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ANATOMY OF THE SEED AND SEEDLING OF 

HERRANIA NYCTERODENDRON

CHAPTER I  

INTRODUCTION

A ccording to  S ch u lte s  (1958) H erran la  was f i r s t  d isco v ered  in  1784 

by Padre Eloy V alenzuela on an e x p e d itio n  lead  by Padre Jo se  C e le s tin a  

M u tis . A lthough V alenzuela  co n sid ered  th e  p la n ts  d i s t i n c t  from Theobroma, 

th e y  were inc luded  in  Theobroma u n t i l  J u s t in  Goudot (1844) d e sc rib e d  

H e rra n ia  as  a  new genus w ith in  th e  S te rc u l ia c e a e .  A lthough re se a rc h  and 

f i e l d  o b se rv a tio n s  seem to  uphold H erran ia  as  a  d i s t i n c t  genus th e re  a re  

some who doubt i t s  taxonomic v a l id i t y  (S c h u lte s , 1958). S pecies o f 

H e rran ia  a re  sm all t r e e s  rang in g  from 9 to  30 f e e t  t a l l  and a re  n a tiv e  

to  th e  t ro p ic s  o f  South Am erica. S ch u lte s  (1958) d is c u s se s  17 s p e c ie s ,  

n o tin g  th a t  each has a  d i s t i n c t  range o f  to le ra n c e  to  a l t i t u d e  between 

sea  le v e l  and 4 ,000 f e e t .

T his s tu d y  i s  p r im a r i ly  concerned w ith  th e  seed and s e e d lin g  anatomy 

o f H e rran ia  nycterodendron  S c h u lte s . A d e ta i le d  d e s c r ip t io n  o f  the  

m ature p la n t  i s  given by S ch u lte s  (1958), d e s c r ib in g  i t  as a sm all t r e e  

a t t a in i n g  a  h e ig h t o f  25 f e e t  (F ig u re  14) w ith  a  s im p le , e r e c t  tru n k  

b e a r in g  flow ers on th e  low er p o r tio n  and la rg e ,  compound le av es  on the  

upper p o r t io n .  The s p e c ie s  i s  n a t iv e  to  th e  w esternm ost p a r ts  o f  the
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Amazon V alley  (F ig u re  15) where i t  grows on w e ll-d ra in e d  s o i l  o f dense 

f o r e s t  a t  an a l t i t u d e  o f  300 to  1,000 f e e t .  L i t t l e  m orpho log ica l work 

has been on H e r ra n ia . A survey  o f th e  l i t e r a t u r e  re v e a le d  one a r t i c l e  

by Lewelyn W illiam s (1936, page 323) on the  wood anatomy o f Theobroma 

m a riae , l a t e r  i d e n t i f i e d  by S ch u lte s  (1958) as  H. n i t i d a . O ther than a 

stu d y  o f  th e  s e e d lin g  periderm  (Chapman, 1968), th e  s e e d lin g  anatomy o f 

H erran ia  i s  unknown.

I  made a b r i e f  s tu d y  o f th e  seed and se e d lin g  o f  H e rran ia  

c u a tre c a sa n a  G a rc ia -B a rr ig a  fo r  com parative p u rp o ses . S ch u lte s  (1958) 

d e sc r ib e s  H. c u a tre c a sa n a  as a sm all t r e e  a t t a in in g  a h e ig h t o f 9 f e e t  

which i s  n a t iv e  to  th e  upper reach es  o f th e  Putumago R iv e r in  Colombia 

(F igure 1 5 ). This s p e c ie s  i s  found on w e ll-d ra in e d  s o i l  o f dense f o r e s t  

between a l t i t u d e s  o f  300 and 1,000 f e e t .



CHAPTER I I  

MATERIALS AND METHODS

F r u i t s  o f  H erran ia  nycterodendron  and H erran ia  c u a tre c a sa n a  w ere 

c o l le c te d  by Dr. A lb e rto  T ay lo r from c u l t iv a te d  p la n ts  a t  th e  C en tro  de 

Ensenanza e In v e s tig a tio n  o f  th e  I n s t i t u t e  In te ra m eric an a  de C ie n c ias  

A g rico las  de la  Oea in  T u r r ia lb a ,  C osta  R ica . The f r u i t s  were co ated  

w ith  wax fo r  p re s e rv a t io n .

A fte r  removal o f th e  m ucilag inous and f ib ro u s  seed c o a ts ,  a p p ro x i

m ate ly  250 seeds o f  H. nycterodendron  and 50 seeds o f H. c u a tre c a sa n a  

were p la n te d  in  1% cm o f v e rm ic u li te  over s o i l .  The p o ts  were m ain ta ined  

in  th e  U n iv e rs ity  o f Oklahoma greenhouse. Seeds and s e e d lin g s  were h a r 

v e s te d  a t  v a r io u s  s ta g e s  o f  developm ent. A f te r  f ix a t io n  in  fo rm a lin -  

a c e t ic  acid-50%  e th y l  a lc o h o l (Johansen , 1940) and p a r a f f in  i n f i l t r a t i o n ,  

th e  m a te r ia l  was embedded in  P a ra p la s t  (60 C). L o n g itu d in a l and t r a n s 

v e rse  s e c tio n s  were made a t  lOp, and s ta in e d  in  s a f ra n in  (S a ss , 1958) and 

f a s t  green  (Boke, 1952). E ight-m onth  stem  and ro o t t i s s u e s  were embed

ded in  c e l lo id in .  T ransverse  s e c tio n s  were c u t a t  15p and s ta in e d  in  

iro n  alum and s a f ra n in  (Wetmore, 1932). Leaf t i s s u e  was c le a re d  in  L a c tic  

a c id  and s ta in e d  w ith  p a ra ro s a n i l in e  h y d ro c h lo rid e  (Boke, 1970).



CHAPTER I I I

OBSERVATIONS

The f r u i t  o f H e rra n ia  nycterodendron  (F ig u re  14 B) i s  e l l i p s o id ,

10 -  12 cm lo n g , and 4 -  5 cm in  d ia m ete r. I t  i s  a p ic a l ly  e lo n g a te d , 

s l i g h t l y  c o n s tr ic te d  n e a r  the  t i p ,  and th e  base i s  in d e n te d . S t e l l a t e  

trichom es form a  v e lv e ty  cov erin g  over th e  th ic k  p e r ic a rp  and ped u n c le . 

The s tro n g ly  r ib b ed  f r u i t  has f iv e  p rim ary  and f iv e  secondary r i b s ,  which 

a re  broad and rounded; th e  f iv e  lo c u le s  c o n ta in  app rox im ate ly  100 se e d s . 

The m ature f r u i t  i s  g ray -y e llo w .

