
Genus Casrnnea (1 )  

Cas tanea  (Tournef . ,  I n s t . ,  p .  584, t .  352) t l i l l e r ,  D i c t . ,  e d  7 ,  p. 1 (1759);  

G a e r t i n . ,  F r u c t . ,  I ,  p .  181 ;  Chaum., P o i r .  o f  Ch. Fi. med., II t .  112 i t  112 b i s ;  

 ida an son, Fam. P l . ,  1 1 ,  p. 375 (1763) ;  A .  DC.  i n  J o u r n .  o f  Bot.  (1863),  p .  182 e t  

i n  I r o d r . ,  X V I ,  11, p .  113;  E n d l i c h e r ,  Gen. P I . ,  p. y ' 5  (1836-1840) p .  p . ;  Nets 

i n  Gen. f l .  germ. f .  I ,  cum i c . ;  B a i l l o n ,  H i s t .  P l . ,  V I ,  p .  257 ( e x c l .  s e c t .  

C a s t a n o p s i s  e t  C a l l a e ~ c a r ~ u s )  ; Eentham et Hooker, Gen. , 111, p .  409 (1880) ; Durand: 

Ind .  gen. phaner . ,  p. 381; K. S c h i n e i d e r ,  I l l .  fIandb. Laubh.,  I.  p. 156 (1905) ;  

Dode i n  B u l l .  Soc. Dendr. F r .  (1908),  p .  140 ;  B o i s ,  P i .  a l i m .  11, p .  525; L.emee, 

D i c t .  gen. I ,  p. 867.  

Castanea s e c t .  I1 Eueastanea Engle r  e t  Y r a n t l ,  P f lanzenfam. ,  111, p t .  I ,  

p. 55 (1894) ;  D a l l a  T o r r e  e t  Harms, Gen. Siphon. ,  p. 118,  (1990-1907). 

Castanea /sub-genus Eucastanea Icoehne, Deutsche D e n d r o l o ~ i e ,  p .  1 2 1  (1853) ;  
, - isous-genre .  

Aschers .  e t  Graebn.,  Syn. M i t t e l e u r o p .  F l . ,  I V ,  p. 440 (1911).  

Fagus A .  L .  d e  J u s s i e u ,  Gen., p .  409, P. ?.  (1.789) ( 2 ) .  

i 

1. It i.s d i f f i c u l t  t o  f i n d  t h e  e x a c t  o r i g i n  o f - t h e  wotk Castanea which,  more 

o r  l e s s  a l t e r e d ,  i s  used t o  d e s i g n a t e  t h e  c h e s t n u t  t r e e  i n  a l l  t h e  European 

l anguages ;  i t  hecame, i n  o l d  German: kestina, c h e s t l n n a ;  - i n  Anglo-Saxon: 

c i s t e r  o r  syst-beam: i n  Scandanavian: k a s t a n e a ;  f n  Russian:  k a s h t a n u s ;  i n  -- --- 

P o l i s h :  k a s z t a n ;  i n  L i t h u a n i a n :  k a s z t z n a s ;  i n  Span ish :  c a s t a n o ;  i.~. B r i t t a n y :  

k i s t i n e n  and t h e  c h e s t n u t  k i s t i n  ( a c c o r d i n g  t o  Leonidec); i n  Provenca l :  --- 

e s t a g n i e  and t h e  c h e s t n u t  c a s t a g n e ;  i n  Weish: castan-wydden ( c a s t a n  t r e e j  

t h e  t r e e  and s a t a e n  che n u t .  

The name of Castanen niore o r  l e s s  modif ied i s  such  t o  go back t o  t h e  most 

a n c i e n t  l anguages  of s o u t h e r n  Europe. According t o  P l i n e ,  t h e  Greeks c c u l d  

have r e c e i v e d  t h e  c h e s t n u t  from S a r d i s ,  a c i t y  :i.n Lydia .  



.,. 
Accordirig t o  P i c t e t ,  "The Inoo-European o r i g i n s  o r  t h e  p r i n l i t i v e  a ryas" ,  

P a r i s ,  1859, p .  249 ,  t h e  o r i g i n  of t h e  work Castanea - goes back t o  t h e  Aryan 

epoch. In  P e r s i c a n  k a s h t a h  (d ry  f r u i t ) ,  is connected t o  t h e  S a n k i i t  

k a s h t a t ,  from k a s h t l i n ;  woody. Thus,  q u i t e  p robab ly  t h e  c h e s t n u t  t r e e  owes -- 

i t s  naine t o  i t s  i n v o l u c r e  and t h i s  name goes  back a t  l e a s t  t o  t h e  p r i m i t i v e  

Aryan epoch. -- Kashta t  became, i n  Armeniaa, k a s k e r i ,  f o r  t h e  c h e s t n u t  t r e e  

and k a s k ,  for. t h e  chestnut.. 

For Zrmbaldi ,  " I t a l i a n  e ton i .o log ica1  vocabulary" ,  C i t t a  d i  C a s t e l l o ,  1889, 

t h e  L a t i n  work Castanea comes from t h e  Greek and perhaps  from t h e  

Pe 
~ a k s k r i t  k a s h t a t .  For Bn Candol le ,  i t  cou ld  n o t  have  eome, a s  was s a i d ,  8 . /' 

from Kastanda,  zi c i t y  i n  T h e s s a l y ,  n o r  from Kas tanus ,  a c i t y  of P o n t ,  nor  

from s e v e r a l  l o c a l i t i e s  whose names r e c a l l  t h e  work C a s t a n e a ,  b u t  i t  would 

b e  t h e  names o f  t h e s e  c i t i e s  t h a t  had been g i v e n  them because  t h e s e  were -. 

c h e s t n u t  t r e e s  i n  t h e i r  r e g i o n .  

A s  f o r  t h e  name "Marron" ( c e s t n u t  i n  F r e n c h ) ,  a c c o r d i n g  t o  D e  Candol le ,  

i t  w a s  a t  f i r s t  mos t ly  l o c a l ,  p r o p e r  t o  t h e  nej-ghborhood of Lyon, and might 

be of  I t a l i ; i n  o r i g i n c  (c:E. O l i v i e r  d e  S e r r e s ,  Th.  a g r i c ,  ed .  Geniva,  p .  614) .  

2 .  The c h e s t n u t  t r e e ,  c a s t a n e a  o f  t h e  L a t i n s  and pre-Linun b o t a n i s t s  was - 1 - 
g a t h e r e d  by A .  L .  De J u s s i e u  and Z inneus ,  t o  beech,  i n  t h e  genus w. J 



a x i l  some smal i  B rac t s .  P e r i a n t h e  bel l- shaped,  wi th  6 deep l o b e s ,  oval-rounded 

on two rows, imbr i ca t e  i n  e s t i v a t i o n ,  s c a r c e l y  puberu len t .  ~ i ~ ~ o s t e m o n o u s  o r  

t r ip los temonous  and roecium, formed of 6-18 (sometimes 20) stamen i n s e r t e d  

on t h e  s l i g h t l y  swolen t o r i e s ,  p ro t rud ing  ou t  of i t ;  th r ead- l ike  f i b e r s ,  f r e e ,  

whi te ,  curved i n  t h e  bud; l i t t l e  a n t h e r s ,  ovoide o r  ~ L n o s t  g l o b u l a r ,  a  p a l e  

yel low,  a t t ached  by the back, two- called, w i th  2 cont iguous c e l l s ,  p a r a i l e l ,  

deh i scen t  l o n g i t u d i n a l l y ;  mucropulate o r  ob tuse  connec t ive ;  rud ionentnry  ovary ,  

h a i r y  o r  o f t e n  nc t .  Plowers 9 s i t u a t e d  a t  t h e  base  of  t h e  androgenous c a t k i n s ,  

sessil, u s u a l l y  3 (i-2-31, very  c l o s e  t oge the r  ( p l .  I, f .  3 and h ? ,  t h e  c e n t r a l  

one s i t u a t e d  a  l i t t l e  lower than t h e  two l a t e r a l  ones,  surrounded, exceT~t f o r  

t h e  pe r i an thus  and t h e  s t y l e s  which a r e  p ro t rud ing  o u t  of i t ,  by a  common 

invo luc re  ( 4 1 ,  armed wi th  more o r  l e s s  branchy p r i c k l e s  and s c a l y  b r a c t s ,  t h e  

l a t t e r  appear ing  f i r s t  and, even i n  t h e  developed dupule ,  e x i s t i n g  on ly  on 

the  l i n e s  of dehisence;  t h e  f lowers  surrounded by a  b r a c t  and by 2 s a ~ a l l e r  

l a t e r a l  b r a c t s .  Each f lower having a n  un-shaped p e r i a n t h e  - armed a t  the t o p  

I .' " imb 
wi th  6  (8) s h o r t  t e e t h ,  con t r ac t ed  How t h e  &hbus i n t o  a tube ,  then  d i l a t e d  t 
a t  t h e  base  and uni ted  t o  t h e  lower ovary;  o f t e n  6 (8) rudimentary stamen, 

, ? 

enc losed;  sometimes 3 s h o r t e r  ones apigynous,  s ier i le ,  v e r y  r a r e l y  f e r t i l e ;  

s h o r t  t h r ead ;  lower ovary f lask- shaped,  dense ly  h a i r y  i n s i d e ,  w i th  6-9 

incomplete c e l l s  a t  t h e  top ( t h i s  number without  c o r r e l a t i o n  t o  t h e  nunber of 

s t y l e s ) ,  unequal,  wi th  s inuons w a l l s ,  o f t e n  being uni ted  two by two before< 

r e j o i n i n g  t h e  c e n t r a l  colunm; c e l l s  wi th  two ovu le s ;  s t y l e s  7-9 (I), soimtimes 

more, l i n e a r ,  p ror ruding  ou t  of t h e  p e r i a n t h e ,  s u b u l a t e ,  r i g i d ,  armed a t  

t h e  base wi th  s l ende r  h a i r s ;  s t i g m i s  on ly  occupying t h e  s u m i , t  of t h e  style, 

4 .  Accordrl.ne, t o  Ba i l l on ,  t h e  b r a c t s  a r e  those  of t h e  i n f lo re scence  i n  bunches. 
The p r i c k l e s  could be  outgrowths of t h e  same n a t q r e  a s  t h e  s c a l e s  of t h e  
cupule  of Quercirs. I n  - C .  scit iva t h e r e  a r e  o r i g i n i a l l y  7 f lowers  belongj-n; 
t o  3  succes s ive  gene ra t i ons ,  t hose  of t h e  3rd gene ra t i on  soon a b o r t :  when 
they a r e  developed, they could be  di .-' 

1. According t ?  Toguini,  ' ~ i c k r c h e  di morfolopia  atomia s. f i o r e  f e m i n i l e  e 
s u i  f r u t o  d i 1  Castagno in A t t i  d e l l 1  1st Bot. U- Pavia ,  p .  1 (1894) and !- .- P. - ____--- -- - -- 
Vulcoq, Id& Chata igner ,  p.  12 ,  t h e  number of s t y l e s  could go up t o  16 .  I 
have ne.ver observed such a high number. 



a s  i n  each c e l l ,  a p p e a r i n g  r a t h e r  l a t e ,  a t t a c h e d  t o  t h e  i n t e r n a l  a n g l e  ( 2 ) ,  
c tegmen 

s t a n d i n g  s i d e  by s i d e ,  descend ing ,  h a l f - i n v e r t e d ;  s ingle( , tegument ;  developed 

! n u c e l l u s  ( 3 ) ;  micropyLgrowing  above,  s i t u a t e d  a l i t t l e  above t h e  hi lum.  

Cupule ( p l .  I f .  5) i n c i e a s i n g  i n  s i z e  w i t h  a g e ,  a lmos t  s p h e r i c a l ,  a lways 

s y m e t r i c a l ,  t h e  p e d i c e l  b e i n g  s i t u a t e d  d i a m e t r i c a l l y  under t h e  s t y l e s  i n  

b u n d l e s ,  pubescen t ,  of  a lmos t  woody c o n s i s t e n c y ,  d e h i s c e n t  w i t h  m a t u r i t y  i n  4 

(sometimes 2 )  v a l v e s ,  covered w i t h  s t i f f  p r i c k l e s ,  s u b u l a t e  ( 4 ) ,  t a s s e l e d ,  a 

l i t t 2 . e  d i v e r g e n t ,  a t  f i r s t  g r e e n ,  then  brown, d i s p o s e d  on 4  e q u a 1 , s u r f a c e s  
z ;.. :.: . c' 2. 

hav ing  n e a r l y  t h e  form of  a n  i s o k l o e s e  t r i a n g l e  w i t h  a  h i g h  summitl s e p a r a t e d  

from one a n o t h e r  w i t h  4 l i n e s  w i t h o u t  p r i c k l e s ,  armed w i t h  b r a c t s .  I n  t h e  c l o s e d  

c u p u l e ,  cne  can  s e e  4 l i n e s  forming a c r o s s ;  sometimes t h e  c u p u l e  i s  o n l y  opened 

i n  2 v a l v e s ,  b u t ,  even i n  t h i s  c a s e ,  t h e  2  o r  4 l i n e s  of b r a c t s ,  w i t h o u t  p r i c k l e s ,  
r i 

- a r e  obvious .  Teh e x i s t e n c e  of t h e s e  l i n e s  wf thou t  PI - i ck les  d c e s  n o t  appear  t o  

have been recognized .  F r u i t s  ( c h e s t n u t )  r i p e n i n g  i n  one s e a s o n ,  1-3 i n  t h e  

cupu le ,  r a r e l y  more, i n d e h i s c e n t ,  ovoid- pointed o r ,  when t h e r e  a r e  more t h a n  

one i n  t h e  cupu le ,  deformed by compress ion,  t h e  l a t e r a l  f l a t s  on one s i d e ,  t h e  

n e d i a n  on two, t a p e r e d  a t  t h e  t o p  i n t o  a t u b e  ( t o r c h )  surmounted by t h e  p e r i a n t h e  
- t -o~eh  ,' ,, . 

and t h e  remaining s t y l e s  ; s e e d  v e s s e l  c h e s t n u t  & l o r e d ,  [ g r & s t l y  l e a t h e r l l k e ,  
c a r t i l a g i n o u s ,  

e l a s t i c ,  t h i n ,  d r y ,  s h i n y ,  furrowed,  l o n g i t , ~ d i n a l l y  on t h e  v e n t r a l  s i d e ,  p rov ided  

w i t h  f i n e  s t r e a k s  comparable t o  t h e  m e r i d i a n s  of a  s p h e r e ,  armed a t  t h e  b a s e  

w i t h  a l a r g e  s c a r ,  p a l e ,  o f t e n  f l a t t e n e d ,  l u s t e r l e s s  and more o r  l e s s  rough,  a t  

f i r s t  6-9 c e l l s ,  b u t ,  f o l l o w i n g  t h e  r u p t u r e  of t h e  p l a c e n t a s  and a b o r t i o n ,  

------ 
2. When t h e  2  o v u l e s  are developed i n  the same c e l l ,  one i s  a.lways l a r g e r  than  

the , . ,o ther .  
3. VanGieghem h a s  c l a s s i f i e d  t h i s  genus 

in the jc h i c k  n u c e l 1 . u ~  
C r a s s e n u c e l l e e s  

. i n v e s t e d  by a s i n g l e  c o v e r i n g  
[ uni teg l i~ inaceous  (cf  . Van Tieghen i.n J o u r n ,  de  Eo t .  (18481, 

p .  212 ) .  
4.  The p r i c l c l e s  a r e  r s u a l l y  s o  crowded t h a t  t h e i r  d i s p o s i t i o r ?  i n  l i n e s ,  a s  i t  

e x i s t s  i n  t h e  genus C_astan_qpsis., orlly a p p e a r s  when t h e y  a r e  com?lete ly  
shaved o f f .  



only con ta in ing  one a t  ma tu r i t y ,  sometimes two, r a r e l y  t h r e e  o r  more (1) 

f e r t i l e  s eeds  end by f i l l i n g  t h e  e n t i r e  c a v i t y  o f  t h e  pe r f ca rp ,  b reak ing  t h e  

w a l l s  and d i s p l a c i n g  t h e  c e n t r a l  column. Seed c a r r y i n g  a t  t h e  top  t h e  (2-11) 

abor ted  ovu le s ,  t r i angular- ovoid ,  o r d i n a r l y  furrowsd on t h e  v e n t r a l  f a c e ,  

veined r a d i c a l l y  from t h e  r o o t l e t  t o  t h e  micropyle;  c e n t r a l  raphe;  p a l e  brown 

t e s t a ,  veined,  r a t h e r  f r a g i l e  when i t  has  a r r i v e d  a t  a c e r t a i n  degree  of 

d e s s i c a t i o n ;  a d u l t  embryo deprived of albumen, t h e  endosperm always t h i n ,  

t r a n s p a r e n t ,  occupying the  c e n t r a l  p a r t  of t h e  seed ,  then  e n t i r e l y  absorbed 
('f a t  

by t h e  embryo, t h e  l a t t e r  ' , th ick,  u p r i g h t ,  pul.py, whi te  ye l lowish  e x t e r i o r ;  

cotylendous no t  o r i e n t e d  ( 2 ) ,  v e ry  t h i c k ,  pulpy occupying al-inost t h e  whole 

seed ,  a t  f i r s t  concave- t r iangular  o r  then  developing wi th  t h e  

v e s t i g e s  of t h e  endosperm between them, next  becoming t h i c k e r ,  mealy, more 

pulpy., more wrinkled on t h e  e x t e r i o r  and i n t e r i o r ,  ondulate- ruminate ,  be ing  

sepa rab l e  from one another  w i th  d i f f i c u l t y  when they a r e  s t i l l  hard ,  s e p a r a t i n g  
[lens-shaped 

and l e a v i n g  between then1 a s o r t  of l e n t i c u l a v e  chamber i n  t h e  d imin ish ing  

of turgescence;  s u p e r i o r  r o o t l e t  enc losed ,  s m a l l ,  sunken becween t h e  co ly tedons ;  

c i r c u l a r  hilum, o.ften i r r e g u l a r ,  b a s i l a r .  

Value and S t a b i l : i t y  of  t he  C l ~ a r a c t e r e s t i c s  i n  t h e  Genus - Castanen 

T'he s p e c i e s  of t he  genus Castanea a r e  c l o s e r  t o  one another  than  those  of 

t h e  geilus Cas tanops is .  More minute obse rva t ions  are necessary  t o  d i s t i n g u i s h  

among them. For a r a t h e r  long  t i m e ,  many b o t a n i s t s  d i d  n o t  d i s t i n g u i s h  t he  

Japanese ches tnu t  from t h e  American -- C. s a t i v a .  

1. Gaer tner ,  De f ruc t i . b ,  I,  p .  181, appears  t h e  f i r s t  t o  have observed i n  
t h e  f r u i t  t h e  e x i s t a n c e  of more than one seed.  

2 .  The r e g u l a r i t y  of o r i e n t a t i o n  of t h e  cotylendous no t i ced  by LePlonnier, Recherches 
s u r  1.a nervat ior .  g e l a g r a i n e  i n  Ans. &. ; I . ,  5 ser. ,  X v I ,  p. 264,  is n o t  - - -- 
observed. According t o  Tognine, t h e  plann of t h e  p e t i o l e  of t h e  co.bifedons. 
i s  s l i g h t l y  ob l ique  i n  r e l a t i o n  t o  t he  s y n e t r i c  p i a n  of t h e  seed.  ,. < 



Castanophorum Necker, El.cm. Ro t . ,  111, p.  257 (1780) 

T ree s  - --. .. o r  more r a r e l y  sh rubs  w i th  furrowed ba rk ,  armed w i th  1 .ent iccl .s  o f t e n  

wider  t h a n  t hey  a r e  t a l l ( 1 ) .  A x i i l a r y  buds ( 2 ) ,  a l t e r n a t i n g ,  d i sposed  on t h e  

s h o o t s  i n  two rows, armed w i th  two p a i r s  of  s c a l e s  s c a r e c e l y  i n b r i c a t e ,  t hose  

o f  t h e  i n f e r i o r  l a t e r a l  p a i r  each formed o f  t w o  u n i t e d  s t i p u i e s ,  t h e  i n l e r i o r  

s c a l e  d r v ,  brown, t h e  second a l l t t l e  l o n g e r ,  o f t e n  g r e e n i s h ,  each fo l l owing  

s c a l e  cor responding  t o  a  s t i p u l e  w i t h  o r  w i thou t  t h e  rudiment of l e a v e s ,  t h e  

p a i r s  of  s t i p u l e s  fo l lowing  cove r ing  each a young l e a f ,  i n c r e a s i n ?  i n  s i z e  

w i th  age ,  becoming oval- oblong, marking when they  f a l l  t h e  b ranches  w i t h  a  

narrow annua l  s c a r .  P e t i c o l a t e  l e a v e s  o f t e n  d i sposed  t h u s  215, a l t e r n a t i n g ,  

d e c i d i o u s ,  n o t  spaced o u t ,  s imp le ,  o v a l  o r  oval- oblong,  pennive ined ,  w i th  

edges  always armed w i th  t e e t h  sometimes developed and t a p e r i n g  t o  a  f i n e  p o i n t ,  

fo lded  i n  t h e  bud fo l l owing  t h e  midr ib  and t h e  l a t e r a l  v e i n ( 3 ) ,  l e a v i n g ,  a f t e r  

t h e i r  f a l l ,  a  s l i g h t l y  r a i s c d  s c a r ,  semioval .  S t i p u l e s  2 ,  o rd ina r i l y- decay ing ,  

o v a l  o r  l i n e a r - l a n c e o l a t e ,  s c a r i o n s  or(gramineous enve lop ing  t h e  l e a f  i n  t h e  ... 

ulerbaceous,  
bud, l e a v i n g  a f t e r  t h e i r  f a l l ,  a  s c a r  on each s i d e  of t h e  f o l i a r  s c a r .  

I n f l o r e s c e n c e  i n  a f a l s e  f o l i a t e  panic.:--. Moxoecious f l ower s  w i t h  e r e c t  
/ 

,ears  
c a t k i n s ,  un i sexua l  and bisexual . .  C p l e n d r i c a l  h e a d s  (13, e;:ect, appea r ing  a t  . 

\ s p i k e s  
t h e  a x i l  of  t h e * l o w e r  l e a v e s  of t h e  y e a r ,  d ropping  off e a r l y ,  t h e  upper  

f . .  c ~ n f  e r i o r  L u p p e r i o r  
c a t k i n s  of  t h e  f a l s e  p a n i c l e  o r d i n a r i l y  androgenous,  dl a t  the t o p ,  .5! a t  the 

base .  Flowers 8 by 3- 7 ,  i n  c o n t r i c t e d  c l u s t e r s  ( p l .  I ,  f  . 1 and 2 ) ,  a c  t h e  

-- 
1. The l e n t i c e 1 3  a r e  t r a n s v e r s a l  o r  n e a r l y  round. T h i s  c h a r a c t e r i s t i c  is  

i n  accordance w i t h  t h a t  which Wetmore observed i.n o t h e r  groups (TtTetmoi-e, 
Organ i za t i on  and s i g n i f i c a n c e  _Dicolyl.edous fn Bot . ca&. LXXXII, p .. 71, 
113,  1926) I s J h e ~ .  t h e  r a y s  i n  t h e  genus Castanea a r e  composeu of  u n i s e r i a t e  - 

, r 

rows, t h e  1enCicel.s a r e  t r a n s v e r s a l ,  b u t  they  a r e  o r d i n a i - i l l y  l o n g i t u d i n a l  .. 

when t.he r a y s  a r e  composed of s e v e r a l  s e r i e s ,  a s  i n  Quercus,. 
2 .  Chestnut  t r e e s  do no t  have a  t e r m i n a l  bud, t h e  e x t r e m i t y  of  t h e  branch 

d i e s  and f a l l s  i n  t h e  middle o f  summer and l e a v e s  a  s m a l l  c i r c u i a r  s c a r  
n e a r  t h e  h i g h e s t  a x i l l a r y  bud which w i l l  l eng then  t h e  branch i n  t h e  fo l l owing  
season .  

3 .  Cf.  Henry i n  Nov. a c t .  n a t .  c u r . ,  XXIL, I, t .  28 and Do l l ,  Zur E r k l a r .  - -- -- - 
Laubkan. Anent . ,  p. 25, f .  1 ( 1 8 4 8 ) .  



Androgenous c a t k i n s .  - The p o s i t i o n  of t he  androgenous c a t k i n s  and ,  

consequent ly ,  t h a t  of t h e  cupules  have a c e r t a i n  iwportance. 

Flowers 9. - The number o ;  f lowers  c a r r i e d  by the c a t k i n  vary  i n  t h e  

same s p e c i e s .  I n  c e r t a i n  1- imi t s ,  i t  i s  t h e  same case  wi th  t h e  nuinber of s t y l - e s ,  

wh i l e  t h i s  number i s  s t a b l e  i n  t h e  genus Cas tanops is .  

Cupule. - The cupule ,  which d i f f e r s  from t h z t  of the  genus Cas tanops is  

by t h e  symetry of i t s  developmeht, v a r i e s  q u i t e  a l o t  i n  t h e  same s p e c i e s ,  a t  

l e a s t  i n  t h e  c u l t i v a t e d  types .  The C. s a t i v a  and c r e n a t a  have cupules  of  a less 

s t a b l e  form than t h e  - C. mol l i s s ima o r  Segu in i i .  

The p r i c k e s  a r e  much less v a r i a b l e  than i n  t h e  genus Cas tanops is ,  however 

t h e  p r i c k l e s  of - C. -. m o l l i s s i n a  a r e  q u i t e  d i s t i n c t  from those  of C. Seguinni  and 

of - C .  -- s a t i v a .  I n  no s p e c i e s  do t h e  p r i c k l e s  r e ~ e a l  t h e  cupule  a s  i n  - C. -- Ashei 

and - C. pauc i sp ina .  

I n  t h i s  genus,  on t h e  a d u l t  cupule ,  i n  t h e  a r e a  of t h e  l i v e s  o f  dehisznce  only, - - 

t h e  p r i c k l e s  a r e  rep laced  by b races .  Th i s  c h a r a c t e r i s t i c  does n o t  vary  accord ing  

t o  s p e c i e s ,  a s  i n  t h e  genus Castano2sis .  - 

F r u i t .  - I n  t h e  s p e c i e s  t h a t  a r e  n o t  c u i t i v a t e d  and s e l e c t e d  a s  f r u i t  t r e e s ,  

t h e  f r u i t  v a r i e s  l i t t l e .  In  t h e  cu l i5va t ed  s p e c i e s ,  however, t h e  form and the  

s i z e  of  t h2  f r u i t ,  t he  presence  o r  t h e  absence of tomentum on t h e  p e r i c a r p ,  
(antlers 

. '  t h e  number of!cracks i n  t h e  cupule ,  vary  q u i t e  a l o t  i n  t h e  same s p e c i e s .  This  

can be seen e s p e c i a l l y  i n  C .  s a t i v a  and c r e n a t a .  - -- 
The e x t e n t  of t h e  s c a r  v a r i e s  a l i t t l e ,  b u t  n e v e r t h e l e s s  pe rmi t s  t h e  r e c o g n i t i o n  

of c e r t a i n  s p e c i e s ,  -- C.  -- c r e n a t a  f o r  example. I n  t h e  spontaneous forms and wirh smal l  

f r u i t s  of t h e  Japanese c h e s t n u t ,  t h e  s c a r  a l i t t i e  l a r g e r  than  i n  t h e  o t h e r  

s p e c i e s ;  i n  a l l  t h e  c u l t i v a t e d  forms of C .  c r e n a t a ,  t h e  s c a r  i s  ve ry  l a r g e  and q u i t e  - -- 

c h a r a c t e r i s t i c .  

F r u c t i f e r o u s  head. - The d i s p o s i t i o n  o f  t h e  f r u c t i f e r o u s  .%xis  i s  r a t h e r  

s t a b l e .  



Male c a t k i n s .  - The d i s p o s i t i o n  of t h e  male c a t k i n s  i s  a l s o  r a t h e r  

s t a b l e  i n  t h i s  genus.  The l e n g t h  of t h e  c a t k i n s  v a r i e s  ve ry  much, i n  t h e  

same s p e c i e s ,  w i t h  t h e  i n d i v i d u a l s .  The placement. of  t h e  male f l ower s  is,  

however, a  r a t h e r  good c h a r a c t e r i s t i c  w i t h  - C .  a l s s i f o l i a .  " -- 

Leaves.  - The n a t u r e ,  t h e  t e x t u r c  of t h e  l e a v e s  and above a l l  t h e  p r e sence  

and t h e  form of t h e  c a p t i a t e  h s i r s  g i v e  some ve ry  good c h a r a c t e r i s t i c s .  A s  

f o r  t h e  p resence  o r  t h e  absence of s e c r e t o r y  h a i r s ,  I have observed g r e a t  

v a r i ~ t i o n s  on t h e  same i n d i v i d u a l ;  i n  - C .  s a t i v a ,  the  l e a v e s  c a r r i e d  on t h e  
(new wood? 
<wood of t h e  y e a r ,  s i t u a t e d  a t  t h e  e x t r e m i t y  of t h e  f r u i t- b e a r i n g  branches ,  be ing  

v e r y  tomentose below, i n  t h e  a d u l t  s t a g e ,  wh i l e ,  on t h e  same tree, t h e  l e a v e s  
fsmoo t h  ( 1  

c a r r i e d  on t h e  o l d e r  wood and on t h e  off-  s h o o t s  we;e(glabrons o r  a lmos t  g l ab rons  

on t h e  under s i d e .  

S t i p u l e s .  - The c h a r a c t e r i s t i c s  g iven  by t h e  form of t h e  s t i p u l e s  are 

e x c e l l e n t ,  b u t  i t  i s  neces sa ry  t o  compare t h e  s t i p u l e s  t aken  on branches  of  

I"'"' t h e  same;order. 

The l a r g e  and r a t h e r  p e r s i s t e n t  s t i p u l e s  of 2. mol l i s s ima  pe rmi t  u s  t o  

e a s i l y  d i s t i n g u i s h  t h i s  s p e c i e s .  

Anatomy - Branches 

Epidermis.  - The ep idermis  o f t e n  h a s  u n i c e l l u l a r  " regular ' !  h a i r s ,  

i s o l a t e d  o r  i n  twos ( p l .  1, f .  23- 27), o r  s t e l l a t e  h a i r s  o r  g l a n d u l a r  h a i r s  

w i t h  a m u l t i c e l l u l a r  head ( y l .  I. f .  18- 22).  

Pe r i de rmi s .  - The sub- epidermis pe r i de rmi s  appea r s  ve ry  e a r l y ,  beg inn ing  ---- 

i n  t h e  f i r s t  yea r  ( p l .  I ,  f .  9 s. ) .  I t  i s  s o m e t i ~ ~ i e s  r a p i d l y  formed of  6-8 

l a y e r s  of c e i l s .  

The c e l l s  of cork  a r e  t a n g e n t i a l l y  drawn o u t ,  r a d i a l l y  f l a t t e n e d ,  a l i t t l e  

e longa t ed  on t h e  l o n g i t u d i n a l  s e c t i o n .  I t s  l a y e r s  a r e  always more numerous 
F o r k  

than  t h o s e  of the(phel1oderm. 



The phe l loder~n  c e l l s  i n  t h e  young branches a r e  a  l i t t l e  e longa ted  

l o n g i t u d i n a l l y  and have t h i n  w a l l s .  I n  t h e  o lde r  branches,  t h e  c e i l s  a r e  

rnore i s o d i a m e t r i c ,  w i th  t h i c k e r  w a l l s  and a r e  e a s i l y  confused w i t h  t h e  c e i l s  

of t h e  primary co r t ex .  
xough o r  dead bark 

The {rhytidome i s  formed around t h e  e i g r h  o r  t w e l f t h  year .  It 

a t t a i n s  2 t o  3 c m  t h i cknes s  i n  o l d  t r e e s  and forms sma l l  of  3 t o  5 mm. 

Cortex. - The c e l l s  of t h e  e x t e r n a l  c o r t e x  a r e  t a n g e n t i a l l y  e longa ted ,  

o f t e n  have t h e i r  w a i l s  s l i g f i t l y  t h i c k  and form a t i g h t  t i s s u e  sometLmes con ta in ing  

mechanical c e l l s  and a  f e w  crysta1.s .  

The i n t e r n a l  c o r t e x  i s  formed of c e l l s  wi th  very  t h i n  w a l l s ,  s c a r c e l y  

longa ted  l o n g i t u d i n a l l y ,  l e av ing  meatuses between them, contai i i ing some 

c r y s t a l s  (p l .  I ,  f .10)  and sometimes some mechanical c e l l s .  These mechanical 

c e l l s  which appear  t o  be l a c k i n g  i n  s e v e r a l  s p e c i e s ,  are r a t h e r  sma l l  and s h o r t  

i n  a l o n g i t u d i n a l  s e c t i o n ;  t h e i r  wai ls  a r e  u s u a l l y  n o t  very  t h i c k  and 
/channeled 
( c a n a l i c u l a t e  ( p l .  111, f . 1 4 ) .  

P e r i c y c l e  - The p e r i c y c l e  forms a  r i ng  of smal l  f i b e r s  ( p l .  I ,  f .  9 ) ,  

Fhick l o n g i t u i d n a l l y  e longa ted ,  w i t h  narrow lumen and ve ry  l a r g e  mechanical c e l l s ,  

t a n g e n t i a l l y  drawn o u t ,  no t  e longa ted  l o n g i t u d i n a l l y  o r  s c a r c e l y  a t  all, and 

having c a n a l i c u l a t e  w a l l s .  

The p e r i c y c l e  l a s t s  a  long  t i m e  I n  t h e  genus Castanea. - 

Phloem. - The primary v a s c u l a r  bundles  a r e  disposed i n  convex a rks .  
f k idd l ed  i . 

The,screened tubes  a r e  i s o l a t e d  o r  i n  twos, belonging t o  t;he "grapevine" 
" 1 

type  of H. Lecomte. They a r e  te rmina ted  i.n w a l l s  q u i t e  ob l ique ly  faced and . 
armed wi th  s e v e r a l  sc reens .  

The calloiks plaques a r e  developed. 

C e l l s  wi th  c r y s t a l s  are disseminated i n  t h e  phloem, wi thout  any apparen t  

o r d e r ,  and a r e  o r d i n a r i l y  more ngmerous nea r  t h e  f i b e r s .  

The c e l l s  wi th  c r y s t a l s  a r e  u s u a l l y  i n  l i t t l e  l o n g i t u d i n a l  rows. 



The phloem f i b e r s  appear  r a t h e r  e a r l y  ( p l .  I ,  f .  T I ) .  

The r a y s  a r e  formed i n  a  s i r tg le  s e r i e s  nf c e l l s  ra the :  l a r g e  and almost  

equal .  

Xylem. Vesse ls .  - The v e s s e l s  a r e  s i n g l e  or  double ,  jo ined  toge the r  

i a t - - r p l l y  o r  r a d i a l l y ,  sometimes s epa ra t ed  by some r a t h e r  f l a t  parenchyma 

c e l l s ,  w i th  unequal c ros s- sec t ion ,  e lcnga ted  r a d i a l l y ,  ova l  o r  i r r e g u l a r  
, . 

polygon, w i th  w a l l s  of ave rage -t h i cknes s .  The b u r n e r  of t h e  v e s s e l s  sometimes 
I 

c o n t a i n s  some t f i o s e s  i n  t h e  p e r f e c t  xylem ( p l .  I,  f . 17) .  

The p i t t e d  v e s s e l s  u s u a l l y  have some sma l l ,  rounded p i t s  i n  t h e  c o n t a c t s  

w i t h  Che s h o r t  parenchyma and some p i t s  i n  t h e  form of  a  h o r i z o n t a l  o r  ob l ique  

t.. 

" l i v e  i n  t h e  c o n t a c t s  w i t h  t h e  bordered parenchyma. 

When two v e s s e l s  a r e  sometimes i n  c o n t a c t ,  t h e  p i t s  a r e  numerous and 

form wide bordered l i n e s .  

Xylem f i b e r s .  - The f i b e r s  a r e  very  f i n e ,  wi th  i r r e g u l a r  s e c t i o n s ,  most ly  

poiygonal ;  they have a  c l e a r l y  r a d i z l  d i s p o s i t i o n ,  a t  l e a s t  i n  t h e  s p r i n g  wood. 

The w a l l  of t h e  f i b e r s  i s  uncolored,  s l i g h t l y  thickened,  armed, e spec i a71y  

i n  t h e  r a d i a l  p a r t ,  w i t h  ob l ique  l i n e s  wi th  a l i t t l e  c i r c l e  a t  t h e  c e n t e r  

( p l .  1, f .  16 ) .  

Short  xylem parenchynm. - The s h o r t  xylem parenchyma i s  a?;~mdanc; i t  

forms s i n i o u s  t a n g e n t i a l  l i n e s  and rows t h a t  a r e  sometimes c r y s t a l i f e r o u s .  

The l o n g i t u d i n a l  s e c t i o n  of t h e  c e l l s  i s  r e c t a n g u l a r ;  when t h i s  parenchyma 

Is surrounded wi th  f i b e r s ,  i t  becomes ve ry  i r r e g u l k r  n e s r  t h e  v e s s e l s .  

The t r a n s v e r s a l  s e c t i o n  of t h e  c c l l s  is l e s s  i r r e g u l a r  than  t h a t  of t h e  

bordered parenchyma. 

The h o r i z o n t a l  w a l i s  and those  i n  c o n t a c t  w i th  s i m i l a r  c e l l s  a r e  armed 

wi th  numerous p i t s  of i r r e g u l a r  form. These p i t s  a r e  l e s s  numerous nea r  t h e  

r a y s  of t h e  bordered parenchyma and of t h e  v e s s e l s  and very  r a r e  a t  t h e  p o i n t s  

of con tac t  w i th  t he  f i b e r s .  



Bordered pa.renchyma. - It i s  a  parenc17yma of  i r r e g u i a r  s e c t i o n ,  long  and 
(spincile-shaped 
L f u s i f  orm, which formes s e v e r a l  rows t h a t  a r e  less numerous around t h e  

v e s s e l s .  I ts  p i t s  have t he  form of a  h o r i z o n t a l  l i n e  i n  t h e  c o n t a c t s  w i th  t h e  

v e s s e l s  and t h e  form of an ob l ique  l i n e  i n  t h e  c o n t a c t s  w i th  s i m i l a r  c e l l s .  The 

r a y s  and t h e  s h o r t  parenchyma. The th i cknes s  of t h e  w a l l s  of t h i s  bordered 

parenchyma is  n e a r l y  t h a t  of t h e  f i b e r s ,  b u t  t h e  t r a n s v e r s a l  s e c t i o n  of t h e s e  

c e l l s  i s  very  i r r e g u l a r .  

Rays. - The medularry r ays  are numerous ( o r d i n a r i l y  7-10 pe r  mm.), v e r y  
{dev ia t i ng  

narrow, r e c t i l i n e a r  i n  t he  r a d i a l  s ense ,  on ly  s l igh t ly(warped  by t h e  l a r g e s t  

v e s s e l s  of t he  s p r i n g  wood ( p l .  I ,  f .  1 3 ) ,  formed of one, ( r a r e l y  2 )  row of 

c e l l s .  I n  t he  t a n g e n t i a l  c u t  they  a r e  formed of  4-26 (p i .  I, f .  14)  c e l l s  

superimposed, o r d i n a r i l y  10-15. The group of c e l l s  forming t h e  r a y s  have a 

fus i form t a n g e n t i a l  s e c t i o n ,  and a r e  a lmost  r e c t i l i n e a r  o r  s l i g h t l y  arked 

fo l lowing  t h e  d i r e c t i o n  of t h e  ne ighbor ing  c e l l s .  

