several crops in  C alifornia. F in a lly  th e  au th o rs  ex p ound  th e ir  view  on th e  fu ture  
o f biological control. T hey  em phasize  t h a t  th is  m eth o d  is a g rea t b io tic  force th a t  he lps regulate 
p e s t p o p u la tio n s and m ay  h av e  an  im p o r ta n t bearing  on m an ’s fu tu re  success as a species 
on  th is  p lane t.

E a c h  chap ter is co m p le ted  w ith  a lis t of well selected references.
A n appendix  w ith  a lis t o f species c ited  in th e  te x t, a glossary  ex p la in ing  th e  m ain 

te rm s  used , and a deta iled  in d ex  fac ilita te  th e  re ad e r’s fast o rien ta tio n  in  th is  exce llen t book.

T . J e RMy
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J o r g e n s e n ,  S. E . (ed.): S ta te -o f-th e -A rt in Ecological Modelling. P roceed ing  of th e  C onference 
on Ecological Modelling, C openhagen, D enm ark , 28 A ug.-2  Sept. 1978, pp . 891. l.S .E .M . 
P rin ted  F a ir-P rin t AS, R oskilde, D en m ark  1979

T he m ate ria l of th e  conference f ir s t  organized  by  th e  In te rn a tio n a l Society fo r E co ­
logical M odelling (ISEM ) has been com piled in a book. I t  is d iv ided in to  th ree  p a r ts  follow ing 
th e  system  of th e  conference. P a r t  A  is ab o u t th e  e igh t s ta te -o f- th e -a rt or review  p ap ers , 
P a r t  В con ta ins 29 d ifferen t o rig inal pap ers  and P a r t  C is devo ted  to  th e  su m m ary  of con­
clusions and  fu tu re  needs in  e ight to p ics (th ey  are p a r tly  iden tical w ith  th a t  of P a r t  A).

As th e  whole volum e consists of 45 p apers, only a b rief overview  will be given.
In  his in tro d u c to ry  w ords, A. K . B i s w a s , th e  p resid en t of ISE M  outlines th e  d ra m a tic  

changes t h a t  have tak en  place in  th e  la s t four decades. These im ply  th e  increasing  need for 
m ore an d  m ore food, raw  m ateria l, energy , e tc ., and  a t th e  sam e tim e a ra p id  increase in w aste  
and  residuals, “ In  m any  cases” as he w rites , “ we have a lready  reached  th e  p o in t of no re tu rn ,  
w hen we hav e  a lready  m ade irrep arab le  dam ages to  our en v iro n m en t” . T he so lu tion  of these  
prob lem s crea ted  by ourselves, is n o t easy  b u t  we have a lready  a few new  tools. One of th e m  
is m odelling. F u rth e r  he m akes us a cq u a in ted  w ith  th e  fo rm ation , o b jec tiv es and  fu tu re  p lan ts  
o f ISEM .

Part A

In  th e  f irs t paper on river m odels, th e  au th o r b riefly  ou tlines desc rip tiv e  an d  p re ­
d ictive  sim ula tion , p rescrip tive  o p tim aliza tio n  m odels, as well as som e w a te r q u a lity  an d /o r 
b iocenotic  m odels and case studies. H e  suggests th a t  beside th e  re cen tly  used BOD- (b io­
chem ical oxygen  dem and in 5 days) an d  DO (dissolved oxygen) v a lues, th e  COD (chem ical 
oxygen dem and), TOC (to ta l o rganic carbon) and several ra tio s  (TOC/COD, C O D /B O D ) 
should  be app lied  in m odel building. W a te r q u a n tity  and q u a lity  m an ag em en t m u st be coupled  
m ore in ten siv e ly  in th e  fu tu re , too.

T he second paper is d evo ted  to  th e  m odelling of ecological processes and  ecosystem s 
w ith  p a r tia l  response s tru c tu res . F irs t  several exam ples of response s tru c tu re  m odels a re  
described and  th e ir  advan tages review ed. T h en  a sim ple b u t  surprising ly  com plex new  a n a ly ti­
cal m odel an d  its app lication  are d iscussed.

T he use of m icrocosm s for te s tin g  and developm en t of m odels is in tro d u ced  in  th e  
th ird  p ap er. We can get an  overview  a t  a large scale of m icrocosm  ty p e s  and  d irec tions for 
fu tu re  research .

T he fo u rth  pap er deals w ith  th e  p re d a to r-p rey  system  m odelling over 55 pages. T his 
w ork covers th e  m ajor problem s in th is  field , e.g. th e  tim e-d ep en d en t and  spacc-tiine-de- 
p e n d en t m odels an d /o r d e term in istic  an d  sto ch astic  ap p ro ach  illu s tra ted  w ith  m any  exam ples 
and  new , unp u b lish ed  resu lts  of th e  a u th o rs . Some of th e  questions d iscussed  are for exam ple: 
th e  re la tio n  betw een  d iversity  and  s ta b ili ty  in  p red ato r-p rey  system s, th e  re la tio n  be tw een  
com plex ity  an d  s ta b ility  in m u lti—p re d a to r-m u lti—p rey  m odels, num erica l sim ula tion  of p re ­
d a to r-p re y  p opu lations spatial heterogeneities, etc.

M odelling of th e  fa te  of tox ic  chem ical su bstances in aq u atic  en v iro n m en t is th e  to p ic  
of th e  f if th  p ap er discussing several processes of chem ical tran sfo rm a tio n s  an d  equilib ria . 
To te s t  th e  pred ic tion  an  experim en ta l en v iro n m en t is recom m ended.

T he s ix th  paper p resen ts an  overv iew  of m odelling irriga ted  ag ricu ltu res. T he w ork  is 
based  on 43 com puter m odels, g iv ing  a sh o rt ev a lu a tio n  of each, too. T h e  m ajo r p ro b lem  is 
th a t  m o st of these  m odels rem ain  in  th eo ry  should  have  to  be im p lem en ted  in p ractice .