The seed (F ig u re  1 A, B ), composed c h ie f ly  o f  co ty led o n s , i s  

t r i a n g u la r - o v a te ,  ap p ro x im ate ly  10 X 8 X 6 mm, w ith  a  c o a t composed o f  a  

th ic k  o u te r  zone o f  g ray  m ucilage ; a m idd le zone o f  f la t te n e d ,  th ic k -  

w a lled  c e l l s ;  and an in n e r  zone o f th in -w a lle d  c e l l s .  Thickness o f  th e  

in n e r  zone in c re a s e s  from  one o r  two c e l l  la y e rs  over th e  co ty led o n s  

(F igu re  24) to  s e v e ra l  la y e rs  over th e  in d e n ta tio n s  le ad in g  to  th e  e p i -  

c o ty l  a t  th e  b ase s  o f  th e  co ty ledons (F ig u re s  20, 2 1 ). A sm a ll,  d i s t i n c 

t i v e  group o f  c e l l s  a t  th e  ro o t end o f  th e  seed i s  p a r t  o f t h i s  in n e r  

zone o f th e  seed  c o a t (F ig u re  22 ).

The co ty led o n s  a r e  c lo s e ly  a p p re sse d , excep t a t  th e  base  (F ig u re  

2 6 ). Epiderm al c e l l s  a lo n g  th e  ap p ressed  zone a r e  s l i g h t l y  e lo n g a te d  and 

p a r a l l e l  to  th e  long a x is  o f  th e  co ty led o n s  (F ig u re  2 5 ), and a  sm a ll 

d ep re ss io n  f i l l e d  w ith  ta n n ife ro u s  c e l l s  (F ig u re s  27, 28, 30) i s  p re s e n t
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a t  th e  apex.. Below th e  d e p re s s io n , c e l l s  o f  th e  hypoderm is a r e  e lo n g a ted  

(F ig u re  3 0 ). P rocam bial t i s s u e  c o n s is t in g  o f  sm a ll, e lo n g a ted  c e l l s  

w hich a re  o f te n  surrounded by la r g e ,  e lo n g a te d , ta n n ife ro u s  c e l l s ,  i s  

p re s e n t  in  the  co ty le d o n s . Parenchyma c e l l s  o f th e  c o ty led o n s  (F ig u re  

2 5 ), w hich c o n ta in  abundant ta n n in  and o i l  (MacLean, 1952), become 

sm a lle r  n e a r  th e  a b a x la l ep id e rm is  (F ig u re  2 4 ). M ucilage c a v i t i e s  occur 

in  th e  co ty ledon  b a se s .

The prim ary  a x is  i s  sm all and c o n ta in s  procam bial t i s s u e  and s c a t 

te re d  ta n n ife ro u s  c e l l s ,  commonly in  groups o f two or; th re e  (F ig u re  2 6 ). 

The sh o o t m eristem  has a  s in g le - la y e re d  tu n ic a  and r e c e n t ly  d iv id e d  c e l l s  

a re  n o t ic e a b le ,  b u t m i to t ic  f ig u r e s  w ere n o t e v id e n t (F ig u re  5 1 ). One 

o r  two develop ing  le av es  la c k in g  trichom es overto p  th e  m eristem  (F ig u re  

2 0 ), and th e  f i r s t  fo u r a re  a rra n g e d  and produced in  th e  sequence in d i 

ca te d  by f ig u re  12.

D eveloping m u l t ic e l lu l a r  h a i r s  a r e  p re s e n t in  th e  in d e n ta t io n s  a t  

th e  b ases  o f  the  c o ty le d o n s . Each h a i r  i s  fo u r to  f iv e  c e l l s  in  le n g th  

and i s  i n i t i a t e d  by a p e r i c l i n a l  d iv is io n  in  a  s in g le  ep iderm al c e l l .

The fo o t c e l l  p ro tru d e s  s l i g h t l y  above th e  ep iderm al s u r fa c e ,  and a 

m u l t i c e l lu l a r  head f i l l e d  w ith  ta n n in  l a t e r  develops by a n t i c l i n a l  

d iv is io n s  o f  th e  upper c e l l  o r  c e l l s  (F ig u res  18 A, B, 32, 41, 4 4 ) .

C ontinued growth o f  th e  seed  w ith in  th e  f r u i t  r e s u l t s  in  th e  e n la rg e 

ment o f  th e  co ty ledon  b ases  by in t e r c a l a r y  grow th, in d ic a te d  by f i l e s  o f 

r e c e n t ly  d iv id ed  c e l l s ,  le a v in g  th e  r a d ic le  in  a  s l i g h t  d e p re s s io n  

(F ig u re  2 3 ). I n te r c a la r y  grow th th en  causes th e  p rim ary  a x is  to  e lo n g a te  

and th e  ro o t d ep re ss io n  to  d is a p p e a r  (F ig u res  26, 2 9 ), b u t no growth o f  

th e  ro o t  m eristem  i s  a p p a re n t (F ig u re s  26, 2 9 ). M ucilage c a v i t i e s
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develop  in  th e  p i t h  o f  th e  e p ic o ty l ,  w h ile  tho se  in  th e  b ases  o f  the 

co ty led o n s e n la rg e  (F ig u re  2 6 ), and th e  ou te rm ost c e l l s  a t  th e  base  o f 

th e  embryo become f i l l e d  w ith  ta n n in  (F ig u re s  26, 2 9 ). More m u l t i c e l l 

u la r  h a i r s  develop  in  th e  in d e n ta tio n s  a t  th e  b ases  o f th e  co ty le d o n s , 

some up to  e ig h t  c e l l s  in  le n g th , w h ile  a  few form on th e  o u ts id e  o f th e  

co ty led o n  bases and on o ld e r  le a v e s .

Between th e  th i r d  to  seven th  day o f s e e d lin g  developm ent th e  co ty 

ledons undergo th e  g r e a t e s t  change. The bases  e n la rg e  by in te r c a la r y  

growth (F ig u re s  2, 4 7 ) , buds form (F ig u re  5 0 ), and th e  metaxylem m atures. 

M ucilage c a v i t i e s  l i n e  th e  a d a x ia l s id e  o f  th e  prox im al p o r t io n  o f  the 

v a s c u la r  t i s s u e  in  th e  c o ty le d o n s , w h ile  ta n n in s  in c re a s e  in  th e  dermal 

t i s s u e .  Small s to m a ta l mounds develop  on th e  proxim al p a r t s  o f  th e  

co ty led o n s and h y p o co ty l by p e r i c l i n a l  d iv is io n s  and r a d i a l  e lo n g a tio n  

o f th e  hypodermis (F ig u re s  31, 32, 36, 4 7 ) . Two c re sc e n t-sh a p e d  guard 

c e l l s  develop a t  th e  a p ic e s  o f  th e  mounds (F ig u re s  31, 32, 34, 35, 36 ) ,  

which a re  formed from lo o s e ly  o rg an ized , o f te n  ta n n ife ro u s  c e l l s  (F igu res  

31, 32, 3 6 ). The em bryonic a x is  a ls o  e n la rg e s  by in t e r c a l a r y  growth 

(F ig u re  4 7 ) , and m ucilage  c a v i t i e s  in c re a s e  in  th e  p i t h  o f th e  e p ic o ty l .  