The h o r i z o n t a l  w a l l s  have less abundant p i t s ,  e s p e c i a i l y  on t h e  s i d e  

of t h e  parenchyma c e l l s .  

The v e r t i c a l  w a l l s  a r e  r a r e l y  armed w i t h  p i t s  il.1 con tac t  w i t h  t h e  f i b e r s ,  

b u t  i n  con tac t  w i th  t h e  bordered parenchyma, t h e  p i t s  a r e  r a t h e r  l a r g e  

and s l i g h t l y  bordered. In  c o n t a c t  w i t h  t h e  v e s s e l s ,  t h e  p i t s  a r e  l a r g e  and 
r 

i r r e g u l a r ,  e s p e c i a l l y  i n  t h e  s p r i n g  wood. The w a l l s  a r e  a  l i t t l e  th i cken  

around t h e  p i t s .  
: 

The t a ~ g e n t i a l  w a l l s  a r e  more o r  l e s s  curved o r  para l led '  and have 

rounded p i t s .  

The lumen sometix&s enc lose  s e v e r a l  c r y s t a l s  o r  granulous conc re t i ons .  

One u s u a l l y  observes  two d i f f e r e n t  k inds  of c e l l s  i n  t he  r a y s ;  one 

k ind  t h a t  form the  very  s h o r t  r ays  (3-4 c e l l s )  and t h e  e x t r e m i t i e s  of t h e  r a y s ,  

which o r d i n a r i l y  have r a t h e r  t h i n  w a l l s ,  a more i r r e g u l a r  form, and s m a l l e r  

p i t s ;  t h e i r  s e c t i o n  i s  o v a l ,  a lmost  t r i a n g u l a r  a t  t h e  ex t remi ty  of  t h e  r a y s .  



The o t h e r  much more nunierous c e l l s  from the g r e a t e r  p a r t  of t h e  r a y s .  

The i r  w a l l s  a r e  r a r h e r  t h i c k ,  t h e i r  t a n g e n t i a l  s e c t i o n  i s  rounded o r  squared 

wi th  rouiided c o r n e r s ,  and t h e i r  p i t s  a r e  l a r g e r .  

P i t h .  - The p i t h  i s  formed of polygonal  c e l l s  o r d i n a r i l y  w i th  t h i n  

wa l l s .  I n  a  r a t h e r  young shoo t ,  a  year  o l d  o r  l e s s ,  t h e  p i t h  i s  g reen i sh ,  

r a t h e r  f i rm  and enc loses  s imple and compound s t a r c h  g r a i n s ,  a  l i t t l e  

ch lo rophy l l  and numerous c rys tA l s .  La t e r  t h s  p i t h  con ta in s  on ly  amyl and i s  

on ly  amyi i fe rous  tannin  and t enn i f e rous .  

L e a f .  - P e t i o l e  

The ep idermis ,  r a t h e r  r i c h  i n  t ann in ,  o f t e n  has  s i n g l e  " regular"  h a i r s  

):stem o r  double  o r  t r i p l e  and g l andu la r  h a i r s  w i th  m u l t i c e l l u l a r , ~ a s e .  

Under t h e  epidermis  one f i n d s  some collenchyma, o f t e n  w i th  t h i c k  w a l l s ,  

7 '  
formed of c e l l s  s l i g h t l y  e longated l o n g i t u d i n a l l y ,  S i ck  i n  t ann in  and, 

under t h i s  t i s s u e ,  some parenchyma formed of c e l l s  w i th  ova l  o r  rounded s e c t i o n ,  

s l i g h t l y  e longa ted  longi tnd ina l . ly ,  w i th  t h i n  w a l l s ,  o f t e n  con ta in ing  c r y s t a l s  

of - c a  oxy la t e ,  o f t e n  arranged i n  r a t h e r  long  l o n g i t u d i n a l  l i n e s ,  2nd r e r e l y ,  ,I 
on ly  toward t h e  extreme base  of t h e  p e t i o l e ,  some mechanical c e l l s  wi th  ve ry  

t h i c k  w a l l s  and elongated s l i g h t l y  l o n g i t u d i n a l l y .  These mechanical c e l l s  

a r e  much less numerous than i n  t h e  genera Cas tanops is  and Pasania  and do n o t  

mount i n t o  t h e  pet iol-e  a s  i n  maay s p e c i e s  belonging t o  t hose  genera.  

The p e t i o l e  has ,  a t  t h e  s t e m ,  three formed of a  v a r i a b l e  

number of va scu l a r  bund1.e~ ( p l  11, f .  3 ) .  These bundles ,  towards t h e  base  

of t h e  p e t i o l e ,  a r e  arranged i n  a  r i n g  and assume t h e  d i s p o s i t i o n  shown i n  

p l .  111: f .  15.  Higher up ,  the  bundles  i t u a t e d  above t h e  a r k  a r e  curved 

inward on the i n s i d e ,  t h e  two p a r t s  curved inward a r e  s epa ra t ed  from t h e  a r k  
wood ~ P P  - 

znd a r e  un t ied  t o  form an i n t e r n a l  v a s c u l a r  bundle ,  w i t h < s u p e r i o r  xylem. The 

r i n g  i s  c losed  aga in  and, a t  t he  summit of t h e  p e t i o l e  ( c h a r a c t e r i s t i c  of 



P e t i t ) ,  one o b s e r v e s  a v a s c u l a r  r i n g  and w e l l  deveioped i n t e r n a l  bund le  

( p l .  11, f .  4 ) ,  which i s  a b s e n t  is very  s m a l l  l e a v e s ,  a c c o r d i n g  t o  Obaton ( 1 ) .  

The xylem is formed of  v e s s e l s  w i t h  a s l i g h t l y  l a r g e  s e c t i o n  (601.1 

i n  C.  m o l l i s s i n a ) ,  covered wich r a y s ,  s p i r a l s  and pi l t s ,  o f  xyler.! parenchyma, 

r a y s  and f d b e r s .  

The xylem parenchyma h a s  p i t t e d  va l ls ,  t h e  l o n g i r u d i n a l  s e c t i o n  o f  

t h e s e  c e l l s  i s  u s u a l l y  e l o n g a t e d  l o n g i t u d i n a l l y ;  i t s  w a l l s  a r e  t h i n ,  armed 

w i t h  l e s s  numerous p i t s ,  i n  c o n t a c t  w i t h  t h e  f i b e r s .  The f i b e r s  a r e  e l o n g a t e d  

w i t h  p i t t e d  w a l l s .  

These sometimes a r e  some n o n- l i g n i f i e d  xylem parencllyma, e s p e c i a l l y  i n  

t h e  i n t e r n a l  b u n d l e  and i n  t h e  s u p e r i o r  a r k  w i t h  i . n f e r i o r  xylem, n e a r  t h e  

i n t e r n a l  p i t h .  

The phloem o f t e r -  c o n t a i n s  some l o n g i t u d i n a l  l i n e s  of c e l l s  w i t h  c r y s t a l s .  

A t  t h e  b a s e  o f  t h e  p e t i o l e ,  t h e  pe r ide rm i s  formed of  c e l l s  w i t h  s l i g h t l y  

t h i c k  w a l l s ,  b u t  n o t  l i g n i f i e d .  Higher up,  t h e  pexiderms a r e  j o i n e d  t o g e t h e r  

w h i l e  t h e  t h r e e  v a s c u l a r  sys tems form on1.y one from i t ,  and b e f o r e  t h e  

11 C h a r a c t e r i s t i c 1 ' ,  one f i n d s  a  p e r i d e r m i c  r i n g  whose f i b e r s  a r e  e l o n g a t e d ,  

w i t h  t h i c k  w a l l s ,  sometimes p i t t e d  and w i t h  narrow lumen. 

The i n t e r n a l  p i t h ,  ve ry  l a r g e ,  r e l a t i v e  t o  what i t  i s  o r d i n a r i l y  i n  

t h e  genus C a s t a s o p s i s ,  i s  formed of c e l l s  w i t h  t h i n n e r  l i g n i f i e d  w a l l s ,  very 

p i t t e d ,  o f t e n  a l i t t l e  e l o n g a t e d  l o n g i t u d i n a l l y  and c o n t a i n s  some s i m p l e  

c r y s t a l s  and c r y s t a l s  of c a  o x a l a t e .  

Mid r i b  

The upper  e p i d e r n i s  i s  formed of c e l l s  w i t h  t h e  e x t e r n a l  w a l l  s l i g h t '  

t h i c k ,  convex, w i t h  r a t h e r  t h i c k  secondary w a l l s  o f t e n  p i t t e d .  

I *  - i - 
1.  baton, Sur l e  kaniso* d a s  f e a i l l e s  - d e s  -- a r b r c s  i n  Rev. g&. (1922).  

p. 264. 



The c e l l s  of t h e  lower e p i d e i m i s  a r e  a r r a n g e d  i n  r a t h e r  r e g u l a r  l i n e s ,  

t h e i r  s e c t i o n  i s  small.,  t h e i r  e x t e r n a l  w a l l .  i s  t h i n  : nd convex o r  s l i g h t l y  

t h i c k ,  t h e i r  secondary  w a l l & s  a r e  o f t e n  v e r y  t h i c k .  

Towards t h e  b a s e  o f  t h e  l e a f ,  t h e  m i d r i b  h a s  a  b iconvex sect ioxl  and i t s  

s t r u c t u r e  is  n e a r l y  t h a t  of t h e  upper  p a r t  o f  t h e  p e t i o l e .  

Under t h e  upper e p i d e r m i s ,  one f i n d s  some collenchyma and sometimes,  

on t h e  upper  s i d e ,  some l a y e r s  of parenchyma w i t h  t h l n  w a l l s .  

On t h e  u n d e r s i d e ,  under t h e  pe r ide rm,  one o b s e r v e s  some parenchyma and 

some s l i g h t l y  col lenchyma- like  e x t e r n a l  c o r t e x .  The c o r t i c a l  parenchyma 

i s  formed of c e l l s  t h a t  a r e  more o r  less rounded,  e l o n g a t e d  l o n g i t u d i n a l l y  

c s n t a i n i n g  some c r y s t a l s .  These c e l l s  w i t h  c r y s t a l s  a r e  o f t e n  a r r a n g e d  i n  

rows and a r e  more abundant n e a r  t h e  pe r ide rm.  

The c o r t i c a l  c e l l s  w i t h  l a r g e  lumen push back toward t h e  o u t s i d e ,  

by t h e i r  t u r g e s c e n c e ,  t h e  co l l enchyma- l ike  c e l l s  under t h e  e p i d e r m i s .  

The collenchyma i s  formed of c e l l s  w i t h  more o r  less o v a l  s e c t i o n s ,  

e l o n g a t e d  tangentially and s l i g h t l y  l o n g i t u d i n a l l y ,  o f t e n  w i t h  s l i g h t l y  

thi .ck w a l l s .  

The peri.derm and t h e  v a s c u l a r  sys tem have t h e  same a r r a n $ z n e n t  a s  a t  

t h e  upper p a r t  of t h e  p e t i o l e .  

The i n t e r n a l  v a s c u l a r  bundle ,  w i t h  s u p e r i o r  xylem i s  o f t e n  d i v i d e d  

( p l .  11, f .  5 )  and is sometimes armed wich a n  a r k  w e l l  developed infra- phloem 

f i b e r s .  It  sometimes c o n t a i n s  phloem f i b e r s .  

I n  t h e  npper p a r t  of t h e  p e t i o l e ,  t h e  i n t e r n a l  ark  d i s a p p e a r s ,  t e r m i n a t e s  

i n  t h e  b l i n d  s p o t  and t h e r e  remains  o n l y  t h e  lower  a r k  and t h e  upper  a r k  w i t h  

s u p e r i o r  xylem. The l a t t e r  is  o r d i n a r i l y  d i v i d e d  iil tzwo ( p l .  V I ,  f .  1 5 )  an6 

i n  t u r n  d i s a p p e a r s  a t  t h e  summit of t h e  l e a f  ( p l .  VI, f .  1 6 ) .  A t  t h i s  site 

one  can s t i l l  d i s t i n g u i s h  t h e  pe r ide rm formed of f i b e r s ,  w i t h  t h i c k  w a l l s ,  

and what remains  of t h e  i n t e r n a l  p i t h ,  wLth much t h i n n e r  w a l l s .  



Secondary Veins 

Their  s e c t i o n  i.s usua l ly  biconvex (p l .  1'1, f .  6 ) .  A t  t h e  base  of  t h e  

v e i n  t h e r e  is o r d i n a r i l y  a  v a s c u l a r  r i n g  more o r  less d i scon t inuous  a t  t h e  

e x t r e m i t i e s .  The per iderm is sometimes more developed i n  i t s  lower a r k  than  

i n  i ts  upper a r k .  The f i b e r s  have more o r  less t h i c k  w a l l s .    he is t h i cknes s  

q u i t e  v a r i a b l e .  One sometimes f i n d s  s i d e  by s i d e  f i b e r s  wi th  t h i c k  w a l l s  
I 

whose cumen is almost o b l i t e r z t e d  and o t h e r s  w i th  r a t h e r  t h i n  v a l l s .  

This  per iderm i s  t i e d  t o  t h e  ep idermises  by some parenchyma t h a t  a r e  

ve ry  abundant on t h e  lower s i d e  and l ack ing  on t h e  upper s i d e  and by some 

e x t e r i o r  co l lenchyna- l ike  t i s s u e  o f t e n  w i t h  s l i g h t l y  t h i c k  wa l l s .  

The i n t e r n a l  p i t h ,  which i s  much l a r g e r  than  is t h e  genera Cas tanops is  

and Pasenia ,  is formed of c e l l s  w i th  t h i n ,  l i g n i f i e d  w a l . 1 ~ .  Very r a r e l y ,  t h e r e  ' 

is a smal l  i n t e r n a l  phloem bundle.  The xylem l a c k s  elements  wi th  t h i c k  wa l l s .  

The xylem parenchyma i s  abundant. 

The epiderrnic c e l l s  o f t e n  have t h e i r  w a l l s  p i t t e d  ( ~ 1 .  V ,  f .  24 ) .  

V e i n l e t s  
smooth 

The v e i n l e t s  have a $eve1 s e c t i o n ,  £].at,-convex, f l a t - c o ~ c a v e  o r  
, f l a t  

s l i g h t l y  biconvex. T1zei.r periderm Is o f t e n  reduced t o  a few f i ,bers ;  It is 

sepa ra t ed  from t h e  upper epidermis  by some uncolored parenchyma o r  some f i b e r s  

wi th  t h i n  w a l l s  and from t h e  lower epidermis  by some c o l l s n c h y m ~  wi th  t h i n  

w a l l s .  

Parenchyma of the Leaf Blade 

The th i cknes s  of t h e  l e a f  b lade  i n  i t s  parenchymaCous p a r t  is no t  very  

great, i t  is  o f t e n  from 180-200 p and does no t  exceed 250 p .  It is  n o t  a s  

t h i c k  a s  c e r t a i n  l eaves  of Cas t anops i s  and Pasania .  The s t r u c t u r e  is ~wo-s ided;  

I have never  observed an  entire1.y p a l i s a d e  l e a f  b l ade ,  a s  i n  c e r t a i n  s p e c i e s  

belonging t o  t h e  genus Quercus. The 2  ep idermises  a r e  very  d i f f e r e n t .  



Upper e p i d e r m i s .  - The upper  e p i d e r n ~ i s  is formed of r a t h e r  l a r g e  c e l l s ,  
(secondary 

( p l .  11, f .  8 ;  p l .  111, f .  5), u s u a l l y  n o t  v e r y  t a l l ,  w i t h ( l a t e r a 1  w a l l s  

rect i  c u r o i l i n e a r ,  w i t h  o r d i n a r v  e x t e r n a l  w a l l s ,  n o t  hav ing  t h e  t h i c k n e s s  

t h a t  they  a t t a i n  sometimes i n  s e v e r a l  s p e c i e s  o f  C a s t a n o p s i g  and Pa.sania,  some- 

t i m e s  g e l a t i n g e l  w i t h i n ;  t h e  i n t e r n a l  w a l l  i s  sometimes v e r y  convex i n s i d e  

and t h e  e p i d e r m i c  cells  sometimes have a t h i n  t a n g e n t i a l  p o s i t i o n  ( p l .  111, 

f .  20) .  T h i s  e p i d e r m i s  h a s  nct s tomata .  I n  you th ,  i t  sometimes h a s  some 

1: r e g u l a r"  h a i r s  and even some g l a n d u l a r  h a i r s  i n  t h e  a d u l t  s c a g e  ( p l .  11, f .  

Under t h e  upper e p i d e r m i s ,  one never  o b s e r v e s  a  hypodermis,  a s  i t  e x i s t s  

i n  c e r t a i n  s p e c i e s  of thco g e n e r a  C a s t a n o p s i s  and P a s a n i a .  

P a l i s e d e  and lacumar t i s s u e .  - Between t h e  e p i d e r m i s e s  a r e  found 1-2, 

r a r e l y  3 , p a l i s a d e  l a y e r s ,  of which t h e  upper  i s  t h e  l o n g e s t  and a l a c u n a r  

t i s s u e  e q u a l i n g  i n  volume t h e  p a l i s a d e  t i s s u e ,  more o r  less l o o s e ,  formed 

jb ranching of  s l i g h t l y ( r a m o s e  c e l l s ,  r a t h e r  r i c h  i n  c r y s t a l s  of ~ a o x o l a t e .  The 1'' 
/ 

development of t h e  p a l i s a d e  l a y e r s  is moderate  and does  n o t  i n d i c a t e  t h e  same 

h e l i o p h i l - e  a s  i n  c e r t a i n  s p e c i e s  of t h e  genus Pasan ica .  

Lower ep idermis .  - The lower  e p i d e r m i s ,  ~ i t h  a t h i n  e x t e r n a l  w a l l s ,  

is formed of c e l l s  w i t h  secondary  w a l l s  r e c r i c u r v i l i n e a r  o r  undula ted  

( p l .  11, f .  9 ) ,  always l e s s  r e c t i . l i n e a r  t h a n  t h o s e  of t h e  upper e p i d e r m i s ,  no t  

ve ry  t h i c k ,  n o t  v e r y  t a l l ,  w i t h  t h i n  e x t e r n a l  w a l l s ,  convex, n e v e r  v e r y  t h i c k ,  

nor  i n  p a p i l l a s ,  as i n  s e v e r a l  s p e c i e s  of C a s t a n o p s i s .  T h i s  e p i d e r m i s  

h a s  s tomata  depr ived  o f  a c c e s s o r y  c e l l s  ( p l .  V ,  f .  G ) ,  a s  i n  t h e  B e t u l a c e a s  

and t h e  J u d l a n d a c e a s ,  o f t e n  less t a l l  t h a n  t h e  ep idermis  and l o c a t e d  i n  i t s  

e x t e r n a l  s u r f a c e .  

Hairs. - The lower ep idermis  can have some i s o l a t e d  " r e g u l a r"  h a i r s  

( p l .  11, f .  29;  p l .  V, f .  3-10) o r  s t e l l a t e  h a i r s  ( p l .  11, f .  30; p l .  111, 
; ' coalescing s t e m  

f. 2 3 ;  p l .  V, f .  11-13 and 27 )  w i t h  a ~ i n ~ l e j c o n c r e s c e n t  b a s e ,  and some a i m o s ~  

s e s s i l e  o r  l o n g  p e d i c e l l a t e  g l a n d u l a r  h a i r s ,  w i t h  o r d i n a r y  head armed w i t h  



t ransversaJ .  and l o n g i t u d i n a l  p a r t i t i ~ n s .  These h a i r s ,  whose c o n t z n t  is  s l i g h t l y  

co lored  by t h e  t i n t  o r c a n e t ,  r e c a l l ,  i n  form, t h e  p e d i c e l l a t e  h a i r s  v i t h  

s p h e r i c  head of  Covylus - Avel lana.  

The s t r u c t u r e  ha rd ly  v a r i e s  f r o ~  one s p e c i e s  t o  ano the r ,  excep t  i n  

t h e  form and t h e  p r e sence  of c a p i t a t e  h a i r s  on t h e  a d u l t  l e a f .  

I n  t h e  genus Castanea,  one does  n o t  observe  h a i r s  l i k e  t h e  f i n g e r s  of 

a g love  a s  i n  Pa san i a ,  nor  t h e  s c a l y  h a i r s  of Cas tanops i s  and s e v e r a l  r a r e  

Pa san i a .  The c a p i t a t e  h a i r s ,  a lmos t  s e s s i l e  o r  long  p e d i c e l l a t e  of Cas tanea ,  - 

a r e  l a c k i n g  i n  t h e  c l o s e l y  r e l a t e d  genera .  Although c e r t a i n  a u t h o r s  have 

c la imed t h a t  i t  is  imposs ib le  t o  d i s t i n g u i s h  t h e  l e a v e s  of Castanea - from 

t h o s e  of c e r t a i n  Quercus (4. c a s t a n e o o f o l i a ,  Q. Liban i ,  e t c . ) ,  t h e  examinatiori 

of t h e  g l andu l a r  h a i r s  w i l l  r e n d e r  t h e  d i s t i n c t i o n  extremely s imple .  The 

g l andu l a r  h a i r s  of Castanea a r e  n o t  formed i n  t h e  genus Quercus. 

Edges of t h e  Leaf Blade 

The edge of t h e  l e a f  b l a d e  is o f t e n  r a t h e r  t h i c k .  The ep idermis  i s  formed 

of c e l l s  t h a t  a r e  u s u a l l y  much sma l l e r  t h a n  thr.;se of t h e  l e a f  b l ade .  It 

has  a n  o rd ina ry  e x t e r n a l  w a l l ,  convex; t h i s  w a l l  is  never  as t h i c k  as i n  t h e  

genus X t a n o p s i s  . 
The sub- epidermis coll.enchyma w i t h  s c a r c e l y  t11.ick w a l l s ,  o f t e n  r ep l aced  

by some aqu i f e rous  parenchyma w i t h  r a t h e r  t h i n  walls, is comprised of  3-5 

l a y e r s  of c e l l s  t h a t  are o f t e n  s l l g h t l y  l a r g e  (p l .  111, f .  11, 1 3 ,  19;  p l .  V ,  

f .  7 and 2 2 ) .  1 have never  observed any c a r t i l a g e n o u s  coLlenchyma w i t h  very 

t h i c k  w a l l s ,  a s  i n  c e r t a i n  Cas t anops i s .  
t 

O r d i n a r i l y  t h e r e  a r e  no f i b i o u s  bundles  r i g h t  a t  t h e  edge of t h e  l e a f ,  
t h i c k  

\ t h e  near-by v c i n s  of t h e  edge have on ly  2 l a r g e  s c l e r i f i e d  a r d s .  

The t e e t h  a r e  t h i a  (C. a l n i f o l i a )  o r  r a t t l e r  wid2 (C.  s a t i v a ,  s. denta ta . )  . - - 

In t h e  f i r s t  c a se  ( p l .  V, f .  231, they  a r e  no- Eraasverse  f o r  t h e  g r e a t e r  p a r t  



of t h e i r  l e n g t h  e x c e p t  by t h e  m i d r i b ,  w i t h  xylem o f t e n  reduced t o  a few 

v e s s e l s .  

I n  t h e  second c a s e  ( p l .  11, f .  l o ) ,  t h e  t e e t h  a r e  t r a n s v e r s e  by a m i d r i b  

and 2 s m a l l  s econdary  v e i n s ,  t h e  f i r s t  i s  formed of a v a s c u l a r  a r k  armed w i t h  

2 a r k s  of f i b e r s  w i t h  t h i n  wa.lls u n i t e d  t o  t h e  e p i d e r m i s e s  5y some collenchyma w i t h  

t h i n  o r  t h i c k  w a l l s .  Teh secondary  v e i n s  a r e  u s u a l l y  reduced t o  xylem and some- 

t i m e s  armed w f t h  a l i t t l e  s u p p o r t  t i s s u e .  

Sometimes t h e r e  i s  on ly  one b i g  vasc .u la r  bund le  w i t h  two groups  o f  

t r a c h i d s  f o r m i ~ g  t h e  f l a n g e s  (s. m o l l i s s i m a )  ( p l .  IV, f. 28). 

At t h e  edge o f  t h e  l e a f  'b lade,  t h e  e p i d e r m i s  is formed of  l i t t l e  c e l l s  

w i t h  ex t remely  convex w a l l s .  The upper e p i d e r m i s  sometimes s e r v e s  as a water 

r e s e r v e .  The lower  epidermis h a s  some s t o m a t a  and sometimes g l a n d u l a r  h a i r s  

and r e g u l a r  h a i r s .  Under i t  is found a L i t t l e  e q u i f e r o u s  parenchyma w i t h  t h i n  
3, 

w a l l s  o r  some colienchyma (C. dentat ; ) .  /' 

Under t h e  s i n g l e  p a l i s e d e  l a y e r  a l a c u n a r  t i s s u e  e x i s t s .  

Tannins i n  t h e  Ches tnu t  T r e e  

Tannins  a r e  abundant in a lmos t  a l l  t h e  o r g a n s  and i n  much of  t h e  t i s s u e  

o f  t h e  c h e s t n u t  tree. The t a n n i n  o f  t h e  l e a v e s ,  t h e  xylem and t h e  c o r t e x  is 

t h e  same a c c o r d i n g  t o  Freudenberg and Walpuski ( I ) .  The f r u i t s  a r e  l e s s  

r i c h  i n  t a n n i n  t h a n  t h o s e  of t h e  oak.  

The t a n n i n  s u b s t a n c e s  c a n  b e  c o n s i d e r e d  as compounds of t h e  n a t u r e  o f  

g lucosi .des  i n  which t h e  e s t e r i f i c a t i o n  was produced between a n  a r o m a t i c  

o x a c i d  of t h e  fundamental  g a l l i c  t y p e  and a suga r ,  u s u a l l y  g l u c o s e .  The 

a c i d s  a r e  o f t e n  of t h e  fclndamental.ga1l.i.c a c i d  2ype. They can b e  i n d i r e c t l y  

d e r i v e d  from q u e r c i t o l  and i n o s i t o l .  These t a n n i c  s u b s t a n c e s  r e p r e s e n t ,  i n  

t h e  g i u c o s i d e  s t a g e ,  w a s t e  s u b s t a n c e s  t h a t  t 'he p l a n t  e a s i l y  d e s t r o y s  by 

c a r b u r i z a t  ion.. 

- 
1. Freudenburg and Wapluski i n  &. Deutsch.  Chem. Ges. LIV,  p .  1695-1700 (1921).  



'3  
Tannin i s  a  protoplasmic pois$n because i t  coagu la t e s  t h e  a lbuon in  very 

much. We have s e e n  tha.t  i t  appears  i n  t h e  germinanion of seeds .  It  can no'i 

be  regarded a s  a  r e s e r v e  subs tance .  
,. . 

The xylem h a s  a  more e l eva t ed  c o e f f i c i e n t  of abso rp t ion  f o r  taniin than  

f o r  g a l l i c  a c i d ,  bu t  i t  is  d i f f i c u l t  t o  zccep t  t h a t  t h e  e a s i e r  e l i m i n a t i o n  of 

t h e  tamic subs t ances ,  a t  t h e  g iucos ide  s t a g e ,  by t h e  absorb ing  a c t i o n  of t h e  

xylem c e l l u l o s e ,  could be  t h e  cause  of t h i s  formation.  For one t h i n g ,  t h e  
j sur rendered  

tamin is n o t  an  i n i t i m a t e  p a r t  of t h e  xylem, s i n c e  i t  i s  e a s i l y , g i v e n  up i n  '. 

wate r ;  f o r  ano the r ,  t h e  d e s t i n a t i o n  of t h e  tamic subs tances  i n  t h e  non-xylem 

t i s s u e s  would be  unexplainable .  

For DeDominicis ( 2 ) ,  che p r i n c i p a l  reason  f o r  t h e  formation of  tamic 

gl.ucosides i s  t h e r  o x i d i z a b i l i t y  which is  g r e a t e r  than t h a t  of t h e  phenol- 

carbonic  a c i d s  frcm which thy= a r e  der ived .  Tannin burns much Dore e a s i l y  

than g a l l i c  a c i d .  It is  important  f o r  p l a n t s  t h a t  a r e  n e a r l y  deprived of 

g landular  organs t o  e a s i l y  e l i m i n a t e  r a t h e r  t o x i c  products .  

There is a s o r t  of  equ i l i b r ium between t h e  tannin  that i s  formed 

i n  c e r t a i n  organs  and t h a t  which  t h e  conibustion des t roys .  I n  t h e  c a s e  05; 

p e r i p h e r a l  t i s s u e s ,  l i k e  t h e  c o r t e x ,  e x p o s ~ d  t o  t h e  a c t i o n  of a tmospheric  

oxygen and t h e  v a r i a b l e  i n f luence  of e x t e r n a l  agen t s ,  che equ i l i b r ium a l s o  

v a r i e s .  Thus i t  is t h a t  t h e  o x i d a t i o n  of t ann in  i n c r e a s e s  w i th  t h e  e l e v a t i o n  

of temperature  and summer warmth. 

Michel-Durant (3) has  s tud i zd  not on ly  i n  t h e  ? l a n t l e t  as we have a l r eady  

seen ,  bu t  a l s o  i n  t h e  a d u l t  ches tnu t  tree, t h e  i n f luence  of l i g h t  on t h e  

formation of t ann ins .  

The s t e m s  con ta in  only a  l i t t l e  less t a n n i n  i n  t h e  l i g h t  t han  i n  

darkness .  

2 .  DeDomini.cus i n  % s t a n g i o n i  p e r i n l e n t a l i  z g r a r i e  i t a l i a n e ,  V ,  L11, 
p.  305-331. 

3 .  Mi.che1-Durand, In f luence  de l a  lumiere  sllr l a  formatiion des  t a n n i n s  i n  
C. R .  ( 1 9 2 5 ) ,  p. 1171. - - 



If one c o n s i d e r s  l e a v e s  t h a t  grew i n  d a r k n e s s ,  one s e e n  t h a t  t h e  p r o p o r t i o n  

of s o l u b l e  t amins  i n  w a t e r  is much g r e a t e r  t h a n  i n  t h e  l e a v e s  t h a t  grew i n  

s u n l i g h t .  The re-~erse t a k e s  p l a c e  w i t h  t a n n i n s  t h a t  a r e  s o l u b l e  i n  a c e t o n e  i-. 

I n  summary, t h e  t a n n i n s  s o l u b l e  i n  w a t z r  a r e  more abundant i n  l i g h t  i n  t h e  

t i g e l l a  and t h e  r o o t s ,  less abundant  i n  t h e  l e a v e s ;  t h e r e  i s  a l m o s t  no 

d i f f e r e n c e  i n  t h e  s tem.  

On t h e  c o n t r a r y ,  t h e  t a n n i n s  so1ubl.e i n  a c e t o n e  a r e  a lways found i n  

g r e a t e r  q u a n t i t y  i n  t h e  o rgans  exposed t o  t h e  l i g h t .  

P l a n t s  developed i n  d a r k n e s s  and corning from s e e d ,  o n l y  c o n t a i n  trees 

of t a n n i n  i n  t h e i r  c o t y l e d o n s ,  and p r e p a r e  t a n n i n s  i . 1  t h e i r  z e r i a l  o r  

s u b t e r r a n i a n  c r g a n s ,  abou t  14% of  t h e  d r y  wej-ght i n  t h e  s t e m  and 23% k 

t h e  l e a v e s .  

I n  g e n e r a l ,  i n d i v i d u a l s  t a k e n  o u t  o f  t h e  i n f l t - e n c e  o f  l i g h t  a r e  p o o r e r  

i n  t a n n i n  t h a n  t h e  g reen  p l a n t s  growing i.n the l i g h t ,  e s p e c i a l l y  i n  t h e  sub- 

t e r r a n i a n  o rgans .  

The genera  Cas tanea  and C a s t a n o p s i s ,  P a s a n i a  and Quercus v e r y  p robab ly  

have t h e  genus Dryophyllum f o r  a common a n c e s t e r .  It preceded them i n  

Europe and i s  found e s p e c i a l l y  i n  t h e  c r e t a c i o u s  f l o r a  o f  Aix-La-Chapelle. 

Debey c a l l e d  i t s  l e a v e s  "querciforme" ( I ) .  

The Castanea - d i f f e r e  morpholog ica l ly  from t h e  C a s t a n o p s i s ,  b u t  which 

a r e  a lmos t  C a s t a n o p s i s  w i t h  d i s s i l u o u s  l e a v e s ,  o r i g i n a t e d  i n  t h e  h u t h ;  

one f i n d s  them v e r y  o f t e n  i n  t h e  a r c t i c  f l o r a .  

The genus Gastanea h a s  been observed from t h e  Cre taceous  p e r i o d  and 

t h e  lower  Ecocene p e r i o d  i n t o  t h e  P l i o c e n e  and t h e  O u a r t e r n a i l l y  (2), 

r e p r e s e n t e d  by l e a v e s  and f r u i t s ,  t h e  l a t t e r  less w e l l  p r e s e r v e d .  

1. Derbey, -- Sur - les f e i d l e s  querc i fo rme  d e s  s a b l e  d 'Aix- la  Chapellc?, BrvxelLes  -- 
(1881) .  

2 .  Z i t t e l ,  tr. Bar ions ,  ~ r a i t ;  & p a l e o n t o l o g i c ,  p.  419 (1891. ) 



I n  t h e  lower  Erccene p e r i o d  Gel inden ,  t h a t  of Sepanne and t h e  r a t h e r  

l a r g e  and v e r y  h a r d  s a n d s t o n e  n e a r  S o i s s c c s ,  on f i n d e s  some s p e c i e s  t h a t  

a l r e a d y  have c e r t a i n  c h a r a c t e r i s t i c s  of Cas tanea  and be long ,  s t r i c t l y  s p e a k i n g  

t o  them: t h e  Cas tanea  s e p a n n b n s i s  and S a p o r t a e  W a t e l e t ,  t h e  Dryophyl lun L-  

1 

c e n t r i c e l l e n s e  W a r e l e t ;  t h e  D .  ~ l a e o c a s i a n e a  Sap. and e s p e c i a l l y  t h e  -- - 

Dryophyllum Dewalquei Sag. and Marion which,  a c c o r d i n g  t o  S a p o r a t a  ( 3 ) ,  - 

c e r t a i n l y  a p p e a r s  t o  b e  t h e  a n c e s t i a l  t y p e  of t h e  c h q s t n u t  tree, w i t h  l e a v e s  
; lea  t h e r - l i k e  

of m o r e \ c a r i a c e o u s ,  pr-bably  i n d e c i d i o u s ,  l i k e  t h o s e  of C a s t a n o p s i s .  - 

Krause l  n o t i c e d  some l e a v e s  o f  Cas tanea  i n  t h e  T e r t i a r y  p e r i o d  of 

S e l e s i a  ( 4 ) .  

There  e x i s t s  a l s o ,  i n  England, i n  t h e  ~ e o s e n e ,  from che d e p o s i t s  o f  

Bournemouth, a Q i s t a n e a  r e l a t e d  t o  t h e  t y p e  of - C. pumi la  of t h e  k i c e n e  o f  

American. 

I n  t h e  f o s s i l s  of t h e  A r c t i c  f l o r a  i n  n o r t h e r n  Greenland and i n  Alaska ,  

one f i n d s  towards  t h e  middle  o f  t h e  T e r t i a r y ,  i n  t h e  Ecosene, t h e  a n c e s t o r s  

of o u r  c h e s t n u t s ,  Castanea Uqger i  Heer. T h i s  s p e c i e s  shows many a f f i n i t i e s  

w i t h  - C. p m i l a  -- of America. D r .  ~ o w e n r z  observed some f l o w e r s  of c h e s t n u t s  

i n  t h e  amber of Samland. Other  l e a v e s ,  f o u n d , i n  t h e  d e p o s i t  ~f Atanckerd luk ,  

f u r t h e r  r e c a l l  - C.  s a t i v a .  

It i s  towards  t h e  lowcr  Miocene t h a t  these forms appear  i n  t h e  c e n t e r  

of Europe. 

The C. palacopumi1.a And., of t h e  O l i g o i e n e ,  i s  E o ~ n d  a t  k r n ~ i s s a n ,  i n  

t h e  neighborhood of Naibonne, i n  s l a b s  of l i m e s t o n e  r e s t i n g  on rnarls w i t h  

l i g n i t e  and of t h e  Miocene of T h a l e i n ,  i n  T r a n s y l v a n i a .  It i.s a s s o c i a t e  

w i t h  C, pumi la  and our  C. s a t i v a .  
-. 

3 .  S a p o r t a ,  O r i g i n e  p a l i o n t o l o g i q u e  d e s  a r b r e s  (1888),  p ,  155. 
4. K r a u s e l  in J a h r b .  P reuss .  Ged . t a n i e s ,  LX, p. 363-433 (1920).  



C.  J a c k i  Wurth has been observed i n  t h e  T e r t i a r y ,  nea r  Constance, and --  

specimen of Castanea f o s s i l s  i n  I t a l y  and i n  Greece (1) .  

A t  t h i s  t i m e ,  t h e r e  e x i s t e d  i n  Auveigne a t  Menat, a ches tnu t  c l o s e  

t o  C. s a t i v a ,  perhaps _C:. s a t i v a .  A l e a f  tound i n  t h e  P l iocene  of Can ta l ,  

a t  Cheylade, has  been a t t r i b u t e d ,  by L a u l e n t  and Maaty, t o  - C. s a t i v a ,  arid 

c l a s s i f i e d ,  by Maury, i n  t h e  close1.y r e l a t e d  t o  - C. - Kubinyi. 

According t o  Lovial.le, E. Larry possessed a p i ece  of ches tnu t  tree 

f o s s i l  found nea r  Marathon (Charente) .  Lalande had c ~ l l e c t e d ,  i n  t h e  sands tone  

T r i a s s i c  (du t r i a s )  a t  S a u l i e r e s  near  Donzenac ( ~ o r r e g e ) ,  a p i e c e  of f o s s f l  

ches tnu t  t r e e .  A t  t h e  Brive Museum, t h e r e  i s  a p i e c e  of  a ches tnu t  tree f o s s i l  

t h a t  came from Vic-sur-Cere (Canta l ) .  

C. munzebergensis E t t . ,  from t h e  Miocine of Ne t t e r av i c ,  i s  c l o s e  t o  

C.  s a t i v a  ( Z i t t e l . )  - 

The T e r t i a r y  form r e c a l l i n g  - C .  s a t i v a  t h e  most, i s  c e r t a i n l y  C. kubinyi  

Kov., from t h e  r e c e n t  Miocine of Hungary, observed a l s o  i n  I t a l y ,  whose 

l e a v e s  have c u s p i d a t e  t e e t h ,  l i k e  our  p r e s e n t  s p e c i e s .  - C .  -- kubinya Kov. 

and Uogeri - Heer were found i n  t h e  T e r t i a r y  t e r r a i n s  of sou thern  France ,  

i n  C r o a t i a ,  i.n Sty:ic, i n  Hungary and i n  Transy lvania .  C a ~ a r a ~ n o t i c e d  

them on t h e  no r the rn  s l o p e s  a t  t h e  Apenuines, i n  Endis ,  i n  t h e  P i e ~ ~ n t ,  i n  

s e v e r a l  sites i n  no r the rn  I t a l y ,  nea r  t h e  gulf  of Spez ia ,  i n  Tuscary,  near 

Sienna,  a t  Poggibonsi and near  Anione. .. 