A sim ilar problem  is discussed in th e  sev en th  paper w here th e  a u th o rs  have  in v es tig a ted  
th e  m odelling  of w ater po llu tion  caused  by  irrig a tio n . T heir aim  was to  develop a m odel for 
sa lin ity  m an ag em en t and to  op tim alize  th e  s tra te g y  for th e  least costly  sa lt reducing  process.

T he la s t co n trib u tio n  in P a r t  A is d evo ted  to  th e  e u tro p h ica tio n  m odels. As a su rv ey  
of ex is ting  m odels has a lready  a p p ea red  th is  is a discussion of th e  s ta te -o f-th e -a rt. Several 
questions are touched , such as: to  w h a t e x te n t can eu tro p h ica tio n  m odels of to d ay  be used 
as m an ag em en t tools, is it possible to  give som e general lines ab o u t w h a t such  e u tro p h ica tio n  
m odels m u st include, or how will th e  n e x t genera tion  of eu tro p h ica tio n  m odels be, etc.

Part В

In  th is  section th e  original p a p ers  are p resen ted . U n fo rtu n a te ly  these  can  on ly  be 
tre a te d  b y  g iving a general and c o m p ara tiv e  p ic tu re .

T he th em es v a ry  w idely from  th e  d is tr ib u tio n  of physico-chem ical p a ram ete rs  an d  
su b stan ces to  m odelling th e  whole ecosystem . L et us see th e  various top ics: fa te  of a tm ospheric
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f lu o rin e ; tem p e ra tu re , d isso lved  n u trie n ts  d is tr ib u tio n , carbon  exchange  in estuaries an d  
lak es; several m anagem en t m odels e.g. flood p la in , w a te r q u a lity  m an ag em en t: w aste-w ater 
ap p lic a tio n ; d ifferen t ty p es  o f  p lan k to n  m odels (e.g. m ultispecies effects, nu trien t-effec t, 
a lgal-b loom  sim ulation  based  on experim en tal d a ta , p o p u la tio n  d y nam ics in eu troph ic  shal- 
lowr lak e , effect of in te rn a l seiches on th e  p o p u latio n ); p re d a to r-p rey  m odels; lichen reinvasion  
fo r m o n ito rin g  am elio ra ting  en v iro n m en ts ; g ro u n d w ater m odels; ecological buffer capacity .

Som e of these p ap ers  a re  d ev o ted  to th e  th eo re tica l, m a th e m a tic a l problem s of m od­
elling , and  in  th e  ac tu a l s tu d ies  su ch  th eo re tical q u estions are o ften  involved  too. To illu stra te  
th e se , le t  us see some ex am p les: p ro b ab ility  and s to ch astic  asp ec t o f  m odelling, d iscrete  lake 
m odels, use of m an ag em en t m odels, developm ent of effic ien t so ftw are  for env ironm en ta l 
m odels, sen sitiv ity  s tu d y , c a ta s tro p h e  th eo ry , p ro b lem  of sim ula tions languages, th e  op tim al 
co m b in a tio n s of in p u ts , ap p lic a tio n  of m icrocosm s, possib ilities of th e  holistic  approaches, etc.

T he sep ara te  pap ers , b o th  in P a r t  A and B, are well illu s tra te d  w ith  exam ples, figures, 
d raw in g s, tab les , flow c h a rts , m ap s or even w ith  life span  m atrices, p ro g ram  lists , form ulas, 
eq u a tio n s  and  co m p artm en t d iag ram s. The excellent illu s tra tio n  fac ilita te s  com prehension the  
o f te n  d ifficu lt and  com plex p ro b lem s. In  add ition , each  pap er has a reference list.

D uring  th e  w orking sessions of th e  conference th e  s ta te -o f- th e -a rt  and th e  needs for 
fu tu re  resea rch  of some se lec ted  fields were discussed, w hich led  to  excellent, concise b u t 
co m prehensive  sum m aries o f  th e  m entioned to p ics in th e  follow ing fields: p rey -p red a to r 
m o d els; lake and river m odels; app lication  of m icrocosm s; to x ic  sub stan ce  m odels; h y d ro ­
chem ical m odelling of irr ig a ted  agricu ltu res; m odelling  sed im en t-w ate r in te rac tio n : p lan k to n  
m odels an d  holistic  ap p ro ach es to  ecological m odelling.

F ro m  th is  book, w e can  rea lly  get a com prehensive  p ic tu re  of several questions and 
re c e n t prob lem s of ecological m odelling. Due to  th e  num erous exam ples and references, the  
v o lu m e  can  be used a lm o st as a  m anual, a lth o u g h  i t  does no t c o n ta in  a to ta l  sub ject index.

J .  N .  N ő s e k

R o m a n s ,  R. C. (ed.): G eo b o tan y  I I .  P lenum  Press, New Y o rk —L ondon  1981, pp. 263

T his book is th e  p ro ceed in g s of th e  G eobo tany  Conference held  a t  Bowling G reen S ta te  
U n iv e rs ity  (Ohio), on M arch 1, 1980. I t  conta ins 11 p ap ers  of d iffe ren t, m ain ly  p a leobo tan ica l, 
paleoecological topics.

T he purpose of th e  m ee tin g  was to p rov ide  a fo rum  for in te rac tio n  am ong geologists 
a n d  b o tan is ts , pa lynolog ists a n d  p a leo b o tan ists, ecologists and  paleoecologists. T his book 
re flec ts  v e ry  well the  in te rd isc ip lin a ry  approach  to  th e  d ifferen t g eo b o tan ica l problem s.

R . L. S t u c k e y  and  G. L. D e n n y : P ra irie  F ens and  Bog F en s in  Ohio: F loristic  Sim ­
ila rities , D ifferences, and  G eographical Affinities.

In  th e  p resen t p a p e r th e  investiga ted  fens of Ohio are d iscussed  from  d ifferen t po in ts 
o f  view:

1. T he d is tr ib u tio n  of fens in  th e  s ta te . A m ap of Ohio show s th e  locations of 52 fens 
in v estig a ted .