Sm all u n ic e l lu l a r  h a i r s  (F ig u re  32, 40) form on o ld e r  le a v e s ,  h y p o co ty l, 

and co ty led o n  bases  each by e lo n g a tio n  o f  a  s in g le  ep iderm al c e l l ,  or 

from two to  s e v e ra l  c e l l s  foirmed by a n t i c l i n a l  d iv is io n s  o f  an  e a r l i e r  

c e l l .

A c t iv i ty  o f th e  ro o t  m eristem  i s  i n i t i a t e d  between th e  sev en th  and 

th i r t e e n th  day o f  s e e d lin g  developm ent. As th e  r a d ic le  e lo n g a te d  (F ig u res  

3 , 48 , 4 9 ), th e  o u te r  t i e r  produces th e  ro o t  cap , th e  m idd le  t i e r  

p roduces th e  c o r te x ,  and th e  in n e r  t i e r  produces th e  c e n t r a l  c y l in d e r
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(F ig u re s  52, 53) in  w hich th e  pro toxylem  and metaxylem soon m atu re . The 

c o r te x  becomes w ide, composed o f  la rg e  rounded c e l l s  w ith  a periderm  

dev e lo p in g  in  th e  o u te r  la y e r s  (F ig u re  5 4 ), and ta n n in  ap p ea rs  in  th e  

ro o t  cap and endoderm is b u t i s  ab sen t from c e l l s  below th e  ro o t  cap 

i n i t i a l s  (F ig u res  52, 5 3 ). T ann ife ro u s  c e l l s  ex tend  from th e  endoderm is 

o f  th e  ro o t (F ig u res  10 H-K, 54) in to  th e  hypoco ty l where they  form a 

d isco n tin u o u s  r in g  around th e  s t e l e  (F ig u re  10 F, G). The f i r s t  second

a ry  ro o ts  (F igu re  10 I ,  J )  a re  i n i t i a t e d  im m ediately  below th e  hypoco ty l 

and o f te n  grow s l i g h t l y  upward in to  th e  ro o t  o r  hypoco ty l c o r te x , b reak 

ing  through the s u r fa c e  somewhat above t h e i r  p o in t o f o r ig in .

A band of en la rg ed  s to m a ta l mounds (F ig u res  33, 4 9 ) , s im i la r  in  

s t r u c tu r e  to  tho se  found on th e  c o ty le d o n s , form on th e  hypoco ty l by 

p e r i c l i n a l  d iv is io n  and r a d i a l  e lo n g a tio n  in  th e  hypoderm is and c e l l s  

im m ediately b en ea th . F u r th e r  developm ents a t  th i s  s ta g e  o f  growth a re  

i n i t i a t i o n  o f pe rid e rm  (Chapman, 1968), appearance o f pro toxylem  in  o ld e r  

le a v e s ,  and, in  some c a s e s ,  th e  developm ent o f  m e ris te m a tic  a c t i v i t y  a t  

th e  bases o f co ty le d o n s , a d a x ia l  to  th e  v a s c u la r  t i s s u e  (F ig u re  55 ).

Cotyledons rem ain c lo s e ly  ap p ressed  through th e  t h i r t e e n t h  to  n in e 

te e n th  days o f s e e d lin g  grow th . This causes th e  h i r s u te ,  le a fy  sh o o t to  

emerge a t  an ang le  from th e  space between th e  bases o f  th e  co ty ledons 

(F ig u res  4 , 12 ). The f i r s t  le av es  to  develop  la c k  lam inae and a re  thus 

th e  s iz e  and shape o f  th e  s t ip u l e s  w ith  which they  a re  sometimes fused 

(F ig u re  13 A-D). Subsequent leav es  develop  sm all ( le s s  th an  3 mm lo n g ), 

e lo n g a te  to  rounded b la d es  o f  compact c e l l s ,  s h o r t  p e t io le s ,  and a re  

abou t th e  same le n g th  as  th e  s t ip u le s  (F ig u re s  7 , 13 E ). Both l e a f  a x is  

and s t ip u le s  have a  c e n t r a l  v a s c u la r  s t r a n d  surrounded by a  la rg e - c e l le d
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cortex and small-celled epidermis.

Many large unicellular trichomes occur singly or in groups on the 

stem and leaves and are associated with longitudinally elongated mounds 

encasing their bases (Figures 39, 4 2 ). Multicellular hairs on the stem 

are short with large tanniferous heads (Figures 18 C-E, 39, 4 2 ) , and the

foot cell does not protrude above the epidermal surface. Rudimentary

stomatal mounds (Figure 37) with tanniferous guard cells and short-necked 

multicellular hairs (Figure 38) occur on the lower portion of the coty

ledons, above the enlarged bases.

As th e  shoo t and ro o t in  the 19- to  30-day se e d lin g  in c re a se  in

le n g th  (F ig u res  5, 6, 5 6 ), periderm  i n i t i a t i o n  sp reads upward in  the  

hypoderm is o f th e  stem , producing  one o r two c e l l  la y e rs  o f phellem , 

w h ile  p r o l i f e r a t io n s  resem bling  l e n t i c e l s  develop  in  the hypocoty l 

(Chapman, 1968). Root c o r te x  growth i s  te rm in a ted  by developm ent o f 

ta n n ife ro u s  periderm  in  th e  p e r ic y c le ,  and a s  th e  ro o t s t e l e  in c re a se s  in  

d iam ete r through secondary  grow th, th e  c o r te x  s p l i t s ,  f i r s t  in  a re a s  o f 

secondary  ro o t developm ent, then  a long  th e  e n t i r e  a x is  (F ig u res  5, 6 ) .

During th e  second month o f se e d lin g  developm ent th e  4 th  through 6 th  

le a v e s  m ature (F ig u re  7 ) ;  th e  e a r ly  m atu ring  ones have rounded b lad es  

ap p ro x im ate ly  11 mm long and l a t e r  ones have la r g e r ,  e lo n g a te  b lad es  

(F ig u re s  7, 5 9 ). The a b a x ia l su rfa c e  o f a  b la d e  i s  l i g h t  green  w ith  

numerous h a i r s ,  w hereas th e  a d a x ia l su rfa c e  i s  dark  green w ith  few h a i r s ,  

and th e  v e in s  p ro tru d e  on bo th  s u r fa c e s ,  b u t more so on th e  a b a x ia l s id e  

(F ig u re  6 3 ) . The p e t io le  (F ig u re  62) and m idvein (F igure  63) o f  a le a f  

(b la d e  11 X 11 mm) have an a rc  o f v a s c u la r  t i s s u e  on th e  a b a x ia l s id e , 

w ith  ta n n ife ro u s  c e l l s  a long  th e  p e rip h e ry  o f  th e  v a s c u la r  t i s s u e .
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Surrounded by th e  v a s c u la r  t i s s u e  i s  a  p i t h  c o n ta in in g  a  m ucilage d u c t 

which i s  la rg e  in  th e  p e t i o l e ,  sm alle r in  th e  m idvein . The m idvein  and 

secondary  v e in s  ex tend  beyond th e  le a f  m arg in , form ing sp in u le s  (F igu re  

61) which c o n s is t  o f  v a s c u la r  t i s s u e  surrounded  by parenchyma and e p i

derm is and covered w ith  la rg e  u n ic e l lu l a r  h a i r s .  C e lls  o f th e  c o r te x  

a re  l a r g e ,  becoming sm a lle r  n e a r th e  e p id e rm is . In  th e  p e t io le  th e  

c o r te x  i s  w ider on th e  a b a x ia l s id e  than  on th e  a d a x ia l s id e .