I n  t h e  T e r t i a r y  of Colorado (Middle Rock), i s  found a kind of f o s s i l ,  

C.  in te rmedia  Lesq.,  very c l o s e  t o  C. pumila .  -- 

F i n a l l y ,  f o s s i l s  belonging t o  t h i s  genus have been observed i n  Asia 

a l i t t l e  tc t h e  n o r t h  of t h e  p re sen t  l o c a t i o n  of C. c r e n a t a  and t.hat of 

C. moll iss ima.  - -- 

- -up 

1. Fax, D i e  f o s s i l e  F lo ra  von Ueskub i n  Mazedonion i n  Engler,  Bot. J a h r b . ,  I . V I I ,  
p. 302 (1921). 



In  t h e  d i s t a n t  p a s t  t h e  genus ---- Castanea e x i s t e d  i n  r eg ions  of America 

from which i t  has  d i sappeared ,  i t  is  found i n  Europe a s  f a r  a s  A r c t i c  zone, 

and i n  Asia ,  a  l i t t l e  f u r t h e r  no r th  of t h e  s r z a  t h a t  i s  occupied by che 

l i v i n g  spec i e s  ( 2 ) .  

The p re sen t  d i s t r i b u t i o n  of t h e  genus i s  a remainder of t h a t  which 

e x i s t e d  i n  t h e  T e r t i a r y .  The genus Castanea t h a t  i s  found a t  p r e s e n t  i n  

no r the rn  America., i n  Europe, i s  no r the rn  A f r i c a ,  i n  Japan,  and i n  China 

comes from speqes whose a r e a  of d i s p e r s a l  was much l a r g e r  i n  t h e  T e r t i a r y  J 
3 

epoch than i s  t h e  a r e a  of t h e  l i v i n g  s p e c i e s  ( 3 ) .  

Towards t h e  end of  t h e  Miocine, a l l  of Europe, except  t h e  no r the rn  

p a r t  had a  c l i r i a t e  n e a r l y  equa l  and mi ld ,  a s  i s  shown by t h e  presence  i n  

abundance only on ly  of c h e s t n u t s ,  b u t  of  many o t h e r  t r e e s  (oak, e l m ,  Ancr 

e t c . )  from I t a l y  up t o  t h e  a r c t i c  r eg ion .  

L a t e r ,  wi th  t h e  r e t u r n  of c o l d e r  c l i n a t e ,  t h e  genus Castanea become -- 

more southern .  I t  remained i n  t h e  r e g i o n s  where t h e  i c e  age d i d  n o t  

d e s t r o y  i t  and has  s i n c e  r ega ined ,  i n  t h e  h i s t o r i c  age, o t h e r  c o u n t r i e s ,  

e s p e c i a l l y  i n  t h e  no r th .  C u l t i v a t i o n  has  very much extended t h e  a r e a  of 

ou r  - C. s a t i v a ,  t o  such a p o i n t  t h a t  i s  i s  q u i t e  d i f f i c u l t  t o  know t h e  

l o c a t i o n s  i n  t h e  Mediterannean b a s i n  where i t  i s  r e a l l y  spontaneous. 

Key t o  t h e  Spec ies  of t h e  Genus Castenea 
e e i l t r a l  

A.  F r u i t s  o r d i n a r i l y  3 to a  bur;, t h e  lmeclian one a+- least :  a s  wide as  t:~,ll, 

o r  wi.der than  t a l l  no t  count ing  w5thout t h e  " torch") ;  p e r i c a r p  te rmina ted  

a t  t h e  summet ir; an obvious " torch"  ( s e c t .  -E~~cas t anon  Dode). 

a )  Trees ;  cupule  from 3-10 cm. i n  d iameter ;  f r u i t  t e rmina ted  i n  an 

e ionga ted  " torch" . 

2 .  Cf. Edward Berry i n  American J o u r n a l  of Bot. (1929), p. 551. 
3. Keclhach, -- Uber e i n  i n t e r g l a c i a l e s  Torfl .ager i n  Diluvicum von Lauenburx 

on d e r  Elbe,  Ber l in  (1885). --- 



a Adult l e a v e s  smooth o r  s i l k y  below, w i th  o rd inz ry  t e e t h ;  t h i n  

s t i p u l e s ,  dropping o f f  e a r l y ;  smooth iir sube ru l en t  buds; s p i k e s  of 

t h e  b u r  r a t h e r  hard ,  smooth and g!.abiescent; young cupules  a  

l i t t l e  h a i r y  o r  smooth; s t y l e s  n o t  very  h a i r y ;  r s t h e r  t a l l  trees. 

i F r u i t s  more o r  less tapered  a t  t h e  summit wi th  o rd ina ry  s c a r s ;  

bu r s  o f t e n  s i t u a t e d  a t  t h e  ex t r emi ty  of t h e  branches,  armed wi th  

s p i k s s ;  l a r g e  l e a v e s ,  sometimes s i l k y  underneath,  rounded o r  

tapered  a t  t h e  base ;  l a r g e  trees do n o t  c a r r y  f r u i t  ve ry  e a r l y .  

x F r u i t s  t apered  b r i e f l y  a t  t h e  summit; l e a v e s  no t  t apered  a t  t he  

base ,  o r  h a r d l y ,  tomentose i n  youth ,  t hose  on the e x t r e m i t i e s  

of t h e  branches o f t e n  s i l ky- whi t i sh  below, l u s t e r l . e s s  above; 

avoid-rounded buds; young branches w i th  numerous c a p i t a t e  h a i r s  . 
\ =----.--.-"- -......... - . . .  _,,.. . .  . . . .  -.. , . . . . . . . . . .  1. C .  s a t i v a .  - 

xx F r u i t s  w i th  lengthy  t a p e r s  a t  t h e  summit; l eaves  tapered  st t h e  base ,  

hard ly  h a i r y  i n  youth,  very  qu i ck ly  smooth, g reen ,  ve ry  shingy 

above, with s t ronge r  t e e t h ;  po in ted  buds, sma l l e r ;  young branches 
- - . . 

. . . . . . . . . . .  with  r a r e  c a p i t a t e  h a i r s  2 .  C .  d e n t a t a .  - -- 
..- - - --.--- - --_.___I_.-. 

-ti- F r u i t s  rounded o r  very b r i e f l y  tapered a t  t he  sumini t ,  w i th  a  l a r g e  

s c a r ;  bu r s  o f t e n  very  l a t e r a l  on t h e  branches,  l e aves  o f t e n  sma l l ,  
c hear t-shaped 

smooth and s i l k y  above i n  t h e  a d u l t  s tage,  rounded orZcorda te  

a t  t he  base;  t r e e s  s h o r t e r ,  c a r r y i n g  f r u i t  ve ry  e a r l y  . . . . .  
. . . . . .  3.  C. c rena t a .  

f3 Adult l eaves  ( a t  l e a s t  t hose  a t  t h e  ex t remi ty  of t h e  branches)  ve ry  

s t r o n g l y  wi~i.te-tomentose below, very d i s c o l o r e d ,  u sua l iy  l onge r  

and wider,  rounded o r  c o r d a t e  a t  t h e  base ,  wi th  edges armed wi th  

l a r g e  t e e t h ;  l a r g e  s t i p u l e s ,  l a s t i n g  r a t h e r  long; s i l k y  buds; s p i k e s  

of t h e  bur l e s s  ha rd ,  very  pubescent ;  young cupules  ve ry  dense ly  

tomentose; e longated s t y l e s ,  heav i ly  h a i r e d  . . . . , . . . .  
. . 4. C. moli iss ima.  



b) Shrubs o r  l i t t l e  t r e e s ;  bu r s  from 2-4 cm i n  d i ame te r ,  u s u a l l y  l a t e r a l ,  

armed w i t h  smooth o r  almost s ~ o o t h  s p i k e s ,  f r u i t s  t e rmina t ing  i n  a 

r a t h e r  s h o r t  t o r ch .  

a Spikes  of t h e  bur  long ,  s l e n d e r ,  very branching,  no t  completely 

h i d i n g  t h e  secondary w a l l ,  f r u i t  from 11-16 mm. i n  d iameter ;  

l e a v e s  aboval-oblong . . . . . . . . . . .  5. C. Sequ in i i .  -- 

B Spikes of t h e  bur s h o r t ,  s t r o n g e r ,  more s q u a t ,  conp le t e ly  h i d i n g  

. . .  t h e  secondary w a l l ;  f r u i t  8 mm. i n  d iameter ,  oblong l e a v e s  

. . . . . . . .  6. C .  David i i .  - --- 

B. F r u i t  1 ( r a r e l y  2) t o  a bur ,  e longa ted ,  t a l l e r  than  wide. 

a )  P e r i c a r p  termined a t  t h e  sunmit i n  an  obvious t o r c h ;  g landular  o r  

r e g u l a r  h a i r s  a t  l e a s t  on one s i d e  of  t h e  a d u l t  l e aves ;  t e e t h  of 
( b r i s t l e d  P e p a g  f l a t  

che l e a v e s  not( se taceous  - (appressed ( s e c t .  Balanocostanone 

Trees  o r  bushes 2 m. t a l l  o r  more, wi th  s t r a i g h t  t r unks ,  are 
o f f s h o o t s  

propogated from time t o  t i m e  by f r u c t i f e r o u s  

a x i s  having 2-10 bu r s .  

+ Young branches from 1-2, 5 mm. in. d iameter ,  brown o r  redish-brown, 

smooth o r  almost smooth; buds more o r  less pointed o r  ob tuse .  

x A l l  t h e  l eaves  armed on t h e  lower s i d e  w i t h  a v e l v e t y  tomenturn, 

t h e  shaded ones ha rd ly  tomentose below i n  - C. -- Ashei.  

r] Spikes of t h e  mature bur numerous, very  c l o s e  t oge the r ;  l e a v e s  

- i eaves  exposed t o  t h e  shade and those  exposed t o  t h e  sun a r e  

s i m i l a r ,  pointed a t  t h e  t i p ,  t h e  v e i n s  no t  very  c l o s t  t oge the r ,  

9-12 per  dm. of mi.drib . . . . . . . . . . .  7 .  5. p u ~ x i l a .  

0 0  Spikes of t h e  r i p e  bur u s u a l l y  spaced,  n o t  very  numerous, 

polymor,,hus l eaves ,  t h e  sha l ed  ones aboval- obtuse,  v i t h  v e i n s  

c l o s e  t oge the r ,  i6- 22 p e r  dm.  of midrib;  l a n c e o l a t e  l e a v e s  



o n  t h e  young v igo rous  b ranches  . . . . . . . . . . .  8. C .  Ashe i .  - 

xx Vigorous l e a v e s ,  l a n c e o l a t e ,  whi te-pubescent  below, t h e  shaded 

ones  abova l  and smooth; b u r  w i t h  pubescc-rit-grayish s p i k e s ,  numerous 

. . . .  and c l o s t  t o g e t h e r ,  o r  11ot very numerous, in t i i i ck  t u f t s  

9.  C .  f l o r i d a n a .  . . . . . . .  - 

xxx A l l  t h e  l e a v e s  s i m i l a r ,  l a n c e o l a t e ,  poiri ted and smooth, a l i t t l e  
@luish-green  
i;'flaucous below o r  g reen ;  bur  w i t h  numerous s p i k e s ,  c l o s e  

t o g e t h e r ,  g l a b r e s c e n t  . . . . . . . . . . .  (x?) .  C. a labamens i s .  

i-t Young branches  from 2-4 mi. i n  d i ame te r  t h i c k ,  smooth; a f t e r  

buds,  smooth excep t  a t  t h e  e x t r e m i t y ;  s p i k e s  of t h e  bu r  c l o s e  

t o g e t h e r  . . . . . . . . . . .  - C. o z a r k i n s i s .  

6 Dwarfed sh rubs  ( o r d i n a r i i y  30-60 cm.); s u b t e r a n i a n  s t e m s ,  b ranches  

from 10-30 cm. t a l l ,  r a r e l y  1 m. i n  - C. - a l m i f o l i a ;  f r u c l i f e i o u s  a x i s  
(burs  

r a r e l y  hav ing  more t han  2 i cupu l e s .  

+ Bur armed w i t h  dense  s p i k e s ,  smooth, d a r k  brown; f r u c t i f e r o u s  

a x i s  from 2-3 cm long ,  smooth; l e a v e s  of t h e  steri le branch 

rounded a t  t h e  apex,  ye l lowish- green ,  sh iny  . . . . . . . .  
. . .  10. C. a l n i f o l i a .  - -- 

tt Bur armed w:'.th spaced s p i k e s ,  h a r i y ,  g r a y i s h  brown; f r u c t i f e r o u s  

a x i s  from 1-1.5 c m .  l ong ,  pubescent ;  l e a v ~ s  of  t h e  s t e r i l e  b ranches  

po in t ed  o r  ob tu se ,  bu t  no t  rounded a t  t h e  apex, d s r k  g reen  

. . . . . . . . . . .  l u s t e r l u s  11. - C. paucispina, .  

b) P e r i c a r p  n o t  ve ry  p r o t r a c t e d  w i t h  a t o r c h  a t  t h e  s u m m i t ,  g l andu l a r  

and r e g u l a r  h a i r s  a b s e n t  on t h e  zduZt leaves, t e e t h  of t h e  l e a v e s  
r i s t l e d  

w i t h  p o i n t s  very  e r e c t ,  a lmos t  ( s e c t .  Hypocastancn -- Dode) 



Anatomy 

A.  Glandula r  h a i r s  w i t h  heads  armed w i t h  w a l l s  t h a t  a r e  u s u a l l y  h o r i z o n t a l  

and v e r t i c a l .  

a )  Glandula r  h a i r s  r a r e  on the  lower s i d e  of t h e  a d u l t  l e a v e s ;  head some- 

t i m e s  as wide a s  t a l l ;  t e e t h  of the l e a v e s  t r a v e r s e d  by 3 vascr l l a r  

bundles .  

Young branches  armed wi th  numerous r e g u l a r  and g l andu l a r  h a i r s ;  

. . .  g l a n d u l a r  h a i r s  of the l e a v e s  w i t h  heads  u s u a l l y  rounded 

. . . . . . . .  1. C. s a t i v a .  

Young b r n r ~ c h e s  w i t h  r a r e  r e g u l a r  and g l a n d u l a r  h a i r s ;  g l a n d u l a r  

h a i r s  of t h e  l e a v e s  rarer than  i n  C .  s a t i v a ,  w i t h  heads  rounded a t  - 

t h e  summit, t ape r ed  a t  t h e  b a s e  . . . . . . . . . . . .  2 .  - C .  d e n t a t a .  

b )  Glandula r  h a i r s  ab sen t  on t h e  lower  s i d e  o f  t h e  a d u l t  l e a v e s ;  on t h e  

young l e a v e s  p e d i c e l l a c e  a  l ong  w h i l e ,  w i t h  Lead t a l l e r  t han  i t  is 

broad ,  u s u a l l y  rounded a t  t h e  summit, t ape r ed  a t  t h e  base, t e e t h  

of t h e  l e a v e s  t r a v e r s e d  by a v a s c u l a r  bundle  . . . . . . .  
4.  c. ~ o l l i s s i ~ w .  . . . .  

c )  Glandular  h a i r s  ab sen t  o?. t h e  lower ~ i d e  of r'ie n d u l t . l e a v e s ,  i n  the  

young s u b s e s s i l e  l e a v e s  w i t h  rounded head o r  head wider t h a n -t a l l . ;  

t e e t h  of t h e  l e a v e s  t r a v e r s e d  by a s i n g l e  developed va scu l a r ' bu r i d l e ,  

sometimes a l s o  by two o t h e r  r u d i n e n t a r y  ones . . . . . . .  
3 .  C.  c r e n a t a .  . . . .  - -- 

B. Glandular  h a i r s  w i t h  heads  armed w i t h  rare w a l l s  or no w a l l s .  

a )  ~ l a n d u l - a r  h a i r s  n o t  ve ry  r a r e  on t h e  lower. s i d e  of t h e  aduit l e a v e s .  

+ Regular  h a i r s  of t h e  lower s i d e  of t h e  a d u l t  l e a v e s ,  some i s o l a t e d  

and o t h e r s  s t e l l a t e ;  t h e  g l a n d u l a r  h a i r s  of t h e  p e t i o l e  p e d i c e l l a t e  

a  long  w h i l e ,  w i t h  p e d i c e i l e  3 o r  4 t i m e s  l onge r  t han  t h e  head . . .  



U Regula r  h a i r s  o r d i n a r i l y  l a c k i n g  on t h e  lower s f d e  of  t h e  a d u l t  

. . . . . .  l e a v e s ;  g l a n d u l a r  h a i r s  of t h e  p e t i o l e  s u b s e s i l l e  

. . . . .  6.  C. U a v i d i i .  -- 

b)  Glandula r  hairs  r a t h e r  r a r e  o r  v e r y  r a r e  on t h e  lower s i d e  of  t h e  a d u l t  

l e a v e s ;  s t e l l a t e  h a i r s  on the  lower s i d e  of t h e  a d u l t  l e a v e s ,  

. . . . . . . .  g l a n d u l a r  h a i r s  of t h e  p e t i o l e  s u b s e s s i l e  

. . .  10 .  C .  n l n i f o l i a .  - -- 

c )  Glandula r  h a i r s  u s u a l l y  ab s?n t  on t h e  lower  s i d e  of t h e  a d u l t  l e a v e s .  

+ Edges of t h e  l e a f  b l a d e  w i t h  v e r y  reduced suppo r t  and 

. . . . . . . .  a q u i f e r o u s  t i s s u e ,  shaded l e a v e s  smooth 

. . .  11. - C .  p a u c i s p i n a .  

U Edges of t h e  l e a f  b l a d e  w i t h  r a t h e r  developed suppo r t  and 

a q u i f e r o u s  t i s s u e .  

x Regular  h a i r s  on t h e  lower s i d e  of  t h e  l e a v e s  ve ry  numerous, 

even on shaded l e a v e s ,  i s o l a t e d  o r  w i t h  n o t  ve ry  numerous, 

_ . e v e n  on shaded l e a v e s ,  i s o l a t e d  or w i t h n o t  very numerous 

. . . . . .  a r m s  ( 4 - 6 ) ,  s l e n d e r ,  f rom 200-500~ long  

xx Regular h a i r s  on t h e  lower s i d e  of t h e  l e a v e s  r a t h e r  numerous, 

even on shaded l e a v e s ,  s t e l l a t e ,  w i t h  n m e r o u s  arms, sl .ender,  

from 150-300~1 long  . . . . . . . . . . .  8. C. Asi- .e i .  --  

xxx Regular h a i r s  of t h e  lower s i d e  of  t h e  l e a v e s  r a r e  or  a b s e n t  on 

shaded l e a v e s ,  numerous on t h e  o t h e r s ,  w i t h  8-16 arms from 

60-12Gp long  . . . . . . . . . . .  9.  C.  f l o r i d a n a .  .- -- 
~ ~ ~ ~ R e g u l a r  h a i r s  on t h e  lower s i d e  of t h e  a d u l t  l e a v e s  a b s e n t  or 

. . . . .  s t e l l a t e  and w i th  numerous arms, s h o r t  (50-150~1) 

. . . . . .  3. C.  c r e n a t a .  - 

. . . . . .  C.  Regular  h a i r s  and g l andu l a r  h a i r s  zb sen t  on t h e  a d u l t  l e a v e  

. . . . .  12 .  5. Henryi.  



to t h e  ba r ,  r t t  le;i  ; t  r i l e  m i d t I l e  l.):le a s  w i d e  ;IS t ; ~ ?  1 ,  or w i d c r ,  ( w t t h o t ~ t  t h e  

t o r c h )  ; p t ? r i c a r p  t:!?cred a t  t h c  s l ~ i ~ m i  t i n t o  ari nl.iv.io~:s t o r c h .  
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T C O I L .  : D u h s m e i .  , 1. c . ,  p l .  L: Nouv. :> t~ ;~:~" :e l ,  IT?., :. 1 9 ;  G n e r t n .  , 1.. c. ; 

2'r . ~ n s e :  ChaLc.i ig:~.ii!r-, ~ h a t a i . g t ~ ~ r  (I.) , Y;;! :-or:; t i i -ov..  : ~ ; > s t . a ~ n i g ,  ( : ; is tn~%e;  

1. ' h e  nnrw of c : l ~ c s t n u t  t ree  and c h e s t n u t  !I:!..; b een  gl.ven t o  o t h e r  varieties 
of trees a n d  t o  t h e  f r u i t  of dlfferrnt spec ie s :  
Chhc r ; i gn i e r  d c  Efalabar = _ArLacarpflc i n c i , ~ ~  1,. F. 
C h a  t a i g n i e r  d 'Amerique = Cupania a m e r l c n n a .  I,. 
~ h n k a i g n i e r  d e  l a  c o t e  d '  Espajine = Pach i r a  j n s i g n i s  (Sw,) 
Cha ' t a ign i e r  d c  l a  Guyane = Pachi ra  p r i n c e p s  (L. F . )  
C h a t a i g n i e r  d e  Sa in t- Domingue ,  d e s  A n t i l l e s  = Cupaaia o m e r i c a n a  L. 
C h n f a i ~ n  ler d u  Bresil = B-ertholletia e x c e t s a  ll. R .  K.  
Chci tn ignier  d c  , : rahit i .  = Inocarpus eduiiv F o r s t ,  
C h a t a i g n e r  corn* = f r u i t  Trapa nutans L. 
~ h s ' t a i g n e  d ' i lm&rique  = f r u i t  .';~LI, ~loanea d e n t a l a  L. 
Chata igne d ' e a u  = nacre, fririt!d-u T.rapanata ,ps ,  L .  
C h a t a i g n e  de c h e v a l ,  ?tatron d'Inde f r u i t  i?c L ' ~ E s c ~ 1 1 u s  Hippocastanurn L. 

. .  . 
C h s t a i g n e  d e  13 I .1art inique = f r u i t  dc S i o a n e a  dcntaca L. 
C h a t a i g z e  de 13 T r i n i t ' e  = Xach-lra %nsl.njs (Sw.). - ,  
chk3 ta igne  d e  1 ' i n h a r ~ b a n e  = f r u i t  d u  Te;.Fair l a  peda la  Aookcr, 

/ C h s t a i g n e  d e  nier bn caeur de Sain t -Tboi ik~s  = g r z l n e s  d e  l 'Et,?;ada ( M i m c s n )  
.-. 

scandcns Rentham. . . .  

~ h a t a l g n c  d e  Para = gcaines u e  U e r t h o l i r ? i a  c x c e l s a  H. R .  K .  
Chat.cl:lgne ili' te r re  - t u h e r c u l e s  d r i  B.;nilln l~111_Soc,?starnum, d11 Connporiitln 

Cenadatum c t  d u  L a t h y r u s  t u b e r o s u s  1 , .  F .  
Cl i i t a igne  6s Rres:il = . g r a i n c s  t1.u R c r r h u l l c :  l a  excc!.s<q t i .  B. i(. 

C h h t a i g n e  d e  ? la?abnr  i l r t o c a r p r l s  i n t e g r i f ' o l - i a  L. 
~ h s t ; : i ~ r i c  marirle = f r u i t  du T'rnpa na t ans  i . .  

- .  
' C l la ta i~ ,nc  :;,lu\!3j:c = iir:-?bejtin; s c c l l u t ! ; : n  : : I .  



- A n g l e t e r r e :  Chesnu t ,  Chcsntr t- trec-,  E a t a b l e  Chesnut , S ~ ~ a l n s i - i  Cher;nut , Sweet 

Chesnut ,  Pleat-nut. -- Allenlagnc: K a s t a n i e ,  Dastanienhaum, Koestenbauin, S u s s e r  

Kastanienbaum, Zahmer Kastanienbaum, ~ u r o ~ a i . s c h e  k s t a n i e b a u m ,  E s s b a r c  K a s t a n i e ,  

Echte  K a s t a n i e ,  E d e l k a s i a n i e .  -- Fiamaxd: Knstanieboom, Tamie Kastanieboum, 

Tamme K a s t a n j  i. -- Hollandc:  Kas tan:: c-boom, Tanme I k s t a n j e .  - -  Danenark: 

Kas ' ;anietrae.  -- Scec!e: C a s t a t l i e - t r a .  -- Pro logne :  Kriszlan. -- Hongrie :  

( t i g u r i e ,  Mnrche, Ombrie, Toscane,  Latiurn, p rov .  mer id . ) ;  C a s t a g n ,  C a s t a n ,  

Cas tegna ,  Cas tagna ,  Castagr,:: (P iemont j ;  C a s t a n  (Loutbardie);  C.:stagnar, 

CosLct;na, Cnstagno,  Cns tagn ,  Xaronern,  Mar0nnr.0, C a s t a g n a r d ,  C a s t a g n e r ,  C i a s t i n a r ,  

T i s t i n n r  ( V c n e t i e ) :  Cnstangia, C : ~ s t a n z a  ( S a r d a i y n e ) ;  Cas tagnu ,  C a s t a g n a r o  

( S i c i l c ,  d1apr6 \ s  P i c c i o l i ) .  -- T y r o l :  Kesch 'n ,  Kosch tTn .  -- C r o a t i e :  

K o s t a n j ,  Kes ten ,  ? f a r m .  -- Trans i i lvan ie :  C a s t a g n a r ,  C h i s t a g n e r .  -- Rounanie:  

C a s t a n ,  C a s t a n e .  -- Arabe: K a s t e l .  -- S y r i e :  Kastana .  
( s t s o n g  

Main root: r a t h e r  e l -ongated,  v c r y ' . s t o u t ,  s e c o n d a r y  r o o t s  n o t  v c r y  numerous, 1 

n o t  v e r y  l.:ir'gc. v e r y  r a n i f i e d ,  spre:tdi.n;: thi.msel.vcs out more o r  less i.n t h e  

e a r t h  and a t t a i n i n g  a c o n s i d e r a b l e  d e p t h .  T ree  u s u a l l y  from 10-15 m. t a l l ,  
(t h i c k- s e t  c rooked  

c a n  r e a c h  30-35 e. t a l l  and 6-8 rn. i n  c i r c u m f r ~ n c c ,  usua1.l.y ( squa t ;  wind ing  

t r t ~ n l i ,  <!<irk g rey .  t>rec t  n n d s l e n d c r ,  nc3t. v c r y  br;inched nr!ly i n  d e n s e  c o v e r ;  ample 

s p r e a d  o u t ,  wi th  sLrong b ranches  numerous and u n i b u s ;  l a r g ?  h r z n t \ e s  

twi . s t ed ,  s p r e a d  out e r e c t ,  a l m o s t  h o r i z o n t a l ,  t h e  loweFr!es  rar!lcr n f t e n  l langing 

tlokm; young t r a n c l ~ ~ c s  r e d i s h  o r  o l i v e  brown, ang:il.ar, b~heri t h e y  a r e  v i g c r n ~ ~ s ,  

and round when t h e y  grov s l o w l ~ ,  aroled  w-l t h  d i s c i f o r n  h a i r s  wh ich  sornetiirics gtve 
s c u r f y  

' i l lem a i f u r  furaceo:is  appearance ,  t-hen smooth , w i t h  ~ r e e n i s h  g r e y  cur  tex, s h i n y ,  

armed w i t h  e l o n g a t e d  l e n t i c e l l e s ,  w h i t i s h  c r  g r e y i s h ,  u s u a l l y  t h e  y e a r ' s  

brand r e d i s h  brown, t h e n  g r e y i s h ;  towards  3-6 y e a r s ,  c o r t e x  o%'livish o r  g r e y i s h ,  

armed with l e n t i c e l l c s  t r a n s v e r s e l y  e l .onga ted ,  l a t e r ,  c o r t e x  of  a  s f l v e r  g r e y ,  

smooth and s l l iny  u n t i l .  ;ibout: 18-22 y e a r s ,  a t  t h i s  t ime t h e  i n t e r n a l  pe r ide rm 

is formed and a t h i c k  r h y t i d o z e  a p p e a r s ,  l a s t i n g ,  l a r g e l y  and d e e p l y  f i s s u r e d  



l o n g i t u d i n a l l y ,  o f  a  r a t h e r  da rk  brown. Buds avoid--ri.unded, smooth, g r e e n i s h ,  

t i n t e d  w i t h  r e d ,  t h o s e  a t  t h e  summit of t h e  branch most ly  l a r g e r ,  t h e  f i r s t  

s c a l e  small and s h o r t ,  t h e  second l o n g e r ,  each formed of two s t i p u l e s  u  i t e d ,  
i f r i nged  j n j u r y  f l a t  

smooth a n d \ c i l . i a t e ,  t h e  t h i r d  cor responding  t o  a s t i p u l e ,  covered w i t h , a p p r e s s e d  

h a i r s ,  a s  long  a s  t h e  l e a f  t h a t  i s  wrapped up, t h e  f i f t h  p a i r  formed of  

narrower  s c a l e s  and a lmos t  t h e  l e n g t h  of t h e  l e a v e .  Leaves ( I )  opening up 

g e n e r a l l y  i n  May and f a l l i n g  i n  October o r  November, o f t e n  d i sposed  2 /5 ,  on 

:he s m a l l  l a t e r a l  b ranches  112 (318 and 5 /13  have s q m e t i m e s  been obse rved ) ,  

a l t e r n a t e ,  no t  o r  s c a r c e l y  pendant ,  e l l i p t i c - l a n c e c l a t e ,  ob long- lanceo l a t e  o r  

ova l- l anceo l a t e ,  rounded and o f t e n  w i t h  s m a l l  appsnda2es l i k e  a u r i c l e s  a t  t h e  

ba se ,  deciduous,  8-20 cm. l ong ,  5-8 cm bride, armed w l t h  s u s p i d a t e  t e e t h ,  

prolonged i n  a  f i n d '  p o i n t ,  a t  l e a s t  t h e  ones  curved upwards and 

cor responding  t o  t h e  e x t r e m i t y  of t h e  v e i n s ,  t h e  young ones  c r e a s e d  d u r i n g  
l e a f i n g  
v e r n a t i o n  fo l l owing  t h e  p r i n c i p a l  v e i n s  and t h e  secondary v e i n s ,  a rned  above t 
wi th  g l andu l a r  c a p i t a t e  h a i r s ,  ye l low,  numerous, below f i n e l y  h a i r e d ,  w h i t i s h  

and w i t h  g l a n d u l a r  c a y i t a t e  h a i r s ,  yel low,  r a t h e r  abundant ,  t h e  a d u l t  ones  

f i rm ,  da rk  g reen ,  s h i n y  above, sometimes a l i t t l e  d u l l ,  smooth on t h e  v e i n s ,  
(becoming s e a  g reen  

excep t  f o r  a  few s p a r c e  deciforrne h a i r s ,  below(g1aucescent - and a lmos t  

g l ab rous ,  a t  t h e  end a lmos t  of  uniform c o l o r ,  sometimes h a i r y  below, o f t e n ,  

on t h e  same tree, s i l v e r y ,  pubescen t- s i lky  below, a t  t h e  ex t r emi ty  of  t h e  

b ranches  on t h e  annua l  wood, of a  uniform c o l o r  and smooth o r  a lmos t  smooth 

below on t h e  wood more than  a  y e a r  o l d  and t h e  s h o o t s ( 2 ) ;  midr ib  and secondary  

1. The d i f f i c u l t y  i n  d i s t i n q u i s h i n g  between isolate: '  l e a v e s  of t h e  c h e s t n u t  
t r e e  and t h o s e  of Quercus  s e r r a t a  and c a s t a n e a e f o l i a  hzs o f t e n  been - 
emphasized,  If t h e  form of t h e s e  l e a v e s  i s  sonletimes ana lyagous ,  t h e  
d i f f e r e n t  n a t u r e  of  t h e  h a i r s  p r even t s  any confus ion ,  t h e  p r e sence  of 
c a p i t a t e  h a i r s ,  i n  t h e  c h e s t n u t ,  i s  q r ~ i t e  c h a r a c t e r i s t i c .  

2. I observed t h i s  d i f f e r e n c e  on a  ve ry  l a r g e  number of our  c h e s t n u t ,  e s p e c i a l l y  
a t  Garde-Freinet (Var.)  [ sou the rn  F rance ] .  It appea r s  t o  be t h e  same w i t h  
C .  mo l l i s s ima ,  and probably a l s o  i n  0 t h 3 r  s p e c i e s ,  b u t  w i th  a  d i f f e r e n c e  - 
perhaps  less s t r i k i n g  between t h e  tomentum and t h e  smoothness o f  t h e  s u r f a c e  
of t h e  unde r s ide  of t h e  l e a v e s .  T h e , l e a v e s  i n  shadow a r e  u s u a l l y  much 
smoother t han  t hose  exposed t o  t h e  s&. . .. 



v e i n s  s a l i e n t  below, t h e  l a t t e r  impressed above i n  youth,  12-20 p a i r s ,  r i g h t ,  

sinlple,  a lmost  p a r a l l e d ;  p e t i o l e  1 .5-3 cm long ,  r a r e l y  less (0.5 cm), pube ru l en t ;  

s t i p u l e s  r a p i d l y  f a l l i n g  o f f ,  narrow,  oblong,  s l i g h t l y  wider below tile middle ,  

w i th  l a r g e  i n s e r t i o n ,  1.5-2 cm. l o n g ,  armed w i t h  g l andu l a r  h a i r s ,  f o l i a r  s c a r s  

obcorda te  o r  s emi- c i r cu l a r ,  p rominen t .  showing t h e  t r a c e  of t h e  3 groups of p e t i o l e  

bundles ;  s c a r  of t h e  s t i p u l e s  e l oncn t ed ,  l i n e a r .  Ca tk in s  t h e  .I ones  a s senb l ed  a t  

t h e  e x t r e m i t y  of t h e  b r anches ,  a t  s h o r t  i n t e r v a l s  f r o %  one a n o t h e r ,  a lmos t  

\, above ,6 i s e x u a l  
v e r t i c e l l a t e ,  t h e  o t h e r s ~ s u ~ e r i o r  ,<androgynous.  8 c a t k i n s  10-35 cm. l o n g ,  

u s u a l l y  20 cm., v e r y  numerous, e r e c t ,  ur j r ight  o r  s l i g h t l y  ctirved, p a l e  ye l low,  

r e ach ing  1 cm. i n  d i ame te r ,  axi.s a lmcs t  c y l i n d r i c a l ,  armed w i th  s h o r t  s p a r s e  

h a i r s .  X? -.- Flowers i n  3,itt:Le g lomeru les  n o r e  o r  '.ess d i s t a n t  a t  t h e  e x i l l a  of a 

~ c a r i o u s  b r a c t ;  y a r i a n t h  w i th  6 d i v i s i o n s  ( r a r e l y  5 )  i n  2  rows, e rec t- exposed ,  

a lmost  po in t ed ,  f l a g e l l a t e ,  more o r  less v i s i b l y ;  8-12 ( r a r e l y  20) staymen, 

i n s e r t e d  i n  t h e  bot tom of t h e  p e r i c a n t h ;  f i b e r s  f r e e ,  wh i t e  and smooth ( 1 ) ;  
g 2 - c e l l e d )  ;botched 

a n t h e r s  s a l i e n t  q u i t e  a  w h i l e ,  s m a l l ,  ye l low,  i l o c u l a r , < e m a r g i n a t e  a t  t h e  

f 
\ 

ixed  on t h e  back : '. . . 
two e x t r e m i t i e s ,  d o r s i f i x u s  w i th  a lmos t  g love lous  c e l l s  open ing  i n  t v o  

l o n t u d i n a l  f i s s u r e s ;  ye l low p o l l e n .  A t  t h e  ba se  o f  t h e  androgenous c a t k i n s ,  
- f lower  c l u s t e r s  

L-. 

f lomeru les  , nex t  s e v e r a l  grobps of 9 f l ower s ,  o f t e n  6 staymen 

i n  2 v e r t i c i l e s :  3 l a r g e  ones  and 3 small ones ,  sometimes 1 2  siaymen, w i t h  s h o r t  

f i b e r  and abo r t ed  ~ n t h e r .  9 glomerule  formed, a t  t h e  a x i l  o f  a  decay ing  s c a l e ,  

w i t h  2 p r o p h y l l s  an  i n v o l u c r e  w i t h  4 v a l u e s  and 3 ?- f l ower s  ( r a r e l y  1-7) 

which have one terminal.  and 2 l a t e r a l  secondary ones .  Flowers : p e r i a n t h  w i t h  

6 hairy- tomentose  l o b e s ;  i n f e r i o r  ovary w i t h  6-8 (10) ~ . e l l s ,  each l o b e  

b i o v u l a t e ;  c e l l s  unequal1;y developed,  showing s i n u o s i t y  on t h e  t r a n s v e r s a l  

I. I n  t h e  bud, t h e  staymen have t h e i r  f i b e r s  curved w i t h i n .  The e x t e r n a l  
staymen a t  f i r s t  e r e c t  t h e i r  f i b e r s ,  b u t  sometimes, i n  t h e  faded f l o w e r s ,  
some staymen keep t h e i r  f i b e r  curved w i t h i n .  



s e c t i o n ;  o v u l e s  suspended,  e l o n g a t e d :  a n a t r o p o u s ,  descend ing ,  w i t h  mic ropy le  
/ s u pe r i o r  
?growing above and on t h e  e x t e r i o r ,  2 t o  a c e l l ,  w e l l  developed a t  t h e  t i m e  o f  
(f u l ?  bloom 
j a n t h e s i s ;  6-9 s t y l e s ,  o f t e n  7 ( 2 j ,  c y l i n d r i c a l ,  r i g i d ,  a t  f i r s t  e r e c t ,  s l e n d e r ,  

p a l e  g r e e n ,  brown a t  t h e  summit b e f o r e  becoming e n t i r e l y  brown, s t i g m a t e f e r o u s  

on ly  a t  t h e  s u m i t  and w i t h i n ,  o f t e n  h a i r y  a t  t h e  b a s e ,  srnooth above.  I n v o l u c r e  

o r  c u p u l e  ( c h e s t n u t  b u r  o r  too thed  c y l i n d e r )  a t  m a t u r i t y  a lmos t  s p h e r i c a l  

o r  a  l i t t l e  d e p r e s s e d ,  from 5-6 cm. i n  d i a m e t e r  i n  t h e  f o r e s t  v a r i e t i e s ,  

sometimes 1 0  cm. (wi th  t h e  s p i k e s ) ,  i n  t h e  c u l t i v a t e d  v a r i e t i e s ,  t h e  i n f e r i o r  

c u p u l e  o f  each  f r u c t i f e r o u s  a x i s  a lmos t  t o u c h i n g  a  b ranch  w i t h  l e a v e s ,  w i t h  

r a t h e r  t h i c k  w a l l s ,  s i l k y  i n t e r i o r ,  h a r d l y  h a i r y  e x t e r i o r ,  sometimes h a v i n g  

s m a l l  s c a l e s ,  t h e n  s u b u l a t e  s p i n e s ,  e l o n g a t e d ,  b r a n c h i n g ,  a lmos t  smooth, a t  

f i r s t  g r e e n ,  t h e n  brown. The c u p u l e  a lmos t  e n t i r e l y  s u r r o u n d i n g  t h e  f l o w e r ,  

l e a v i n g  t h e  s t y l e s  t h a t  remain f r e e  and v i s i b l e  c l o s e  t o g e t h e r  a t  the surrmi.t, 
( s w e l l i n g  

forming around them a  r a t h e r  t h i c k , c u s h i o n ,  l o b e d ,  w i t h  edges  s l i g h t l y  r e c u r v e d ,  

v e r y  tomentose ,  which  should n o t  b e  confused w i t h  a  p e r i c a n t i i ;  t h e  p e r i a n t h s  

of t h e  t h r e e  f l o w e r s  a r e  enc losed .  A t  m a t u r i t y ,  t h e  c u p i d e s  are founa o r  

androgenous c a t k i n s  whose upper male pa'rt o f t e n  s t i l l  p e r s i s t  d r i e d  o u t ,  t h e  

axi1l .a o f  developed l e a v e s ,  a t  t h e  e x t r e m i t y  ,of t h e  branches  " t l ~ a  t have 2-3 l a r g e  

l e a v e s  above.  Cupule opening a t  m a t u r i t y ,  i n  4 v a l u e s  armed w i t h  s m a l l  b r a c t s  

on t h e  l i n e s  o f  deh i scence  and ,  on t h e  rest of t h e i r  s u r f a c e ,  w i t h  b r a n c h i n g  

s p i n e s ,  more o r  less c1,ose t o g e t h e r ,  e n c l o s i n g  a s  many l a r g e  f r u i t s  a s  t h e r e  

a r e  f l o w e r s ,  u s u a l l y  3 .  A t  t h e  moment o f  a n t h e s i s ,  a s i n g l e  o v u l e  is developed,  

i t  e n l a r g e s ,  grows and d e s t r o y s  t h e  w a l l s ,  f i l l i n g  t h e  c a v i t y  o f  t h e  p e r i c a r p ,  

d i s p l a c i n g  t h e  c e n t r a l  column of t h e  ovary .  ' C h e s t n u t s  u s u a l l y  3 ( s y l v a t i c  

v a r i e t i e s ) ,  sone t imes  1-5, a t  f i r s t  g r e e n ,  t h e n  brown, t a p e r i n g  a t  t h e  summit 

-- - . - - . . -- 
2. Many a u t h o r s  a t t r s b u t e  3 o r  6 s t y l e s  t o  t h e  c h e s t n n t .  I have never  

observed 3, ve ry  r a r e l y  6 ,  o f t e n  7-8, sometimes more. The median fl-ower 
o f t e n  has more s t y l e s  t h a n  t h e  l a t e r a l  f l o w e r s .  



i n  a  r a t h e r  l ong  t o r c h ,  2.5-4 cm. a t  t h e  l a r g e s t  d iameter ,  l e s s  i n  t h e  s y l v a t i c  

v a r i e t i e s ,  t h e  l a t e r a l  ones convex on one si.de, t he  median one wi th  s i d e s  

f l a t t e n e d  by conpress ion ,  u s u a l l y  con ta in ing  a f e r t i l e  seed.  P e r i c a r p  
.(leather- like 

very, ;cor iaceous,  e l a s t i c ,  armed wi th  b a r e l y  d i s t i n c t  l i n e s  resembling m e r i t i a n s ,  

u sua l ly  almost smooth a t  m a t u r i t y  o r  having some wh i t e  h a i r s  e s p e c i a l l y  towards 

t h e  s u m i t ,  s i l k y  on t h e  t o r c h ;  s c a r  l a r g e ,  bu t  on ly  occupying t h e  base  of 

t h e  c h e s t n u t ,  w h i t i s h  o r  a lmost  ye l lowish .  Cor iac ious  legument, b r o m i s h ,  

r a t h e r  f r a g i l e  when i t  has  a r r i v e d  a t  =i c e r t a i n  degree  of d i s s i c a t i o n ,  wi th  

q u i t e  v i s i b l e  v e i n s ,  h a i r y .  Seed having a t  t h e  summit t h e  abor ted  ovules .  
h e a l y  

Adult embryo l a c k i n g  albumey. Cotyledons 2,  unequal ,  ? f l ou ry ,  occupying almost  
{ p l i c a t e  

t he  whole seed undulated - ( f o l d e d ,  yel lowish- white ,  f i rm,  mealy, sweet ,  

without  cons t an t  o r i e n t a t i o n  ( I ) ,  s epa ra t ed  from one another  wi th  d i f f i c u l t y  (2) ,  

wit11 numerous and deep s i n u o s i t i e s .  Relat i .vely smal l  r a d i c l e ,  growing above, 

,. ' 

e r e c t ,  c y l i n d r i c a l ,  a lmost  ob tuse ,  f i rm.  Flowering: June- July; and of Flay i n  - 

Var (South Prance) ;  f r u i t s :  end of September-October. The cupules  open from 

top  t o  bottom i n  4 v a l v e s ,  a  l i t t l e  l a t e r  i n  t h e  s y l y a t i c  v a r i e t i e s .  The 

ches tnu t s  appear  crowned wi th  t h e  p- r ian th  and t h e i r  s t y l e s ,  a t t ached  by t h e i r  

l a r g e  s c a r .  They f a l l  o r  remain a t t a c h e d ,  accord ing  t o  t h e  var-iety. Whether 
d e c u r t a t i o n  

t h e  cupules  open o r  remain c lo sed ,  I have confirmed t h a t  tb'e((fal1. of t h e  one- 

year-old h e a l t h y  branches)  t akes  p l a c e  a t  t h e  base  of t h e  androgenous c a t k i n .  