2. Successional stages o f th e  fen m eadow  p la n t co m m unity . T hree  zones of th e  develop­
m e n t w ere recognised as th e  m o st characteris tic  successional stages: (a )  th e  open m arl zone, 
( b )  th e  sedge-m eadow  zone, ( c )  th e  shrub-m eadow  zone.

3. H isto ry  of flo ris tic  stud ies.
4. F loristic  sim ilarities a n d  differences. T here  a re  30 com m on species of th e  74 vascu lar 

p la n t  species of th e  52 fens. T w en ty -fou r species m ore ty p ica lly  occur in  th e  w est-cen tra l 
fen s w hich  are referred  to  as P ra ir ie  fens, while 20 species m o stly  occur in n o rth ea s te rn , so- 
called  Bog fens.

5. G eographical a ffin itie s  and  origin of th e  flora. F ifteen  d is tr ib u tio n  m aps of selected 
ex am p les of species give a good illustra tion .

T he au th o rs  call fo r th e  p ro tec tio n  of these  v a luab le  fens w hich  are  very  rich  in glacial 
re lic t p îan ts . The pap er is a good, w ell-illustra ted , sum m ariz ing  w ork .

P. R. K r e m e r  an d  W .  S p a c e m a n : The Paleoecological E v id en ce  for E n v iro n m en ta l 
C hanges in “ N eopaleo b o tan ica l” Sedim ents of S o u th  F lorida.

This s tu d y  p resen ts  th e  resu lts  of a com plete paleoecological survey . E leven  tree  island 
co m m unities (ham m ocks) in  E verg lades of so u th e rn  F lo rida  w ere p a rticu la rly  analyzed  w ith  
reg ard  to  th e ir  v eg eta tio n , p e tro lo g y  of subsurface p e a ts  and bedrock  relationships.

B y m eans of m u lti la te ra l  investigations of th e  m odern  v eg e ta tio n  as well as of fossil 
m a te ria ls , th e  a u th o rs  w ere able to  give a paleoecological in te rp re ta tio n  d a ting  back  nearly
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5000 y ears B .P . T h e ir  w ork proved  t h a t  p e a t  p e tro logy  is a n  especially  useful paleoecological 
and  p a leo en v iro n m en ta l analy tic  tool. S ev eral d iagram s, good d raw ings and sec tional profiles 
illu s tra te d  th e  p a p e r  well.

R. E .B a i l e y  a n d  P. J .  A h e a r n : A  L ate- and  P ostg lacia l Po llen  R ecord from  C hippew a 
Bog, L apeer Co., M I: F u rth e r  E x a m in a tio n  of W hite  P ine an d  B eech Im m ig ra tio n  in to  th e  
C entra l G reat L akes Region.

In  th is  in te re s tin g  and excellen t p a p e r th e  v eg e ta tio n  h is to ry  of C hippew a B og is 
tra c e d  as fa r hack  as ap p ro x im ate ly  10 500 y e ars  B .P . w ith  especial regard  to  th e  h is to ry  of 
w hite  pine and  beech  im m igration . U p -to -d a te  m ethods (c o m p u te r cards, rad io carb o n  d a te s , 
e tc .) were applied  b o th  in th e  field and  in  th e  lab o ra to ry . P o llen  d a ta  are p resen ted  g rap h ica lly  
in a pe rcen tag e  p o llend iag ram . The e s tim a te d  tim e of a rriv a l an d  th e  suggested im m ig ra tio n  
ro u tes  of P inus strobus and  Fagus grand ifo lia  in  th e  G reat L ak es region are also m ap p ed .

J . T e r a s m a e : L ate-W isconsin  D ég lac ia tio n  and  M igra tion  of Spruce in to  S o u th e rn  
O n ta rio , Canada.

T he p u rp o se  of th is  good, com plete  w ork  was to  in v es tig a te  th e  L ate-W isconsin  h is to ry  
of v eg eta tio n  (espec ia lly  th e  spruce) re la te d  to  th e  presence of m astodon  and p a leo in d ian  
occupations in so u th w e ste rn  O ntario  w ith  references to  th e  c u rre n t und erstan d in g  of th e  
d ég lacia tion  chronology .

D uring  th e  la s t  decade palyno log ica l s tu d ies of ab o u t te n  lak e  sedim ent cores, paleo- 
b o tan ic a l d a ta , a n d  re ce n t geological in v es tig a tio n s  of d ég lac ia tio n  have been done. T he 
re su lts  are su p p o rte d  b y  ab o u t 50 ra d io c a rb o n  dates. The po llen  records ex tend  to  a t  least 
13 000 y ears B .P. G ood m aps and d iag ram s help  in  u n d e rs tan d in g  th e  L ate  W isconsin  geo- 
m orphological fe a tu re s , th e  glacial lake p h ases an d  lake level ch anges: the  h isto ry  of v e g e ta ­
tio n  included  th e  m ig ra tio n  rou tes in so u th w e ste rn  O ntario , L ake  E rie  basin.

J .  F . P. C o t t e r  and  G. H. C r o w l : T he Paleolim nology o f Rose Lake, P o tte r  Со.э 
P en n sy lv an ia : A C om parison  of Pa lynologie  an d  P aleo -p igm en t S tud ies .

Rose L ake s itu a te d  in a k e ttle  in  n o rth -ce n tra l P en n sy lv a n ia  is studied  in th e  p re s ­
en t paper.

E x am in a tio n  of biochem ical fossils as chlorophyll d é riv â te s , caro tenoids a n d  pollen- 
analyses were done. T h e  stud ies of th e  se d im e n ta ry  fossil p ig m en ts  p roved  to  be v e ry  v a lu ab le  
in  th e  reco n stru c tio n  o f th e  paleoecology o f lacu strin e  system s. T h is m odern m eth o d  can  be 
used  as a sensitive in d ic a to r of p a s t an d  p re se n t tro p h ic  s ta tu s , a n d  to  determ ine changes in  
th e  ba lan ce  be tw een  au to ch th o n o u s an d  a llo ch th o n o u s o rgan ic  sed im en t c o n trib u tio n , th e  
source of sed im en tary  organic m atte r  a n d  th e  presence or absence  of open w a ter co n d itio n s 
th ro u g h o u t th e  h is to ry  of ind iv idual lakes.