F ive ty p e s  o f h a i r s  occu r on th e  l e a f :  1) la rg e ,  th ic k -w a lle d  u n i

c e l l u l a r  h a i r s  (F igure  4 3 ) ,  which occur s in g ly  o r in  groups o n ly  a long 

v e in s ;  2) sm all u n ic e l lu l a r  h a i r s  (F igure  4 0 ) ,  which occur s in g ly  o r  in  

g roups; 3) f la t te n e d  u n ic e l lu l a r  h a i r s  (F ig u re s  18 H, I ,  6 4 ), which 

occur in  groups o f th re e  o r  fo u r on ly  a long  v e in s  o f  th e  a b a x ia l su r fa c e ; 

4) s h o r t  m u l t ic e l lu l a r  h a i r s  s im i la r  to  th o se  found on th e  stem  (F ig u re s  

18 C-E, 4 2 ); 5) long m u l t ic e l lu l a r  h a i r s  (F ig u re s  18 F, 45, 4 6 ) . Small 

u n i c e l lu l a r  h a i r s  and bo th  ty p e s  o f  m u l t ic e l lu l a r  h a i r s  a re  a ls o  found 

a long v e in s ,  b u t n o t e x c lu s iv e ly .

The shoot has  an e c to p h lo ic  s ip h o n o s te le  surrounded by c o r te x  w ith  

la rg e  c e l l s  to  th e  in s id e  and sm a lle r  c e l l s  n e a r  th e  ep id e rm is . At each 

node a  t r a c e  d iv id e s  in to  an in n e r f o l i a r  s tra n d  and two o u te r  s t i p u l e r  

s t ra n d s  (F ig u res  11, 76, 77, 7û^, and th e  t r a c e  o f  each l a t e r a l  bud 

d iv e rg e s  from th e  s t e l e  above a  le a f  t r a c e  (F ig u re s  11, 78, 7 9 ). L a te r a l  

buds rem ain dormant as  long as th e  a p ic a l  m eris tem  rem ains a c t iv e ,  

r e s u l t in g  in  an unbranched shoot e x h ib it in g  s tro n g  a p ic a l  dominance.

As r o o t  growth c o n tin u e s ,  c e l l s  o f th e  c o r te x  b reak  down and th e  

c o r te x  p a r t i a l l y  s loughs away (F ig u re s  57, 5 8 ) . Secondary r o o ts  have a 

sm all v a s c u la r  s tra n d  and a  ta n n ife ro u s  endoderm is, w ith  a  th in  c o r te x
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surrounded by a s m a ll-c e l le d  ep id e rm is .

A sequence o f  l e a f  types Is  e v id e n t on th e  7- to  9-mon tih-old seed 

l in g ;  the  o ld e s t  le av es  have s im p le , e n t i r e  b la d e s ; in te rm e d ia te -a g e d  

le a v e s  have s im p le , lobed b la d e s ; and th e  new est le a v e s  are  la rge  and 

compound (F ig u re s  7, 8, 6 0 ) . E a r l i e s t  compound le a v e s  have two o r  th re e  

l e a f l e t s  b u t th e  number in c re a se s  on su b seq u en t le av es  u n t i l  Leaves on a  

f u l l y  m atured p la n t  have seven (F ig u re  14 A ).

M ature s im p le  le av es  have a  long  p e t io le  and a  b la d e  afi'p roxim ately  

19% X 10 cm w ith  w e ll  developed v e n a tio n  (F ig u re  7 5 ), abundamt h a i r s ,  

long s p in u le s ,  and d r ip  t i p s .  The in t e r n a l  anatom ies o f th e  p e t io le  

(F ig u re  69) and m idvein (F ig u re  71) a re  e s s e n t i a l l y  id e n t ic a  1, c o n s is t in g  

o f an e c to p h lo ic  s ip h o n o s te le  e n c i r c l in g  a  w ide p i th  w ith  la n g e  m ucilage 

c a v i t i e s .  E x te rn a l to  th e  v a s c u la r  t i s s u e  and a d ja c e n t to  cRie phloem i s  

a  la y e r  o f  sclerenchym a and e x te rn a l  to  t h i s  i s  a d a rk -s ta ic r in g  c o r t i c a l  

band. The m ost n o t ic e a b le  d if f e r e n c e  betw een th e  p e t io le  aciod xnidvein i s  

a prom inent f l a t t e n i n g  o f  th e  a d a x ia l  s id e  o f  th e  m idvein anod th in n in g  

o f  th e  d a r k - s ta in in g  c o r t i c a l  band in  t h i s  f l a t t e n e d  re g io n .

Prom inent r id g e s  occur on th e  a b a x ia l  s u r fa c e  o f th e  mxodvein and 

a re  o r ie n te d  p a r a l l e l  to  th e  lo n g i tu d in a l  a x is  o f th e  v e in . The prom i

n e n t d a r k - s ta in in g  c o r t i c a l  band o f  th e  a b a x ia l  s id e  o f  the mid v e in  

ex tends in to  th e se  r id g e s  (F ig u re  7 1 ), w here i t  seems to  be a s s o c ia te d  

w ith  th e  b ases  o f  la rg e  u n ic e l lu l a r  h a i r s  (F ig u re  4 3 ) , commoci a lo n g  th e  

r id g e s .

An en largem en t o f  th e  c o r te x  o ccu rs  w here the  p e t io le  J a in s  th e  

b la d e  (F ig u re  7 0 ). There i s  no d a r k - s ta in in g  c o r t i c a l  band th i s  

r e g io n , w hich i s  o th e rw ise  a n a to m ic a lly  th e  same as th a t  of ttha m idvein .
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Secondary v e in s  (F ig u re  73) have a  s l i g h t l y  d i f f e r e n t  anatomy than 

th e  m idvein , p r in c ip a l ly  in  th e  a d a x ia l p o r t io n .  The v a s c u la r  t i s s u e  

i s  m o stly  a rranged  on th e  a b a x ia l s id e  o f th e  secondary  v e in s ,  w ith  the  

a d a x ia l  s id e  c h a ra c te r iz e d  by a sm all a re a  o f  v a s c u la r  t i s s u e  and prom i

n e n t sclerenchym a ex ten d in g  from th e  xylem w e ll  ou t in to  th e  c o r te x .