Whether t h e  l a t t e r  has  one o r  s e v e r a l  cupules ,  t h e  a x i s  of t h e  c a t k i n ,  r a t h e r  

f a t  and a l i t t l e  l i g n i f i e d  a t  t h e  base ,  o f t e n  s t i l l  topped a t  t h e  summit w i th  
, . 

t h e  d e s i c a t e d  p a r t  c a r r y i n g  t:he 2 f lowers ,  f a l l s  i n  aulomn, t ak ing  wi th  i t  t h e  

cupules .  This  mode of f a l l  does n o t  appear  t o  have been no t i ced .  

1. The r e g u l a r i t y  of o r i e n t a t i o n  descr ibed  by Le Monnier ( ~ o c h .  s u r  l a  n e r v a t i o q  
d e  l a  g r a i n e )  is no t  s t a b l e .  Tognini t h i n k s  t h a t  t h e  p e t i o l e  of  t h e  c o t y l - e ~ d o u s  -- -- 
is s l i g h t l y  b b l i q u e  as r e l a t e d  t o  t h e  s y m e t r i c a l  p l an  of t h e  seed.  

2. A s  tu rgescence  dimishes,  t h e s e  co ty ledobs  f i n a l l y  s e p a r a t e .  A 1 e n t i c e l l . u l a r  ! 

chamber appears  between them. 



Anatomy - Root 

P r i n c i p a l  r o o t  of a ysung p l a n t  1 0  cm. t a l l ,  1 .  1 ,  . 7 P i l i f e r o u s  - - 
(strat.!m 
(?base  s t i l l  b e a r i n g  h a i r s .  Cc r t ex  (Ec)  formed of 1 8  t o  20 l a y e r s  of s m a l l  

rounded c e l l s ,  w i t h  ve ry  t h i n  w a l l s ,  c o n t a i n i n g  t a n n i n  and s t a r c h ,  somet ines  
.,marked 

i n  g r e a t  q l l an t i t y .  Endoderm (End) r a t h e r 7 d i s t i n g u i s h e d ,  formed of c e l l s  w i t h  

t h i n  w a l l s .  P e r i c y c l i c  c e l l s  (F) w i t h  th2.n w a i l s ,  6-10 v a s c u l a r  bundles ,  

then phloem (L) forming a  r i n g ,  c o n t a i n i n g  r e l a t i v e l y  l a r g e  c r y s t a l s  and some 

s t a r c h .  Some r a r e  s p a r c e  f i b e r s  i n  t h e  phloem beg in  t o  b e  d i f f e r e n t i a t e d .  

Xylem (B) forming a  f r e q u e n t l y  i n t e r r u p t e d  r i n g  between t h e  bundles .  There  

are no t  y e t  any thick- walled e lements  i n  t h e  .xylem. P i t h  (M) very  l a r g e ,  formed 

of polyognal  c e l l s  which l e a v e  sma l l  i n t e r c e l l u l a r  space s  i n  between, c o n t a i n i n g  

ve ry  much s t a r c h  and t ann in .  

P r i n c i p a l  r o o t  of a n  o l d e r  and l a r g e r  young p l a r ~ t , ( P l .  Z, f. 6 ) .  A l l  t h e  

c o r t e x  h a s  been s loughed o f f  by t h e  i n t e r n a l  per iderm.  The cork  c o n s f s t s  

of s e v e r a l  l a y e r s  of s m a l l  f l a t t e n e d  c e l l s .  Phloem (L)  developed., back t o  

back w i t h  s m a l l  masses of  l i t t l e  f i b e r s  (F) ,  and con t a in ing  a. t h i c k  r i n g  of 
, s e c t i o n  

2-4 l a y e r s  of  f i b e r s  w i t h  a  s l i g h t l y  l a r g e r  c ross  s e c t i o n .  .Xylem (B) forming 

a r i n g  where t h e  pr imary bundles  a r e  h a r d l y  d i s t i n g u i s h e d  any Longer. Xylem 
;cross s e c t i o n  

f i b e r s  w i t h  w a l l s  n o t  v e r y  t h i c k .  Ves se l s  w i th  sma l l . ' s e c t i on .  
\ 

Numerous 

r a y s ,  u n i s e r a t e ,  P i t h  (M) ve ry  l a r g e ,  r e l a t i v e l y ,  formed of c e l l s  w i t h  t h i n  

w a l l s ,  c e l l s  of  1-2 e x t e r n a l  l a y e r s  w i t h  s l i g h t l y  l i g n i f i e d  ~ a ? ~ l s  l i k e  

c e r t a i n  s p a r s e  c e l l s  i n  t h e  p i t h .  

S lender  r a d i c a l  f i b e r s  o r i g i n a t , i n g  i n  a p r i n c i p a l  r o o t ,  (P1 1, f .  8).  -- 

Cor tex  ( E c )  compris ing about  6-7 l a y e r s .  Amyliferous endoderm. Phloe.111 (L) 

;.n o c c a s i o n a l l y  i n t e r r u p t e d  r i n g  f a c i n g  t h e  xylem po l e s .  Xylem c y l i n d e r  (B) 
.,set t i o n  

con t inued ,  w i thou t  th ick- walled e lements .  Ves se l s  w i t h  s m a l l  c ross  s e c t i o n ,  

4-5 xylem and phloem po l e s .  

Older r o o t .  - Very c l e a r  annua l  i n c r e a s e s  i n  growth, marked by a  zone of ve ry  - . . . - . . . . , . 

f a t  v e s s e l s ,  c l o s e  t o g e t h e r ,  even touch ing  one ano the r ,  fol lowed by v e s s e l s  w i t h  



[ 'cross s e c t i o n  
srual!. grouped' s e c t i o n s  

\.. 
arranged i n  l i n e s  o r  d i ssemina ted ;  ve ry  narrow 

u n i s e r i a t e  r a y s .  

Branch 

Epidermis.  - The ep idermis  a t  f i r s t  ha s  extremely numerous " regular"  I l s i r s ,  

u n i c e l l u l a r ,  po ln ted  a t  t h e  summit, i s o l a t e d  o r  i n  groups of 2, u r  r a r e l y  4 ,  

rc.aching 10-40~1 (individuals from t h e  P a r i s  a r e a ) ,  o r  40-50~1 (PI .  1, f  . 23-27>, 

o r  120-20011 and even 7501~  ( ind$vidua ls  from ~arde-  rein at, Var). 

Th i s  ep idermis  i s  a l s o  armed wi th  abundant g l andu la r  h a i r s  ( p l .  I, f .  18-22) 

making t h e  s t e m  nery g l u t i n o u s .  

A l l  t h e  h a i r s  f a l l  r a t h e r  r a p i d l y  wi th  t h e  epidermis .  

Per idsrm (PI.  I ,  f .  9 ) .  - It o r g i n a t e s  i n  t h e  f i r s t  hypodermic l a y e r .  

The cork  i s  formed of t u b u l a r  c e l l s ,  w i th  r u s s e t y  c o n t e n t s  a r ranged  i n  

r a d i a l  l i n e s .  I n  a  f i r s t  yea r  branch, a t  t h e  end of autumn, one sees, under 

t h e  ep idermis ,  5-6, sometimes 8 l a y e r s  of co rk  w i th  w a l l s  r e g u l a r l y  t h i c k  and 

on ly  one l a y e r  of phelloderm formed of a lmost  i s o d i a m e t r i c  c e l l s  (12-1811) 

o r  s l i g h t l y  f l a t t e n e d  r a d i a l l y  on a t r a n s v e r s a l  s e c t i o n ,  b u t  two t i m e s  t a l l e r  t han  

wide, wi th  n o t  ve ry  t h i c k  w a l l s  an.d o r d i ~ a r i l y  con ta in ing  ch lorophyl l .  

I n  2 yea r  o ld  branches,  t h e  phelloderm i s  s t i l l  formed of Only one l a y e r  

whose w a l l s  a r e  t h i c k e r  and, i n  t h e  l o n g i t u d i n a l  c u t ,  t h e  h o r i z o n t a l  w a l l s  a r e  

n o t  as t h i c k  a s  t h e  v e r t i c a l  ones,  

In t h e  3 yea r  o ld  branches,  t h e  phelloderm cons i sc s  of one or  two l a y e r s  

- of c e l l s  ve ry  developed tangi 'n t ia l . ly  which can  reach  3 5 - 4 0 ~  on the major a x i s .  

Their  w a l l s  a r e  t h i c k  and s l i g h t l y  col.lenchy:natose. 

I n  t he  4  yea r  o ld  branches,  t h e  periderin s t i l l  only con ta in s  c few l a y e r s .  

I n  t h e  old branches t h e  col lencymatose c e l l s  of t h e  phelloderm ere nor  drawn o u t  

. l o r ~ g i t u d i n a l l y  a s  ir; t h e  young branches,  'but come t o  ressemble ve ry  much t h e  

c e l l s  of t h e  primary c o r t e x  and almost  be  confused w i t h  them. On a l o ~ g i t u d i n a l  

s e c t i o n ,  bo th  a r e  i sod i ame t r i c .  



The rhytidome appears  towards the  e i g h t h  o r  t w e l f t h  yea r  and reaches  2-3 

cm. i n  t h i c k n e s s ,  i n  ve ry  o l d  trees. It i s  formed of l i t t l e  p l a t e s  2-3 cm. 

t h i ck .  

Cortex. - Cor tex  u s u a l l y  r i c h  i n  c h r y s t a l s  ( p l .  I ,  f .  10) and formed of 

more o r  less rounded c e l l s ;  i n  t h e  e x t e r n a l  3:egion i t  i s  c o l l e n c h y m a t ~ s e  and has  

s l i g h t l y  t h i c k  w a l l s .  I n t e r i o r  c o r t e x  w i t h  t h i n  w a l l s  and forming a  s l i g h t l y  

loose  t i s s u e .  I have not  observed any c o r t i c a l  mechanical c e l l s  w i th  t h i c k  

wa l l s .  

P e r i c y l c .  - P e r i c y c l e  formed of a  r i n g  of l i t t l e  f i b e r s  w i th  ve ry  t h i c k  

w a l l s ,  nex t  cover  a r k s  con ta in ing  l o n g i t u d i n a l l y  e longa ted  f i b e r s ,  w i th  s m a l l  
( ' sect ion . . ~ .  

(corn- sec t ion ,  un i t ed  by l a r g e  mechartical c e l l s  no t  l o n g i t u d i n a l l y  e longa ted  
. > ... : 

and whose cb&-section reaches  80v i n  d iameter .  

Phloem. - I s o l a t ~ d  r i d d l e d  t ubes ,  o r  i n  twos, w i th  w a l l s  d i r e c t e d  very 
r i d d l e s  

ob l ique ly  and provided wi th  s e v e r a l  sewes Developed c a l l o u s  p l a t e s .  
s c r eens .  i 

Phloem f i b e r s  a r ranged  i n  tangent i . a l  groups which can form, a t  n e a r l y  

r e g u l a r  i n t e r v a l s ,  t h i c k  r i n g s ,  from 3-6 l a y e r s  of f i b e r s  i n  t h i cknes s  ( p l .  I ,  

f .  11, F i l ) ,  i n t e r r u p t e d  oppos i t e  t h e  r a y s .  The f i b e r s  a r e  1.5-2 mm. long .  

Phloem con ta in s  numerous s imple c r y s t a l s  and c r y s t a l s  of calcium o x a l a t e ,  

t h e  former e s p e c i a l l y  nea r  t h e  phloem f i b e r s ,  t h e  l a t t e r  ~ p r e a d ~ a r o u n d  i n  no 

apparen t  o rder .  

Medullary r a y s  always formed of a s i n g l e  s e r i e s  of cells wi th  r a t h e r  

l a r g e ,  a lmost  equa l  lumen. 

Xylem. - Large v e s s e l s  i n  d i s t i n c t  zones,  i n  the s p r i n g  wood. Vessels 

wi th  w a l l s  of average t h i cknes s ,  i n  t r a n s v e r s a l  s e c t i o n  (p l .  I, f .  13 )  i r r e g u l a r  

o v a l  o r  i r r e g u l a r  polygonal ,  e longated r a d i a l l y ,  very  unequal va ry ing  

approximately i n  t h e  propor t ion  of 1. t o  6 from one edge of growth t o  t h e  o t h e r ,  

t h e  l a r g e s t  r each ing  about 60 -80~ ,  sometimes i so l -a ted ,  sometimes appear ing  

t o  be jo ined  s i d e  by s i d e  i.n twos l a t e r a l l y ,  r a d i a l l y ,  o r  o b l i q u e i y ,  bu t  

o r d i n a r i l y ,  i n  t h i s  c a s e ,  t h e  s e p a r a t i o n  is  formed by more o r  l e s s  f l a t t e n e d  



p2renchyma c e l l s ,  t h e  v e s s e l s  of t h e  i n t e r i c r  edge a r ranged  i n  2-3 rows o r  

more, nunierous and ve ry  l a r g e ,  r a t h e r  c l o s e  togeLher,  forming wi th  a  t i s s u e  

a less t h i c k  w a l l ,  a more porous zone on t h e  i n t e r i o r  edge, then  u s u a l l y  
, co rn- sec t ion  

d imin ish ing  r a p i d l y  i n  t h e  ' :section, t h e n  more o r  l e s s  i n s e n s i b l y  up t o  

t h e  e x r o r i o r  edge. These v e s s e l s ,  l o c a l i z e d  i n  t h e  l a r g e s t  r a d i a l  s e c t i o n s ,  

form e i t h e r  bands o r  i r r e g u l a r  l i n e s ,  s inuous ,  r a i d i a t i n g ,  ob l ique  in r e l a t i o n  

t o  t h e  r a y 1 , b u t  more r a d i a l  i n - t h e  autumn wood sometimes i n t e r r u p t e d ,  someti.mes 
, -depth /growth 

t o r i g i n a t i n g  i n  the ' th ickness  of t h e  ( a c c r e t i o n ;  c o n t i n u i t y  of t he se  l i n e s  more 

o r  less d i s t i n c t  a c r o s s  t h e  succes s ive  a c c r e t i o n s .  Longi tud ina l  cou r se  of 

t h e  v e s s e l s  more o r  less obl ique .  I!orizontal o r  oLl ique  w a l l s  of  t h e  

p r imord ia l  c e l l s  forming t h e  o l d  c o q t a c t s  completely reabsorbed i n  t h e  l a r g e s t  

; v e s s e l s ,  no t  having q u i t e  d i ssapeared  i n  t h e  l i t t l e  ones.  Len numerous 

punc tua t ions  than  i n  t h e  genus Quercus, more o r  l e s s  l ack ing  i n  
-' incrustat ions i n  forms of a ' n n g  
i\ 
. ,areolas l i t t l e  and rounded when they a r e  in 

c o n t a c t  wi th  the. s h o r t  parencyma; i n  t h e  form of a h o r i z o n t a l  o r  ob l ique  l i n e  

near  t h e  a r s o l a t e  parenchyma, i r - e g u l a r  ones i n  c o n t a c t  wi th  t b e  r ays  and 

c l o s e r  t o g e t h e r ,  numerous acd i n  t h e  form of l a r g e  a r e o l a t e  l i n e s ,  i n  t h e  

r a t h e r  r a r e  c o n t a c t s  between 2 v e s s e l s .  Tn the' pe rpec t  xylem, yellow-brownish 

t y l o s e s  ( p l .  I ,  f .  17) .  

Parenchyma a r e o l a t e  e longa ted  i n  a  s p i n d l e ,  o f t e n  i n  a  very i r r e g u l a r  

form, arranged i n  no t  very  numerous rcvrs around t h e  v e s s e l s .  Areo la t e  pc.nctuat ions 

i n  t h e  form of an ob l ique  l i n e  i n  t h e  c o n t a c t s  wi th  t he  o t h e r  s i m i l a r  c e l l s ,  

t h e  r ays  and t h e  c e l l s  of t h e  s h o r t  parenchyma and in t he  form of h o r i z o n t a l  

l i n e s  i n  t he  c o n t a c t s  wi th  t h e  v e s s e l s .  Thickness of t h e  w a l l s  of t h e  a r e o l a t e  

parenchyma n e a r l y  equa l  t o  t h a t  of t h e  f i b e r s ,  bu t  very  i r r e g u l z r  t r a n s v e r s a l  

s e c t i o n s .  



Shor t  parencyma forming siniou:; t a n g e n t i a l  l aye . - s ,  more o r  l e s s  c . ~ n t i n u o u s  

and s e p a r a t i n g  2-4 f i b e r s ,  i n  t h e  t r a n s v e r s a l  s e c t i o n  l e s s  i r r e g u l a r  than  

cha t  of t h e  a r e o l a t e  parenchyma, q u i t e  modif ied by t h e  p r e s s u r e  of 

n e i g l ~ b o r i n g  c e l l s ,  on t h e  l o n g i t u d i n a l  s e c t i o n  ve ry  i r r e g u l a r  n e a r  t h e  v e s s e l s ,  

b u t  r e c t a n g u l a r  when t h i s  parenchyma is  surrounded by f i b e r s ,  w i t h  t h i n  w a l l s ,  

t h i c k e r  around t h e  punc tua t i ons .  H o r i z o n t a l  w a l l s  and walls s e p a r a t i n g  similar 

c e l l s  provided w i t h  small punc tua t i ons  t h a t  a r e  numerous and i r r e g u l a r ;  

punc tua t i ons  a r e  less abondant i n  c o n t a c t  w i t h  t h e  v e s s e l s ,  t h e  a r e o l a t e  

parenchyma and t h e  r a y s ,  ve ry  r a r e  n e a r  t h e  f i b e r s ,  e s p e c i a l l y  i n  t h e  autumn 

wood. Rows of  l ignFons  parenchyma sometimes c r y s t a l l i f e r o u s .  Lumen o f t e n  

e n c l o s i n g  small g r a n u l a r  c o n c r e t i o n s ,  brown o r  h y a l i n e  i n  t h e  shape of  a n  o l i v e .  

With t h e  parenchyma, t h e  f l b e r s  form s m a l l  r a d i a l  s e c t e r s  2-4 c e l l s  wide 

and f i l l  w i t h  i t ,  t h e  p a r t s  of t h e  l a r g e s t  s e c t e r ,  8-10 c e i l  wide i n  which 

t h e  c e l l s  of  t h e  a r e o l a t e  parenchyma and t h e  v e s s e l s  a r e  s i t u a t e d .  Arrangement 

of t h e  f i b e r s  r a t h e r  i r r e g u l a r ,  sometimes i n  r a d i a l  rows. F iSe r s  i r r e g u l a r  

s e c t i o n ,  u s u a l l y  polygonal ,  w i th  w a l l s  abou t  3 t i m e s  t h i c k e r  towards t h e  

e x t e r i o r  o f  t h c  a c c r e t i o n ,  a l s o  ve ry  compressed r a d i a l l y .  t h i s  edge cou ld  a l s o  

be  ve ry  marked, even i f  i n  t h e  fo l l owing  zone t h e r e  w e r e  no l a r g e  v e s s e l s  

and no thin- wal led t i s s u e s .  Sometimes f i b e r s  armed wi t11  punc tua t i ons  i.n t h e  

form of o b l i q u e  dashes  ( p l .  I ,  f .  i6), w i t h ,  a t  t h e  center ,  a s m a i l  a r e o l a  

v i s i b l e ,  e s p e c i a l l y  i n  t h e  sp ing  f i b e r s ;  punc tua t i ons  ex i . s t i ng  e s p e c i a l l y  i n  

t h e  r ad l . a l  wa1 . l~  where t hey  are r

e

l a t i v e l y  numerous; t .angent ia1 w a l l s  appear  
.'through,/'on l o c a l i t y  ; h l a i t e d  
;by p o s i t i o n  ~ l i g h t l ~ ~ ~ l i c a t e  i n  a s p i r a l .  No meatus between t h e  
:,.per p l a c e  

f i b e r s  and t h e  c e n t r a l  c e l l s  of t h e  r a y s .  

Meduldary r a y s  ve ry  numerous (about  7-10 p e r  mm.), u n i s e r i a t e ,  r e c t i l i n e a r ,  

6-30 c e l l s  t k l l ,  u s u a l l y  i 4 ;  s e v e r a l  s m a l l e r  r a y s ,  on ly  from 3-6 c e l l s  t a l l .  

( p l .  I ,  f .  15), sometimes a c e l l  d i v i d e s  i n  two, r a r e l y  s e v e r a l .  Groups of 

c e l l s  forming t h e  meddel lary  r a y s  i n  t a n g e n t i a l  s e c t i o n  ( p l .  I ,  f .  14)  f u s i f o r m  

and r e c t ' i l i n e a r  o r  s l i g h t l y  arched fo l l owing  t h e  d i r e c t i o n  of t h e  ne ighbor ing  



c t ? l l s ,  r e c t i l i n e a r  i n  t h e  r a d i a l  s e n s e ,  only devia ted  by t h e  proximity of t h e  

l a r g e s t  v e s s e l s  of  t h e  s p r i n g  wood and then  i n  a  very  i r r e g u l a r  form; c e l l s  

about 7-8 times longer  t han  t h e  c r o s s s e c t i o n  of t h e  f i b e r s ,  s h o r t e r  toward t h e  

e x t e r i o r  edge of t h e  a c c r e t i o n  where t h i s  l e n g t h  o f t e n  equa l s  t h e  c r o s s  s e c t i o n  

of t h e  most f l a t t e n e d  f i b e r s  of t h i s  zone (1 ) .  

Ray cells  of two k inds :  one kind i.n 1 's and 2 ' s  f c r ~ i n g  t h e  ex t r emi ty  

of t h e  groups and sometimes the. c e n t e r  o r  t h e  s n a l l e s t  cays of 3-4 c e l l s ,  o v a l ,  

e longated o r  more o r  less t r l a k g u l a r  a t  t h e  ex t remi ty  of t h e  r a y s ,  i n  i r r e g u l a r  
;'shape 
'form, wi th  t h i n n e r  w a l l s ,  armed wi th  smal-ler punc tua t ions  than t h e  o t h e r  c e l l s ,  

t he  l a t t e r  more nuzerous,  s i t u a t e d  a t  t h e  c e n t e r  and forming t h e  g r e a t e s t  p a r t  

of t h e  long r a y s ,  on t h e  t a n g e r t i a l  s e c t i o n  rounded o r  square ,  rounded a t  t h e  

co rne r s ,  w i th  r a t h e r  t h i c k  w z l l s  armed wi th  punc tua t ions  t h a t  a r e  a  l i t t l e  

l a r g e r .  Tangent ia l  w a l l s  of t h e s e  2 k inds  of c e l l s  more p a r a l l e l  o r  more or  

less ob l ique  o r  curved and armed wi th  ~ o u n d e d  punctua t ions .  Hor izonta l  w a l l s  

provided wi th  n o t  very  abundant punc tua t ions ,  sometimes two on t h e  same 

ell ignenitnt f a c i n g  t h e  c e l l s  of t h e  parenchyma. V e r t i c a l  w a l l s  armed wi th  

r a t h e r  numerous puncuta t ions  oppos i t e  t h e  parenchyma, a  l i t t l e  l a r p e r  and s l i g h t l y  

a r e o l a t e  i n  c o n t a c t  wi th  t h e  a r e o l a t e  parenchyma, r a r e l y  e x i s t i n g  oppos i t e  t h e  

f i b e r s ;  l a r g e r  punc tua t ions ,  i n  i r r e g u l a r  form.and cover ing  more than  h a l f  of 

t h e  con tac t  w i th  t h e  v e s s e l s ,  e s p e c i a l l y  i n  t h e  s p r i n g  wood. Cross s e c t i o n  of 
< by 

the  w a l l  a  l i t t l e  thickened around t h e  punc tua t ions .  Lumen c o n t a i n i n g  through 

t h e  spo t  some g ranu la r  conc re t i ons  and some h y a l i n e  c r y s t a l s .  

Elements of t h e  xylem a l l  sma l l e r  I n  youth ,  growing i n  l e n g t h  and s i z e  

u n t i l  7- and 80 y e a r s ,  than d imin ish ing  aga in ,  The xylem of t h e  s y l v a t i a  

v a r i e t i e s  is  ha rde r ,  more comyact than t h a t  of t h e  orchard  v a r i e t i e s .  

1. T h i l ,  Carac t .  micros=. des  bo i s  ind igenes  iL4e micrographe , p r epa ra t eu r ,  
. - - -. - - - - --. - - - - - --A -- - - -- .- . - - -- 

V I !  p .  206 (1895) .?  



The d i f f e r e n c e s  t h a t  a r e  found i n  t h e  form and dimension of the. anriual 

r i n g s  depend e s p e c i a l l y  on t h e  c o n d i t i o n s  of v e g e t a t i o n  and on t h e  p a r t  of  t h e  

t r e e  and n o t  on t h e  p a r t i c u l a r  v a r i e t y .  

P i t h .  - P i t h  formed o f  polygonal  c e l l s  on a t r a n s v e r s a l  s e c t i o n ;  a lmos t  

quadrangula r  i n  t h e  l o n i t ~ d i n a ~  s e c t i o n ,  w i t h  ve ry  t h i n  w a l l s ,  some o x a l i f e r o u s .  

Tanni fe rous  c e l l s  u s u a l l y  g rouped . ,  I d i d  no t  observe  any mechanical  c e l l s .  
;: 

. . 

P e t i o l e .  I n i t i a l  (PI .  11% f .  3 ) .  - Elongated s e c t i o n .  Subepidermal -- -- 

collenchyma w i t h  v e r y  t h i c k  w a l l s .  C o r t f z a l  parenchyma c o n t a i n i n g  ex t remely  
. . . , 

- T ~ J ,  P. 
. -. . ,. . <.. .: ?..>-. , .:! : 

numerous c r y s t a l s ,  and,  i n  t h e  i n t e r n a l  p a r t ,  some mscka&e-al-ce-&&s w?.th t h i c k  
A . , I .  

.::::,+ 7 . : ;  

w a l l s ,  grouped between t h e  m e r i s t e l e s ,  3 m e r i s t e l e s ,  t h e  median formed of 5 

bundles .  Very few above t h e  i n i t i a l  one,  v a s c u l a r  bundles  a r ranged  i n  r i n g s .  - 

C h a r a c t e r i s t i c  (P l .  11, f .  4 ) .  S l i g f r t l y  elongated.  s e c t i o n .  Epidermis hav ing  

s h o r t  " regu la r"  and s e c r e t o r y  h a i r s  L<.ke t h o s e  of t,he Aenf b l ade .  Collenchyma 
:.! .,,!,>\ ' $c-8:i;,5tG :,"., ,. . ,A P..,,, ~ . ,  . j i '  : , Y  6 ~ .  -2 . - ? ?  ,.,. . 2 :3 

, . 1; ', 
and parenchyma l i k e 5 ' t h a t 4  f  i b e r s  sir5 ve& t h i c k  w a l l s .  ?lore o r  l e s s  i n t e r r u p t e d  .& I - 

v a s c u l a r  r i n g  sur rounding  a v a s c u l a r  bundle ,  i n t e r n a l l y  e l onga t ed ,  more o r  less 

cont inuous ,  f u rn i shed  w i t h  in f raph loem f i b e r s  w i th  t h l c k  wal l s . ,  I n t e r n a l  p i t h  

formed of c e l l s  w i t h  t h i c k  w a l l s .  

Midrib.  Base. - Biconvex s e c t i o n .  On bo th  s u r f a c e s ,  collenchyma w i t h  -- - 

s l i g h t l y  t h i c k  w a l l s ,  ex t end ing  a l i t t l e  on t h e  l e a f  b l a d e  t o  t h e  upper  s u r f a c e .  

Oxa l i f e rous  parenchyma. Teriderm and v a s c u l a r  r i n g  same as on t h e  summit of 

: t h e  p e t i o l e .  - Cente r  (P l .  11, f .  5 ) .  Sioconvex s e c t i o n ,  a b r u b t l y  b u l g i n g  

above. Coll-enchyma and parenchyma l i k e  lower  p a r t .  Thick per iderm.  Vascu la r  

system more o r  l e s s  i n t e r r u p t e d ,  e s p e c i a l l y  t h e  middle  bundle;  phloem c o n t a i n i n g  

nuinerous parenchyma; no f i b e r s  w i t h  thj-ck wal-1s. I n t e r n a l  p i t h  formed o f  c e l l s  

w i th  t h i n  and l i g n i f i e d  w a l l s ;  sometimes a few f i b e r s  of t h e  phloem i n  t h e  

i n t e r n a l  v a s c u l a r  bundle .  



Secondary v e i n s  (1'1. T i ,  f .  6 ) .  - Biconvr->x xec t ion .  Col.1.enchyma wi th  

t h i n  w a l l s  on bo th  s u r f a c e s ;  parerichyma cor:taining some twin c r y s t a l s  on t h e  

i n f e r i o r  s u r f a c e .  Perlderm formal of f i b e r s  w i th  t h i c k  w a l l s .  Vascular  r i n g  w i t h  

i n t e r r u p t e d  phloem. I n t e r n a l  p i t h  r e l a t i v e l y  l a r g e ,  formed of c e l l s  wi th  
p l ane  

t h i n  wal l s .  - V e i n l e t s  on t h e  f l a t  s e c t i o n ;  per iderm wi th  s l i g h t l y  t h i c k  

w a l l s  a t t ached  t o  t h e  ep idermis  by some l i g n i f i e d  t i s s u e  o r  by c o l o r l e s s  

parenchyma wi th  t h i n  w a l l s .  

Parenchyma of t h e  l e a f  b l ade  (PI.. 11, f .  7 ) .  - Thickness - 160-180~.  - 

Upper epidermis  g labrous  i n  t h e  a d u l t  s t a g e ,  18-20p deep,  formed of c e l l s  

reaching  a  d iagonal  measurement of 40-50p, w i th  r e c t i c u r v i l i n e a r  l a t e r a l  w a l l s ,  

o rd ina ry  (p l .  11, f .  8 ) ,  wi th  o r d i n a r y  e x t e r i o r  w a l l s ,  no t  p e r c e p t i b l y  bu lg ing .  

On t h e  young l eaves ,  upper epidermis  having numerous g landular  h a i r s ,  p e d i c e l s ,  

wi th  mul t ice l lu ' l a r  top ,  rounded o r  wider than  t a l l ,  usuall;; 8- c e l l u l a r ,  w i th  

con ten t s  co lored  more o r  less by a c e t i c  o r  c a n e t .  T i s sue  p s l i s a d e - l i k e  i n  2 

l a y e r s ,  1 towards t h e  edge of t he  l e a f  b l ade ,  t h e  upper he igh t  cf  25-30p. 

Lacunose t i s s u e  r a t h e r  l oose ,  con ta in ing  some twin c r y s t a l s .  I n f e r i o r  epidermis 

8-10p high,  formed of c e l l s  of r a t h e r  unequal s i z e ,  sornetines a t t a . i n i n g  a  

d iagonal  measurement of 6-70p, wi th  l a t e r a l  t h i n  w a l l s ,  undula t ing  ( p l .  11, f .  9 ) ,  

wi th  e x t e r i o r  t h i n  w a l l s ,  s l i g h t l y  bu lg ing ,  having s e c r e t o r y  h a i r s  wi th  mul t i -  

c e l l u l a r  t ops ,  wi th  d i v i d i n g  w a l l s  less numerous than i n  those  of t h e  upper 

epidermis ,  o f t e n  l ack ing  i n  t h e  a d u l t  l e a v e s ,  and s t r u c t u r a l  h a i r s  s i n g l e ,  

double o r  i n  bunclles, sometimes reaching  500-750u, when they a r e  s i n g l e ,  250- 

300p long  when they a r e  i n  t h r e e s  o r  f o u r s ,  a t  f i . r s t  numerous then  r a r e r  o r  

l a c k i n g  i n  t h e  a d u l t  s t a g e ;  stomata 25-30p long ,  numerous. - Edges of  t h e  l e a f  
. 'bent backward 

b lade  (PI.  11, f . 11)  s t r o n g l y  "'recurved. Marginal epidermis  wi th  l i t t l e  

c e l l s  furn ished  wi th  an e x t .  bulging wa l l ,  of medium th i cknes s .  Seve ra l  l a y e r s  

of collenchyma wi th  t h i n  wa l l s ;  no hypodermis extending on the l e a f  b l ade .  



- Teeth (P I .  11, f .  1 0 ) .  Base of t h e  t oo th  formed by a l e a f  b l ade  150 t h i c k  

towards t h e  c e n t e r  and 90!-1 towards t h e  edge. Epidermis w i t h  e x t e r i o r  wall:; 

t h i c k e r  t han  on t h e  l e a f  b l ade .  There i s  a palLsade-l ike l a y e r  and some lacunose  

t i s s u e .  This  l e a f  b l ade  is t r a v e r s e d  hy a  developed midr ib  w i th  f la t- convex  

o r  concave-convex s e c t i o n s ,  wi th  a v a s c u l a r  bundle  i n  an a r c  which i s  a t t ached  

t o  t h e  upper ep idermis  formed of l i t t l e  c e l l s  w i th  e x t e r n a l  w a l l s  bu lg ing  and 

t h i n ,  by some l i g n i f i e d  c e i l s  and t o  t h e  lower ep idermis  by an a r c  of t h e  f i b e r  

bundle and 3-4 l a y e r s  of collenchyma sometimes having t h i n  wa l l s .  Towards t h e  

edge, on each s i d e ,  one sees a  v e i n l e t  wi th  bundles  hard ly 'deve loped  and 

abundant suppor t  t i s s u e .  A t  t h e  ve ry  edge, t h e  ep idermis  i s  formed of c e l l s  a  

l i t t l e  sma l l e r ,  w i t h  e x t e r i o r  w a l l s  s l i g h t l y  t h i c k .  Under t h e  ep idermis  t h e r e  

a r e  s e v e r a l  l a y e r s  of  water- bearing t i s s u e s .  

S t i p u l e s .  - Epidermis having numerous c a p i c a t e  g l anu la r  ' l a i r s  ( p l .  11, 

f .  24 and 25) .  

V a r i e t i e s  of Castanea s a t i v a  c u l t i v a t e d  i n  t h e  United S t a t e s  

C .  s a t i v a  b e a r s  f r u i t s w h i c h  a r e  n c t  h igh ly  est i -ned i n  t h e  U .  S. Its - 

c u l t i v a t i o n  has  been r a t h e r  product ive  in New Je r sey ,  Pennsylvania ,  Delaware 

and Maryland and s e v e r a l  v a r i e t i e s  of C. s a t i v a  bea r ing  good c h e s t n u t s  were 

introduced w e s t  of t h e  Rocky M t s . ,  i n  C a l i f o r n i a  and Oregon. C. s a t i v a ,  l i k e  

C. d e n t a t a ,  was s t r i c k e n ,  i n  America, by Endothia.  The former resist t h i s  - 

d i s e a s e  perhaps s l i g h t l y  b e t t e r  than t h e  l a t t e r .  