Palynological ev idence of a 1 3 -m eter core ind ica tes a c lim ate-induced  v e g e ta tio n  
succession from  a sp ru ce  p a rk lan d  to a p in e  fo res t, to  a m ixed  hardw ood  forest in  th e  su r­
ro u n d in g  region d u rin g  th e  last 14 175 ±  100 years.

T he fossil se d im e n ta ry  p igm ent d a ta  in d ica te  th a t  R ose L ak e  itse lf changed to  a v e ry  
sm all e x te n t th ro u g h o u t its  h isto ry , rem ain in g  o ligo trophic  from  its  inception .

C om parison of th e  pollen and p ig m e n t s tra tig rap h ie s  o f R ose L ake ind ica tes t h a t  th e  
c lim ate  m ay  no t be th e  determ ining fa c to r  in  changes in  lak e  p ro d u c tiv ity . O th er fa c to rs  
such  as n u tr ie n t a v a ila b ili ty  and changes in  th e  c ircu la tion  p a tte rn s  o f th e  lake a p p ea r to  be 
d o m in a n t influences on  lak e  p ro d u c tiv ity .

H ow ever, p a leo p ig m en t studies in co n ju n c tio n  w ith  pa lynolog ie  stud ies provide in fo rm a ­
tio n  p e rta in in g  to  th e  reco n stru c tio n  of th e  h is to ry  of lacu str in e  system s and su rro u n d ­
ing regions.

A n  u p -to -d a te , carefu lly  done, c o m p a ra tiv e  s tu d y  has b een  p resen ted  in th is  p ap er.
W . J .  M e r r y : P ollen  S tu d y  of B u ried  T ree  Site N ear M a rq u e tte  M oraine.
A very  in te re s tin g  buried  tree  site w as pa lynolog ically  s tu d ie d  in  th is paper.
In  1976 pieces o f  spruce trees w ere u n co v ered  in  g ro w th  po sitio n , 20—30 fe e t below  

th e  surface , buried  in  silt and fine sand. A n u m b er o f specim ens h a d  m ore th a n  150 a n n u a l 
rings an d  rad io carb o n  d a te s  of ou ter wood av erag ed  a t  ab o u t 10000 dz 300 years B .P .

W here th e  la rg e s t in ta c t specim en w as uncovered  soil sam ples were tak en  for pollen  
analysis b y  th e  a u th o r  in  1977. On th e  basis  o f these  investig a tio n s g lacial h isto ry  of v e g e ta ­
tio n  a n d  clim ate a re  sum m arized  in th e  p re se n t in te res tin g  p a p e r , re la te d  to th e  h is to ry  of 
th e  b u ried  trees.

P . A. D e l c o u r t  an d  H. R. D e l c o u r t : V eg eta tio n  M aps fo r E as te rn  N o rth  A m erica: 
40 000 Y r B .P . to  th e  P re sen t.

T his w ork is a successful a tte m p t on  reco n stru c tio n  of th e  pa leo v eg e ta tio n  of E a s te rn -  
N o rth  A m erica from  40 000 y ears B .P . to  th e  p re sen t. Seven (40 000, 25 000, 18 000, 14 000, 
10 000, 5000, 200 y r  B .P .)  very  clear p a le o v eg e ta tio n  m aps w ere d ra w n  on th e  basis o f v e ry  
a b u n d a n t  ra d io c a rb o n -d a ted  po llen -stra tig rap h ic  evidence.
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T h e  p a leovegeta tion  m ap s em phasize th a t  m ore  th a n  60%  of th e  la s t 40 000 years has 
been ch arac te rized  by en v iro n m en ta l conditions tra n s it io n a l betw een ex trem e  g lacial and non­
glacial regim es.

T h ese  m aps also a re  v e ry  good d o cu m en ta tio n s o f th e  m ajor changes in  d is tr ib u tio n  of 
L a te -Q u a te rn a ry  v eg e ta tio n  ty p es , along w ith  th e  chan g in g  geography of ice-sheet m arg ins, 
m ajo r p reg lacia l and po stg lac ia l lakes and m arine  shorelines.

G. R . U p c h u r c h ,  J r .  and  J .  A. D o y l e : Paleoecology of th e  Conifers Frenelopsis and  
P seudofrenelopsis (Cheirolepidiaceae) from  th e  C re taceous Po tom ac G roup of M ary land  and  
V irginia.

A good pa leobo tan ica l w ork  is published h ere  on  th e  paleoecology of th e  Mesozoic 
Conifer fam ily , Cheirolepidiaceae. P a rtic u la r  analysis o f sed im en tary , m egafossil and  palyno- 
logical associations in d ica te  t h a t  Cheirolepidiaceae w ere ad ap ted  to  a w ide ran g e  of h a b ita ts  
w ith in  th e  Mesozoic tro p ic a l and  su b trop ica l be lts  a n d  c an n o t be used in iso la tio n  as ind ica to rs 
of c o as ta l env ironm en ts o r m arin e  influence. A v e ry  well docum ented  and  n icely  illu stra ted  
p ap er h a s  been  presen ted .

W . H . B l a c k w e l l ,  D. M. B r a n d e n b u r g  a n d  G. H . D u k e s : The S tru c tu ra l and P h y to - 
g eo g raph ic  A ffinities of Som e Silicified W ood from  th e  M id-T ertiary  o f w est-cen tra l Mis­
sissippi.

T h is  paper co n ta in s th e  descrip tion , c h a ra c te riz a tio n  and illu s tra tio n  of tw o ty p es o f 
fossil w ood  ab o u t w hich m u ch  confusion has ex is ted . One wood proved to  be gym nosperm ous 
(C upressinoxylon florense  sp. nov .), th e  o th er ang iosperm ous ( Floroxylon variable gen. and  
sp. nov .).