A d a rk - s ta in in g  c o r t i c a l  band occurs only  on th e  a b a x ia l s id e  and , as in  

th e  m idvein , ex tends in to  prom inent r id g e s  on th e  a b a x ia l s u r fa c e ;  a 

s in g le ,  la rg e  m ucilage c a v i ty  occurs in  th e  c e n te r  o f th e  secondary  v e in , 

su rrounded  by p i t h .  T e r t ia r y  v e in s  (F ig u re  72) have a c e n t r a l  co re  of 

xylem w ith  phloem and sclerenchym a a d ja c e n t on th e  a b a x ia l s id e  and no 

p i th  o r  m ucilage c a v i ty ;  o th e rw ise  th ey  have th e  same anatomy a s  secon

d a ry  v e in s .  Minor v e in s  (F ig u re  74) have a c e n t r a l  co re  o f  v a s c u la r  

t i s s u e  surrounded by sclerenchym a which ex tends to  both  th e  upper and 

low er ep iderm al s u r f a c e s .

The p e t io le s  o f  a m edium -sized, m atu re , sim ple l e a f  (b lad e  8 X 4  cm) 

and a la rg e  le a f  have s im i la r  anatomy e x ce p t th a t  th e  c o r t i c a l  band i s  

n o t as  w e ll developed  in  th e  a d a x ia l p o r t io n  o f  th e  medium le a f  (F ig u res  

65, 6 9 ) . The m idvein  o f  th e  medium l e a f  (F ig u re  66) resem bles th e  secon

d a ry  v e in  o f th e  la rg e  l e a f  (F ig u re  73) ex cep t th a t  th e  a d a x ia l  v a s c u la r  

t i s s u e  i s  s c a t te r e d  and th e re  i s  le s s  sclerenchym a in  th e  a d a x ia l  p ro tru 

s io n  o f  th e  v e in  in  th e  fo rm er. The anatomy o f a  secondary v e in  (F ig u re  

67) o f  th e  medium l e a f  i s  s im i la r  to  to  th a t  o f a  t e r t i a r y  v e in  o f  th e  

la rg e  l e a f  (F ig u re  7 2 ) . The m idvein and secondary  ve in s end in  sp in u le s  

(F ig u re  6 1 ), b u t v e n a tio n  (F ig u re  68) i s  n o t  as w e ll developed , and h a i r s  

a r e  n o t as abundant as  in  th e  la rg e  l e a f .

The b lad e  (F ig u re s  67, 72) i s  composed o f  an upper ep id erm is  o f
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la rg e  c e l l s ,  one la y e r  o f  p a l is a d e  chlorenchym a, two o r  th re e  la y e rs  o f  

lo o s e ly  o rgan ized  spongy chlorenchym a, and a  low er ep iderm is composed o f 

sm a lle r  c e l l s  w ith  s to m a tes .

C otyledons p e r s i s t  on th e  7- to  9-month s e e d lin g , b u t a re  w ith e re d  

(F ig u re  8 ) .  S ig n if ic a n t  secondary  growth in  th e  stem  and ro o t r e s u l t s  

in  an in c re a s e  in  w id th  and outw ard d isp lacem en t o f  th e  phloem (F ig u re s  

83, 85) and p a r t i a l  c ru sh in g  o f  th e  p e r ic y c le  in  th e  ro o t  (F igu re  8 6 ).

The phloem appears as  e lo n g a te  wedge-shaped a re a s  c o n ta in in g  bands o f  

f ib e r s  (F ig u re s  84, 8 6 ), and th e  raya c o n ta in  abundant bands o f ta n n i

fe ro u s  c e l l s ,  e s p e c ia l ly  n e a r  th e  p e r ip h e ry  o f th e  stem . The xylem in  

th e  c e n te r  o f  th e  ro o t rem ains immature and resem bles p i th .

As periderm  in c re a s e s  th roughou t th e  p la n t  th e  o u te r  la y e rs  tend  to  

s p l i t  and slough  o f f  (F ig u re s  83, 84, 85, 8 6 ) . Small p r o l i f e r a t io n s  o f  

th e  perid e rm  resem bling  l e n t i c e l s  develop on th e  ro o t (F igu re  9;

Chapman, 1968) b u t a re  no lo n g e r p re s e n t on th e  h y p o co ty l. Abundant 

m ucilage c a v i t i e s  develop  th roughou t th e  p la n t  and s ta r c h  accum ulates in  

th e  o ld e r  xylem o f bo th  stem  and ro o t and in  th e  p i th  o f  th e  stem .

H e rra n ia  cu a tre c a sa n a  

The f r u i t  o f  H e rran ia  c u a tre c a sa n a  d i f f e r s  from th a t  o f H. 

n y cterodend ron  in  having  numerous sm all s t in g in g  h a i r s  a long  th e  r i b s ,  

few er seeds (ap p rox im ate ly  6 0 ) , a s l i g h t ly  l a r g e r  d iam ete r (7-8 cm). I t  

a l s o  la ck s  a b a s a l in d e n ta t io n .  The seeds o f  H. c u a tre c a sa n a  (F ig u re  17 

A, B) a r e  s l i g h t l y  la rg e r  (12 X 12 X 4 mm) and more f la t te n e d  and t r i a n g 

u la r  than  th o se  o f H. n y c te ro d en d ro n . o th e r  c h a ra c te r s  being  e s s e n t i a l ly  

th e  same.
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Periderm  developm ent occurs e a r l i e r  than  in  H. n y c te ro d en d ro n , i t s  

i n i t i a t i o n  beg inn ing  as  th e  base o f th e  embryo e n la rg e s .  This e a r ly  

i n i t i a t i o n  occurs a few c e l l  la y e rs  b en ea th  th e  su rfa c e  of th e  en larged  

re g io n . The peride rm  q u ic k ly  f i l l s  w ith  ta n n ife ro u s  m a te r ia l ,  producing 

sm all inward p ro tru s io n s  (F igu res  80, 81, 82) and c u t t in g  o f f  th e  t i s s u e s ,  

which d ie  and c rac k  (F ig u re s  19, 80, 8 2 ).

As th e  shoo t emerges from th e  opening a t  th e  base of the  co ty led o n s , 

th e  1 s t le a f  p ro tru d e s  from th e  opening on the  s id e  o p p o s ite  th e  r e s t  of 

th e  sh o o t. The d ev elop ing  leaves o f H, c u a tre c a sa n a  a r e  more oblong and 

more re f le x e d  than  th o se  o f H. n y c te ro d en d ro n , b u t o th e r  s e e d lin g  ch ar

a c te r s  a re  the  same.

Theobroma cacao

Dr. M argaret H am ilton c o l le c te d  f r u i t s  o f Theobroma cacao  L. in  

H aw aii, bu t th e  seed s d id  n o t germ inate  when p la n te d  in  th e  U n iv e rs ity  

o f  Oklahoma g reenhouse . Barton (1965) has shown th a t  th e  seeds o f 

Theobroma cacao r a p id ly  lo se  t h e i r  v i a b i l i t y  u n le ss  s p e c ia l  p rocdures o f 

p re se rv in g  and s to r in g  th e  seeds a re  fo llow ed .