We s h a l l  s i t e  among t h e  v a r i e t i e s  t h e  most impor tan t (1) :  

Anderson - Average o r  sma l l  cupule .  F r u i t s  of average s i z e ;  p e r i c a r p  

b r i l l i a n t  red-brown, pubescent a t  t he  summet and on h a l f  of t h e  f r u i t .  Hardy 

tree having s m a l l  o r  average l e a v e s .  

I - 
1. Cf. ~ a g n ,  _Revised - E a t a l .  -- of F r u i t s  i n  Bull-. g. 2. Dept. Agr ic . ,  w. of -- 

Pomology, No. 8, p .  46 ( 1 8 9 9 ) .  -- 



Bartrarn - Average o r  small .  cupu l e .  Average f r u i t s  armed. a t  t h e  s u m i t  

w i th  a t h i c k  tomentum, d a r k  brown, t h r e e  t o  a b u r ,  good qua]- i ty ,  n o t  a t t a c k e d  

very  muc!) by i - n sec t s .  Vigorous t r e e ,  sp r ead ing .  p roduc t i ve ,  wi th  l a r g e  l e a v e s .  

Chalon - (Marron Chalon Ea r ly )  - In t roduced  from France .  F r u i t s  of -- 

average  s i z e ,  abondant ,  e a r l y .  

Combale - - French v a r i e t y  of c h e s t n u t  sometimes c u l t i v a r e d  i n  t h e  I t t t o r a l  

r e g i o n  of C a l i f o r n i a  where i t  was i n t roduced  i n  1970. 

Colnfort - Large f r u i t s  of good q u a l i t y .  V a r i e t y  c u 1 t i v a t : d  i n  Delaware,  

New J e r s e y ,  Maryland, V i r g i n i a ,  e t c .  

Cooper - Good q u a l i t y  f r u i t  o f  average  s i z e .  C u l t i v a t e d  i n  t h e  same 

r e g i o n s .  

Carson - Plymouth. Large b u r "  Large. o r  average  f r u i t s ,  u s u a l l y  3 t o  
*l;iped 

t h e  bu r ,  d a r k  brown, :zs t r ia ted,  pubescent  a t  t h e  summit, of ve ry  good q u a l i t y .  

Vigorous t r e e ,  sp r ead ing ,  ve r y  f r u i t f ~ 1 .  

Dager - Average bur .  Average o r  l a r g e  f r u i t ,  d a r k  brown, wit-h t h i c k  - 

tomentum, u s u a l l y  3 t o  t h e  b u r ,  good quali .cy.  Vigorous t r e e ,  s p r e a d i n g ,  
(.'seedling 

;>reductive. Descended from a i s e e d  p l o t  a t  Ridgely . 
Dar l i ng ton  - Average o r  sma l l  b u r .  Average cr l a r g e  fruits, u s u a l l y  3 t o  

t h e  b u r ,  d a r k ,  d i s t i n c t l y  s t r i a t e d ,  armed a t  t h e  summit w i t h  a t h i c k  tomentam; 

sweet k e r n a l ,  good. Vigorous t r e e .  One of t h e  v a r i e t i e s  very  e a r l y  t o  mature. 
r jchestnut 

LvoqEiarron d e  Lyon - Does ve ry  w e l l  i n  C a l i f o r n i a ,  b u t  i s  less p r o d u c t i v e  -- ., 

than  t h e  &'omhale v a r i e t y  which i t  resembles .  
iChes t n u t s  
'Marrons - S e v e r a l  v a r i e t i e s  a r e  c u l t i v a t e d  under t h i s  name. L-- 

('med i oc& 
M i l l e r  - Average f r u i t  of!dver' age  q u a l i t y .  

Moncur - Average bur .  Average f r u i t ,  l i g h t  c o l o r e d ,  tomentose.  Vigorous 

t r e e ,  sp r ead ing ,  ve'ry p roduc t i ve .  Descended from a s e e d l i n g  a t  Ridge ly .  

.- 

NO=.~ -z i l l a rd  - Var i e ty  from ~ e n -t r a l  France which ba s  been t r i e d  w i thou t  -. -- 

much s u c c e s s  i n  Pennsy lvan ia ,  C a l i f o r n i a  and New J e r s e y .  



, s h i n y  
Numbo - Average bu r ,  c o n i c a l .  Large f r u i t s ,  2-3 t o  t h e  c u p u l e , , < b r i l l i a n t  

brown, s t r i a t e d ,  ~ t i g h t l y  tomentose; good q u a l i t y  k e r n a l .  Conipact and weeping 

tree, of u n c e r t a i n  y i e l d .  Often p l an t ed .  

Paragon (Great American, Sobers  Paragon) 0 Poss ib ly  a  hybrid of - C. -- sa t i . va  

w i th  - C. den t a t a .  Very l a r g e  c u p d e .  Large f r u i t s ,  u s u a l l y  3 t o  t h e  b u r ,  l a r g e ;  

sh iny  brown p e r i c a r p  armed wizh a  t h i c k  tomentum a t  t h e  summit and on a p a r t  

(about 2 /31  of t h e  f r u i t :  k e r n a l  of ve ry  good q u a l i t y .  Spreading tree, v igorous ,  

wi th  narrow l e a v e s ,  roughly f a s t e n e d ,  ve ry  p roduc t ive ,  b u t  no t  very r e s i s t a n t  

t o  cryptogamic d i s e a s e s .  It i s  a v a r i e t y  o f t e n  p l an t ed  i n  t h e  U .  S . ,  and t h e  

one which g ives  t h e  b e s t  r e s u l t s .  

Quercy (Marron Quercy) - F r u i t  of average s i z e .  Sometimes platted i n  

C a l i f o r n i a  f o r  i t s  p r e c o c i t y  and product ion  q u a l i t i e s .  Origfnated i n  Prance.  

Ridgely (DuPont) - Average bu r .  Average o r  l a r g e  f r u i t ,  moderately --- 

tomentose, dark ,  of very  good q u a l i t y .  Vigorous t r e e ,  very  product ive ,  

wi th  narrow l e a v e s ,  spreading ,  r e s i s t a n t  t o  c ryp togan ic  d i s e a s e s .  

S c o t t .  Average bur .  Average f r u i t s ,  s c a r c e l y  po in t ed ,  u s u a l l y  3 t o  .- 

a  bur ,  l u s t r o u s ,  dark  brown, s c a r  on ly  tomentose a t  t h e  summit. Spreading 

t r e e ,  very product ive .  Only r a r e l y  s t r i c k e n  by Endothia .  

S tyer  - Average cupule .  Average f r u i t s ,  po in ted ,  dark  brown, s t r i a t e d ,  

tomentose a t  t h e  summit, 1--3 pe r  cupule .  Very v igorous  t r e e ,  e r e c t ,  w i t h  l a r g e  

green l eaves .  Resists r a t h e r  w e l l  a g a i n s t  cryptogamic d i s e a s e s .  
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Am. n e p t .  11, p.  156; HAYNE, Den&. FL., p.  1 6 5 ;  SPRENG. Syh t .  111, p.  856 ;  

RAFIN., New. FL., 111, p .  82 ;  GRAY, Man., p. 417 ;  DARLINGTON, F l .  C e A X k .  e d .  3, 

p.  270;  CHAPMAN, FL. p. 424 ;  CURTIS, Rep. GeoL. Sutrv. N.  Cm., 111, p.  46 ;  n o n  

GAERTNER.--C. - a m e r i c a n a  RAFINESQUE, NQLU N.  A ~ w . ,  111, p.  8 2  (1836 ) ;  NUTTAL, 
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LaubhoRzh., 11, p. 57; MAYR, W d d .  No!rii'Li~:i., p. 177; KOEHNE, D e d c h e  De~zdrt., 

p .  122.--C. - v u l g a r i s  v a r .  americana A.  DC. ,  P k ~ d t r . ,  X V I ,  11, p. 114 (1864);  

SARGENT, Fokehk T k e u  N. Ameh. I Okh c ~ ~ n b 5  U .  S . ,  I X ,  p.  157; IIOUILLEFERT, 

Akb. e,t a h b d h . ,  11, p. 1151.--C. - s a t i v a  v a r .  americana SARGENT, Gmden and 
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Fu&uk ,  11, p.  484 (1889);  WATSON e t '  COULTER, GRAY'S Man., ed. 6,  p .  479. 

Common names: Cha t a ign i e r  dlAmerique (French).--American Chestnut  (Eng l i sh )  

.--Amerikanische Kas t an i e  (German). 
,, 1. A 

SARGENT, S d v a  k.  A , ,  I X ,  t .  441; BRITTON ,et BROWN, .t. c.; MICH. F . ,  1. c., 
, ,'y, 1 .  c . ,  

f .  911; A. CAMUS, Ccm'xne.a eA Cantanophh,  A f l a n ,  p l .  8 ,  9 .  
- 

Tree  r each ing  30-35 m. h e i g h t  i n  t h e  f o r e s t ;  l o f t y  t r unk ,  s t r a i g h t ,  from 

1-1.20 m. i n  d iamete r  o r  s h o r t  when t h e  t r e e  i s  n o t  impeded by o t h e r  t r e e s ,  

r a r e l y  a t t a i n i n g  3-3.5 m .  i n  d i ame te r ,  and be ing  d iv ided  no t  ve ry  h igh  above 

ground l e v e l  i n  3  o r  4  h o r i z o n t a l  o r  s l i g h t l y  hanging branches  which g i v e  r i s e  

t o  a  rounded summit of  about  30 m . ;  c o r t e x  of t h e  t r u n k  from 2.5-5 cm. t h i c k ,  

d a r k  brown o r  g r a y i s h ,  d iv ided  by s t r a i g h t ,  i r r e g u l a r  and f r e q u e n t l y  i n t e r r u p t e d  

fu r rows ,  be ing  s e p a r a t e d  a t  t h e  s u r f a c e  i n t o  t h i n  l i t t l e  s c a l e s ,  

s l e n d e r  b ranches ,  o f t e n  angu l a r  i n  youth,  ye l l owi sh  g r een  sometimes t i n t e d  w i t h  .' 
r ed ,  sh iny ,  s c a r c e l y  pube ru l en t ,  armed w i t h  numerous l i t t l e  l e n t i c e l s ,  w h i t i s h ,  

oblong,  t hen  soon becoming smooth and g r een- o l ive  t i n t e d  w i t h  ye l low,  o r  brown t i n t e d  

w i t h  g reen ,  and f i n a l l y  a b l a c k i s h  brown. Winter buds (1) ovoid,  p o i n t e d ,  abou t  

6-7 mrn. i n  l e n g t h ,  s m a l l e r  t han  t hose  of - C .  s a t i v a ,  pube ru l en t ,  covered w i t h  d a r k  

1)- 

c h e s t n u t  s c a l e s ,  sca r ioHs  on t h e  edges.  Leaves ob long- laneo la te ,  p o i n t e d ,  t ape r-  

i n g  long  t o  t h e  summit, t apered  o r  a t  t h e  ba se  (no t  rounded a s  i n  

C .  c r e n a t a  and m o l l i s s i m a ) ,  15-20 cm. long ,  4.5-5.5 cm. wide,  r a t h e r  t h i n  i n  t h e  - 

a d u l t  s t a t e  ( o f t e n  t h i n n e r  than  i n  - C.  s a t i v a  and s h i n i e r ) ,  b u t  f i rm ,  d a r k  g r een  

and smooth above, a  s l i g h t l y  p a l e r  g reen  below, no t  v e r y  d i s c o l o r e d ,  smooth o r  



armed w i t h  r a r e  " r e g u l a r"  h a i r s  a l o n g  the v e i n s ,  w i t h  d i s c i f o r m  h a i r s  t h a t  a r e  

r a r e r  t h a n  i n  2. s a t i v a  o r  a b s e n t  ( 1 ) ;  l e a v e s  u n r a v e l  l a t e  i n  s p r i n g  t ime ,  a r e  

t h e n  p u b e r u l e n t  above and below, armed on b o t h  s i d e s  w i t h  d i s c i f o r m  h a i r s ,  i n  

autumn t u r n i n g  s h i n y  b r i g h t  y e l l o w ;  edges  l a r g e l y  t o o t h e d- s e r r a t e ,  w i t h  ascend-  

, . > ( ,  ,. 1 
i n g  t e e t h ,  p o i n t e d ;  mid- r ib  p a l e  ye l low;  secondary  v e i n s  18-20 p a i r s ,  ? 9 

- - - - s l i g h t l y  a r c h e d ,  t e r m i n a t i n g  i n  t e e t h ;  ha rdy  p e t i o l e ,  p u b e r u l e n t  o r  smooth, 

1-1.50 cm. l o n g ,  o f t e n  t i n t e d  w i t h  r e d ,  e x p e c i a l l y  when i t  i s  young; s t i p u l e s  

o v a l- l a n c e o l a t e ,  p o i n t e d ,  1.25-1.50 cm. l o n g ,  p u b e r u l e n t .  $ C a t k i n s  a t  f i r s t  

g r e e n  a t  t h e  b a s e  and b r i g h t  r e d  above t h e  m i d d l e ,  15-20 cm. l o n g  i n  t h e  a d u l t  
- 

s t a t e ;  developed a x i s ,  b r i e f l y  p u b e r u l e n t ,  e n t i r e l y  covered w i t h . b u n d l e s  of  

f l o w e r s ;  s t aminous  t h r e a d s  r u s s e t y .  Androgenous c a t k i n s  s l e n d e r ,  p u b e r u l e n t ,  

6-13 cm. l o n g ,  armed toward t h e  b a s e  w i t h  2-3 i n v o l u c r e s  of  9 f l o w e r s ,  cong lomera te ,  

a x i s  sometimes r e a c h i n g  3  cm. l e n g t h  and o f t e n  hav ing  m o s t l y  

o v a l  b r a c t s ,  b r i g h t  g r e e n  and s m a l l  b r a c t l e t s ;  i n v o l u c r e s  a b o u t  8  mm. l o n g  and 

n o t  q u i t e  as wide  when t h e  f l o w e r s  a r e  deve loped ;  above t h e s e  i n v o l u c r e s  of  ?- 

f l o w e r s  a r e  some b u n d l e s  of  3 f l o w e r s ,  which a r e  a  l i t t l e  s m a l l e r  t h a n  t h o s e  

on  C? c a t k i n s ,  f a l l i n g  from a  d u r a b l e  s p i n e  t h a t  c o n t i n u e s  t o  grow above t h e  

s h o r t  c l u s t e r  of f r u i t s .  ?- ~ l o w e k s :  u s u a l l y  '10 s t y l e s  p e r  f l o w e r .  Cupule 
3 4 J i 7 ! ( >  ) \ / "  ' 7  

.becoming deve loped  q u i c k l y  and r a p i d l y  r e a c h i n g  its f i n a l  s i z e ,  5-7.5 cm. i n  

d i a m e t e r ,  sometimes s l i g h t l y  t a l l e r  t h a n  wide,  sometimes f l a t t e n e d  a t  t h e  summit 

w i t h  w a l l s  armed i n s i d e  w i t h  a  r u s s e t  pubescence,  l u s t r o u s ,  o u t s i d e  a l m o s t  smooth 

and o rnamenta l  w i t h  i r r e g u l a r  f a s s i c u l a r  s p i k e s ,  s l e n d e r ,  smooth o r  a l m o s t  smooth, 

b ranch ing .  F r u i t s  2  o r  3 ,  r a r e l y  4 and even 7-9, d i f f e r i n g  l i t t l e  from t h o s e  of 

C.  s a t i v a  (I), b u t  more s w o l l e n ,  l o n g  t a p e r  a t  t h e  upper  p a r t ,  i n  a s l e n d e r  t u b e  - 

1. In  w i n t e r  C .  d e n t a t a  i s  d i s t i n g u i s h e d  from - C .  s a t i v a  by i t s  smooth b r a n c h e s  
and i ts  smyller, more p o i n t e d  buds.  

I .  The f r u i t s  a r e  of t e n  a t t a c k e d  by t h e  B a l a n i n  us. 



( t o r c h )  s l i g h t l y  tomentosc  a t  t h e  sun::~:.it, w i t h  a  t h i n  p e r i c a r p ,  u s u a l l y  v e r y  

compressed,  1.25-2.5 cm. wide and u s u a l l y  w i d e r  t h a n  t a l l ,  b u t  sometimes a l m o s t  

c y l i n d r i c a l ,  ob long ,  t a p e r e d  a t  t h e  summit, covered  a t  t h e  t i p  w i t h  a  t h i c k  

tomentum, p a l e ,  o f t e n  s p r e a d i n g  t o  t h e  m i d d l e  and even t o  t h e  b a s e ,  on t h e  d r i e d  

f r u i t  o f t e n  s t r i p e d  w i t h  d a r k  l o n g i t u d i n a l  bands;  l o n g e r  t o r c h  t h a n  i n  - C .  s a t i v a ;  

s c a r  medium; k e r n a l  s w e e t e r  t h a n  i n  - C .  s a t i v a .  C e r t a i n  b o t a n i s t s  have r e g a r d e d  

t h i s  s p e c i e s  a s  a  v a r i e t y  of t h e  European c h e s t n u t ,  b u t  i t  d i f f e r s  q u i t e  a  l o t  

from t h e  European b e c a u s e  of i t s  more p o i n t e d  buds ,  t h i n n e r  l e a v e s  t h a t  a r e  

narrower  and t a p e r e d  a t  t h e  b a s e ,  smooth above,  i t s  F r u i t s  more t a p e r e d  i n  a  t o r c h  

a t  t h e  summit, w i t h  more t o m e n t o s e , t h i n n e r  o u t e r  p e r i c a r p ,  and s w e e t e r  k e r n a l .  

I t  h a r d l y  e v e r  b e a r s  f r u i t  b e f o r e  t h e  2 0 t h  y e a r .  I t  f l o w e r s  l a t e  i n  t h e  

y e a r  a t  t h e  end of J u n e  o r  t h e  b e g i n n i n g  o f  J u l y ,  when t h e  l e a v e s  a r e  c o m p l e t e l y  

deve loped .  T h i s  c h e s t n u t  i s   rotera rand re), i t s  9 f l o w e r s  opening a b o u t  10 days  

a f t e r  t h e  6 f l o w e r s  have  bloomed ( 2 ) .  I t  is o b v i o u s  t h a t  t h i s  s p e c i e s  r epro-  

d u c e s  by c r o s s  f e r t i l i z a t i o n .  The s f l o w e r s  emi t  a  d i s a g r e e a b l e  odor .  The 

f r u i t s  a r e  r i p e  a t  t h e  end of  August and a t  t h e  b e g i n n i n g  of  September.  The 

b u r s  b e g i n  t o  open a t  t h e  f i r s t  f r o s t  and t h e  f r u i t s  f a l l  l a t e ,  i n  autumn o r  

w i n t e r  ( 3 ) .  

S o l i t a r y  t r e e s  a r e  u s u a l l y  s t e r i l e  even though they c a r r y  b o t h  8 and 9 f l o w e r s .  

I 

T h i s  f a c t  c a n  o f  o f t e n  obse rved  on t h e  t r e e s  t h a t  grow on t h e  P a c i f i c  c o a s t .  

T e r a t o l o g i c  c a s e s ,  anomalies.--Sometimes t h e  r o o t  h a s  c u r i o u s  buddings  w i t h  

s h o o t s  ( 4 ) .  

r 
2 .  Cf .  Meehan i n  Bot.  Jah@b.  (1880) ,  p .  167 and ? r o c .  Acad. Mat. S c i .  P h i l a d . .  -- - 

( 1 8 7 9 ) ,  J u l y  8, p. 166. 
3 .  Schneck i n  Bot. G a z e t t e ,  V I ,  p. 159, n o t i c e d  i n  I l l i n o i s  a t  Flount Carmel 

where  t h e  s p e c i e s  i s  n o t  ind igenous ,  a n  example of  s e v e r a l  c h e s t n u t s  hav ing  
a  l a r g e  number of  b u r s ,  b u t  w i t h o u t  f r u i t .  

4 .  Cf .  Warming, -- On some Rnopdannelse pas r o d d e r  i n  Bot.  T i d s s k r . ,  111, 11, p.  54 
(1877) .  



I t  sometimes happens t h a t  a l l  ti)!: f l o w e r s  of  t h e  c a t k i n  a r e  Eemale ( f .  

s p i c a t a  A .  Camus). I t  i s  a  p a r a l l e l  form w i t h  E .  s p i c a t a  of - C .  s a t i v a  (5 ) .  

B a i l y  and Ames have obse rved  t h a t  t r e e s  a t t a c k e d  by Endoth ia  o f t e n  produce 

l e a v e s  w i t h  a  s t r i k i n g  resemblence  t o  t h o s e  of Quercus  r u b r a  and t h a t  t h e  xylem, 

formed by t h e  s i c k  cambium;' h a s  t h e  s t r u c t u r e  of  t h e  Quercus xylem ( 1 ) .  

V a r i e t i e s  of  C. d e n t a t a  c u l t i v a t e d  i n  t h e  Uni ted  S t a t e s  

The spon taneous  - C. d e n t a t a  is r a t h e r  v a r i a b l e  i n  s i z e ,  s h a p e ,  q u a l i t y ,  

p r o d u c t i v i t y  and t ime  of m a t u r i t y  of t h e  f r u i t s .  I t  is q u i t e  d i s t i n c t  from 

o u r  c h e s t n u t ,  which is known i n  t h e  UTS. under  t h e  names of F rench ,  Span i sh ,  

5 ,  

I t a l i a n ,  European c h e s t n u t  and o f  Sweet C h e s t n u t  of  t h e  E n g l i s h ,  which was 

i n t r o d u c e d  by I r e n e e  Dupont t o  Wilmington,  Delaware ,  i n  1830. P r e v i o u s l y ,  

i n  1773, J e f f e r s o n  g r a f t e d  i t  o n t o  - C .  d e n t a t a  n e a r  C h a r l o t t e s v i l l e  ( M o n t i c e l l o ) ,  

i n  V i r g i n i a .  

S e v e r a l  c u l t i v a t e d  v a r i e t i e s  of  - C .  d e n t a t a  have been d i s t i n g u i s h e d  and 

p r o p a g a t e d ,  among t h e  most widespread a r e :  

Du1aney.--Productive t r e e  even when i s o l a t e d ;  l a r g e  f r u i t s  of good q u a l i t y .  

G r i f  f in .- - Large f r u i t s ,  v e r ?  s i l k y ,  o f  good q u a l i t y .  

Hathaway.--Often 5-7 f r u i t s  i n  one b u r ,  s m a l l ,  a v e r a g e  o r  l a r g e ,  of v e r y  

good q u a l i t y ,  v e r y  swee t .  C u l t i v a t e d  i n  Nova S c o t i a ,  New Hampshire, New York, 

Ohio and Michigan.  

Ketcham.--Fruits  u s u a l l y  s l i g h t l y  l a r g e ,  ob long ,  tornentose, w i t h  sweet  k e r n a l .  

Murrel1.--3 f r u i t s  t o  t h e  bur ,  r a t h e r  b i g  o r  a v e r a g e ,  of  v e r y  good q u a l i t y .  

C u l t i v a t e d  i n  Maryland,  V i r g i n i a ,  t h e  C a r o l i n a s  and M i s s i s s i p p i .  

5. Cf .  M a r t i n d a l e  i n  - Proc .  --- of t h e  Nat. - Sc. - oE P h i l a d . ,  I ,  p. 39 (1878).--  
~ e e 6 h a m  i n  P r o c .  o f  t h e  Acad. of Nat.  S c i .  o f  P h i l a d .  (1880) ,  p .  351 and 
353.--Fernow i n  - -  B u l l .  Tor= - -  Bot.  C l . ,  X I I I ,  p .  171 (1886) .  

1 .  B a i l y  and Ames i n  - -  Abs. i n  S c i e n c e ,  n. s e r . ,  XXXIX, p. 290 (1914) .  



Otto.--Big f r u i t s ,  oblong,  v e r y  11;: i.ry a t  t h e  summot; ve ry  swee t .  

Roches te r .- - Fru i t s  of  ave r age  o r  l a r g e  s i z e ,  sometimes rounded, u s u a l l y  

3 t o  t h e  bu r ,  brown, h a i r y  a t  t h e  summit; e x c e l l e n t  q u a l i t y  k e r n a l .  Rap id ly  

growing t r e e ,  q u i c k l y  b e a r i n g  f r u i t s  t h a t  r i p e n  l a t e  i n  t h e  yea r .  

Watson.--Average o r  l a r g e  f r u i t ,  compressed; p e r i c a r p  s c a r c e l y  s i l k y ,  

v e r y  good k e r n a l .  

Anatomy 

Branch a l i t t l e  more t han  a y e a r  old.--Cork formed of  6-7 l a y e r s  of c e l l s  

r e d d i s h  brown, t a n g e n t i a l l y  e l onga t ed .  E x t e r n a l  c o r t e x  formed of c e l l s  w i t h  

t h i c k  w a l l s .  I n t e r i o r  c o r t e x  hav ing  numerous c r y s t a l s .  Large amount of  l i t t l e  

I 
p e r i c y c l e c  f i b e r s  n o t  v e r y  spaced o u t ,  some r a r e  l a r g e  mechanical  c e l l s .  

Ra ther  r e g u l a r  r i n g s  of phloem f i b e r s  c u t  by narrow r a y s .  Oxa l i f e rous  phloem. 

Xylem f i b e r s  w i t h  v e r y  t h i c k  w a l l s .  Numerous v e s s e l s ,  o f t e n  i n  p a i r s ,  w i t h  

r a d i a l l y  e l onga t ed  c r o s s- s e c t i o n ,  r e ach ing  60-70 uL on t h e  main a x i s .  Numerous 

r a y s ,  u n i s e r i a t e ,  r a r e l y  b i s e r i a t e  o r  t r i s e r i a t e ,  o f t e n  ve ry  c l o s e  t o g e t h e r ,  

i?. 
s e p a r a t i n g  on ly  one  row of f i v e r s .  L i t t l e  pe r imedu l l a ry  c e l l s  w i t h  t h i c k  

L 

w a l l s  i n  f r o n t  of t h e  pr imary xylem bundles .  
---.A> 

a - ~ e t i o l e - - 1 n i t i a  ( 1 .  111 f .  1 )  Rather  depressed  s e c t i o n  on t h e  
/-_- -- 

----__. . _- 

upper  s i d e .  Epidermis  having g l a n d u l a r  h a i r s  w i t h  r a t h e r  s h o r t  s t a l k .  Charac- -. 
I. -.----. . --. --- . - _C-CC_ 

? t e r i s t i c  collenchyma having s e v e r a l  c r y s t a l s .  Parenchyma r i c h  i n  c r y s t a l s ,  

: e s p e c i a l l y  i n  t h e  3 m e r i s t e l e s .  C h a r a c t e r i s t i c  ( p l .  111, f .  2 ) .  Cross  s e c t i o n  

s l i g h t l y  e l onga t ed .  Epidermis armed w i t h  g l a n d u l a r  h a i r s .  Ra ther  t h i c k  p e r i -  

derm, e s p e c i a l l y  i n  t h e  lower curve ;  f i b r e s  w i t h  t h i c k  w a l l s .  Vascu la r  r i n g  

sur rounding  an  i n t e r i o r  v a s c u l a r  bundle ,  more o r  l e s s  d iv ided .  

Midrib.--Base. Biconvex s e c t i o n .  Collenchyma on t h e  2 s i d e s ,  s l i g h t l y  



prolonged on t h e  upper s i d e  of t h e  l e a f  b l ade .  Parenchyma above and below 

t h e  per iderm,  b u t  n o t  v e r y  abundant  on t h e  upper  s i d e .  Very t h i c k  per iderm,  

formed of f i b e r s  w i t h  t h i c k  w a l l s .  Vascu la r  system a lmos t  l i k e  t h e  C h a r a c t e r i s t i c ,  

- b u t  o f t e n  con t inuous  i n t e r i o r  bundle  armed w i t h  infra- phloem f i b r e s .  I n t e r n a l  

p i t h  formed of c e l l s  w i t h  t h i n  w a l l s ,  l i g n i f i e d ,  c o n t a i n i n g  some c r y s t a l s .  

Middle p o r t i o n  (P l .  111, f .  3 ) .  Biconvex s e c t i o n .  Almost t h e  same s t r u c t u r e  

a s  lower  down. 

Secondary v e i n s  (PI .  111, f .  4).--Biconvex s e c t i o n .  Collenchyma w i t h  t h i c k  

w a l l s  a t t a c h i n g  t h e  upper  ep idermis  t o  t h e  per iderm.  On t h e  lower  s i d e ,  paren-  

chyma w i t h  hype r t roph i ed  c r y s t a l s  and r a t h e r  abundant  collenchyma. Very t h i c k  

per iderm,  e s p e c i a l l y  on t h e  upper  p a r t .  Vascu la r  r i n g  d i s j o i n t e d  a t  t h e  ex- 

tremities and sometimes d iv ided  a t  t h e  upper  a r c .  I n t e r n a l  p i t h  formed of 

c e l l s  w i t h  l i g n i f i e d  walls.--Veinlets.--Slightly biconvex s e c t i o n  o r  f l a t .  

Vascu la r  bundles  armed w i t h  s e v e r a l  pe r i de rmic  f i b e r s  t i e d  t o  t h e  ep idermis  by a  

narrow s t r i p  of l i g n i f i e d  t i s s u e  o r  t o  t h e  lower  ep idermis  by a  few co l l en -  

chyma o r  uncolored parenchyma. I;\.. 
, i' 

r +-----2-- .. 

:parenchyma of  t h e  l e a f  b l a d e , ( P l .  111, f .  9 ,  
! .  -- .-. 

7 ? 

200 p; 160-170 p a s h o r t  d i s t ance ' f r om t h e  vein./~-PP~~-PPe_p.iclerm_is 25-30 11 deep,  

made up of c e l l s  r e ach ing  60-80 u a c r o s s  t h e  d i a g o n a l  w i th  r e c t i c u r v i l i n e a r  

l a t e r a l  w a l l s ,  r a t h e r  t h i n  ( p l .  111, f .  5 ) ,  w i t h  e x t e r i o r  w a l l s  of medium th i ck-  
,':~>!,;r?. ? 3.-, ;<.. r 

\: 

n e s s  o r  t h i n ,  s l i g h t l y  convex, s m o ~ t h  o r  h_a-v_i.ng v e r y  r a r e  i s o l a t e d  " regu la r1 '  & Gc. : i :  
---.. - .  

,I &., , &. : < < . . . . ' .  
!. : : <  

hd-rs  and some g l a n d u l a r  h a i m .  c a p i t a t l e ~ ~ y  w i t h  ve ry  thin-pedke-1 , . -- -1 y ;:,.. >,;; :. 1 

1 -  
( 1  111 f .  6) .  P a l i s s a d e  t i s s u e  2  l a y e r s ,  3  n e a r  t h e  mid- rib ,  t h e  upper  one  

40-55 p long .  Lacunose t i s s u e  r a t h e r  l o o s e ,  c o n t a i n i n g  numerous c rys ta l s . - ' ,Lower  
.2 -7- 

ep idermis  f rom 10-12 p deep, formed of c e l l s  r e ach ing  30-35 p a c r o s s  t h e  d i agona l ,  -- 
w i t h  t h i n  l a t e r a l  w a l l s ,  r e c t i c u r v i l i n e a r ,  w i t h  t h i n  e x t e r n a l  w a l l ,  convex, 



?:, ., TC.- t : . . ,  ? . " '  : 
. - 

, .  , :; . .  ;.,,*: : .  /, "'i - 
- .  . .. , .  ' L . 7  rl?~~: , . .  ;: .:. . N" 

.. .:. i .. ',,.... .. . . 
. . . , . .  . ,. 

\ ..I< ' . e ' ! 
C '. t. I 

,{.; 1 - . ,. ' ;-. s - . ; . . . ' .' 
.. h'h - -  ,i'" .,- .. 

2 ,  

*j ! 

l e aves .  some " regular -"  h a i r s ,  s l e n d e r ,  th in- walled,  w i t h  
- .  

;) 
p i n  l e n g t h  ( p l .  111, f .  8) and,\ -on t h e  p ' i n c i p a l  v e i n s ,  .I;,.*, 

3 .- . , . . . 

,+ :\ -? ; ,,; +-.: 
towards t h e  teethj,'L&me c a p i t a t e  h a i r s ,  p e d i c e l l a t e ,  w i t h  head armed w i th  t r a n s-  . >. 

b-.. 
__________- --..--.. -- -- __X._..~_------~-- 

!W 
v e r s a 1  , - -..--- and ----- l o n s j , t d & a l , W -  ( p l .  111, f .  7 ) ;  s tomata  from 25-30 p long.-- 

\. 
Edge of t h e  l e a f  b l a d e  ( p l .  111, f .  11 and 13) n o t  o r  s c a r c e l y  swe l l ed .  Epi- 

dermis  made up of l i t t l e  c e l l s  w i t h  e x t e r i o r  w a l l  a  l i t t l e  t h i c k ,  s l i g h t l y  

convex. A t  t h e  v e r y  edge,  3  o r  4 l a y e r s  of  collenchyma w i t h  w a l l s  of  medium 

th i cknes s ;  no marg ina l  f ibe rs .- - Tee th  ( p l .  111, f .  12 ) .  A t  t h e  edge of t h e  

t e e t h ,  t h e  collenchyma i s  w e l l  c h a r a c t e r i z e d  and t h e  l e a f  b l a d e  is  120 u t h i c k .  

The two ep idermises  a r e  n e a r l y  l i k e  on t h e  l e a f  b l ade .  Epidermises  n o t  e s p e c i a l l y  

used a s  r e s e r v o i r s  f o r  water, n o t  hav ing  more development than  on t h e  r e s t  of 

t h e  f o l i a r  l e a f  b l ade ,  t h e  upper 20 v deep; a t  t h e  v e r y  edge, c e l l s  l e s s  deep 

and narrower  011 t h e  t r a n s v e r s a l  s e c t i o n ,  w i t h  e x t e r i o r  w a l l  a  l i t t l e  t h i c k  and 

convex. Above t h e  2  l a t e r a l  v e i n s ,  t h e  upper  ep idermis  is a l s o  formed of l i t t l e  

c e l l s ,  w i t h  e x t e r i o r  w a l l  t h i c k e r  and convex, w i t h  i n t e r n a l  w a l l  r a t h e r  t h i c k .  

There  i s  a  p a l i s a d i c  l a y e r  and some lacunose  t i s s u e .  Mid-rib developed (more 

than  i n  most of t h e  o t h e r  s p e c i e s  of t h e  genus') ,  on t h e  s c i o n  s e c t i o n  f l a t- con-  

vex; v a s c u l a r  bundle  i n  a r c ,  xylem r a t h e r  developed r e l a t i v e  t o  what i t  i s  i n  t h e  

o t h e r  s p e c i e s ;  abundant  non- l ign i f i ed  parenchyma. Pcr iderm formed of 2  arc:: 

of f i b e r s  w i t h  medium-thick w a l l s .  Collenchyma w i t h  t h i n  w a l l s  between t h e  p e r i -  

derm and t h e  upper ep idermis  and parenchyma and collenchyma on t h e  lower s i d e .  

Secondary v e i n s  w i t h  developed xylem, bu t  o f t e n  a lmos t  no phloem; suppo r t  t i s s u e  

reduced t o  a l i t t l e  collenchyma on t h e  lower s i d e .  

Requirements.- -Dislikes mois t  s o i l s ;  l i k e s  t h e  sunsh ine ,  s o  much t h a t  i t  



a t t a i n s  a r a t h e r  l a r g e  s i z e ,  i s o l a t e d  c r  on t h e  edge of  t h e  f o r e s t .  

Associat ions .- - Often w i t h  L i r iodendron  t u l i p i f e r a ,  oaks  and o t h e r  s p e c i e s .  

Hab i t a t .- - Hi l l s ,  rockworks, low mountains;  comes on r a t h e r  d r y  s o i l ,  w e l l  

d r a ined ,  deep. 

Geographic d i s t r i b u t i o n  ( l ) . - -Eas te rn  Uni ted S t a t e s .  Hardly f u r t h e r  n o r t h  

than  43' of l a t i t u d e  i n  New Hampshire. From Main and New Hampshire t o  t h e  sou the rn  

edges of  Lake On ta r i o ,  t o  Michigan, t o  I nd i ana ,  towards  t h e  s o u t h  t o  Alabama and 

t o  Delaware; found i n  t h e  Allegheny Mountains ( i t  was one of t h e  most impor t an t  

s p e c i e s  of t h e  Allegheny Mountains,  b e f o r e  t h e  ravage  of Endoth ia ) ,  South Ca ro l i na ,  

Georgia,  Kentucky, and Tennessee t o  t h e  s o u t h  i n  M i s s i s s i p p i ,  Louis iana  and A l a -  

bama where they  tend t o  d i s appea r  i n  c e r t a i n  f o r e s t s  of t h e  f o o t  h i l l s  ( f .  Mohr, 

P1. l i f e  of Alabama i n  Con t r i b .  U .  S. Nat. Herb., V I  (1901),  p.  61).--This - -- 

Castanea w a s  common i n  t h e  r e g i o n  from On ta r i o ,  u n t i l  s ou th  of Delaware, i n  Maine, 

New Hampshire, i n  t h e  v a l l e y s  of t h e  Connec t icu t  and t h e  Merimac, i n  t h e  f o r e s t s  

of  Tazewel l  County, i n  t h e  south-west of V i r g i n i a ,  i n  Georgia ,  Tennessee,  i t  

w a s  one of t h e  most common s p e c i e s .  Michaux (Arb. - -- f o r  Am. s e p t . ,  11, p. 158) 

r ega rds  C. d e n t a t a  a s  n o t  spontaneous i n  Maine, Vermont, t h e  s e a s h o r e  and lower 

p a r t  of  sou the rn  V i r g i n i a ,  of t h e  C a r o l i n a s ;  of Georgia ,  F l o r i d a ,  sou the rn  

Louis iana  up t o  t h e  j u n c t u r e  of t h e  Ohio and M i s s i s s i p p i .  I t  grew t h e  t a l l e s t  

i n  Ca ro l i na  and Tennessee.  It w a s  n o t i c e d  i n  Columbia, by Hitchcock and ,Chase, 

b u t  was c e r t a i n l y  c u l t i v a t e d  t h e r e .  

C.  d e n t a t a  made up about  10% of t h e  f o r e s t s  of t h e  United S t a t e s  b e f o r e  t h e  - 

i n t r o d u c t i o n  of Endothia .  

1. We a r e  g i v i n g  t h e  d i s t r i b u t i o n  a s  i t  was b e f o r e  t h e  ravage  of Endothia .  



3.--c. c t - e n a t a  

. -1  

C. c r e n a t a  SIEB. e t  - 

Ahadem. d a  W&aenncha&tejz, Bd. I V ,  Abt. 3, p .  224 (1846) ; WILSON, P l a n t .  W&. , 

111, p. 197;  KOIDZUMI i n  Box. Mag. Tokyo, Xxx, p .  99 (1916) ;  Pf. h h  ahient.  
I 

i n  Box. Mag. Tokyo, XI,, p.  338 (1926) ;  ELVES k t  HENRY, T h e u  0 6  Ghed B d  and 

l a d . ,  IV, p.  854;  KOEHNE, V e d c h e  DendtLoC., p .  122; SCHNEIDER, Hand. Laubh., 

I,  p .  804 (1904) ;  GALLOWAY i n  Dep. &c. 383, h. S t .  Pep. A g k  (1926) ,  P. 13; 

BAILEY, C q d .  f f oh t . ,  9e e d . ,  I ,  p.  742 (1927) ;  .--Fagus C a s t a n e a  THUNB., FC. l a p . ,  

p.  195  (1784) ;  non L.--Castanea - -  v e s c a  BLUME, Bij 'd/ t .  FC. Ned. Ind., I ,  p .  524 

(1825) ; SIEB.  i n  V h a n d e .  van h a t  Ba;tav. Genooachap van Kumxen en WeAemchappen, 

X I I ,  p .  25 (1830) ;  non GAERTNER.--C. - -  v e s c a B p u b i n e r v i s  HASSKL., C d .  PC. H04.L 
, . , '  

Bogoa., p. 7 3  (1844) ,  norn nud.; SIEB. ' e ~  ZUCC., &. c. , p .  224 (1846) ,  nom nud.-- 
:. 