E v id en ce  Has p ro v ed  th a t  these silicified logs h av e  tro p ical and n o t b o real ch aracte ris tic  
as w as th o u g h t earlier.

L . C. M a t t e n  and  W . S. L a c e y : Cupule O rg an iza tio n  in E arly  P la n ts .
T h e  p resen t p ap er d em o n s tra tes  several ex am p les of different cupu le  o rg an izatio n  in 

early  seed p lan ts  from  th e  U p p e r D evonian and  L ow er Carboniferous. M u ltio v u la te  cupule o f 
n ine  species — included th e  o ldest seeds — have  b een  stud ied  and reco n stru c ted . A series of 
cross-sec tions of fossils a re  g iven.

V ery  im p o rtan t e v o lu tio n ary  questions are  d iscussed  in th is n icely illu s tra ted , good
p ap er.

R . W . D e x t e r : P la n t  Succession on a Filled S a lt-m arsh  a t Cape A nn, M assachusetts , 
1958-1979 .

R esu lts  of s tu d ies  on  th e  successional d ev elo p m en t of a filled sa lt-m arsh  are su m ­
m arized  in th is paper.

T h e  area has been observed  each year for 21 y ears from  the  p io n eer stage till w hen 
th e  sed im en t becam e re v e g e ta te d  to trace  th e  successional developm ent. T h e  d ifferen t stages 
are d o cu m en ted  w ith  v e ry  illu s tra tiv e  pho tographs.

F in a lly  th ree  a b s tra c ts  o f o ther in te res tin g  pap ers  are p resen ted  in th is  book, v ery  
b rie fly :

A. H. K n o l l : T h e  E n v iro n m en ta l D is tr ib u tio n  of Some L ate  P re c am b ria n  M icrobial 
A ssem blages.

J .  A. D o y l e : C retaceous Pollen and E a rly  A ngiosperm  E volution .
M. B .  D a v i s : M id-H olocene Hem lock D ecline: E vidence for a P a th o g en  o r  In se c t 

O u tb re a k .
T h e  m ost im p o r ta n t in fo rm ation  is given b y  J .  A. D o y l e  in  his ex ce llen t paper.

M. J Á R  a  I -  K o m l ó d i

F r i t s c h e n  L. F .-G ay  L. W .: E nv ironm en ta l In s tru m e n ta tio n . Springer V erlag  New Y ork— 
H e id e lb e rg -B e rlin  1979, p p . 216

D uring  th e  p a s t decade  increased in te re s t h as been  shown in th e  im p a c t of env iro n ­
m e n ta l  facto rs on liv ing  c rea tu res. M oreover, h an d b o o k s published earlie r on  th is su b ject, 
as fo r exam ple  the  M eteorological In s tru m en ts  by  M iddleton  and Spilhaus, are e ither out-of- 
d a te  o r n o t available in th e  bookshops.

P u b lica tion  of th e  c u rre n t volum e of th e  series ‘‘Springer A d v an ced  T ex ts in Life 
Science”  (D. R e i c i i l e ,  series ed ito r) is therefo re  m o st tim ely .

T he nine ch ap te rs  of th e  book can be d iv id ed  in to  th ree  m ain p a r ts . Two chap ters  are 
con cern ed  w ith  th e  bases o f m easuring and  th e  p h y sica l rud im ents w ith  a n  em phasis on th e  
im p o rta n ce  of th e  errors in  m easuring  and e stim a tio n . T he log-derivative m e th o d  and p ro b ab le
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e rro r analysis are described  in  d e ta il b y  th em , w ith  the  o b ta in ed  e rro r va lues being com pared  
b y  w ay  of two fa c tu a l exam ples. T he th ree  m easuring  system s u sed  m o st w idely (SI, cgs and  
th e  E nglish  basic u n its  o f m easure) are  given in a separa te  tab le .

A f t e r  t h e  p h y s i c a l  b a s e s  h a v e  b e e n  s u m m e d  u p ,  f i r s t  t h e  t h e o r y  o f  t h e  h e a t  t r a n s ­

m i s s i o n  p r o c e s s e s ,  t h u s  h e a t  c o n d u c t i o n ,  c o n v e c t i o n ,  h e a t - r a d i a t i o n ;  a n d ,  i n  c o n n e c t i o n  w i t h  

t h e m ,  t h e  m o s t  i m p o r t a n t  c o n c e p t s  ( e v a p o r a t i o n ,  i r r a d i a t i o n ,  e m i s s i o n ,  e t c . )  a n d  l a w s  ( P l a n c k ’ s  

l a w ,  S t e f a n - B o l t z m a n n ’ s  l a w )  a r e  d e s c r i b e d .  T o  u n d e r s t a n d  t h e  o p e r a t i o n  o f  t h e  t w o  b a s i c  

m e a s u r i n g  i n s t r u m e n t s ,  t h e  W H E A T S T O N - b r i d g e  a n d  t h e  p o t e n t i o m e t e r ,  i t  i s  n e c e s s a r y  t o  k n o w  

t h e  p a r a l l e l ,  s e r i e s  a n d  f o r k e d  c i r c u i t s .

In  th e  six c h ap te rs  of th e  second p a r t  th e  m eteorological effects m ost im p o rta n t for 
liv in g  crea tu res are discussed a t  leng th .

The in s tru m en ts  to  m easure te m p e ra tu re  are d iv ided in to  six  g roups in  th e  book (gas 
th e rm o m ete r, liquid in  glass, liqu id  in m eta l, b im etal, e lectric  an d  sonic therm om eters). 
O f these  th erm oelem en ts and resistance  therm o m eters  are described  in  g re a t deta il. A fter th e  
d iscussion  of S e e b e c k - ,  P e l t i e r -  an d  T h o m p s o n ’ s  effects an d  th e  th erm o elec tric  law s, the  
re la tio n  betw een e lectric  force and te m p e ra tu re  can be stud ied  in  fiv e  tab le s . In  th ree  of these  
ta b le s  th e  values of th e  h e a t—electrom otive  force are given fo r using  therm oelem en ts of 
d iffe ren t types. N ot on ly  th e  draw ings of th e  basic therm o elem en t c ircu its , th e  d ifferent heat- 
e lem en t colum ns, co n tro l sw itches w ith  h e a t elem ent b u t also th e  th e rm is to rs  are g iv en . The 
desc rip tio n  of th e  com parison  of th e  h ea t-senso rs of d ifferen t ty p e  is v e ry  useful.