The f r u i t s  o f  Theobroma cacao and H e rra n ia  a re  s im i la r .  The ta n n i

fe ro u s  embryo o f T. cacao  (F ig u re  16 A) i s  23 X 11 X 6 mm and covered by 

a  m ucilagenous o u te r  seed  c o a t . The co ty led o n s  a re  g r e a t ly  fo ld ed  bu t 

can be p h y s ic a lly  s e p a ra te d , and th e  p rim ary  a x is  i s  la rg e  (F ig u re  16 

B ). Small h a i r s  (F ig u re  18 G), s im i la r  to  th e  m u l t ic e l lu l a r  h a i r s  of 

H e rra n ia , a re  p r e s e n t .
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FIGURES

lA . L ine draw ing o f seed  (seed  c o a ts  rem oved), B, s id e  view o f A.

(A, X4; B, X0.65)

2 . Three to  7-day s e e d lin g . X4

3 . Seven to  13-day se e d lin g . X4

4 . T h ir te e n  to  19-day se e d lin g . X4

Key to  a b b re v ia tio n s : 

c co ty ledon  

cb base o f  co ty ledon  

e en la rg ed  base o f  embryo

es em erging shoo t

h hypoco ty l 

r  prim ary root 

r s  secondary ro o t
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FIGURES

5. N in e teen  to  30-day s e e d lin g . X4

6 . S ide  view o f f ig u re  5 . X4

7 . One to  2-month s e e d lin g .  X2

8 . Seven to  9-month s e e d l in g .  X0.125

Key to  a b b re v ia tio n s :

b f i r s t  le av es  w ith  b lad es

be f i r s t  compound le a f

be e lo n g a ted  b la d e

b l  lobed b la d e

b r  rounded b lad e

cs c rac k in g  and s lo u g h in g  c o r t i c a l  t i s s u e

hp p r o l i f e r a te d  c e l l s  o f  hypoco ty l

I s  le a fy  h i r s u te  shoo t

w w ith e red  co ty led o n s
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FIGURES

9. Root o f 8-month s e e d lin g .  X 5.3.

10. T ra n s it io n  reg io n  o f  10-day se e d lin g . A-E, co ty ledon  and sh o o t. 

F,G, h y p o co ty l. H-K, ro o t .

11. L eaf gap.

12. P o s it io n s  o f f i r s t  fo u r leav es  (1 -4 , s u c c e s s iv e ly  younger),

13. E a rly  leaves (A-E, s u c c e s s iv e ly  younger). X7.5

14A. M ature p la n t  ( tak e n  from draw ing by S c h u lte s ,  1958). B, f r u i t .

(A, X0.002; B, X0.4)

Key to  a b b re v ia tio n s ; 

a  l e a f  a x is

a l  l e a f  ax is  w ith  lam ina

c co ty ledon

c r  rem ains o f ro o t  c o r te x

f  f r u i t

g d i r e c t io n  o f  shoo t growth 

m m ucilage c a v i t i e s

rp  ro o t p r o l i f e r a te d  c e l l s

r s  secondary ro o t

s s t ip u le

t  r in g  o f s c a t te r e d  ta n n ife ro u s  c e l l s  

t c  con tinuous r in g  o f  ta n n ife ro u s  c e l l s
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t f  f o l i a r  t r a c e

tb  l a t e r a l  bud t r a c e

u union o f  a x is  to  s t ip u le s

uo union o f a x is  to  one s t ip u l e

V v a s c u la r  t i s s u e
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FIGURES

15. Map o f  South A m erica, showing known d i s t r i b u t io n  o f H.

nycterodendron and H, cuatrecasana (taken from map by Schultes, 

1958).

16A. Seed o f  Theobroma cacao (seed  c o a ts  rem oved). B, s id e  view o f

A. (b o th , X2.2)

17A. Seed of H. cuatrecasana (seed coats removed). B, side view of

A. (A, X3; B, X0.65)

18A,B. Multicellular hairs of embryo or early seedling. C-E, small

m u l t ic e l lu l a r  h a i r s  o f  stem  and le a v e s . F, la rg e  m u l t i c e l lu l a r  

h a i r  o f l e a f .  G, m u l t i c e l lu l a r  h a i r  o f  Theobroma cacao . H, s u r 

face  view o f f l a t t e n e d  u n ic e l lu l a r  h a i r s .  I ,  lo n g i tu d in a l  s e c 

t io n  o f  H. (A,B X135; C-E X255; F, X160; G, X135; H ,I ,  X95)

19. Twenty day s e e d lin g , H. c u a tre c a s a n a . X7.3

Key to abbreviations: 

c cotyledon

cc cracked cotyledon base 

cd known distribution of H. cuatrecasana

cf folded cotyledon

hp proliferated cells of hypocotyl

nd known distribution of H. nycterodendron

P  primary axis
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FIGURES

20, 23. L o n g itu d in a l s e c t io n s  o f  embryonic a x i s .  X120

21. L o n g itu d in a l s e c tio n  o f in n e r  seed c o a t over in d e n ta tio n  a t  base 

o f  co ty le d o n s . X160

22. L o n g itu d in a l s e c tio n  o f  group o f  in n e r  seed c o a t c e l l s  a t  ro o t 

end . X300

24. T ra n se c tio n  o f co ty led o n  and in n e r  seed  c o a t .  X230

25. L o n g itu d in a l s e c tio n  o f  co ty le d o n s . X260

Key to  a b b re v ia tio n s :

cb co ty led o n  base

c i  in n e r  seed co a t

d d ep re ss io n  a t  ro o t  end

ea a d a x ia l app ressed  ep iderm al la y e rs

e i  e p ic o ty l

ep a b a x ia l ep iderm is

m m ucilage c a v ity

mr ro o t m eristem

o o vertopp ing  leav es

p t  procam bial t i s s u e
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FIGURES

26, 29. L o n g itu d in a l s e c t io n  o f em bryonic a x i s .  (26 , X82; 29, X120)

27. L o n g itu d in a l s e c t io n  o f d e p re ss io n  a t  apex o f c o ty le d o n s . X37

28. M ag n ifica tio n  o f  f ig u re  27. X140

30. M a g n ifica tio n  o f  f ig u re  28. X330

Key to abbreviations:

ea a d a x ia l ap p re ssed  epiderm al la y e rs  

m m ucilage c a v i ty  

mr ro o t m eristem
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FIGURES

31. L o n g itu d in a l s e c t io n  o f sm a ll s tom ate  mounds. X260

32. L o n g itu d in a l s e c t io n  o f  sm all stom ate  mound, m u l t i c e l lu l a r

h a i r s ,  and sm all u n ic e l lu l a r  h a i r s .  X260

33. L o n g itu d in a l s e c t io n  o f  la rg e  s to m ate  mound. X160

34, 35. S u rface  view o f guard c e l l s  o f  sm all stom ate  mounds. X340

36. L o n g itu d in a l s e c t io n  o f sm all s tom ate  mounds. X340

37. L o n g itu d in a l s e c t io n  o f ru d im en ta ry  stom ate mounds. X260

38. L o n g itu d in a l s e c t io n  o f ru d im en ta ry  m u l t i c e l lu l a r  h a i r .  X260

Key to  a b b re v ia tio n s :

s i  la rg e  s to m a ta l mound
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FIGURES