C. c h i n e n s i s  HASSKL., 1. c.,  p .  7 3  (1844).--C. s t r i c t a  SIEB. e t  ZUCC., 1. c., - - 

p. 225 (1846) .--C. - j a p o n i c a  BLUME i n  M u .  box. Lugd. - B a t . ,  I ,  p. 284 (1850) ;  

DODE i n  ?3&. Sac. Den&. Ftt. (1908) ,  p. 149 ,  cum i c . ;  M I Q .  i n  Ann. MU. Lugdo- 

BCLt., I, p .  121.--C. - v u l g a r i s  v a r .  e l o n g a t a ,  s u b d e n t a t a  DC., Ptrodrr., X V I ,  11, 

p. 115  (1868) .--C. - v u l g a r i s  FRANC;. e t  SAVAT., Enum. p l .  l ap . ,  I, p .  450 (1875) .-- 
C .  C a s t a n e a  v a r .  p u b i n e r v i s  SARGENT, S d v a ,  I V ,  p. 9 (1896).--C. v u l g a r i s  v a r .  - - 
j a p o n i c a  SHIRASAWA, Inconogh. eA6 e n c a  d o h ~ ~ h ~  du Japon, t . 3 1 ( 1  900) . -- 
C.  s a t i v a  v a r .  p u b i n e r v i s  MAKINO i n  Box. Mug. Tokyo, XXIII ,  p.  12 (1900).-- - 

C .  p u b i n e r v i s  SCHNEIDER, C .  c. ,  I ,  p .  158,  f .  93  (1904) .  - 

Common names: K u r i  ( J a p a n ) .  ~ h a t a i ~ n e r  du J a p o n  (F rench) .  J a p a n i s c h e  

K a s t a n i e  (German). J a p a n e s e  C h e s t n u t  ( E n g l i s h ) .  

SHIRASAWA, 1. c.; SCHNEIDER, k?. c.; BAILEY, C .  c . ,  t.  912;  A. CAMUS, 

Caaknca e,t Can;tanophh, AZLan, p l .  l o ,  11, 12;  p l .  73,  f .  3 .  



T r c c  lcss v l g o r o u s  and s l l o r r c r  L : : I I ~  - C. -- ~ i ~ t l ~ a  and d e n t a t a  ( r eached  15 m .  

a t  most i n  J a p a n ) .  Trunk from 3-5 m. i n  c i r c u m f e r e n c e ,  w i t h  brown s u r f a c e ,  
crown s t r u c t u r e  

f i s s u r e d  l o n g i t u d i n a l l y ,  r a t h e r  d e e p l y ;  d e n s e  , . s p r e a d i n g  b r a n c h e s ;  

b ranches  v e r y  f i n e l y  pubescen t  o r  a l m o s t  smooth i n  y o u t h ,  r a p i d l y  smooth,  r e d d i s h -  

brown, s h i n y ,  armed w i t h  w h i t i s h  l e n t i c e l s .  Buds l i t t l e ,  o v o i d ,  reddish- brown 

s h i n y ,  smooth o r  a l m o s t  smooth. Leaves  (1 )  o b l o n g- l a n c e o l a t e ,  rounded o r  c o r d a t e  
long-  t a p e r i n g  

a t  t h e  summit, 9-15 cm. l o n g ,  3-3.5 cm. wide,  o f t e n  

s m a l l e r  t h a n  i n  t h e  European and American c h e s t n u t  ( I ) ,  t h e  young o n e s  armed 

above  w i t h  s p a r c e  d i s c i f o r m e  h a i r s  and l o n g  w h i t i s h  " r e g u l a r"  h a i r s  on t h e  m i d- r i b s ,  

F b l u i s h- g r e e n  
below g l a u c o u s  , h a v i n g  numerous d i s c i f o r m e  h a i r s  and some " r e g u l a r"  h a i r s ,  

a t  l e a s t  on t h e  v e i n s ,  i n  t h e  a d u l t  s t a t e  v e r y  s h i n y  above,  w i t h  s p a r c e  d i s c i -  

forme h a i r s  and,  on t h e  v e i n s ,  " r e g u l a r"  h a i r s ,  g l a u c o u s  below and u s u a l l y  f i n a l l y  

a l m o s t  smooth; edges  armed w i t h  r e g u l a r  t e e t h ,  F i n e ,  w i t h  p o i n t  e r e c t ,  sometimes 

n o t  v e r y  e v i d e n t  i n  c e r t a i n  c u l t i v a t e d  s p e c i n e n s ;  mid- rib  impressed above;  

16-25 p a i r s  of secondary  n e r v e s ,  sometimes l e s s  t h a n  16 ,  s l i g h t l y  impressed  

above,  s a l l i a n t  below, sometimes s l i g h t l y  curved  a t  t h e  base  of t h e  l e a f  b l a d e ,  even 

b i f u r c a t e ,  sometimes hav ing  r a m i f i c a t i o n s  from t h e  s i d e  t u r n e d  towards  t h e  b a s e  

of  t h e  l e a f ,  end ing  w i t h  t h e  tee i -h ,  e x c e p t  f o r  t h e  2 o r  4 lower p a i r s ,  t h e  

edge b e i n g  whole i n  t h i s  p l a c e ;  v e i n l e t s  v e r y  s l i g h t l y  v i s i b l e  below;  r a t h e r  

s h o r t  p e t i o l e ,  10-12 mm. l o n g ,  smooth; s t i p u l e s  10-15 mm. l o n g ,  o b l o n g- l a n c e o l a t e ,  

a l m o s t  smooth, i n d e c i d u o u s ,  w i t h  a l m o s t  p a r a l l e l  v e i n s .  c? c a t k i n s  e r e c t ,  from 

5-20 cm. l o n g ,  u s u a l l y  from 8-12 cm., c l o s e  t o g e t h e r  i n  t h e  p a n i c l e ,  o f t e n  

f o l i a c e o u s ,  and surmounted w i t h  l e a v e s ;  f i n e l y  wooly- whi t ish  a x i s ;  u1 f l o w e r s  

1. I n  t h i s  s p e c i e s ,  t h e  l e a v e s  a r e  l e s s  a t t a c k e d  by f u n g i  than  i n  r e l a t e d  s p e c i e s .  

1. I a l s o  n o t i c e d  t h a t  i n  t h i s  s p e c i e s ,  sometimes on t h e  same s t a l k ,  t h e  
t e r m i n a l  l e a v e s  of t h e  f r u i t - b e a r i n g  b ranches  were r a t h e r  tomentose  
below, w h i l e  t h e  lower  l e a v e s ' w h i c h  p robab ly  came w e l l  i n  t h e  s h a d e ,  
were  a  l i t t l e  l a r g e r ,  smooth below and w i t h  more e v i d e n t  t e e t h .  



r a t h e r  c l o s e  t o g e t h e r ;  p e r i a n t h  wit11 !;-C o v a l ,  h a i r y  d i v i s i o n s ;  l i t t l e  a n t h e r s ;  

t h r e a d s  o f t e n  r e d d i s h .  - -  A n d r o ~ e n o u s  c a t k i n s  u s u a l l y  a b o v e  and l a t e r a l ,  h a v i n g  

1-3 l o w e r  7 flower:;, t l l c :  o t h e r s  c ? ,  o f t e n  r a t h e r  r u d i m e n t a r y ;  principal a x i s  

p u b e r u l e n t  o r  p u b e s c e n t ;  a b o u t  8 s t y l e s  p e r  f l o w e r ,  v e r y  e l o n g a t e d ,  a l m o s t  smoo th  

o r  p u b e r u l e n t .  At  m a t u r i t y ,  b r a n c h e s  h a v i n g  r a t h e r  numerous l e a v e s  a b o v e  t h e  

f r u c t i f e r o u s  a x i s .  C u p u l e s  u s u a l l y  p l a c e d  l a t e r a l l y  and  n o t  a t  t h e  summit  o f  

t h e  b r a n c h e s ,  as i n  - C .  -- s a t i v a ,  s l i g h t l y  d e p r e s s e d ,  f rom 3 .5- 5 .5  cm. i n  d i a m e t e r  

( w i t h  t h e  s p i k e s ) ,  c o v e r e d  w i t h  s l e n d e r  s p i k e s ,  r a t h e r  c l o s e  t o g e t h e r ,  f a s c i c u l a t e ,  

8-12 mm. l o n g ,  i r r e g u l a r ,  l a r g e l y  s p r e a d i n g ,  smooth  o r  a l m o s t  smooth  (much 

s m o o t h e r  t h a n  i n  - C. m o l l i s s i m a ) ,  w i t h - w a l l  a b o u t  2  t o  3  mm. t h i c k ,  v e r y  s i l k y  

w i t h i n ,  less p u b e s c e n t  o u t s i d e ,  w i t h  e v i d e n t  l i n e s  o f  d e h i s c e n c e ,  o p e n i n g  i n  

4 r a t h e r  d e e p  v a l v e s .  F r u i t s  1-2-3, u s u a l l y  3 ,  ( r a r e l y  5  o r  7 )  t o  t h e  b u r ;  t h e  

l a t e r a l  o n e s  u s u a l l y  r u d i m e n t a r y ,  t h e  c e n t r a l  o n e  d e v e l o p e d ,  a l l  o b t u s e  o r  

rounded  a t  t h e  summit ,  more o b t u s e  t h a n  t h e  f r u i t s  o f  - C .  s a t i v a ,  v e r y  rounded 

a t  t h e  b a s e ,  2- 2.5 cm. t a l l ,  w i t h  a l m o s t  smooth  p e r i c a r p ,  p u b e r u l e n t  a t  t h e  

summit ,  r a t h e r  t h i c k ,  o f  a b e a u t i f u l  c o l o r ,  t e r m i n a t i n g  a t  t h e  summit i n  a  

t o r c h  4-6 mm.  l o n g ,  s i l k y - w h i t i s h ;  s c a r  d u l l ,  a  l i t t l e  wr in lc led ,  convex ,  l a r g e ,  

o c c u p y i n g  t h e  l o w e r  p a r t  o f  t h e  F r u i t  and  mounking on  t h e  s i d e s ,  some t imes  

c o v e r i n g  % o f  t h e  f r u i t  and  e v e n  more i n  c e r t a i n  c u l t i v a t e d  v a r i e t i e s ,  r e l a t i v e l y  

smaller i n  t h e  w i l d  v a r i e t i e s  ( ? ) . - - I s  e s p e c i a l l y  d i s t i n g u i s h e d  f rom - C .  s a t i v a  
-5 wavy 

by  i t s  much n a r r o w e r  l e a v e s , !  s i r l u a t e  - c r e n e l a t e  and  n o t  d a n t a t e  - s e r r a t e ,  w i t h  

o b t u s e ,  s u b c o r d a t e  b a s e ,  n o t  c u n e a t e ,  w i t h  m i d- r i b  h a i r y  above ,  f i n a l l y  by t h e  

f r u i t  more r o u n d e d  a t  t h e  summit ,  w i t h  a l a r g e r  s ca r .- - The  f i r s t  l e a v e s  a r e  more 

s t r o n g l y  o n d u l a t e  t h a n  i n  C .  s a t i v a  and  s l i g h t l y  d e n t a t e .  

T h i s  s p e c i e s ,  which  d o e s  n o t  d e v e l o p  t o  a  v e r y  l a r g e  t r e e ,  f l o w e r s  when i t  

2.  T h e s e  f r u i t s  are  n o t  a t t a c k e d  v e r y  much b y  B a l a n i n u s .  



is  s t i l l  v e r y  young, i n  t h e  s h r u b  s t a g e  of 2  o r  4  y e a r s .  It b e a r s  f r u i t  e a r l y  

i n  t h e  y e a r .  

Monstrosity.--Blanco (1)  n o t i c e d  a  c u r i o u s  r a p i d  m u t a t i o n  appeared  on a  

J a p a n e s e  c h e s t n u t ,  o b t a i n e d  by g e r m i n a t i o n  of f r u i t s  t h a t  came from Japan .  The 

i n f l o r e s c e n c e  of t h i s  t r e e  shows a  h y p e r t r o p h i e d  r e c e p t a b l e  whose s u r f a c e  is  

d i v i d e d  i n  polygous,  i n  which a r e  i n s e r t e d  a s  many f l o w e r s ,  more numerous t h a n  

i n  t h e  type .  The i n v o l u c r a n t  b r a c t s  a r e  a b s e n t .  

V a r i e t i e s  

V a r .  j a p o n i c a  (BLUME ) KORDJUMI, PI. Ah& o&ent. i n  The Bok. Magaz. 

Tokyo (1926) ,  p.  339.--2. j a p o n i c a  t y p i c a  BLUME i n  M U .  Bok. Lugd. - B a t . ,  I, 

p.284 (1850) .--C. - v u l g a r i s  v a r .  j a p o n i c a  D C . ,  P&o&. X V I ,  2, p.  115 (1868);  

e x c e l .  syn.--Largely oblong l e a v e s ,  f i d d l e- s h a p e d ,  acuminate ,  w i t h  s u b c g r d a t e  
( b r i s t l e d  

b a s e ,  w i t h  s i n u o u s  edges ,  mos t ly  c r e n e l a t e ,  armed w i t h  c u s p i d a t e  t e e c h , ' ~  s e t a c e o u s ,  

( H u b .  Lugd. -B&v., no. 901, 309-9, SIEBOLD) . 
Var. canescens  K O I D J U M I ,  1. c. ,  (1926).--C. - j a p o n i c a  v a r .  canescens  BLUME 

l a s  t i n g  
i n  MU. B a t .  Lugd.-Bdtav., I, p.  286 (1950).--Leaves w i t h , p e r s i s t a n t  tomentum 

below.--Japan: ( H u b .  Lugd. -8ata;. , no. 901, 308-594, l e g i t  SIEBOLD) . 
Var. s t r i c t a  (C. - jap.) BLUME, &. c . ,  p. 286 (1850).--C. - s t r i c t a  SIEB. and 

ZUCC. ,  1. c . ,  p .  225, no.  790.--C. - pumi la  HASSK., C d .  H o a .  B a g . ,  p .  73; n o t  

M1CHX.--Leaves a lmos t  c o r i a c e o u s ,  oblong o r  o b l o n g- l a n c e o l a t e ,  w i t h  rounded b a s e  

o r  s u b c o r d a t e ,  acumina te  a t  the . summi t ,  w i t h  edges  c r e n e l a t e  - s e r r u l e  on t h e  
( powdery 
i 

lower  s i d e  d e n s e l y  glandulous--\puberulent, covered w i t h  a  s t a r- s h a p e d  tomentum. 

Japan .  

Var. p e n d u l a  MIYOSHI i n  B O X .  Mag. Tokyo, XXXIII, p. 185-188 (1919) ; XxXIv, 

p .  185 (1920).--Pendant branches.- - Japan: p r .  Shinauo. Could be  reproduced by 

2 t' 

1. Blanco, U~za mucation nueva en ,C. canaizna d d  japon i n  B a t .  n. Sac. u p .  
c&?&x. nat. ,  X X V I ,  p. 95 (1926).  



s e e d ,  a c c o r d i n g  t o  Miyoshi .  
1 

Var. Kusnl<uri (C .  j a p o n  v a r . )  BLIjPlE i n  : b l ( l n .  Ll~gd.-8&.,  I ,  p. 285 (1850) .-- - 

C .  v u l g a r i s  v a r .  Kusakur i  D C . ,  P/Lo&. , X V I ,  2 ,  p .  115 (1868) .--Castanea Kusakur i  - 

KOIDJUMI, Plant A . l h  o ~ e k t t  i n  B u t .  Mngaz. Tah. (19261, p .  337.--Vernacular 

name: Kusakuri.--Young branches  w i t h  ashen  g r a y  tomentum, y e a r  o l d  ones  red-  

brown. Fiddle- shaped l e a v e s ,  o b t u s e  o r  p o i n t e d ,  w i t h  b a s e  v e r y  o b t u s e  o r  

rounded, t h e  young ones  armed w i t h  numerous a p p r e s s e d  I ~ a i r s ,  w i t h  t h e  lower  s i d e  

a lmos t  smooth, e x c e p t  f o r  t h e  mid- r ibs  which a r e  pubescent-ashen;  between t h e  

v e i n s ,  temporary c a p i t a t e  h a i r s ;  mid- rib  a t  f i r s t  armed on two s i d e s  w i t h  a 

dense  tomentum, a p p r e s s e d ,  b u t  above w i t h  temporary r u s s e t y  h a i r s ,  then  w i t h  

s t e l l a t e  tomentum, s o f t ,  w h i t i s h ;  a d u l t  l e a v e s  smooth on bo th  s i d e s ;  p e t i o l e  

from 1-2 mm. l o n g ,  pubescen t ;  temporary s t i p u l e s .  Srnal l  f r u i t . - - J a p a n :  

(BUERGER i n  H w ~ .  Ltcgd.-Bntav., no. 901, 309-11-12). 

Var. c r e n a t a  (C. - &.) BLUEIE, &. C . ,  p. 285 (18501.---C. - c l ~ i n e n s i s  IIASSK., 

H O G .  Bag., p .  73.--C. - c r e n a t a  STEB. and ZUCC. i n  Abh. A!urzck. Ahad. W d h . ,  

I V ,  111, p .  224,  no.  789.--C. v e s c a  B f r u c t i b u s  maximus h e r b .  SIEB.-- Leaves - -  - 

o b l o n g- l a n c e o l a t e ,  acuminate ,  w i t h  rounded o r  a lmos t  c o r d a t e  b a s e ,  r a r e l y  
- .  

' a c u t i u s c u l e ,  w i t h  s e r r a t e - c r e n e l ' a t e  edges ,  d e n s e l y  g l a n d u l a r- p u b e r u l e n t  and 

h a i r y  below on t h e  veins .- - Japan.  

Var. Ookasi  (C. j a p . )  BLUME, l. c., p. 285 (1850).--Leaves of t h e  p r e c e d i n g  

v a r i e t y ,  b u t  o f t e n  w i t h  t a p e r e d  base.- - Japan: Ookasi .  

Var. q u e r c i n a  (C. &.)RLDf.E, l. c . ,  p. 185 (1850).--Oblong o r  l a n c e o l a t e  - 

l e a v e s ,  w i t h  s u b c o r d a t e  b a s e ,  o r  o b t u s e ,  o r  t a p e r i n g ,  acuminate  a t  t h e  summit, 

u n e q u a l l y  d e n t a t e - s e r r a t e ,  o f t e n  w i t h  s e t a c c o u s  t e e t h ,  w i t h  mid- rib  and secon-  

d a r y  v e i n s  pubescent  on t h e  lower  s ide .- - Japan.  

Var. l o n g i s p i n a  (C. j a p . )  BLLPIE, l. c . ,  p. 285 (1850) .--Leaves l i k e  t h o s e  - - 



of t h e  p reced ing  v a r i e t y ,  b u t  w i t h  s e t n c c o u s- s e r r u l e  edges ,  v e i n s  c l o s e r  

t o g e t h e r ;  c u p u l e  w i t h  e l o n g a t e d  s p i k e s .  

Var. o b t e x t a  (C. - jap.) BLUFlE i n  M a .  802. k g d .  -8&., I ,  p. 286 (1850) .-- 

Leaves l i k e  t h o s e  of  t h e  Sh iba- gur i  v a r i e t y ,  b u t  o f t e n  w i t h  l o n g e r  p e t i o l e  

(6-16 rnm.), a lmos t  coreaceous ,  c r e n e l a t e - s e r r a t e ,  o f t e n  w i t h  s e t a c e o u s  t e e t h ,  

w i t h  lower  s i d e  armed w i t h  a  s t e l l a t e  pubescence,  gray.- - Japan. 

Var.  e l o n g a t a  (C. - -.) BLUME, 1. c . ,  p. 286 (1850).--Leaves l i k e  t h o s e  of  

t h e  o b t e x t a  v a r i e t y ,  b u t  l o n g e r  subu la te- acumina te ,  w i t h  s u b c o r d a t e  o r  o b t u s e  

b a s e ,  w i t h  v e i n s  v e r y  c l o s e  t o g e t h e r ;  e l o n g a t e d  c a t k i n s ,  i n  i n t e r r u p t e d  g lomeru les .  

Var. S i b a- k u r i  (C. - jap.) BLUME in-MU. Box. f u g d - B d . ,  I, p. 286 (1850) .  
:, 

Vernacu la r  names : S i b a- k u r i ,  Shiba- gury , Shibk. --A. Camus, Canaknea & 

CUAakKo)36,&, k t e a c l ,  p l .  10.--Oblong o r  l a n c e o l a t e  l e a v e s  c u s p i d a t e ,  c r e n e l a t e -  

s e r r a t e ,  w i t h  rounded o r  s u b c o r d a t e  b a s e ,  t h e  young ones  armed w i t h  numerous 

g l a n d s  below. Flowering f o r  a v e r y  long  t i m e .  Cupule r a t h e r  s m a l l ,  p rov ided  

w i t h  s p i k e s  n o t  q u i t e  c o v e r i n g  t h e  w a l l .  It i s  a  w i l d  J a p a n e s e  c h e s t n u t .  Wide- 

s p r e a d  s p o n t a n e o u s l y ,  i n  c o p p i c e  form, i n  J a p a n ,  e i t h e r  i n  p u r e  p o p u l a t i o n s  o r  

mixed w i t h  oaks  o r  p i n e s .  

I n  c u l t i v a t i o n ,  a c c o r d i n g  t o  M. C o u l a g n e ,  i t  makes bushy s h r u b s  from 1 m.  

50 t a l l ,  w i t h  uniform f o l i a g e  and f r u i t .  It b e a r s  f r u i t  from t h e  t h i r d  y e a r  

of sowing and f l o w e r s  i n  a  con t inuous  f a s h i o n  u n t i l  f r o s t  s o  t h a t  i t  g i v e s  many 

s m a l l  c h e s t n u t s  o v e r  a  l o n g  t ime. 

According t o  T e s s i e r  (1)  t h e  s e e d l i n g s  of  Sh iba  are, on t h e  a v e r a g e ,  0 m.  

3 0  t a l l  a t  one  y e a r ;  c e r t a i n  e x c e p t i o n a l  s u b j e c t s  r e a c h  1 m.  i n  h e i g h t .  The 

2  y e a r  o l d  p l a n t s ,  t r a n s p l a n t e d  a t  one y e a r ,  a r e  30-50 cm. t a l l .  

1. T e s s i e r ,  La cLLetwLe d e ~  ~ l d a i c j n i e h n  d'  Extrteme-0~ent davln t e  h u d - o u e ~ x  d e  
La Ftrarzce i n  B u l l .  Soc .  Hdk. n&. TouRaune (1925) ,  p .  98. 



I n  Spain ,  a t  Guernica ,  a t  M. Mazeredo's  home, t h e r e  i s  a Sh iba  sprung  

from s e e d ,  a b o u t  25 y e a r s  o l d ,  g n a r l e d ,  n o t  v e r y  v i g o r o u s ,  4 m .  50 t a l l ,  b e a r i n g  

few f r u i t s .  

The f o r e s t  s e r v i c e  i n  B i s c a y e  p r o v i n c e  (Spa in)  h a s  under taken  t h e  i n t r o -  

d u c t i o n  of  J a p a n e s e  c h e s t n u t s  i n  t h e  v i c i n i t y  of B i l b a o .  

The v a r i e t y  e d u l i s  Nakai,  l . c . ,  w i t h  p l e a s i n g  and r a t h e r  l a r g e  f r u i t s ,  

could  b e  spon taneous  i n  Korea, a c c o r d i n g  t o  Nakai. 

Var. tamba.--Its f r u i t s  a r e  l a r g e ,  good, r a t h e r  depressed  w i t h  l a r g e  s c a r .  

Almost a l l  t h e  v a r i e t i e s  of  Tamba a r e  i n t e r e s t i n g  g r a f t e d  on Shiba.  Shiba  
- 

is  r a t h e r  r e s i s t a n t  t o  cryptogamic d i s e a s e s  and Tamba h a s  good f r u i t .  

At' t h e  n u r s e r y  of B i l b a o ,  t h e r e  a r e ,  a c c o r d i n g  t o  M. T e s s i e r ,  some Tambas 

2 y e a r s  o l d ,  n o t  t r a n s p l a n t e d ,  r e a c h i n g  a h e i g h t  o f  1 m. 

P l a n t s  of  Tambas sprung  from seed  and Tambas g r a f t e d  on S h i b a s ,  s e n t  from 

Yokahama, were  90% recovered  i n  a  n u r s e r y  i n  s p i t e  of  a  v e r y  long  voyage,  thanks  

t o  c a r e  and t h e  mi ld  and humid autumn c l i m a t e .  

Three  p r i n c i p a l  forms of Tamba a r e  d i s t i n g u i s h e d :  Tamba gury ,  Tamba l o n  g u r y ,  

/' 
Tamba g u r y  oku te .  

Var. Tamba gury.--A. Camus, Canka~ea & Ca/Jkarzopcs.in, ktea?l p l .  11.--Cupules 

l a r g e r  t h a n  t h e  Shiba v a r i e t y ,  c o n t a i n i n g  3 f r u i t s ,  t h e  c e n t r a l  one r a t h e r  

developed,  t h e  l a t e r a l  ones  o f t e n  f l a t t e n e d  and rud imenta ry .  

M. Conderc c u l t i v a t e s ,  a t  Aubenas, a  handsome v a r i e t y  of  Tamba t h a t  is  

p i c t u r e d  i n  t h i s  monograph. 

M. E lessagnes  had o b t a i n e d ,  i n  t h e  neighbothood of Saint- Jean-de-Luz 

(Pyranees  f o o t  h i l l s ) ,  some v e r y  i m p o r t a n t  p l a n t a t i o n s  of more t h a n  5 ,000  p l a n t s  

of Tamba g u r y  and of  Sh iba  g u r i .  Tamba g i v e s  e x c e l l e n t  f r u i t .  



According t o  L a p o r t e  (1)  Endothia  c x i s t s  i n  t h e s e  c u l t i v a t e d  v a r i e t i e s  of  

Tamba, b u t  a p p e a r s  t o  b e  l o c a l i z e d  on t h e  g r a f t s ;  t h e  Shiba g u r i  s t o c k  r e s i s t s  

t h e  d i s e a s e .  

I n  c u l t i v a t i o n ,  h y b r i d s  a r e  o f t e n  produced of - C. s a t i v a  and Tamba. P u r e  

Tamba is  r e c o g n i z a b l e  by i t s  b r a n c h e s  w i t h  ye l low b a r k ,  w h i l e  t h e  h y b r i d s  have,  

from youth ,  a g r a y  b a r k  and more v i g o r o u s  growth.  

Sub- var ie ty  B o u r n e t i i  A. Camus.--A. Camus, Ca5kanea eA: C a ? l a k ~ ~ p h b ,  kteah, 

p l .  12.- -Variety o b t a i n e d  by M. Bournet ,  of t h e  Ardeche ( c e n t r a l  F r a n c e ) ,  from 

Tamba g u r i  s e e d l i n g s  coming from Japan .  The l e a v e s ,  a c c o r d i n g  t o  M. Courderc ,  who 

s e n t  me some good specimens o f  t h i s  va; ie ty ,  a r e  of a uniform t y p e ,  b u t  t h e  

f r u i t s  a r e  of  v a r i a b l e  s i z e  and shape ,  a lways w i t h  a l a r g e  s c a r .  The f r u i t s  t h a t  I 

saw were  a b e a u t i f u l  l i g h t  mahogany c o l o r ,  v e r y  l a r g e ,  r e a c h i n g  5 . 5  cm. wide and 

3 . 5  cm. t a l l ,  t h e  s c a r  occupying t h e  whole lower  s i d e  of t h e  f r u i t  and r i s i n g  on 

t h e  s i d e s .  There  a r e  3 developed f r u i t s  p e r  b u r ,  and t h e  bur  sometimes exceeds  

11 cm. i n  d i a m e t e r .  The l a r g e s t  f r u i t  weighed 44 g r .  I t  is  probab ly  one o f  t h e  

most handsome v a r i e t i e s  c u l t i v a t e d .  

Var. Tamba gury  okut6.--Late matur ing  type .  

. 
Var. -- Tamba l o n  gury.--Very r a p i d l y  matur ing  type .  

Var. -- G u r i  noki.--Could be ,  a c c o r d i n g  t o  T e s s i e r ,  a  v a r i e t y  of  - C.  c r e n a t a  

c u l t i v a t e d  w i t h o u t  b e i n g  g r a f t e d ,  r e a c h i n g  15-25 m. t a l l ,  having good q u a l i t y  

f r u i t s ,  l a r g e  (30-32 mrn . ) ,  3  t o  t h e  bur .  T h i s  v a r i e t y  i s  p l a n t e d  w i t h  a s p a c i n g  

of  1 2  m . ,  a b o u t  70 t o  t h e  h e c t a r e  (10,000 m 2 ;  2.471 a c r e s ) .  

Var. -- G u r i  n o k i  osaya.--Very p r e c i o u s ,  p r o l i f i c  v a r i e t y ,  g r a f t e d  on Shiba 

g u r i ,  i n  t h e  Aude ( F r a n c e ) ,  where it h a s  been c u l t i v a t e d ;  i t  i s  invaded by 

1. L a p o r t e  i n  B u l l .  Sac. Agtt. A u d ~  (1925) ,  p.  84 .  



d i s e a s e  and k i l l e d  i n  2  o r  3  y e a r s  ( L a l w r t e ) .  

V a r i e t i e s  o f  C. c r e n a t a  c u l t i v a t e d  i n  t h e  United S t a t e s  

L e t  u s  c i t e  among t h e  most c u l t i v a t e d  v a r i e t i e s :  

Alpha.--New J e r s e y .  Medium cupule .  F r u i t s  a v e r a g e  o r  l a r g e ,  u s u a l l y  3  

t o  t h e  b u r ,  d a r k ,  of good q u a l i t y ,  r i p e n i n g  v e r y  e a r l y .  Very p r o d u c t i v e  t r e e ,  

w i t h  r a t h e r  good v i g o u r .  O r i g i n a t e d  i n  New J e r s e y .  Was o b t a i n e d  from s e e d s  

of  P a r r y .  

Beta.--New J e r s e y .  Smal l  cupu le .  Average f r u i t s ,  w i t h  l i g h t  brown p e r i -  
- 

c a r p ,  s l e e k ,  s c a r c e l y  tomentose,  i t  t h e  summit; r i p e n i n g  a f t e r  t h e  p r e v i o u s  

v a r i e t y  . Obtained from P a r r y  s e e d s .  

Bidd1e.--New J e r s e y .  F i r s t  b o r e  f r u i t  i n  Maryland. Average bur .  Large 

f r u i t s ,  2-5 t o  t h e  b u r ;  l i g h t  brown p e r i c a r p ,  m o s t l y  d e n s e l y  tomentose;  k e r n a l  

of  good q u a l i t y .  Vigorous  t r e e ,  w i t h  rounded crown. 

Black o r  -- D r .  Black.--New J e r s e y .  F i r s t  b o r e  f r u i t  i n  Maryland. Large  b u r ,  

a v e r a g e  o r  l a r g e  f r u i t s ,  3-7 t o  t h e  b u r ,  of  i r r e g u l a r  s i z e ;  d a r k  brown p e r i c a r p ,  

s c a r c e l y  tomentose;  k e r n a l  of good q u a l i t y .  Very p r e c o c i o u s  m a t u r a t i o n .  Vigorous  

t r e e ,  v e r y  p r o d u c t i v e .  From imported seed .  

Coe.- -Cal i fornia .  Giving v e r y  sweet  f r u i t .  They have n o t  been c u l t i v a t e d  - 

f o r  long .  From imported s e e d .  

Felton.--New J e r s e y .  F i r s t  b o r e  f r u i t  i n  Delaware. Smal l  b u r .  Average 

f r u i t ,  d a r k  brown, s c a r c e l y  tomentose ,  of  good q u a l i t y ,  r i p e n i n g  r a t h e r  e a r l y ,  

abundant  p r o d u c t i o n .  From s e e d s  from a n  imported t r e e .  

Giant.-- Japan. S e v e r a l  v a r i e t i e s  have been imported from Japan  under  t h i s  

name. 

Hale  (E igh teen  Months) .- - Cal i fornia .  Newly i n t r o d u c e d  v a r i e t y .  Large 



f r u i t ,  d a r k  brown, e x c e l l e n t  q u a l i t y ,  r i p e n i n g  v e r y  e a r l y .  From imported s e e d s .  

Kent ( E x t r a  Early).--New J e r s e y .  F i r s t  b o r e  f r u i t  i n  Delaware. Smal l  -- 

b u r ;  average  o r  l a r g e  f r u i t ,  d a r k ,  u s u a l l y  3 i n  t h e  same b u r ,  r i p e n i n g  v e r y  

e a r l y ,  of good q u a l i t y .  P recoc ious  t r e e .  From s e e d s  from a n  imported t r e e .  

Kerr.--New J e r s e y .  F i r s t  b o r e  f r u i t  i n  Maryland. Smal l  b u r ;  a v e r a g e  o r  

l a r g e  f r u i t s ,  d a r k  brown, u s u a l l y  3 i n  each b u r ,  r i p e n i n g  e a r l y ,  e x c e l l e n t  

q u a l i t y .  Vigorous t r e e ,  v e r y  p r o d u c t i v e .  From imported s e e d .  

Killen.--New J e r s e y .  F i r s t  b o r e  f r u i t  i n  Delaware. Very l a r g e  bur .  F r u i t s  

v e r y  l a r g e ,  f a t ,  l i g h t  brown, v e r y  good q u a l i t y ;  a v e r a g e  m a t u r i t y .  T r e e  o f  
- 

a v e r a g e  v i g o u r ,  p r o d u c t i v e .  From s e e d s  from a n  imported t r e e .  

Mammoth.--Name g i v e n  commercia l ly  t o  J a p a n e s e  c h e s t n u t s ,  w i t h  l a r g e  f r u i t ,  

b u t  n o t  a p p l y i n g  t o  a  p a r t i c u l a r  v a r i e t y .  

Martin.- -  New J e r s e y .  F i r s t  b o r e  f r u i t  i n  Maryland. Large b u r .  F r u i t s  

v e r y  f a t ,  l a r g e ,  b r i l l i a n t  red-brown, s c a r c e l y  tomentose ,  3-5 i n  t h e  b u r ,  

good q u a l i t y ;  a v e r a g e  t ime  of m a t u r i t y .  Vigorous  t r e e ,  s p r e a d i n g ,  p r o d u c t i v e .  

From imported s e e d .  

McFar1and.--California.  Very l a r g e  b u r .  F a t  f r u i t ,  of good q u a l i t y ,  r i p e n-  

* 
i n g  e a r l y .  Spreading t r e e ,  v e r y  p r o d u c t i v e .  From imported s e e d .  Only r e c e n t l y  

c u l t i v a t e d .  

Parry.- - Japan. Very l a r g e  b u r .  Very f a t  f r u i t ,  1-3 i n  each b u r ,  l a r g e ,  

sometimes w i t h  d i p r e s s e d  apex,  d a r k  brown, good q u a l i t y .  T r e e  of a v e r a g e  v i g o u r ,  

s p r e a d i n g ,  w i t h  l a r g e  l e a v e s .  One of  t h e  most b e a u t i f u l  c h e s t n u t  t r e e s .  

P r o l i f i c .- - J a p a n .  Small  b u r .  Average f r u i t s ,  mos t ly  . long,  s t r i p e d ,  3 i n  a  

b u r ,  p r e c o c i o u s .  Vigorous t r e e ,  w i t h  dense  crown w i t h  s m a l l  narrow l e a v e s .  

Reliance.--New J e r s e y .  Average b u r .  Average o r  l a r g e  f r u i t ,  m o s t l y  l o n g ,  

l i g h t  brown, s t r e a k e d ,  good q u a l i t y ,  r i p e n i n g  towards  t h e  midd le  of t h e  season .  



Spreading s h r u b ,  pendant ,  p roduc t i ve ,  riot v e ry  demanding. From s e e d l i n g s  of 

Pa r ry .  

Success.--New J e r s e y .  Bur ve ry  l a r g e .  F r u i t s  ve ry  f a t ,  o f t e n  3 t o  t h e  

bur ,  q u a l i t y  n o t  v e r y  es t imed,  r i p e n i n g  towards t h e  middle  of t h e  h a r v e s t  

season.  E r e c t  t r e e ,  p roduc t i ve .  From s e e d l i n g s  o f  Pa r ry .  

Superb.--New J e r s e y .  Large bur .  F a t  f r u i t ,  l a r g e  brown, u s u a l l y  3 t o  

t h e  bu r ,  p r ecoc ious ,  good q u a l i t y .  Vigorous t r e e ,  ve ry  p roduc t i ve .  From s e e d s  

of Pa r ry .  

- 
Anatomy 

One y e a r  o l d  branch.--Cork compris ing s e v e r a l  l a y e r s .  E x t e r n a l  c o r t e x  formed 

of  th ick- wal led  c e l l s ,  c o n t a i n i n g  some c r y s t a l s  and a  few rare mechanical  c e l l s  

( 1  111 f .  4 ) .  I n t e r i o r  c o r t e x  r a t h e r  l oose ,  c o n t a i n i n g  c r y s t a l s .  Mass 

of s m a l l  p e r i c y c l i c  f i b e r s  j o ined  by ve ry  l a r g e  mechanical  c e l l s  t a n g e n t i a l l y  

,drawn o u t  and a r r anged  i n  a n  a lmos t  con t inuous  r i n g .  Phloem c o n t a i n i n g  r a t h e r  

numerous c r y s t a l s ,  e s p e c i a l l y  nea r  t h e  f i b e r s ,  r a t h e r  con t inuous  r i n g  of phloem 

f i b e r s ,  formed of 3 t o  4 rows of f i b e r s .  Ves se l s  w i t h  c r o s s  s e c t i o n  r each ing  

60-70 p ,  most ly  s m a l l e r  t han  i n  - C.  s a t i v a ,  numerous, ve ry  r a r e l y  2 con t iguous  

v e s s e l s .  Pr imary xylem bundles  developed.  Xylem f i b e r s  w i t h  w a l l s  mos t ly  t h i c k e r  

t han  i n  - C. s a t i v a .  More numerous u n i s e r a t e  r a y s .  Annual zones s p e c i a l l y  marked 

by ve ry  l a r g e ,  ve ry  s i nuous  v e s s e l s .  P i t h  formed of c e l l s  w i th  s l i g h t l y  t h i c k  

w a l l s ,  w i thou t  d i s t i n c t  mechanical  c e l l s .  

Lea f .- - Pe t i o l e .- - In i t i a l  ( p l .  111, f .  15). Elongated s e c t i o n .  H a i r s  

r e ach ing  200-500 u ,  f a t  ( p l .  f .  21) ,  w i t h  t h i c k  w a l l s ,  i s o l a t e d  o r  i n  twos. 