The au th o rs  p o in t ou t th e  necessity  of tak in g  th e  e rro rs o f th e  h e a t e lem ents and  
m easu ring  in stru m en ts  in to  considera tion  and of analysing  in  d e ta il  th e  occurring  sources 
o f errors.

A separate  c h a p te r  is devo ted  to  th e  problem s of th e  con v ec tio n  of so il-heat w hich is 
n o t  alw ays tak en  in to  consideration  by  th e  exp erts  study ing  th e  effects of th e  en v ironm en ta l 
fa c to rs , as its  order o f m ag n itu d e  is o ften  sm all and the  daily  an d  a n n u a l sum s a re  n o rm ally  
n e x t  to  zero. In  a u tu m n  or spring or in  a d ry  s ta te  of th e  soil, how ever, th e  d a \y  co n v ec tio n  
of th e  soil-heat can re ac h  considerable values w hich should be k e p t in m ind . T ih e  conduction  
a n d  rad io m etric  m eth o d s of ca lib ra tio n  of th e  in stru m en ts  m easu ring  convection  are described 
b rie fly  by  the  au th o rs .

The descrip tion  o f th e  ru d im e n ts  is followed by th ree  m eth o d s of rad ia tio n  m easure­
m e n t and  by th a t  o f th e  ra d ia tio n  sensing  resistors, h ea t-e lem en t colum ns, d istillom eters. 
A lth o u g h  th is c h ap te r  is only of average  ex te n t, here th e  m o st d e ta iled  and  best illu s tra ted  
in fo rm a tio n  on th e  m easu ring  in s tru m e n ts  to  be used can be fo u n d ; m ore th a n  20 ra d ia tio n  
m easu rin g  in s tru m en ts  a re  described b y  th e  au tho rs . A lis t o f p y rh e lio m eters  su itab le  for 
m easu ring  d irect ra d ia tio n , p y ran o m e te rs  m easuring  global so lar ra d ia tio n , py rgeom eters for 
m easu ring  long-w ave ra d ia tio n  as well as to ta l  hem ispheric ra d io m e te rs  w ith  th e ir  m o st 
im p o r ta n t  pa ram ete rs , d em ands of th e ir  p lacem en t and ca lib ra tio n  in s tru c tio n s .

In  th e  ch ap te r  dealing w ith  h u m id ity  and p rec ip ita tio n , tab le s  are included over 
25 pages a fte r th e  co n cep ts of abso lu te  an d  specific hum id ity , s a tu ra tio n , lack  of sa tu ra tio n , 
dew  p o in t, etc. have  been de term ined . In  a p a r t of the  tab le s  th e  v a lu es of th e  sa tu ra tio n  
v a p o u r  pressure are g iven  betw een  — 50 °C and  ± 1 0 2  °C, w ith  0.1 °C g rad ien t. B u t in  m o st 
o f th e  tab les th e  d a ta  needed for th e  ap p lica tio n  of th e  A ssm an n -p sy ch o m ete r are su m ­
m arized . Besides th e  classical A ssm ann-psychom eter, six h y g ro m ete rs  o p e ra tin g  on d ifferen t 
p rinc ip les  (electric ab so rp tio n , ion-changing , in fra-red , h a ir ones, e tc .) are discussed by  
th e  au tho rs .

Besides th e  cup and  propeller anem om eters the  sonic p h ase -m e te r  and th e  D oppler- 
anem o m eter, as well as th e  anem om eters w ith  th erm om eters are p resen ted .

T he im portance  of m easuring  th e  w ind d irection w hich  is o ften  d isregarded , is em ­
ph asized  and electric anem oscopes of four k inds are shown.

T he sh ortest c h ap te r  (only nine pages) of th e  book includes in fo rm a tio n  in connection  
w ith  atm ospheric  p ressu re , th e  descrip tion  of th e  liquid m an o m e te r, m ercu ria l and aneroid  
b a ro m e te rs  and correc tional tab les.

T he last p a r t  includes aspects o f collecting, converting  an d  conveying th e  d a ta  and  
th e  system s of processing th e  dig ital d a ta . In  th is p a r t  th e  sam pling  th eo rem  w orked o u t by  
S h an n o n , ex ternal noises influencing th e  ac tually  m easured  d a ta  an d  th e  inner (electric) 
noises o f th e  system  processing  th e  d a ta  as well as th e  m ethods for red u cin g  th e  noise effects 
a re  described in  detail.

To sum  it  up , i t  can  be s ta te d  th a t  th e  handbook  is a w ork  p lan n ed  and  w ritte n  w ith  
g re a t care. All the  c h ap te rs  of th e  book are followed by a desc rip tio n  of th e  physical bases o f 
th e  o p era tio n  of th e  m easu ring  in s tru m en ts . The au th o r’s e ffort to  call th e  read ers’ a tte n tio n  
to  th e  fac t th a t  th e  sources of error hav e  a slight influence on th e  re su lts  of m easu rem en ts 
a n d  to  th e  ways of e lim in a tin g  or reducing  th em  is p a rticu la rly  w o rth  of noting .
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I can  recom m end th is  book to  all th o se  who are in te res ted  in th e  in te rac tio n s  w hich 
m ay  ta k e  place betw een liv ing  c rea tu re s  a n d  m eteoro log ical facto rs. E co log ists, agronom ists, 
fo res t engineers dealing w ith  th e  effect o f en v iro n m en ta l factors, as well as u n iv e rs ity  stu d en ts  
s tu d y in g  biology can b en efit m o st fro m  th is  p u b lica tion .