39. T ra n se c tio n  o f stem  o f  20-day s e e d lin g , showing lo n g i tu d in a l  s e c 

t io n s  o f h a i r s .  X95

40. L o n g itu d in a l s e c tio n  of sm all u n ic e l lu l a r  h a i r s  o f  stem . X350

41. L o n g itu d in a l s e c tio n  o f m u l t i c e l lu la r  h a i r s  in  in d e n ta tio n s  a t  base  

o f co ty le d o n s . X340

42. L o n g itu d in a l s e c tio n  o f la rg e  u n ic e l lu l a r  h a i r  and m u l t ic e l lu la r  

h a i r s  o f stem . X160

43. L o n g itu d in a l s e c tio n  o f th ic k -w a lle d , la rg e ,  u n ic e l lu l a r  h a i r s  o f 

l e a f .  X350

44. T ra n se c tio n  o f heads o f m u l t i c e l lu la r  h a i r s  in  in d e n ta tio n s  a t  base  

o f  co ty le d o n s . X230

45. L o n g itu d in a l s e c tio n  o f  long m u l t ic e l lu l a r  h a i r  on a b a x ia l su r fa c e  

o f l e a f .  X200

46. M a g n ifica tio n  o f  f ig u re  45. X380

Key to  a b b re v ia tio n s :

ba d a rk - s ta in in g  c o r t i c a l  band 

h i  la rg e  u n ic e l lu l a r  h a i r  

hm m u l t ic e l lu l a r  h a i r

hx t r a n s e c t io n  o f head o f m u l t i c e l lu l a r  h a i r  

I r  lo n g i tu d in a l  r id g e  

m m ucilage c a v i ty

mh mound o f  en la rg ed  u n ic e l lu l a r  h a i r
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FIGURES

47 . L o n g itu d in a l s e c t io n  o f  7-day s e e d lin g . X32

48 . L o n g itu d in a l s e c t io n  o f  13-day s e e d lin g . X32

49. L o n g itu d in a l s e c t io n  o f  10-day s e e d lin g . X82

50. L o n g itu d in a l s e c t io n  o f  7-day s e e d lin g , showing co ty led o n ary  buds.

XI20

51. L o n g itu d in a l s e c t io n  o f  e p ic o ty l  m eristem  o f  10-day s e e d lin g . X340

Key to  a b b re v ia tio n s :

bu co ty led o n ary  buds

c co ty ledon

e en la rg ed  b ase  o f  embryo

e i  e p ic o ty l

mr ro o t m eristem

rp  prim ary  ro o t

s i  la rg e  s to m a ta l mound

ss  sm all s to m a ta l mounds
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FIGURES

52. L o n g itu d in a l s e c tio n  o f r o o t  m eristem  o f  10-day se e d lin g . X160

53. M ag n ifica tio n  o f  f ig u re  50. X310

54. T ran sec tio n  o f  ro o t  o f  10-day s e e d lin g . XlOO

55. L o n g itu d in a l s e c tio n  o f m e ris te m a tic  t i s s u e  in  proxim al p o r t io n  o f

co ty ledon  o f 13-day s e e d lin g . X160

Key to  a b b re v ia tio n s : 

en endoderm is 

mt m e ris te m a tic  t i s s u e  

pd periderm  

rc  ro o t cap 

V  v a s c u la r  t i s s u e
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FIGURES

56. L o n g itu d in a l s e c t io n  o f  1-month s e e d l in g .  X33

57. L o n g itu d in a l s e c t io n  o f 1 and %-month s e e d lin g . X33

58. T ran sec tio n  o f  ro o t  o f  2-month s e e d l in g .  X95

59. Two month s e e d lin g . X0.5

60. E ig h t month s e e d lin g  showing immature compound l e a f .  X0.125

61. S p in u le  o f  8-month s e e d lin g ,  X42

Key to  a b b re v ia tio n s :

be e lo n g a ted  b la d e  

b r  rounded b lad e

hp p r o l i f e r a te d  c e l l s  o f hypoco ty l

s r  s lough ing  c o r t i c a l  t i s s u e
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FIGURES

62. T ra n se c tio n  o f p e t io le  o f 2-month s e e d l in g .  X160

63. T ra n se c tio n  o f m idvein  o f  2-month s e e d lin g . X160

64. A baxial s u r fa c e  view o f l e a f  v en a tio n  o f  2-month s e e d lin g . X42

65. T ra n se c tio n  o f  p e t io le  o f  8-month s e e d lin g , b lad e  8 X 4  cm. XllO

66. T ran sec tio n  o f  m idvein  o f  8-month s e e d lin g ,  b lad e  8 X 4  cm. X130

67. T ran sec tio n  o f  secondary  ve in  o f 8-month s e e d lin g , b lad e  8 X 4  cm. 

X160

68. A baxial su rfa c e  view o f l e a f  v e n a tio n  o f  8-month s e e d lin g ,  b la d e  8 

X 4 cm. X42

Key to  a b b re v ia tio n s :

ba d a r k - s ta in in g  c o r t i c a l  band 

fh f l a t t e n e d  h a i r  

h i  la rg e  u n i c e l lu l a r  h a i r  

I r  lo n g i tu d in a l  r id g e  

m m ucilage c a v i ty
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FIGURES

69. T ran sec tio n  o f p e t io le  o f 8-month s e e d lin g , b la d e  19% X 10 cm. X38

70. T ran sec tio n  o f a re a  where p e t io le  jo in s  b lad e  o f 8-month s e e d lin g ,

b lad e  19% X 10 cm. X33

71. T ran sec tio n  o f  midvein o f 8-month s e e d lin g , b la d e  19% XlO cm. X38

72. T ran sec tio n  o f t e r t i a r y  v e in  o f  8-month s e e d lin g , b lade  19% X 10

cm. X160

73. T ra n se c tio n  o f secondary ve in  o f  8-month s e e d lin g , b lad e  19% X 10 

cm. X130

74. T ran sec tio n  o f minor v e in  o f 8-month s e e d lin g , b lade  19% X 10 cm. 

X380

75. A bax ial s u r fa c e  view o f l e a f  v e n a tio n  o f  8-month s e e d lin g , b lade  19% 

X 10 cm. X42

Key to  a b b re v ia t io n s :

ae a d a x ia l ep iderm is 

ba d a rk - s ta in in g  c o r t i c a l  band 

I r  lo n g i tu d in a l  r id g e  

m m ucilage c a v ity  

sc sclerenchym a band



ESHHHjjlllu g g g muM#ggljjjBtogNMgggWgggg#1 HjHHnw^mH|H H1
1HHHH1
B1 H1 H1WHi



41

FIGURES

76-79. S e r ia l  t r a n s a c t io n s  th rough  node o f  2-month s e e d lin g . X92