Collenchyma w i t h  t h i c k  w a l l s .  Parenchyma c o n t a i n i n g  c r y s t a l s .  3 m e r i s t e l e s .  

C h a r a c t e r i s t i c  (P l .  111, f .  16 ) .  S l i g h t l y  e l onga t ed  c r o s s  s e c t i o n .  Thick 

per iderm,  formed of th ick- wal led  c e l l s .  Vascu la r  r i n g  sur rounding  a n  i n t e r n a l  



? ? 
b u n d l e  w i t h  xylem (above) ( o r  w i t h  s u p p o r t  xylem) and w i t h  infra- phloem f i b e r s  
I 

, d i g n i f i e d .  I n t e r n a l  p i t h  formed of  th in- wal led  l i g n i f i e d  c e l l s .  
/* 

Mid-rib.--Base. Biconvex s e c t i o n .  Upper ____ ep-idermis .-- having " r e g u l a r"  h a i r s ,  ---- -- -- -- 

i s o l a t e d  o r  i n  3 ' s  o r  4 ' s ,  t h e  s h o r t e s t  from 50-60 i.~ l o n g ,  t h e  o t h e r s  from 

100-150 e .  Collenchyma w i t h  w a l l s  l e s s  t h i c k  on t h e  upper  s i d e  t h a n  t h e  

lower .  Parenchyma much more abundan t  below t h e  pe r ide rm t h a n  above.  Almost 

t h e  same a r rangement  of t i s s u e s  a s  f u r t h e r  down.--Middle. ( P l .  111, f .  17) 

Biconvex s e c t i o n .  Vascu la r  r i n g s  d i s j o i n t  a t  t h e  e x t r e m i t i e s ;  i n t e r n a l  bund le  

more o r  l e s s  i n t e r r u p t e d .  

Secondary v e i n s . ( P 1 .  111, f .  18).--Very s l i g h t l y  b iconvex  s e c t i o n ,  s i t u a t e d  

i n  a  d e p r e s s i o n  o f  t h e  l e a f  b l a d e .  Abundant collenchyma on t h e  upper  s i d e ,  v e r y  

l i t t l e  developed on t h e  lower  s i d e .  P e r i d e r m i c  r i n g  formed of  th ick- wal led  

f i b e r s .  V a s c u l a r  r i n g  i n t e r r u p t e d  a t  t h e  e x t r e m i t i e s ;  i n t e r n a l  p i t h  w i t h  t h i n ,  

l i g n i f i e d  wa l l s . - -Ve in le t s .  F la t- convex o r  f l a t  s e c t i o n .  S e v e r a l  p e r i d e r m i c  

f i b e r s ,  sometimes two s m a l l  a r c s  j o i n e d  t o  t h e  e p i d e r m i s  by a  narrow s t r i p  of  

l i g n i f i e d  t i s s u e .  V e i n l e t s  w i t h  s u p p o r t  t i s s u e  u s u a l l y  n o t  v e r y  deve loped .  
--A:. - :.-- 

. Parenchyma o f  t h e  l e a f  b l a d e .  (PI .  111, f .  2O).--Thickness 190-200 u .  : u p p e g  
.-- .- 

I ' e p i d e r - d  from 30-35 u deep ,  formed of c e l l s  r e a c h i n g  40-50 e a c r o s s  t h e  - ''. 
d i a g o n a l  ( p l .  111, f .  22), w i t h  t h i n  l a t e r a l  w a l l s ,  r e c t i c u r v i l i n e a r ,  w i t h  ex- 

t e r n a l  w a l l s  of  medium t h i c k n e s s ,  s l i g h t l y  convex, o f t e n  having a n  i r r e g u l a r  

_̂ _i-?--*__ 

t a n g e n t i a l  w a l l ,  ' a lmost  s m o o t h  in ,  t h e  a d u l t  s tats-, t h e  young l e a d  hav ing  
>----. '- --- *--"ha 

' S b r a c e s ,  arms 
\ s t e l l a t e  o r  s i m p l e  h a i r s ,  w i t h l b r a c k e t s  

_ ----., j o i n e d  f o r  a  long  w h i l e  t o  t h e  b a s e ,  --- - - -- .- -- - ---_-, 

and ex t remely  numerous g l a n d u l a r  h a i r s ,  b r i e f l y  p e d i c e l l a t e ,  w i t h  d e p r e s s e d  - -____ _. 

head ( p l .  111, f .  23-24). 2  l a y e r s  of  p a l i s s a d i c  t i s s u e ,  t h e  upper  a b o u t  50 u 
-- 7 l o n g .  Lacunose t i s s u e  c o n t a i n i n g  some c r y s t a l s .  4 o w _ g r _ - e p i d e e ~ ~ f r o m  8-10 u 

deep,  formed o f  c e l l s  r e a c h i n g  24-40 u a c r o s s  t h e  d i a g o n a l ,  w i t h  t h i n  l a t e r a l  



-+.. ---- 
t h e  g l a n d u l a r  hairs appear  t o  b e  l a c k i n g ;  on t h e  young l e a v e s ,  g l a n d u l a r  h a i r s  '---, -- - . ,- ; r  , 

. . 

w i t h  head of 40-50 u d i a m e t e r  a l m o s t  s e s s i l e  ( p l .  111, f .  25-26), h a i r s  i n  t h i c k e t s .  -i$p 
. . -. 

-/-: '. ~.. 
:.; .,? 

and s i n g l e  h a i r s  from 150-250 long ;  numerous stomata.--Edges - of  t h e  l e a f  .. . 
.: 'i 

, : ,: . ., . 
'. ,! 1 .  .. ' 

b l a d e  ( p l .  111, f .  19) r e c u r v e d .  Epidermis  w i t h  e x t e r n a l  w a l l  s l i g h t l y  t h i c k ,  
1 . - , ..;.... 

\ ' 
convex. A t  t h e  v e r y  edge,  4-5 l a t e r s  of collenchyma formed of v e r y  l a r g e  c e l l s  

w i t h  medium o r  r a t h e r  t h i n  w a l l s ,  a  l i t t l e  prolonged a n  t h e  upper s i d e  of t h e  

l e a f  b l a d e  i n  a b i s e r i a t e  hypodermis.  Marg ina l  v a s c u l a r  bundle  armed w i t h  2  

arcs of t h e  f i b e r  bundle ,  t h e  upper  one l a r g e r ;  no m a r g i n a l  f i b r o u s  bundles  
* 

touch ing  t h e  col1enchyma.--Teeth ( p l .  111, f .  31). Edges of t h e  l e a f  b l a d e  armed 

w i t h  an  e p i d e r m i s  w i t h  convex e x t e r n a l  w a l l ,  of  medium t h i c k n e s s .  Under t h e  

ep idermis ,  a t  t h e  e x t r e m i t i e s ,  s e v e r a l  c e l l s  o f  col lenchyma,  w i t h  t h i n  w a l l s .  P!o 

sc lerenchyma.  A p a l a s s a d i c  l a y e r  under  t h e  upper  ep idermis .  Towards t h e  edge,  on 

each  s i d e ,  mass of l i g n i f i e d  c e l l s ,  sp i ra l- formed .  Mid- rib w i t h  v a s c u l a r  bundle  

formed of developed phloem and l e s s  abundant  xylem; numerous c e l l s  of non- 

l i g n i f i e d  parenchyma s e p a r a t i n g  some v e s s e l s .  Per iderm a t t a c h e d  t o  t h e  e p i d e r m i s  

by l i g n i f i e d  t i s s u e s  w i t h  t h i n  w a l l s .  
L 

Habi ta t .- - Often i n  c l a y  s o i l ,  on h i l l s i d e s ,  a s s o c i a t e d  w i t h  p i n e ,  Quercus 

s e r r a t a  o r  Cryptomeria  j a p o n i c a ;  a l s o  o f t e n  on g r a n i t i c  t e r r a i n ;  n o t  found on 

l i m e s t o n e ,  a c c o r d i n g  t o  Nakai. Seen i s o l a t e d  o r  i n  s m a l l  groups  b u t  n o t  forming 

p u r e  o r  v e r y  widespread populations.--Descends o n t o  t h e  p l a i n s  i n  a l l  t h e  

n o r t h e r n  p a r t  of i t s  h a b i t a t ,  b u t  towards  t h e  s o u t h ,  becomes more and more a 

mountain s p e c i e s .  

Geographic  d i s t r i b u t i o n .- - J a p a n ,  e s p e c i a l l y  spon taneous  i n  t h e  mountains  

of t h e  c e n t r a l  p r o v i n c e s  where i t  r e a c h e s  a b o u t  12 m.  i n  h e i g h t  and where it 
xylem 

does  n o t  form e x t e n s i v e  5 wood; abundant  a t  Kiou- siou t o  t h e  mountains  of Hondo 



and to the center of this island .--Eastcxrn China, Korea (spontaneous). 

4.--C. - mollissima. 

C. mollissima BLUME in Mm. BOX. 1ugd.-Bdt., I, p .  286 (1850) ( 4 ) ;  SEEMAN - 

in Box. Jahhb., XXIX, p.  288 (1900) ;  REHDER in BAILEY, S&nd. C y d .  Hatrk., 11, 

p. 682 (1914) ;  NAKAI in Tokyo Box. Mag., X X I X ,  p. 54 (1915) ;  WOON YOUNG CHUN, 
3 : 4 

C k i ~ .  ecan. ~ e e A ,  p. 84 ,  pl. 29; REHDER ef WILSON, PX.  W&., 111, p.  192 

(1916) ,  p. p . ;  MERRILL, An ~ I I L ~ ~ W ~ V M  al) Philippine blaw&ng pXana2 (1923) ,  

p. 24; GALLOWAY in Dep. Chc.  363,  Un. St. Dep. Aga. (1926) ,  p. 5, f .  1-3.-- 

C.  vesca. BUNGE in M&m. Sav. 03~. Ac. Sc.  PeXehAb., 11, p. 137 (Enum. PI. Chin. --  

bor., p. 62) (1833) ; non GAERTNER.--C. - Bungeana BLUME in M a .  B OX.  Lugd. -m., 
I, p. 284 (1850) ;  NAKAI in Tokyo Box. Mag., X X I X ,  p. 54 (1915).--C. - vulgaris 

W C E  in Jomn. ol) BOX. x, p. 69 (1872) ,  ndn LAMK; DEBEAUX in A&. Sac. Linn. 

Bohdeauu, XXXI, p. 363  ( F l .  T C ~ ; - ~ V # L ,  p .  130(1876) ;  l. c .  ,XXXIII, p .  64 ( F l .  

Tien-&in, p . 4 1  (1879).  --C. - vulgaris var . yunnanensis FRANCHET in Jomn. de 

Box., X I I I ,  p. 196 (1899) .--C. - sativa SKAN in JaWrn. Linn. Sue.-, XXVI, p .  523 

(1899) ,  p. p. ; L ~ V E I L L E  F l .  Kouy-Xchkou, p .  125 (1914) ; non MILLER.--C. - sativa 

a typica SEEMEN in BOX. Jahnb., XXIX, p.  287 (1900) . --C. - Duclouxii DODE in 

B&. Soc. Denah. FtLance (1908) ,  p.  150;  i n  FEDDE, Rep. hpee. nav., X ,  p .  239 

(1911) ;  SCHNEIDER, 7 - U .  Handb. Laubho&z., 11, p. 899 (1912) ; KOIDZUMI  in Tahyu 

Box. Mag., XXX, p.  99 (1916).--C. - crenata HENRY in ELWES et HENRY, T k e a  G4e& 

and Ihd . ,  I V ,  p .  854 (1909) ,  p. p . ,  non SIEB. et ZUCC.--C. - sativa var 

mollissima PAMPANINI in Nuav. Giahn. BOX.  la. n. ser. X V I I ,  p. 250 (1910).-- 

Le - C. sativa var. formosana HAYATA in JvWrn. C o a .  SC. To/zyo, XXX, p .  304 (1911) ;  
1 

C .  ~vrt"na6ana Gerz. 7rzd. F l .  Faman. ,  p. 71 (1917) ; MAKIN0 e t  NEPfOTO, F l .  Jap., 

p. 1090 (1925) ;  is perhaps synonamous with C. mollissima. 



Vernacular  names: Pan li, Mao t a  i lu li shu (accord ing  t o  Seeman), Mao li 

(accord ing  t o  Hers ) ,  Tsouy l y  t s e ,  a cco rd ing  t o  Farges .  

A.  camus, Ca;tanea & Cccn;tanvpah, Ma, pl'. 13,  14,  73 (5-91, and f .  6-8. 

T ree  r each ing  15-20 m; t r u n k  1-2 m.  i n  c i rcumference ,  w i th  f i s s u r e d  ba rk ;  

whi t i sh- pubescen t  young branches ,  f i n e l y  and dense ly  wooly and armed w i t h  some 
, , 

s p a r c e  h a i r s  on t h e  f i g o r o u s  s h o o t s  and t h e  young t r e e s ,  t h e  o l d e s t  ones  red- 
1 

brown and w i t h  wh i t e  l e n t i c e l e s  wider  t han  t a l l ,  nex t  becoming g r a y i s h .  Small  

:? 
w i n t e r  buds,  l a r g e l y  and b r i e f l y  avo id ,  pubescen t- s i lky .  Leaves.- -usually 

v e r y  d i s c o l o r e d ,  l a r g e ,  o v a l ,  t a p e r e d  o r  rounded, sometimes a s y m e t r i c a l  a t  t h e  

- 
base ,  b r i e f l y  acuminate a t  t h e  summit, o f t e n  r a t h e r  r i g i d ,  14-20, r a r e l y  25 cm. 

long ,  5-7 cm. wide, r a r e l y  9 ,  v e r y  v a r i a b l e  i n  shape  and s i z e ,  t h e  young ones  

w i t h  s p a r s e  d i s c i f o r m  h a i r s ,  ex t remely  s i l k y- w h i t i s h  below, t h e  a d u l t s  da rk  

g r een  on t h e  upper s i d e ,  smooth excep t  sometimes on t h e  mid- rib ,  on t h e  lower 

s i d e  p a l e r ,  more w h i t i s h ,  sometimes v e r y  tomentose;  on t h e  same branch t h e  

o l d e r  l e a v e s  and t hose  of t h e  s h o o t s  are a lmos t  smooth on t h e  lower s i d e  ( I ) ,  

w i t h  s p a r s e  h a i r s  and t h e  upper  ones  armed below wi th  numerous w h i t e  h a i r s  i n  

bundles ;  no d i s c i f o r m  h a i r s ;  edges  armed w i t h  l a r g e  i r r e g u l a r  t e e t h ,  sp r ead ing  

o r  sp r ead ing- e rec t ,  s e t a ceous ,  t e r m i n a t i n g  i n  a s e t a c e o u s  p o i n t  o r  reduced t o  

a  mucro; 12-16 p a i r s ,  r a r e l y  more, secondary v e i n s  impressed above, s a l l i a n t  

below, anas tomos is  a  l i t t l e  v i s i b l e ;  p e t i o l e  7-8 mm. long ,  a lmost  smooth o r  

pube ru l en t ;  s t i p u l e s  o v a l  , o r  c o r d a t e ,  w i th  l a r g e  a s s y m e t r i c  base ,  

po in t ed  a t  t h e  summit, r a t h e r  p e r s i s t a n t .  8F ' l ower s :  b r a c t a t e  and d i v i s i o n s  

of t h e  p e r i a n t h  whi t ish- tomentose;  ye l l owi sh  t h r e a d s .  2 Catk in s  8-20 cm. l ong ,  

r a r e l y  11-15 cm., s i t u a t e d  i n  t h e  s h e l t e r  of t h e  upper l e a v e s ,  

1. I have observed t h a t  t h e  l e a v e s  a lmos t  smooth above, probably grown i n  t h e  
shade ,  are l a r g e r  and more i r r e g u l a r  t han  t h o s e  of t h e  ex t r emi ty  of t h e  f lower -  
b e a r i n g  branches ,  t h e  l a t t e r  sometimes oval- oblong o r  oblong and tomentose- 
w h i t i s h  below. 



t h e  summit of t h e  b r anches ,  r a r e l y  surnlounted by l e a v e s ;  r a t h e r  t h i c k  a x i s ,  ve ry  

d e n s e l y  ha i ry- whi t i sh .  Androgenous c a t k i n s  sometimes b ranch ing ,  c apab l e  of 

c a r r y i n g  s e v e r a l  ve ry  l ong  b r a c t s  c o r d a t e  a t  t h e  ba se .  ? Flowers  1-2 a t  t h e  

b a s e  of t h e  upper c a t k i n s ,  sometimes on a lmos t  a l l  t h e  c a t k i n s ;  o v a l  b r a c t ,  

o b t u s e ,  h a i r y ;  t h i c k  d i v i s i o n s  of t h e  p e r i a n t h ,  oval- rounded, ve ry  tomentose,  

v i s i b l e  i n  t h e  young f r u i t s  and even t h e  a d u l t  f r u i t s ;  s t y l e s  u s u a l l y  7-9 (?cm) 

l ong  (very  v i s i b l e  a t  t h e  summit of t h e  young c u p u l e s ) ,  e r e c t  o r  sp r ead ing ,  ex- 

t remely  pubescen t ,  armed w i t h  long  sp r ead ing  h a i r s .  Young cupule  ve ry  dense ly  

tomentose- whit ish ,  w i t h  developed b r a c t s ,  a t  f i r s t  v e r y  v i s i b l e ,  forming wide 

zones a t  t h e  s i t e  of t h e  4  l i n e s  of union,  s o f t  s p i n e s  appear ing  l a t e ,  t h e  s t y l e s  
bur 

v e r y  e longa ted  a lmos t  e q u a l  i n  h e i g h t  t o  t h e  young cupule .  Adul t  cupule  rounded, 

5-6 cm. i n  d iamete r ,  u s u a l l y  5.5 cm, sometimes 8-11 c m .  (w i th  t h e  s p i k e s )  i n  

c e r t a i n  c u l t i v a t e d ' i n d i v i d u a l s ,  prolonged a t  t h e  summit i n  a  cone t o  surround 

t h e  t o r c h ;  e x t e r n a l  w a l l  remaining s i l k y  o u t s i d e ,  ex t remely  s i l k y  w i t h i n ,  covered 

on t h e  e x t e r i o r  excep t  on t h e  4 l i n e s  of deh isence  which on ly  have tomentose 

b r a c t s ,  w i t h  numerous s p i k e s ,  r a t h e r  i r r e g u l a r ,  b ranch ing ,  no t  ve ry  hard ,  n o t  

ve ry  wounding, u s u a l l y  keeping t h e i r  v e r y  s i l k y  pubescence a t  m a t u r i t y ,  r e ach ing  

abou t  10-12 mrn. F r u i t s  2-3 t o  t h &  bu r ,  russety-brown, l u s t r o u s ,  of t e n  smooth 

a t  t h e  ba se ,  s i l k y  a t  t h e  summit, o f t e n  from 2.5-3 cm. i n  d i ame te r ,  sometimes 

l a r g e r ,  a lmos t  a s  t a l l  a s  b road ,  w i t h  a  s l e n d e r  t o r c h ,  extremely l ong ,  r e ach ing  

6-8 mm.,  l onger  t han  i n  t h e  o t h e r  s p e c i e s ;  s i l ky- whi t i sh ;  l a r g e  s c a r ,  rough, 

bu t  v e r y  much s m a l l e r  t han  i n  - C. c r e n a t a .  

Anatomy 

Year o l d  branch.--Epidermis armed w i t h  h a i r s ,  some i n  bundles  of 2-6, 

40-60 v l o n g ,  s l e n d e r ,  ve ry  numerous ( p l .  I V ,  f .  I ) ,  o t h e r s  ve ry  f a t ,  from 



700-1,100 l ong ,  i s o l a t e d  o r  i n  2 ' s ,  l c i t h  t h i c k  w a l l s  and e r e c t  lumen. Ring 

of  co rk  and phel loderm formed of s e v e r a l  l a y e r s  from t h e  f i r s t  y e a r ;  c e l l s  o f  

t h e  phelloderm w i t h  w a l l s  s l i g h t l y  col lenchymatose.  Pr imary c o r t e x  c o n t a i n i n g  

some c r y s t a l s .  Large amount o f  l i t t l e  p e r c y c l i c  f i b e r s  more o r  l e s s  d i s t a n t  

and jo ined  by l a r g e  mechanical  c e l l s .  Smal l  phloem f i b e r s .  Phloem conta in-  

ing  c r y s t a l s  of c a  o x o l a t e .  Medul lary  r a y s  formed of a  l i n e  of c e l l s  s e p a r a t-  

i n g  2-7 rows of  f i b e r s .  Xylem parenchyma u s u a l l y  much l e s s  abundant t h a n  i n  

C. s a t i v a .  V e s s e l s  a  l i t t l e  unequal ,  u s u a l l y  i s o l a t e d ,  w i t h  c r o s s- s e c t i o n  - 

e longa t ed  r a d i a l l y ,  r e ach ing  60 u a c r o s s  t h e  a x i s .  Xylem f i b e r s  w i t h  hexagonal 
- 

o r  quadrangula r  c ro s s- sec t i on ,  w i th  t h i c k  w a l l s .  Per imedul la ry  c e l l s  w i t h  

t h i c k  w a l l s  i n  f r o n t  o f  t h e  pr imary xylem bundles .  P i t h  formed of c e l l s  w i th  

t h i n  w a l l s ,  c o n t a i n i n g  s imp le  o r  twin  c r y s t a l s .  

Lea f .- - Pe t i o l e .- - In i t i a l  ( P l .  I V ,  f .  2 ) .  Cross- sec t ion  a lmos t  i n  a  c r e s c e n t  

w i t h  rounded e x t r e m i t i e s .  Epidermis  having s imp le  " r egu l a r "  h a i r s ,  i s o l a t e d  o r  

i n  2 ' s ,  o r  s h o r t e r  and s t e l l a t e  and, e s p e c i a l l y  on t h e  upper s i d e ,  g l a n d u l a r  

h a i r s  w i t h  e longa t ed  s t a l k .  Sub-epidermic collenchyma w i t h  w a l l s  n o t  ve ry  

t h i c k .  C o r t i c a l  parenchyma c o n t a i n i n g  c e l l  w i t h  s imp le  c r y s t a l s  o f t e n  grouped, 

, 
v e r y  numerous c e l l s  w i t h  twinned c r y s t a l s  and 'some l a r g e  masses of mechanical  

c e l l s  w i t h  t h i c k  w a l l s .  Vascu la r  bundle  more o r  l e s s  u n i t e d  i n  3 meris te1es . - -  

C h a r a c t e r i s t i c  ( P I .  I V ,  f .  3 ) .  Cross- sec t ion  a lmos t  rounded. Epidermis  having 

I t  r egu l a r "  h a i r s  i s o l a t e d  o r  i n  p a i r s .  Sub-epidermic collenchyma w i t h  r a t h e r  
, < 

t h i n  w a l l s .  C o r t i c a l  parenchyma con t a in ing  numeroud' twin c r y s t a l s  and l a c k i n g  

mechanical  c e l l s .  Thick per iderm,  f i b r o u s .  Vascular  system formed of a  r i n g  

sur rounding  a n  i n t e r i o r  bundle  o r  2 v a s c u l a r  a r c s ;  o x a l i f e r o u s  phloem. I n t e r n a l  

medul la ry  c e l l s  w i t h  t h i n  l i g n i f i e d  w a l l s .  ,.----==-y, 4 ,.,- 
w 

--I i Mid- rib .--Base. Biconvex s e c t i o n .  Epidermis having large... l s o l a t e d  "regu$arl' ; 



; 
! h a i r s ,  numerous, from 500-750 p l o n g  ( p l .  I V ,  f .  9-10), w i t h  b a s e  d e e p l y  

i sunken i n  t h e  u n d e r l y i n g  t i s s u e ,  some more s l e n d e r  and s h o r t e r  h a i r s ,  i n  p a i r s  

i 
j o r  s t e l l a t e  and some g l a n d u l a r  h a i r s  ( p l .  I V ,  f .  5- 7),  o f t e n  w i t h  u n i c e l l u l a r  

f head. Sub-epidermic collenchyma w i t h  n o t  v e r y  t h i c k  w a l l s ,  s l i g h t l y  l i g n i f i e d ,  
L--. 

e s p e c i a l l y  c e r t a i n  c e l l s .  C o r t i c a l  parenchyma c o n t a i n i n g  some twin  c r y s t a l s .  

Per iderm formed of 6-9 l a y e r s  of f i b e r s  w i t h  v e r y  t h i c k  w a l l s  mixed w i t h  some 

parenchyma c e l l s  w i t h  v e r y  t h i n  w a l l s .  Vascu la r  r i n g  more o r  l e s s  c o n t i n u o u s  

s u r r o u n d i n g  an  i n t e r n a l  v a s c u l a r  bundle;  v e s s e l s  w i t h  c r o s s- s e c t i o n  of 60-70 LI 

a c r o s s  t h e  a x i s ;  xylem parenchyma n o t  l i g n i f i e d  i n  t h e  c e n t r a l  bund le  w i t h  

upper  xylem and i n  t h e  upper  b u n d l e  w i i h  lower  xylem, n e a r  t h e  i n t e r n a l  p i t h ;  

xylem f i b e r s  w i t h  v e r y  t h i c k  w a l l s ;  phloem r i c h  i n  twin  c r y s t a l s ,  c o n t a i n i n g  a 

few i s o l a t e d  f i b e r s .- -  Cente r .  Biconvex s e c t i o n .  Almost t h e  same arrangement  

of t i s s u e s  a s  lower  down. 

Secondary v e i n s  ( P I .  I V ,  f .  4).--Biconvex s e c t i o n  r a t h e r  convex above.  

Subepidermic collenchyma w i t h  r a t h e r  t h i n  w a l l s .  Not v e r y  abundant  parenchyma 

above t h e  per iderm,  h y p e r t r o p h i e d  below, c o n t a i n i n g  abundant  twin  c r y s t a l s ,  

- v a s c u l a r  r i n g  s u r r o u n d i n g  a s m a l l  i n t e r n a l  phloem bundle .  I n t e r i o r  p i t h  v e r y  
( F l a t  

l a r g e ,  e n c l o s i n g  twin  c r y s t a l s .  Vein1ets . - - ;Pla in  o r  sometimes f l a t- c o n v e x  

c r o s s- s e c t i o n .  Vascu la r  bundle  reduced ,  j o i n e d  t o  t h e  ep idermis  by l i g n i f i e d  

t i s s u e  w i t h  v e r y  t h i n  w a l l s ,  sometimes d i p p i n g  i n t o  t h e  unco lored  t i s s u e  o r  

t h e  c h l o r o p h y l l  t i s s u e .  
. .  .-.,---\ 

;: ../~~'' 
Parenchyma of t h e  l e a f  b lade.- - Thickness  = 150 .p. ,: Upper epidermzs 

! * I - - - - '  - . .. ' 

., o r  a lmos t  smooth i n  t h e  a d u l t  s t a t e ,  s t i l l  hav ing  some g l a n d u l a r  h a i r s  

( p l .  I V Y  f .  19-25), 20-25 p t a l l ,  formed of  c e l l s  r e a c h i n g  30-50 p a c r o s s  t h e  

d i a g o n a l ,  w i t h  l a t e r a l  w a l l s  r e c t i c u r v i l i n e a r  ( p l .  I V ,  f .  8 ) ,  w i t h  e x t e r i o r  

w a l l  o f  medium t h i c k n e s s ,  n o t  convex. On t h e  young l e a v e s ,  numerous s t e l l a t e  h a i r s  
--I--- - -- -- 



/ 'and g l a n d u l a r  h a i r s  ( p l .  I V ,  f .  11-18) numerous, w i t h  ve ry  long  stem, having 

/ v e r t i c a l  and h o r i z o n t a l  w a l l s .  P a l i s s a d i c  t i s s u e  i n  2  l a y e r s ,  t h e  upper 40 p 

d.eep. Lacunose t i s s u e  c o n t a i n i n g  numerous twin c r y s t a l s .  Lower ep idermis  8-10 v 

deep,  formed of c e l l s  r e ach ing  40 p a c r o s s  t h e  d i agona l ,  w i t h  t h i n  l a t e r a l  w a l l s ,  

ondu l a t e ,  w i th  t h i n  e x t e r i o r  w a l l  and s l i g h t l y  convex, hav ing ,  a t  ,. l e a s t  i n  youth,  
".-- --- -.--- - 

" regu l a r"  and g l a n d u l a r  h a i r s .  I n  t h e  Blume type ,  t h e  a d u l t  l e a v e s ,  on t h e  lower 
e- -. - -- --.. - ------ - 

s i d e ,  have on t h e  v e i n s ,  l a r g e  i s o l a t e d  h a i r s ~ e a e k 5 n g  WO=33O-p- in l - e q s h  and 
.-_- 

.. f 
20-25 p i n  d iamete r ,  w i t h  t h i c k  wall , .  ,,:,In o t h e r  specimens,  on t h e  same branch,  -. ', '.%, 

I. .., I . .  r - . . 
-.I . I  , . > .; , 4  

, . . -  
I have  found t h a t  t h e  upper l e a 4 e s  ..have on t h e  lower s i d e ,  on t h e  v e i n s  l a r g e  1 . . .- - . -. - . . -. - -.. - I 
s imp le  h a i r s  l i k e  t h e  preceding,and on t h e  parenchyma, s t ~ l & a t . e h ~ i . r s ,  w i th  ..-- 
-hirr-y' e.if,ss;,; 2 + t o . ;  ,,,:; 

..%/ 
I 

s l e n d e r  b ranches  ( p l .  I V ,  f .  27) ,  o t h e r  l e a v e s  on o l d e r  wood o r  on lower s h o o t s  i 

on ly  have s imp le  i s o l a t e d  h a i r s  on t h e  v e i n s .  None o r  h a r d l y  any glandul.ar..  
=. - . 

h a i r s  _ on - - t h e  _ - .. a d u l t  .------I-- l e a v e s  ,--- b u t  u a d e ~ t h e  young -3 rene~;  numerous g l a n d u l a r  h a i r s  - -. -- - - -  - 

L b . ) A e f ~ ~ ~ e d i c e l l ~ .  Edges of t h e  l e a f  b l a d e  armed w i t h  marg ina l  collenchyma; 

no s p e c i a l  f i b r o u s  bundles.--Teeth. Towards t h e  middle ,  a lmos t  t r i a n g u l a r  

c ro s s- sec t i on .  Epidermis w i t h  t h i c k  e x t e r i o r  w a l l  formed, a t  t h e  e x t r e m i t i e s ,  

of c e l l s  w i t h  e x t e r n a l  w a l l  s l i g h t l y  convex. A v a s c u l a r  bundle  armed w i t h  a  . 
per iderm w i t h  v e r y  t h i n  w a l l s  and two developed f l a n g e s  of t r a c h e i d s  ( p l .  I V ,  

f .  28) o r  reduced l a t e r a l  bundles .  No chollenchyma a t  t h e  edges ,  no r  any a q u i f e r o u s  

t i s s u e ,  o r  r a t h e r  c h a r a c t e r i s t i c  chol1enchyma.--Towards t h e  summit of t h e  t e e t h ,  

a lmos t  e l i p t i c  s e c t i o n ,  s l i g h t l y  depressed  above ( p l .  I V ,  f .  29) .  Epidermis  

w i t h  t h i n  e x t e r i o r  w a l l .  A p a l i s s a d i c  l a y e r  on t h e  upper s i d e .  Median xylem 

band. 
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B a l a n o c a s t a n o n  DODE i n  a&. Sac. Den&. F4. (1908) ,  p.  140.-- 

Average  f r u i t ,  o n e  p e r  c u p u l e ,  t a l l e r  t h a n  wide ;  o b v i o u s  t o r c h ;  t e e t h  o f  t h e  

l e a v e s  n o t  s e t a c e o u s- a p p r e s s e d .  

7 .  --C. p u m i l l a  

C. p u m i l a  MILLER, D i d .  ed. 6 ,  no 2 (1768) ; LAMARCK, D i d .  , I ,  p .  709;  - 

WILLD., Spec., I V ,  p .  1, p.  461;  Enwn., p .  980; MICHAUX, FC. Botr. -Amm., 11, 

p.  193;  Nauveau Duhamd, 111, p. 79;  P ~ R S O O N ,  Syn., 11, p.  572;  DESFONT., 

Hhk. k b . ,  11, p .  500;  DU MONT DE COURSET, Bof. Cu&. ed. 2 ,  V I ,  p .  418;  

MICHAUX F.,  Hhk. Atrb. 6utreAk Am. hep;t., 11, p .  166,  t .  7;  AITON, Ha/tt. Kw, 

ed .  2 ,  V,  p .  298; PURSH, FC. Am. sepf. ,  11, p.  625; NUTTALL, G ~ M . ,  11, p .  217; 

RAFINESQUE, FC. Ludov., p .  159;  NW FC., 111, p .  83;  HAYNE, Den&, FC., p. 165;  

ELLIOTT, Sh., 11, p .  615; SPACH, H h f .  Veg., X I ,  p .  192;  TORREY, FC. N. Y., 

11, p.  196;  B u R e .  T o m e y  Bok. CC. (19221,  p.  267; DIETRICH, Syn . ,  v ,  p .  305;  

DARLINGTON, F l .  C&5&., ed .  3 ,  p .  270; CHAPMAN,,Fl., p .  424,  p . - , p . ;  CURTIS, 

Rep. GeoCog. Suhv. N. C a h . ,  111, p .  47 (1860) ;  A .  DC., Ptrodn., XVI, p t .  11, 

p. 1 1 5  ( e x c l .  0 nanu)  ; KOCH, Derzd/r. , 11, p t .  11, p .  24; LAUCHE, Dedche  Derz&., 
, 

ed .  2,  p. 289;  ELWES e t  HENRY, T t r e a  and Gheak B h i k .  a n d  lad . ,  I V ,  p. 857;  

SARGENT; F a t r a f  T t r e a  N. Am. 10kh Cef7nu.h U.S., I X ,  p .  156;  MAYR, Wdd. Natrdan., 
I 

p.  177;  BRITTON e f  BROWN, 7 ~ u n f i .  Norrkh. U .  S., p .  515,  f . 1227 ; GRAY, Man., 
I 

ed .  6 ,  WATSON el2 COULTER, p .  479;  ed .  7 ,  ROBINSON e t  FERNALD, p. 338;  COULTER, 
'I ' 

Man. PC. W. Texan i n  CavLfn. U. S. N o d .  Hmb., 11, p.  418;  HITCHC. e t  STANDLEY, 

FC. 06 Columbia i n  Cor&. U .  S. N a k .  H w b . ,  XXI, p .  137 (19,19); DEAM, T a e a  

ol; I n d i a n a  i n  7nd. SX. Fvh. (1919) p .  299; DIPPEL, Handb. LaublzoCzk., 11, p .  58, 



f  . 25; KOEHNE, Del~-tnclze Den&. , p. 122;  SCHNEIDER, la. ffandb. Laubho&zh., 

I, p.  159; MOUILLEF., Ttr. mb4e.h c?A curbnina., p. 1151; BAILEY, C y d .  HUM. 
r;. 
' e  9  ed . ,  I ,  p. 742 (1927) :  DODE i n  B&. Sac. Den&. Ftr. (1908) ,  p. 154(1).-- 

Fagus pumila ,  L., Sp.,  11, p.  998 (1753) ;  D U p O I ,  ffcu~bk. Buumz., I, p .  275; 
p-'?r" j i;::,;? !.,. I:.., 4 .  . / '  

WAGENHEIM, Be~chne ib .  Natrdcun. Ha&z.,; p. 57 ,  t. 19,  f. 44; MOENCH, &zume &h6., 

p. 41;  SCHOEPF, M a t .  Med. Amm., p .  140; CASTIGLIONI, V k g .  n e g f i  S u  U ~ ,  
I 

11, p.  239; STOKES, Bak. h i a t .  Med., IVY p.  415; ABBOT et' SMITH, InAed 05  

Gevttgh, 11, p. 113,  t. 57.-- Fagus Cas tanea  p u m i l a  MUENCHHAUSEN, f f a ~ h v . ,  V ,  

p .  162 (1770) ;  MARSHALL, AtrbuAX, Am., p .  47.--Fagus pumila v a r .  s e r o t i n a  WALTER, 

- 
Fl. Cah., p. 233 (1788) ? 

Common names: Chincapin ,  Ch incap in  c h e s t n u t ,  Dwarf c h e s t n u t ,  V i r g i n i a  

ches tnu t .- - Engl i sh :  Chinquapin.--American: Common c h i n q u a p i n ,  T r e e  ch inquap in ,  

Dwarf chestnut.--German: Zwerg-Kastanie. 
I 

7 .  

MICHAUX F.,  1. c . ;  BRITTON et BROWN, 1. c. ;  DIPPEL, 1. c.;  SCHNEIDER, 
,, !. 1 

1. c . ;  ABBOT ef SMITH, 1. c.; LOUDON, k b . ,  f .  1717, 1718; BAILEY, 1. c . ,  

p. 742, A .  CAMLJS, CanXunea ct CanXanopah, p l .  18 .  

Shrub,  n o t  v e r y  t a l l ,  a b o u t  from 1  m. 50 t o  2  m . ,  w i t h  rounded crown, o f t e n  

s p r e a d i n g  s h r u b y  t r e e  i n  copp ice ,  r a r e l y  r e a c h i n g  15 m . ,  s end ing  o u t  s u c k e r s ,  

hav ing  numerous b r a n c h e s ,  i n t r i c a t e ,  ha rdy ,  sometimes l i t t l e  t r e e  8-13 m.  o r  

r a r e l y  1 5  m. t a l l ,  w i t h  s h o r t  t r u n k ,  e r e c t ,  from 50-90 cm. i n  d i a m e t e r ,  w i t h  

s l e n d e r  b r a n c h e s ,  s p r e a d i n g ;  rough  b a r k  on t h e  t r u n k ,  r e a c h i n g ,  i n  l a r g e  

i n d i v i d u a l s ,  1.50-2 cm. i n  t h i c k n e s s  and even more, l i g h t  brown t i n t e d  r e d ,  

w i t h  narrow f u r r o w s  and d i v i d e d  on t h e  s u r f a c e  i n  s c a l y  p laques ;  s l e n d e r  b r a n c h e s ,  

a t  f i r s t  a  b r i l l i a n t  r e d  brown a t  t h e  e x t r e m i t y  and covered  by a  p a l e  tomen- 

turn t h a t  soon d i s a p p e a r s ,  t h e n  smooth towards  t h e  second y e a r  ( I ) ,  l u s t r o u s ,  

1. I n  w i n t e r ,  C .  p u m i l a  i s  d i s t i n g u i s h e d  f rom C. d e n t a t a  by i t s  more s l e n d e r  
b r a n c h e s ,  e s p e c i a l l y  armed a t  t h e  summit w i t h  a  l o o s e  pubescence and by i t s  
ovo id  buds,  n o t  p o i n t e d  a t  t h e  e x t r e m i t y .  



o l i v e  g r een  o r  orangy-brown d u r i n g  t h e  :;econd yea r ,  then  g r a d u a l l y  d a r k e r ;  sma l l  

l e n t i c e l e s ,  numerous. Buds ovoid ,  n o t  po in t ed  a t  t h e  apex, about  3-6 mm. long ,  

covered,  when t hey  appear ,  i n  autumn, w i t h  a  t h i c k  tomentum, wooly, g r a y i s h ,  

temporary then,  d u r i n g  w i n t e r ,  r ed  and sometimes pubescent- scaly  o r  tomentose.  