M. N a g y

S a n  P i e t r o ,  A. (ed.): B iosaline  R esearch : A Look to  th e  F u tu re . E n v iro n m e n ta l Science 
R e se a rc h  Yol. 23. P lenum  P ress , N ew  Y o rk  1982, pp . 578

B iosaline research  is a new ly  developed  section  of ecology. A m ong th e  various efforts 
to  f in d  renew able new  sources o f food an d  fuel for m an k in d , th is  is one of th e  m o st prom ising 
focussing  th e  im m ense la te n t  b io p o te n tia l o f a rid  lands, coastlines, b ra ck ish  an d  saline w aters.

T h e  m ain  purpose o f th is  new  t re n d  is to  e stab lish  a harm o n io u s ecological and eco­
n o m ica l in te rp lay  of h igh  solar ra d ia tio n , h ig h  tem p e ra tu re , saline or b rack ish  w ater avail­
a b ili ty  an d  b ioproduction  of econom ically  u sefu l p lan ts .

T h e  geographical scope of these  in v es tig a tio n s  covers th e  m a jo rity  o f th e  surface of th e  
E a r th :  all m arine w a te r bodies, co as tlan d s , in lan d  brack ish  w a ters , sa line  lakes, all deserts 
a n d  sem iarid  areas belong here.

T h e  po ten tia l for in creased  fu tu re  ex p lo ita tio n  of these  resources fo r food, fib re, energy 
a n d  fin e  chem icals p ro d u c tio n , u tiliz in g  m arin e  organism s, m a rin e -a d a p te d  p lan ts , and arid  
a n d  sem i-arid  p lan ts, is a lm o st in fin ite  p ro v id ed  th e  necessary  techno logy  becom es available 
th ro u g h  basic research.

T his volum e co n ta in s 57 p ap ers , th e  w hole m ate ria l of th e  I In d  In te rn a tio n a l W ork­
shop  o n  Biosaline R esearch  he ld  in  L a P a z , M exico, from  16-20 N o v em b er, 1980. More th an  
100 p a r tic ip a n ts  m ain ly  fro m  M exico, U SA , B razil, Israel. In d ia , e tc . to o k  p a r t  in the  
W ork sh o p .

T he book falls in to  six  sections:
1. T he regional rev iew s were focussed on cu rren t biosaline resea rch  in  various p a rts  of 

th e  w o rld  and underscored  th e  in te rn a tio n a l scope of th e  overall end eav o u r. One m ay find  
re p o r ts  of biosaline re sea rch  of U SA , C an ad a , L a tin  A m erica, som e E u ro p ea n  countries, 
Is ra e l, E a s t Asia, New Z ea lan d , C hina, J a p a n , Saudi A rab ia, etc. F o r each of th e  o th er topics, 
one o r m ore acknow ledged ex p erts  p re sen ted  an  u p -to -d a te  assessm en t of th e  “ S ta te  o f 
S c ience” ; th e ir own resea rch , as well as t h a t  o f th e  o th er in v estig a to rs , as th e  f irs t paper of 
e ach  section.

2. Section 2 “ F ood  a n d  E conom ic P la n ts ”  gives an  in sigh t in to  th e  p re sen t and fu tu re  
po ss ib ilities  of growing a g ric u ltu ra l an d  in d u s tr ia l p lan ts  (to m a to , b a rle y , w h eat, p o ta to , 
sw ee t corn , pepper, rice, m an y  sa lt- to le ra n t grasses and weeds, e tc .) in  saline env ironm ent. 
B asica lly  there  have been tw o  app ro ach es to  th e  developm en t of crops w hich  m ig h t be grown 
u sin g  h igh ly  saline w ater. O ne of these  p roposes to  select and im prove sa lt- to le ra n t wild p lan ts  
to  m ee t th e  food needs o f m a n  or d o m es tica ted  anim als. The o th er p roposes to  select for sa lt 
to le ran c e  am ong co n v en tio n al crops or to  in tro d u ce  such  germ plasm  fro m  w ild sources by  
b re ed in g  and  selection. T h e  goal is com m on: to  p rov ide  new  op tio n s fo r ag ricu ltu ra l p roduc­
t io n  using  p resen tly  u n u sed , or u n d e ru tiliz ed  resources. A t th is  ju n c tu re  i t  seem s p ru d en t to  
p u rsu e  vigorously b o th  ap p roaches.

3. Section 3 deals w ith  th e  “ P o te n tia l  uses o f m icro- and  m acro a lg ae” . T he lim its o f  
th e  e a r th ’s arable lands, th e  co n tin u in g  need  for ag ricu ltu ra l p ro d u c ts  a n d  raw  m ateria ls for 
in d u s try ,  for anim al feed an d  h u m an  food, th e  g ro w th  of w orld p o p u la tio n , th e  increasing 
co st an d  depletion of fossil fuels all p o in t to  th e  need for new  resources o f a g ricu ltu ra l p ro ducts 
t h a t  will no t tax  the  e a r th ’s declin ing  a g ricu ltu ra l and  energy resources. M icro- and m acro­
a lgae  m ay  be very  usefu l, s ig n ifican t a n d  econom ical su p p lem en ta l sources for these ends. 
T h e  g ro w th  of algae does n o t m ake  d em an d s on  lan d , m ineral sources, en erg y  supp ly  in co n tra st 
w ith  th e  conventional a g ric u ltu ra l techn iq u es.

F u rth e rm o re , th e  g ro w th  of m icroalgae in h igh  ra te  dom estic  w aste  sewage ox idation  
p o n d s  can  provide v a lu ab le  b iom ass an d  clean, useful w ater a t  th e  sam e tim e. M icroalgae can 
b e  g row n  in saline or a lka line  w a te rs , in  th e  tro p ica l or sub tro p ica l a rid  lan d s , a t  re la tive ly  
h ig h  tem p era tu re  (up to  45 °C); co n d itio n s th a t  are no t useful for co n v en tio n al agriculture.

In  term s of p h o to sy n th e tic  efficiency, th e  m icroalgae are a b o u t th e  sam e level b u t in 
b io m ass p ro d u c tiv ity  give m u ch  h igher v a lues th a n  th e  trad itio n a l crops.