80. L o n g itu d in a l s e c t io n  o f  low er en la rg ed  reg io n  showing p erid e rm al 

p ro tru s io n s ,  H. c u a tre c a s a n a . XlOO

81. T ra n se c tio n  o f  p e rid e rm a l p ro tru s io n s ,  H. c u a tre c a s a n a . X310

82. L o n g itu d in a l s e c t io n  o f  p e rid e rm a l p ro tru s io n s ,  H. c u a tre c a s a n a . 

X160

Key to  a b b re v ia tio n s : 

a  l e a f  a x is

cc c racked  base  o f  co ty led o n  

hp hypo co ty l p r o l i f e r a te d  c e l l s  

lb  l a t e r a l  bud 

pd periderm

pp inw ard p e rid e rm a l p ro tru s io n s

s s t ip u l e

tb  l a t e r a l  bud t r a c e

t f  f o l i a r  t r a c e

t l  l e a f  t r a c e

ts  s t ip u l e  t r a c e
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FIGURES

83. T ra n se c tio n  o f  shoo t o f  8-month s e e d lin g . X33

84. M ag n ific a tio n  o f f ig u re  83 . X160

85. T ra n se c tio n  o f ro o t o f  8-month s e e d lin g . X31

86. M ag n ifica tio n  o f f ig u re  85 . XlOO

Key to  a b b re v ia tio n s : 

ph phloem 

r a  ray

sp sloughing  peride rm



m m m

I%



CHAPTER V 

SUMMARY AND DISCUSSION 

The s tro n g ly  rib b ed  f r u i t  o f H erran la  nvcterodendron  i s  e l l ip s o id  

and c o n ta in s  approx im ate ly  100 seed s. The embryo i s  t r ia n g u la r -o v a te  

and composed o f  two la rg e ,  app ressed  co ty led o n s w ith  a m inute prim ary  

a x i s .  Bases o f  th e  co ty led o n s  and embryonic a x is  en la rg e  by in te r c a la r y  

grow th, and the ro o t m eristem  rem ains in a c t iv e  u n t i l  a f t e r  t h i s  e n la r g e 

m ent. Small and la rg e  s to m a ta l mounds and l e n t i c e l - l i k e  p r o l i f e r a t i o n s  

o f  th e  periderm  develop on th e  en la rg ed  re g io n ; l a t e r ,  periderm  p ro 

l i f e r a t i o n s  develop on th e  ro o t .  The ro o t  e lo n g a te s  and th e  h i r s u te ,  

le a fy  shoot emerges from th e  b ases  o f  th e  co ty le d o n s . S ince th e  c o ty 

ledons do no t s e p a ra te , th e  shoo t emerges a t  an ang le  and grows beyond 

th e  co ty le d o n s . Leaf development proceeds from leav es  w ith o u t lam inae 

to  s im p le , e n t i r e  le a v e s , to  s im p le , lobed le a v e s , and f in a l ly  to  

compound le a v e s . Main v e in s  have a d a rk - s ta in in g  c o r t i c a l  band a s s o 

c ia te d  w ith  lo n g itu d in a l  r id g e s  and la rg e  u n ic e l lu l a r  h a i r s .  A c y lin d e r  

o f  v a s c u la r  t i s s u e  surrounds a wide p i th  which c o n ta in s  m ucilage c a v i t i e s .

According to  S ch u lte s  (1958), H erran ia  nvcterodendron  c lo s e ly  resem 

b le s  H. cu a trecasan a  and i s  d is t in g u is h e d  by i t s  " . . .  cu rio u s  type  o f  

f r u i t .  The f r u i t  o f  H erran ia  nvc te rodend ron  has a d ry , somewhat co a rse  

and f ib ro u s  r in d  which i s  covered com plete ly  w ith  a s o f t  indûm ent o f  

v e lv e ty  h a i r s ;  i t  la ck s  th e  s tin g in g  h a i r s  which a re  u s u a lly  p re s e n t  in  

t h i s  genus. The r ib s  o f  th e  f r u i t  o f  H erran ia  nvc te rodendron  a re  broad
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and rounded, w ith  deep fu rro w s. The f r u i t  i s  a p ic a l ly  much more b lu n t ly  

rounded, in  most c a se s , th an  i s  th a t  o f  r e l a t e d  s p e c ie s ."  S c h u lte s  

m entions th a t  a m ature t r e e  o f  H. nvc te ro d en d ro n  has  ashy -ye llow  s c ro -  

b ic u la te  b ark  and ranges up to  25 f e e t  t a l l ,  w hereas H. c u a tre c a sa n a  

has w h it is h ,  m acu late  bark  and ranges up to  9 f e e t  t a l l .  He a lso  

d e sc r ib e s  d if f e re n c e s  in  flo w er s t r u c tu r e ,  p o s i t io n ,  and number.

S e v e ra l a d d i t io n a l  d i f f e r e n c e s  both  in  morphology and anatomy 

were n o te d  betw een th e  two s p e c ie s .  H erran ia  nvctero d en d ro n  has a 

t r ia n g u la r -o v a te  seed app ro x im ate ly  10 X 8 X 6 mm, whereas H. c u a t r e 

casana has a t r i a n g u la r ,  f l a t t e n e d  seed app ro x im ate ly  12 X 12 X 4 mm.

The unfused  a re a  a t  th e  base o f  th e  co ty led o n s i s  g r e a te r  in  H, 

c u a tre c a sa n a  th a n  in  Ĥ, nvc te ro d en d ro n . r e s u l t in g  in  th e  p ro tru s io n  o f  

th e  f i r s t  l e a f  from th e  s id e  o p p o s ite  th e  r e s t  o f  th e  sh o o t. The 

e n la rg e d  b ase  o f  th e  embryo in  Ĥ. c u a tre c a sa n a  i s  s l i g h t l y  f l a t t e n e d ,  

bu t th a t  o f  H. nvcterodendron  i s  rounded. P eriderm  develops e a r l i e r  

in  H. c u a tre c a sa n a  and forms inw ard p ro tru s io n s  which do no t o ccu r in  

H. n v c te ro d en d ro n . E arly  fo rm atio n  o f  a periderm  and enlargem ent o f  the 

base o f  th e  embryo in  H. c u a tre c a sa n a  r e s u l t s  in  a s p l i t t i n g  o f  th e  o u te r  

t i s s u e .  The f i r s t  leav es  o f  H. c u a tre c a sa n a  have more union o f  s t ip u le  

and b la d e , and th e  lam inated  le a v e s  a re  more ob long , w ith  g r e a te r  b lad e  

r e f le x io n  d u rin g  developm ent.

Morphology o f  th e  seeds o f  H erran ia  and Theobroma su p p o rts  th e  

s e p a ra t io n  o f  th e  two g en era . The seed o f  Theobroma i s  la rg e , w ith  a 

w ell developed prim ary  a x is  and g r e a t ly  fo ld e d , f r e e  co ty led o n s , whereas 

H. nvcterodendron  has a sm all a x is  w ith  la rg e ,  n o n fo ld ed , and ap p ressed  

co ty le d o n s .
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