T here  are m an y  ex is tin g  p ra c tic e s  of use of m icro- and m acroalgae as h u m an  or anim al 
food  and  sources for im p o r ta n t  chem icals (e th an o l, glycerol, v ita m in s ), b u t  there  are fa r
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m ore re a d y  for use. T hese u n ex p lo ited  possib ilities are a t  th e  tre sh o ld  p ro fita b ility . I t  m ay  be 
t h a t  th e  n e x t increase in  oil prices will m ak e  th em  suddenly  econom ical.

4. “ S tress b io logy”  sec tion  deals m ain ly  w ith  th e  physio logical, b iochem ical and 
g en e tica l aspects o f sa lt to le ran ce  of low er and  h igher p lan ts . To u n d e rs tan d  th ese  in te rn a l 
m echan ism s a t  m ore d e p th  we hav e  —  a t  lea s t —  tw o reaso n s: a )  p re v en tio n  of dam age 
caused  b y  sa lin ity  in  th e  so il or irrig a tio n  w a te r, and  b)  p ro v ide  a scientific  basis fo r b reed ing  
s a lt- to le ra n t new  v arie tie s  o f trad itio n a l crops.

Som e of th e  c u rre n t to p ics of th e  sec tion  are: b iochem ical response to  sa lin ity  stress, 
o sm o reg u la tio n  an d  io n - tra n sp o r t  of liv ing  cells in  h ighly  saline w aters , use of b rack ish  w a ter 
in  closed system  ag ric u ltu re , selected b reed ing  lines of sa lt- to le ra n t h y b rid s o f to m a to .

5. “ P re se n t a n d  fu tu re  ap p lica tio n ”  gives an  acco u n t on  d ifferen t possib ilities of 
in d u s tr ia l use o f th e rm o p h ilic  an d /o r ha loph ilic  enzym es (m o stly  from  b a c te ria )  in  bio- 
c a ta ly tic  conversions, possib le  use o f m arine  o rgan ism s’ e x tra c ts  in  an tican cer ch em o th erap h y , 
im p o rtan ce  an d  re s to ra tio n  of coastline a n d  estuaries m an g ro v e  fo rests, m acroalgal m ari- 
cu ltu re  (“ m arine  fa rm in g ” ) an d  w aste  rem o v a l b y  bacteria l-a lga l-g rass com m unities.

6. T he la s t  section  co n ta in s 26 c o n trib u ted  papers on  d iverse  top ics: v eg e ta tiv e  p ro p ag a ­
tio n  of Jo jo b a  sh rub , m icroalgae as lip id  source for in d u s tr ia l use, sa lt to le ran ce  o f w heat, 
c o tto n  an d  b a rley ; irr ig a tio n  w ith  seaw ater, etc.

A ll ch ap ters  a re  fo llow ed by  b ib liographies. The volum e is supplied  w ith  su b jec t index  
and a lis t of p a rtic ip a n ts .

T his w ell-docum en ted  book will be, v e ry  likely, w elcom ed b y  every  ecologist who is 
in te re s ted  in  th e  possible a n d  prom ising  so lu tions of our com m on  efforts to  f in d  reasonab le  
a lte rn a tiv e s  for th e  p re sen tly  used  ecological sources and  to  explore new  rich  ones fo r th e  fu tu re .

Z. Szőcs

T r a c e y ,  J .  G.: T he V eg e ta tio n  of th e  H u m id  T ro p ica l R egion of N o rth  Q ueensland. C SIR O , 
M elbourne 1982, pp . 124, w ith  15 p la tes a n d  44 figures

T his is one of th e  re ce n tly  pu b lish ed  m onographs describ ing  th e  v ery  rich  ra in fo rest 
v e g e ta tio n  of A u s tra lia . I t s  im p o rtan ce  a n d  a c tu a lity  is em phasized  if  we consider th e  u rg en t 
w orld-w ide prob lem  of tro p ic a l d e fo resta tio n . A u stra lia  is no ex cep tion , its  ra in fo re sts  have 
a lread y  been  e lim in a ted  th ro u g h  tim b e r, m ining and su g arcan e  ex p lo ita tio n , an d  only 
re la tiv e ly  sm all frag m en ts  rem a in  along th e  e as t coast. T he a u th o r ’s a im  is to  p ro v ide  a po s­
sibly fu ll d esc rip tion  o f th e  la rg e s t co n tinuous a rea  of ra in fo re sts  in  th is  co n tin en t. T h is w ork  
m ay  serve as a fram ew o rk  fo r fu tu re  use in  fo res try , a g ricu ltu re , m an ag em en t o f n a tio n a l 
p a rk s  a n d  lan d  use p lann ing .

F irs t ,  th e  a u th o r  g ives a  b rie f  acco u n t of th e  c lim atic  a n d  geographic conditions of 
th e  area . E m p h asis  is o f course on  th e  desc rip tio n  of v eg e ta tio n  ty p es  th a t  a re  ch arac te rized  
in  re la tio n  to  s tru c tu re , h a b ita t ,  p re sen t-d ay  occurrence and  flo ris tic  com position. T y p ifica tio n  
is m ain ly  based  on p rev io u s ly  published  w ork , num erical te c h n iq u es  a re  pu rpose ly  n o t  used . 
P rofile  d iag ram s an d  tra n s e c ts  help read er to  u n d e rs tan d  th e  s tru c tu ra l sim ilarities a n d  d if­
ferences am ong types. V eg e ta tio n  m osaic m ap s and  excellent b lack  an d  w h ite  p h o to g rap h s 
p rov ide  fu r th e r  in fo rm atio n . D a ta  o f sam ple  sites and  th e  species p re sen t a re  lis ted  in  an  
ex ten siv e  A ppendix .

T his p u b lica tio n  is c e rta in ly  a  g re a t ach ievem ent. R eg ard in g  its  low price  th is  m ono­
g ra p h  is stro n g ly  recom m ended  to  anyone in te res ted  in tro p ic a l ecology and  fo res try .

J .  PODANI
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