Leaves oboval ,  oboval-oblong, o r  oblong, po in t ed  o r  acuminate  a t  t h e  summit, 
?edge-shaped 

impe rcep t i b ly  and o f t e n  unequa l ly  rounded o r  cunea t e  a t  t h e  ba se ,  8-12 cm. 

long ,  1.5-2.5 cm. wide, r a r e l y  5  cm.; when they  un fo ld ,  covered above w i th  a  

temporary tomentum, p a l e ,  r e d d i s h  i n c r e a s i n g  i n  dep th  u n t i l  they  a r e  e n t i r e l y  

developed and w i t h  some s p a r s e  d i s c i f o r m  h a i r s ,  r a t h e r  nume?ous, armed below 

w i t h  a  w h i t e  tomentum; when t hey  a r e  half-way emerged, t hey  a r e  yellow-green 

and s c a r c e l y  pube ru l en t  above, e s p e c i a l l y  on t h e  v e i n s ,  and s i l ky- pubescen t  below; 

t h i c k  when they  a r e  a d u l t ,  of f i r m  t e x t u r e ,  a  b r i l l i a n t  yel lowish- green,  l u s t r o u s ,  

armed above w i t h  r a r e  d i s c i f o r m  h a i r s  and a few " regu l a r"  h a i r s  on t h e  mid- rib ,  

below tomentose o r  wooly, becoming d a r k  ye l low b e f o r e  f a l l i n g ;  edges  of t h e  l e a f  

b l a d e  armed w i t h  s h o r t  t e e t h ,  f a t ,  r i g i d ,  c u s p i d a t e ,  sp r ead ing  o r  cu rv ing  inward; 

15-16 p a i r s  of secondary v e i n s ,  s t r o n g  p e t i o l e ,  5-10 mm. l ong ,  pubescen t ,  f l a t -  

tened  above, s t i p u l e s  s h o r t e r  t han  t h e  p e t i o l e ,  pubescent  on bo th  s i d e s ,  w i t h  

edges  f o l d e d  under t h e  c e n t e r ;  t hose  of t h e  lo'wer l e a v e s  l a r g e ,  ova l ,  po in t ed ,  

covered a t  t h e  apex w i t h  a  r e d d i s h  tomentum, t h o s e  of t h e  l as t  l e a v e s  oval-  

l a n c e o l a t e ,  o f t e n  ob l i que ,  po in t ed  and t h o s e  a t  t h e  ex t r emi ty  of t h e  b ranches  

o f t e n  l i n e a r ;  s c a r  l e f t  by t h e  l e a v e s  and t h e  s t i p u l e s  i s  s m a l l e r  than  i n  

C.  s a t i v a .  Flowers opening when t h e  l e a v e s  are e n t i r e l y  developed.  c? c a t k i n s  - 

v e r y  odorous,  s i t u a t e d  i n  t h e  s h e l t e r  of t h e  upper l e a v e s ,  sometimes surmounted 

by androgenous c a t k i n s ,  9 a t  t h e  ba se ,  9 on t h e  upper p a r t ,  appear ing  when t h e  

l e a v e s  a r e  un fo ld ing ,  pubescent ,  g r een  a t  t h e  base ,  r ed  a t  t h e  apex,  10-15 cm. 

long  when t hey  a r e  developed; s t r o n g  a x i s ,  covered w i th  w h i t e  wooly tomentum; 



bundles  o f  d7 f l o w e r s  c l o s e  t o g e t h e r  or  spaced o u t .  Androgenous c a t k i n s  

7-11 cm. l o n g ,  a x i s  d e n s e l y  covered w i t h  a w h i t e- s i l k y  tomentum; o f t e n  5 o r  6 

9 f l o w e r s ,  r a t h e r  spaced o u t  a t  t h e  b a s e  of t h e  c a t k i n s ;  bund les  of 3 f l o w e r s  

u s u a l l y  s m a l l e r  a t  t h e  apex of t h e  androgenous c a t k i n s  t h a n  on t h e  comple te ly  

male  c a t k i n s ;  r e d d i s h  s t a m i n a 1  t h r e a d s .  Young c u p u l e  b r i e f l y  p e d i c e l l a t e ,  

tomentose ,  w i t h  pubescen t- glandula r  s c a l e s ,  w i t h  t h i c k  p e d i c e l 1  and tomentose-  

w h i t i s h ;  6-7 s t y l e s ,  a l m o s t  smooth, e r e c t- s p r e a d i n g .  A t  m a t u r i t y  t h e  c u p u l e s  a r e  

p l a c e d  on t h e  a x i x  of t h e  androgenous c a t k i n s  s i t u a t e d  i n  t h e  s h e l t e r  o f  t h e  

l e a v e s  and whose upper  male p a r t  o f t e n  remains  d e s s i c a t e d ;  t h e  b ranch  h a s  l e a v e s  

above t h e  f r u i t - b e a r i n g  a x i s .  Adul t  cGpules a l m o s t  ovo id ,  r e a c h i n g  2.5-3 cm. 

i n  d i a m e t e r ,  w i t h  t h i n  w a l l ,  covered w i t h i n  w i t h  p a l e  h a i r ,  l u s t r o u s ,  tomentose  

o u t s i d e  and covered w i t h  b u n d l e s  of s l e n d e r  s p i k e s ,  numerous, compact, r e g u l a r ,  

a l m o s t  smooth o r  w i t h  bundles  d i s s e m i n a t e d  and s t r o n g e r  s p i k e s ,  f i n a l l y  opening 
5 t u f  ts 

i n  2 v a l v e s ,  a r r a n g e d  i n  i s o l a t e d  f r u i t - b e a r i n g  theads  sometimes t e r m i n a l ,  more 

o f t e n  l a t e r a l ,  sometimes r a t h e r  long .  F r u i t  1 t o  t h e  bur ,  ovo id- conica l ,  rounded 

a t  t h e  b a s e ,  i m p e r c e p t i b l y  t a p e r e d  a t  t h e  summit i n  a  t o r c h  more o r  l e s s  covered 

w i t h  a s i l v e r y- w h i t e  tomentum, 2-2.5 cm. t a l l  and 0.8-1 cm. i n  d i a m e t e r ,  w i t h  

, 
brownish c h e s t n u t  p e r i c a r p ,  v e r y  l u s t r o u s ,  t h i n ;  sweet  k e r n a l  w i t h  a  p l e a s a n t  

taste. 

The f l o w e r s  open from t h e  end of May t o  t h e  end of June  i n  t h e  s o u t h e r n  

r e g i o n  o r  i n  J u l y  i n  t h e  c e n t r a l  s t a t e s ,  t h e  androgenous c a t k i n s  l a s t .  The 

m a t u r a t i o n  of f r u i t  t a k e s  p l a c e  from t h e  end of September t o  October .  T h i s  

s p e c i e s  i s  t h e  one  t h a t  r i p e n s  t h e  e a r l i e s t  i n  t h e  y e a r  and t h i s  c h a r a c t e r  i s  

o n e  o f  t h o s e  es t imed i n  its h y b r i d s .  

Par thenogenesis .- - Morr is  (1 )  h a s  observed c a s e s  of p a r t h o g e n e s i s  i n  C. pumi la .  

1. M o r r i s  i n  Jouhn. 0 6  HaeaXXy, V, p .  29 (1914) .  



A c e r t a i n  number of 9 c a t k i n s  had been covered w i t h  paper  bags  and d e p r i v e d  

of any c o n t a c t  w i t h  po len .  These bags  remained i n  p l a c e  w i t h o u t  f e r t i l i z i n g  

t h e  f l o w e r s .  When t h e  bags  were  removed, t h e  b ranches  were  covered w i t h  com- 

p l e t e l y  developed f e r t i l e  f r u i t ;  a few were  p a r t i a l l y  blemished.  The c o t y l e d o n s  

were  s a l l i a n t  i n  t h e  i n v o l u c r e  b e f o r e  t h e  f r u i t s  were  e n t i r e l y  developed.  The 

embryo showed a  band of c h l o r o p h y l l .  The p l a n t s  t h a t  t h e s e  f r u i t s  produced 

were  remarkable  f o r  t h e i r  i n e q u a l i t y  i n  s i z e ,  some becoming v e r y  much b i g g e r ,  

o t h e r s  s m a l l e r  t h a n  - C .  pumi la  sp rung  from normal gametes .  

The f o l l o w i n g  y e a r ,  M o r r i s  r e p r e a t e d  t h e s e  exper iments  w i t h  a l l  n e c e s s a r y  
- 

p r e c a u t i o n s ,  and a c q u i r e d  t h e  c o n v i c t i o n  t h a t  - C .  pumi la  c a n  deve lop  f r u i t s  by 

p a r t h e n o g e n e s i s  o r  by budding o f  s e v e r a l  c e l l s .  

T e r a t o l o g i c a l  c a s e ,  anoma1ie.--The p r e s e n c e  of c a s u a l  a d v e n t i v e  s h o o t s  

on t h e  r o o t  h a s  been n o t i c e d  (1). 

Anatomy 

One y e a r  o l d  branch.--Epidermis and h a i r  s t i l l  remaining.  Already 5-7 

l a y e r s  of c o r k  and abou t  1 l a y e r  of phel loderm.  C e l l s  of brown cork,  f l a t t e n e d  

r a d i a l l y .  Phel loderm c e l l s  a l i t t l e  f l a t t e n e d .  Cor tex  c o n t a i n i n g  some twin 

c r y s t a l s  and v e r y  r a r e  mechan ica l  c e l l s  w i t h  t h i c k  w a l l s ,  n o t  v e r y  f a t ,  u s u a l l y  

i n  g roups .  Large  p e r i c y c l i c  accumula t ion  formed of 6-7 l a y e r s  of f i b e r s .  Phloem 

c o n t a i n i n g  rows of c e l l s  w i t h  r a t h e r  abundant  twin  c r y s t a l s  and,  n e a r  t h e  f i b e r s ,  

rows o f  c e l l s  w i t h  s imple  c r y s t a l s  of ca .  o x a l a t e .  Phloem f i b e r s  i n  l a y e r s  l e s s  

t h i c k  t h a n  t h e  p e r i c y c l i c  r i n g .  Annual r i n g s  of wood l e s s  e v i d e n t  t h a n  i n  

C.  s a t i v a .  V e s s e l s  r e a c h i n g  40-60 LI i n  d i a m e t e r .  Rays s l i g h t l y  s i n u o u s .  Xylem. - 

f i b e r  w i t h  v e r y  t h i c k  w a l l s ,  c u t  i n t o  zones by a  l a y e r  of xylem parenchyma. 

1. Warming i n  BOX.  Tidnnhh.,  111, 11, p. 54 (1877) .  



P i t h  formed of c e l l s  w i t h  n o t  v e r y  th i~ . !c  w a l l s ,  v e r y  punc tua ted .  

L e a f .- - P e t i o l e .- - I n i t i a l  ( P l .  V I ,  f .  1 ) .  Almost rounded c r o s s- s e c t i o n .  

Epidermis hav ing  s t e l l a t e  h a i r s ,  from 80-120 p  long.  Sub- epidermic collenchyma 

d i s t i n g u i s h e d ,  w i t h  r a t h e r  t h i c k  w a l l s .  C o r t i c a l  parenchyma c o n t a i n i n g  some 

twin  c r y s t a l s .  Vascu la r  bundles  a r r a n g e d  i n  3 m e r i s t e l e s .  C h a r a c t e r i s t i c  

( P l .  V I ,  f .  2 ) .  Epidermis  hav ing  s t e l l a t e  h a i r s .  D i s t i n g u i s h e d  sub- epidermic 

collenchyma. Per iderm i n  t h i c k  r i n g ;  f i b e r s  w i t h  t h i c k  w a l l s .  Vascu la r  r i n g  

sur rounding  a c e n t r a l  bund le  armed w i t h  infra- phloem f i b e r s .  I n t e r n a l  p i t h  

v e r y  l a r g e ;  formed of th in- wal led  c e l l s .  

- 
Mid-rib.--Base. Biconvex s e c t i o n .  Epidermis  of t h e  mid- r ibs  and secondary 

v e i n s  hav ing  i s o l a t e d  o r  s t e l l a t e  h a i r s ,  200-500 p l o n g ,  r a r e l y  650 p ,  t h e  

l o n g e s t  ones  i s o l a t e d ,  v e r y  f a t ,  w i t h  t h i c k  w a l l  e s p e c i a l l y  a t  t h e  b a s e .  Almost 

t h e  same arrangement  a s  i n  t h e  summit of t h e  pe t io le .- - Cente r  ( P I .  V I ,  f .  3 ) .  

Biconvex s e c t i o n .  Epidermis  sometimes hav ing  a few g l a n d u l a r  h a i r s  w i t h  s m a l l  

rounded head.  Sub-epidermic collenchyma w i t h  n o t  v e r y  t h i c k  w a l l s .  C o r t i c a l  

parenchyma more abundant  on t h e  lower s i d e .  Very t h i c k  per iderm,  e s p e c i a l l y  

i n  t h e  upper  p a r t ,  f i b e r s  w i t h  w a l l s  t h i c k e r  t h a n  i n  t h e  lower  c u r v e  o f  t h e  r i n g .  

I n t e r n a l  p i t h  l a r g e ,  l i g n i f i e d .  C a s c u l a r  r i n g .  u s u a l l y  i n t e r r u p t e d ;  i n t e r n a l  

v a s c u l a r  bundle  armed w i t h  a f i b r o u s  infra- phloem a r c ;  r a t h e r  l a r g e  v e s s e l s ;  

f i b e r s  n o t  v e r y  numerous. 

Secondary v e i n s  ( p l .  V I ,  f .  4 ) . - - S l i g h t l y  biconvex s e c t i o n ,  n o t  v e r y  con- 

vex  above.  Vascu la r  r i n g  s u r r o u n d i n g  a  l i g n i f i e d  i n t e r n a l  p i t h  and armed w i t h  
a r c s  of developed f i b e r s  

2  developed a r c s  of f i b e r s . - - V e i n l e t s  w i t h  f l a t  c r o s s- s e c t i o n ,  w i t h  v a s c u l a r  

bundle  armed w i t h  some f i b e r s  j o i n e d  t o  t h e  ep idermis  by a n  unco lored  parenchyma, 

sometimes a l i t t l e  col lenchymatose .  

Parenchyma of t h e  l e a f  b l a d e  ( P I .  V I ,  f .  6 ) .  Th ickness  = 200-250 p .  Upper 



ep idermis  a lmos t  smooth i n  t h e  a d u l t  st.:.lte, from 28-35 D deep,  formed o f ' c e l l s  

r e ach ing  50-60 u a c r o s s  t h e  d i agona l ,  w i t h  l a t e r a l  w a l l s  r e c t i c u r v i l i n e a r  o r  un- 

d u l a t i n g ,  of medium t h i c k n e s s  ( p l .  V I ,  f .  8 ) ,  l i k e  t h e  e x t e r n a l  w a l l ,  t h e  l a t t e r  

r e l a t i v e l y  r a t h e r  t h i c k  f o r  t h e  genus,  g e l a t i n i z e d  w i t h i n ,  n o t  convex, o f t e n  

c e r t a i n  c e l l s  have a  t h i n  t a n g e n t i a l  w a l l .  On t h e  young l e a v e s ,  upper ep idermis  

having h a i r s  r e ach ing  100-250 u ,  i s o l a t e d  o r  grouped i n  l i n e s  ( p l .  V I ,  f .  9 ) .  

Two l a y e r s  of p a l i s s a d i c  t i s s u e ,  t h e  upper one more e longa t ed .  Lacunose t i s s u e  

formed of more o r  less i r r e g u l a r  c e l l s ,  c o n t a i n i n g  some twin c r y s t a l s .  Lower 

ep idermis  8-9 LI deep,  formed of c e l l s  w i th  t h i n  l a t e r a l  w a l l s ,  r e c t i c u r v i l i n e a r ,  

w i th  t h i n  e x t e r n a l  w a l l ,  s l i g h t l y  convGx, having ve ry  s l e n d e r  " r egu l a r"  h a i r s ,  

i s o l a t e d  o r  4-5 i n  a bundle ,  150-400 u l ong ,  w i t h  extremely t h i n  w a l l ;  o t h e r s  

l o n g e r ,  r e ach ing  500 u ,  w i t h  t h i c k  w a l l s ;  g l a n d u l a r  h a i r s  a b s e n t ;  numerous 

stomata.--Edges of t h e  l e a f  b l a d e  ( p l .  V I ,  f .  5 ) .  Epidermis c e l i s  much s m a l l e r  

t han  t h o s e  of t h e  l e a f  b l ade ,  w i t h  e x t e r i o r  w a l l  a  l i t t l e  t h i c k ,  s c a r c e l y  

convex. A t  t h e  ve ry  edge,  3-4 l a y e r s  of collenchyma, w i th  n o t  v e r y  t h i c k  w a l l s ,  

be ing  prolonged on t h e  upper  s i d e  i n  a  b i s e r i a t e  hypodermis. Small  marg ina l  

xylem v a s c u l a r  bundle  armed w i t h  two f i b r o u s  a r c s  and a t t a c h e d  t o  t h e  ep.idermis,  

, 
by some uncolored t i s s u e  w i t h  s l i g h t l y  col lenchymatose w a l l s .  

C . o z a r k e n s i s  - 

C.  o z a r k e n s i s  ASHE i n  B&. 0 6  ;the T o m e g  BOX. Club, L, p. 360 (1923).  - 

A. CAMUS, CaclXanea ct Cahkanuphh, A m ,  p l .  74, f .  3-6. 

Tree  r each ing  12-20 m. ta-1.  Young branches  smooth. 2-4 mm. t h i c k .  Buds 

ob tu se ,  smooth excep t  a t  t h e  ex t r emi ty .  Leaves sp r ead ing ,  sometimes hanging, 

t h o s e  growing i n  t h e  s u n l i g h t  l a n c e o l a t e ,  12-20 cm. long ,  b r i l l i a n t  g reen  above, 



ye l lowish- pubescen t  below; t h o s e  growiii;,; i n  shade  much l a r g e r ,  sometimes 

9-10 cm. wide,  g l a u c o u s ,  smooth o r  p u b e r u l e n t  below, p rofoundly  and sometimes 
L' o i n t e d  G e r m i n a l  p o i n t  

?oncav i ty  
f doubly s e r r a t e ,  w i t h  t e e t h  0.5-1 cm. l o n g ,  of t e n g u c r o n a t e d  w i t h  mucro 

r e f l e c t e d ,  w i t h  o b t u s e  s i n u s  ; secondary  v e i n s  a l i t t l e  a r c e d ,  14-15 p a i r s ;  z 
p e t i o l e  6-10 mm. long .  dr C a t k i n s  12-15 cm. long ,  from 7-9 mm. i n  d i a m e t e r .  

5-7 s t y l e s .  F r u c t i f e r o u s  s p i k e  6-12 cm. l o n g ,  (2.7-3, 2  cm. t h i c k ) ;  a x i s  dense ly  

v e l v e t y- w h i t i s h ,  covered w i t h  f r u i t s  a l m o s t  down t o  t h e  base .  Cupule 2  cm. i n  

d i a m e t e r ,  covered  w i t h  dense  s p i k e s ,  1- 1.3 cm. long .  F r u i t  ovoid- oblong, d a r k  

brown, o f t e n  1 . 5  cm. long.- -Curious form, e s p e c i a l l y  d i s t i n g u i s h e d  by t h e  

l e a v e s  of t h e  shaded b ranches .  

Geographic d i s t r i b u t i o n .- - U n i t e d  S t a t e s :  Arkansas ,  M i s s o u r i ,  Oklahoma; 

common t o  t h e  n o r t h  from t h e  Arkansas  R i v e r ,  from Cente r  Ridge,  i n  Arkansas ,  t o  

t h e  n o r t h ,  t o  t h e  south-west o f  M i s s o u r i  and i n  t h e  w e s t ,  i n  t h e  v a l l e y  of t h e  White 

R i v e r  ( s e e  map. f .  27) .  

Var. a rkansana  ASHE i n  J a m ~ z .  0 6  ; the w c h &  S a o i d y  (1924) ,  p. 45 .-- 
C. a rkansana  ASHE i n  B&. T a m .  Rak. CL., I, p.  361 (1923).--Leaves exposed t o  - 

t h e  s u n  a l m o s t  smooth and g l a u c e s c e n t  below. Are s p r e a d  from t h e  w e s t e r n  p a r t  o f  . I 

t h e  s t a t e  of Arkansas t o  t h e  s o u t h  t o  t h e  Arkansas  R i v e r ,  up t o  t h e  v i c i n i t y  

of Mena; C a r r o l l ,  Madison, F r a n k l i n ,  Benton and Washington Count ies ,  t h e  t y p e  

l i k e  t h a t  n e a r  War Eag le  Creek,  Madison County. 

10.--C. - a l n i f o l i a  

C .  a l n i f o l i a  NUTTALL, Gerzma,  11, p .  217 (1818) ;  S y l v a ,  I, p .  36, t .  6 ;  - 

DODE i n  B d .  S a c .  Den&. Frtance (1908) ,  p. 156; ASHE i n  B&. Tarrhey B a t .  

CCu6, IL, p .  276 (1922) ; i n  JamnaA! 06 €&ha M.itch& S o .  S a c . ,  X L I ,  p .  267 



(1926) ; PALMA i n  Juu/rrz. Am. AkbufiG., i i : ,  p .  20 (1923) ; SCHNEIDER, Handb. 

Laubhubzh, 11, p. 899, hfachZXag zn Baud 7-?.--Fagus pumila v a r .  p r a e c o x  

WALTER, FR. C a n . ,  p. 233 (1788).--C. - - nana ELLIOT, Sh., 11, p. 615 (1824) ;  

RAFINESQUE, Nw FR., 111, p. 83; NUTTALL i n  T&L&5. Am. Pkie. Sac. n .  ser. V ,  

p. 168.--C. - p u m i l a B  nana A .  D C . ,  P & L d h . ,  X V I ,  p. 11, p. 115 (1864) .  

Common names: C h S t a i g n i e r  3 f e u i l l e  dlAune.--English: Alder- lea f  

chestnut.--American: Bush Chinquapin.  

A .  CAMUS, Caha2xnea e-t Cah.tCCnophh, p l .  19,  f .  6-8. 

Very s m a l l  bush o f t e n  r e a c h i n g  s c a r c e l y  0 m. 30 i n  h e i g h t ,  h a r d l y  exceeding 
- 

1 m . ,  forming l i t t l e  t h i c k e t s  and s p r e a d i n g  by means of r u n n e r s  i n  sandy s o i l ;  

young branches  v e r y  s l e n d e r ,  s l i g h t l y  pubescent  o r  smooth, armed w i t h  d i s c i f o r m  

h a i r s .  Buds ovo id ,  r u s s e t y ,  a l i t t l e  pubescen t .  Leaves oblong,  o r  narrowly 

oval- oblong,  o r  oboval- oblong, t a p e r e d ,  a l i t t l e  rounded a t  t h e  b a s e ,  a l m o s t  

o b t u s e  a t  t h e  summit, on t h e  s t e r i l e  b r a n c h e s  oblong- oboval,  rounded a t  t h e  

apex,  w i d e r  above t h e  middle ,  i m p e r c e p t i b l y  c o n t r a c t e d  a t  t h e  b a s e ,  t h o s e  o f  

t h e  f r u i t - b e a r i n g  b ranches  l a r g e r ,  l a n c e o l a t e ,  o f t e n  p o i n t e d ,  7-14 cm. l o n g ,  

3.5-4.5 cm. wide,  t h e  young ones  armed above w i t h  s p a r c e  d i s c i f o r m  h a i r s  and,  
, 

towards  t h e  b a s e  o f  t h e  mid- rib ,  some long  " r e g u l a r"  h a i r s ,  below h a i r y  e x c e p t  

on t h e  v e i n s .  The a d u l t  ones  c o r i a c e o u s ,  v e r y  l u s t r o u s ,  a lmos t  smooth, excep t  

f o r  r a r e  d i s c i f o r m  h a i r s  above,  a l m o s t  smooth o r  tomentose  and p a l e  ye l lowish-  

g r e e n  below, t h e  lower  l e a v e s  and t h o s e  of  t h e  s t e r i l e  b ranches  a l m o s t  smooth 

below, t h e  upper ones  v e r y  h a i r y ;  edges  armed w i t h  s l i g h t ,  p o i n t e d  t e e t h  sp read-  

i n g- e r e c t  o r  e r e c t ;  12-15 p a i r s  of secondary v e i n s ,  r a r e l y  v i f u r c a t e  towards  t h e  

c e n t e r ;  p e t i o l e  3-6 mm. long .  8 C a t k i n s  5-11 cm. l o n g ,  u s u a l l y  6 cm., a x i s  

armed w i t h  s p a r c e  h a i r s ,  hav ing  f l o w e r s  spaced  o u t  e s p e c i a l l y  towards t h e  b a s e  

of t h e  c a t k i n ,  t h e  upper ones  androgenous.  0;' Flowers :  s t a m i n e  w i t h  brownish 

t h r e a d .  9 Flowers 2-4 a t  t h e  b a s e  of  t h e  upper androgenous c a t k i n s ;  6 s t y l e s ,  



e l o n g a t e d ,  a l m o s t  smooth. F ru i t -bear i ;~ : . :  a x i s  1-2 cm. l o n g ,  t h i c k ,  hav ing  

2-4 c u p u l e s ,  a l m o s t  smooth a t  m a t u r i t y  ( t h i s  c h a r a c t e r i s t i c  d i s t i n g u i s h e s  

C .  a l n i f o l i a  from C. pumi la  and f r o m s .  n e g l e c t a ) .  Cupule from 2-3.5 cm. i n  - 

d i a m e t e r ,  s i m i l a r  t o  t h a t  of - C .  p u m i l a ,  b u t  a  l i t t l e  l a r g e r ,  covered w i t h  v e r y  

f i n e  s p i k e s ,  c o v e r i n g  i t s  w a l l  w e l l ,  d i v i d e d  a t  t h e  b a s e ,  n o t  v e r y  h a i r y ,  

g l a b r e s c e n t .  S i n g l e  f r u i t s  i n  t h e  b u r ,  from 1-1.6 cm. It is  d i s t i n g u i s h e d  

from - C. p m i l a ,  w i t h  which i t  i s  o f t e n  confused ,  by i t s  l e a v e s ,  u s u a l l y  o b t u s e ,  

d a r k  g r e e n  above,  g r e e n  s c a r c e l y  pubescen t  o r  tomentose  below, by i ts  c u p u l e s  

w i t h  a l m o s t  smooth pdeoncle ,  a  l i t t l e  t h i c k e r ,  i n  a s h o r t  head,  by i t s  l a r g e r  

- 
f r u i t ,  which r i p e n  s t i l l  sooner .  

NUTTALL, Syk'va, I, p. 19, d i s t i n g u i s h e s  from t h e  t y p e ,  w i t h  p o i n t e d  l e a v e s ,  

smooth on b o t h  s i d e s ,  t h e  young ones  o n l y  h a i r y  below, and l i v i n g  i n  F l o r i d a ,  a 

v a r i e t y  6 pubescens  N u t t a l l  w i t h  s h o r t e r  l e a v e s ,  o b t u s e  and a l l  pubescen t  below 

i n  t h e  a d u l t  s t a t e ,  f i r s t  found i n  C a r o l i n a  i n  t h e  v i c i n i t y  of C h a r l e s t o n  and 

s p r e a d i n g  from s o u t h e r n  C a r o l i n a  t o  s o u t h e r n  L o u i s i a n a ,  t o  G a i n e s v i l l e  towards 

t h e  s o u t h .  



Anatomy 

Root. -- Cork formed of f l a t t e n e d  c e l l s .  Phloem containing twin c r y s z a i s .  - 
Layers  of phloem f i b e r s  r a t h e r  t h i c k .  Lylem f i b e r s  w i t h  v e r y  t h i c k  w a l l s .  Kot 

v e r y  numerous v e s s e l s ,  r e ach ing  25-3% i n  d iamete r .  

Year-old b ranches .  -- Cork formed of 2-3 l a y e r s  of l i t t l e  c e l l s  no t  ve ry  

drawn o u t  t a n g e n t i a l l y .  P h e l l o d e r r a  formed of one l a y e r .  E x t e r i o r  c o r t e x  w i t h  

no t  v e r y  t h i c k  w a l l ;  i n t e r i o r  c o r t e x  much more developed,  parenchymatose,  having 

twin  c r y s t a l s  and some r a r e  g roups  of  mechanical  c e l l s .  P e r i c y c l e  formed of  v e r y  

t h i c k  (8-10 l a y e r s )  mass of l i t t l e  f i b e r s ,  1511 i n  d iamete r  and some mechanical  c e l l s ,  

drwan o u t  t a n g e n t i a l l y ,  u n i t i n g  t h e s e  masses.  Phloem w i t h  twin c r y s t a l s ;  mass of 

phloem f i b e r s  deve lop ing  a t  f i r s t  between t h e  pr imary bundles  i n  t h i n n e r  beds  

(2-4 l a y e r s )  t h a n  t h e  l a r g e  mass of p e r i c y c l i c  f i b e r s .  Ves se l s  r e ach ing  about  39.1 

i n  d iamete r .  Very numerous r a y s ,  u n i s e r i a t e .  Xylem f i b e r s  w i t h  v e r y  t h i c k  w a l l s .  

Xylem parenchyma n o t  v e r y  abundant ,  i n  t a n g e n t i a l  l i n e s .  P i t h  formed of ce1i.s 

w i t h  n o t  v e r y  t h i c k  w a l l s ,  a p p a r e n t l y  l a c k i n g  i n  mechanical  c e l l s .  

Leaf .  - P e t i o l e .  - I n i t i a l  ( p l .  V ,  f .  18). -- S e c t i o n  a lmos t  c r o s s i n g  r a t h e r  - 
h igh .  Endermis having c a p i t a t e  g l a n d u l a r  h a i r s ,  w i t h  u n i c e i l u l a r  head and b i -  

c e l l u l a r  o r t r i c e l l u l a r  s t e m  ( p l .  V ,  f .  26 ) .  Sub- epidemic  collenchyma d i - s t ingu ish-  

ed. C o r t i c a l  parenchynia  c o n t a i n i n g  numerous twin  c r y s t a l s ,  n o t  appear ing  t o  

c o n t a i n  any mechanical  c e l l s .  3  m e r i s t e l l s ;  non- l ign i f i ed  parenchyma abundant.  -- 

C h a r a c t e r i s t i c  ( p l .  V ,  f .  1 9 ) .  S e c t i o n  s l i g h t l y  e longa ted .  Epidermis h2vir.g 

numerous c a p i t a t e  g l a n d u l a r  h a i r s ,  w i t h  rounded o r  o v a l  head, u n i c e l l u l a r .  Parenchyma 

w i t h  twin c r y s t a l s  l e s s  numerous. Thick per idermic  r i n g ;  f i b e r s  w i t h  t h i c k  :galls. 
<wood 

Vascu la r  r i n g  sur rounding  on i n t e r n a l  bundle  w i t h  upperehylem.  

Mid-rib. - Base. Biconvex s e c t i o n .  Per iderm and v a s c u l a r  system l i k e  a t  

t h e  summit of  t h e  p e t i o l e .  - Middle. (pl .V, f .  20).  Biconvex s e c t i o n .  Collenchyma 

on bo th  s i d e s  and parenchyma on t h e  lower s i d e .  Per ideim formed of a  ring of f i b e r s ,  



Vascular system l i k e  lower down. 

Secondary v e i n s  ( p l .  V,  f .  21). - S l i g h t l y  biconves s e c t i o n .  P e r i d e m  fo rn -  

i ng  a  r i n g  of medium th i cknes s .  Vascular  r i n g  wi th  phloem more o r  l e s s  d i s j o i n t e d .  

Upper epidermis  a t t a c h e d  t o  t h e  periderm by some collenchyma and i n f e r i o r  epidermis  

a t t ached  t o  t h e  per iderm by some collenchyma wi th  n o t  v e r y  t h i c k  w a l l s  and by a 

l i t t l e  co r t ex .  V e i n l e t s  w i th  s l i g h t l y  biconves s e c t i o n .  L i t t l e  v a s c u l a r e  bundle 

aimed wi th  two a r k s  of f i b e r s  j o ined  t o  t h e  upper epidermis  by a  fragment of 

l i g n i f i e d  t i s s u e  and t o  t h e  lower ep idermis  by a  smal l  amount of collenchyma. 

Parenchyma of t h e  l e a f  b l ade  ( p l .  V ,  f .  25). - Thickness=180-200p, 1 5 0 1 ~  

i n  t h e  t h i n n e s t  p a r t s ,  towards t h e  edge. Upper epidermis  30-40,u deep, f o m e d  of 

c e l l s  reaching  50-6Qu a c r o s s  t h e  d i agona l ,  wi th  l a t e r a l  w a l l s  r e c t i c u r v i l i n e a r ,  

punctuated e s p e c i a l l y  on t h e  v e i n s ,  t h i n  ( p l .  V ,  f .  2 4 ) ,  wi th  e x t e r i o r  w a l l  of 

medium th i cknes s ,  h a r d l y  convex, o f t e n  having some g l andu la r  h a i r s  even i n  t h e  

a d u l t  l e a f .  Two l a y e r s  of p a l i s s a d i c  t i s s u e ,  t h e  upper one 35-40p t a l l ,  t h e  

second s h o r t e r .  Rather  l o o s e  lacunose  t i s s u e ,  con ta in ing  numerous and l a r g e  twin 

c r y s t a l s .  Lower epidermis  9-10p deep, formed of ce l ls  wi th  t h i n  l a t e r a l  w a l l s ,  

r e c t i c u r v i l i n e a r ,  w i th  e x t e r n a l  w a l l  r a t h e r  t h i n ,  s c a r c e l y  convex, having c a p i t a t e  

g l andu la r  h a i r s ,  depressed ,  a lmost  s e s s i l e ,  u s u a l l y  ve ry  numerous on t h e  a d u l t  
('$tellate h a i r s  

l e a f ,  and numerous r e g u l a r  h a i r s  i n  t u f t s ,  wi th  6-16 spreading  arms, reaching  

120-160u i n  l e n g t h  ( p l .  V ,  f .  27) ;  stornate 30$ long ,  u s u a l l y  n o t  a s  deep as t h e  

epidermic c e l l s  and s i t u a t e d  i n  t h e  e x t e r n a l  s u r f a c e .  Edges of t h e  l e a f  b l ade  

(p l .  V ,  f .  22) recurved,  r a t h e r  t h i c k .  Epidermis formed of c e l l s  w i th  sma l l  

lumen, w i th  e x t e r n a l  w a l l  r a t h e r  t h i c k ,  no t  conver o r  s l i g h t l y  convex. A t  t h e  

ve ry  edge, abundant collenchyma (4-5 l a y e r s )  a  l i t t l e  prolonged on t h e  upper s i d e .  

Vascular  bundle ad j acen t  t o  t h e  edge w i t h  suppor t  t i s s u e  normally developed. -- 

Teeth ( p l .  V ,  I?. 23) .  Upper ep idermis  formed of l a r g e  c e l l s ,  t a l l ,  s e rv ing  a s  water  --. 

r e s e r v o i r s ,  sometimes having a t a n g e n t i a  t h e  c e l l s  of t h e  lower 

epidermis  a l i t t l e  sma l l e r ,  wi th  e x t e r n a l  w a l l  convex. A t  t h e  ex t r eme t i e s  of t h e  



s e c t i o n ,  uncolored parenchyma w i t h  t h i n  w a l l s .  Mid-rib w i th  v a s c u l a r  bundle  

formed of an  extremely reduced xylem; on t h e  lower p a r t  of t h e  phloem, r a t h e r  

developed a r k  of f i be r s ,  wi th  t h i c k  w a l l s ,  on ly  a  few f i b e r s  w i th  ve ry  t h t n  

w a l l s  on t h e  upper p a r t ,  sometimes none. Collenchyma a t t a c h i n g  t h e  2 ep idermis  

t o  t h e  periderm. A p a l i s s a d i c  l a y e r ,  on t h e  upper s i d e  of t h e  messphyllum and 

lacunox t i s s u e ,  on t h e  lower s i d e .  

C. c r e n a t a  x pumila - 

x C. F l e e t i i  A. Camus. - C. c r e n a t a  x pumila Van F l e e t  i n  The J o u r n a l  - - - 
of Heredi ty ,  V ,  no 1, p. 19-25 (1914), and X I I I ,  p. 305 (1922); North Nat. Growers - -- 

Assoc V I I ,  p. 54 (1916). - Cf. Bu l l .  mens. rense ign .  ~ r i c .  e t  malad. de s  p l a n t e r ,  -* -- - -- -- 

V,  A p r i l  1914, p. 567. 

A. Camus, Castanea e t  C ~ s t a n o p s i s ,  A t l a s ,  p l .  20, f .  11; p l .  73, f .  1-2. - -  - 

Tree v igorous ,  r a r e l y  bushes w i th  numerous branches,  ve ry  spread  o u t ,  bear ing  

f r u i t  from t h e  age  of 3  t o  5  yea r s .  Leaves tapered  a t  t h e  base ,  acuminate a t  the 

suon inu t ,  wi th  edges armed w i t h  acuminate  t e e t h ,  wi th  v e i n s  numerous ( o f t e n  more 

t h a n  20) and c l o s e  toge ther .  8 Catk ins  r a t h e r  f a t ,  found on t h e  same branches as 

t h e  Q-catltins and above them. Cupules f a t ,  bu t  i n  3 ' s  t o  5 ' s  on t h e  same f r u c t i f e r o u s  

a x i s ,  a s  i n  - C. pumila, r a r e l y  s o l i t a r y ,  con ta in ing  3 l a r g e  f r u i t s .  F r u i t s  i n t e r-  

mediate  i n  s i z e  and form between those  of  t h e  p a r e n t s ,  t h e  f r u i t s  of - C. c r e n a t a  

being almost  a s  wide a s  t a l l ,  about  3  cm. 5 t o  3.3,  ve ry  rounded a t  t h e  summit, 

w i th  l a r g e  s c a r ,  t hose  of - C. pumila  ve ry  much taller than  wide, about  1.8 c m  t o  

1-1.1 cm, ovoid,  ve ry  tapered a t  t h e  summit, w i th  sma l l  s c a r ,  t h e  f r u i t s  of t h e  

hyb r id  are s c a r c e l y  t a l l e r  than  wide, 2.7 t o  2.5cm, tapered  a t  t h e  summit bu t  n o t  

f o r  a s  long  a s  i n  C. pumila, wi th  i n t e rmed ia t e  s c a r ,  mounting a  l i t t l e  on t h e  

s i d e s  of t h e  f r u i t ,  bu t  l e s s  then  i n  - C. c r ena t e .  The p e r i c a r p  i s  s c a r c e l y  s i l k y  

a t  t h e  summit. The f r u i t s  do no t  have t h e  s t a r c h y  arid a s t r i n g e n t  t a s t e  which the 



Americans o f t e n  f i n d  f a u l t  w i th  i n  our  - C. s a t i v a  and i n  t h e  c h e s t n u t s  from Asia ,  

b u t  are not  a s  sweet nor  a s  p l ea s ing  a s  t hose  of - C. pumila,  even wild.  These 

f r u i t s  would be  a l l  t h e  b e t t e r  i f  they  were more l i k e  - C. pumila. 

F r u c t i f i c a t i o n  i s  ve ry  precocious because i t  begins  o f t e n  from t h e  t h i r d  

yea r ,  wh i l e  t h e  hyb r id s  of C. s a t i v a  and of t h e  Asian c h e s t n u t s  a r e  r a r e l y  f r u c t i f e r o u s  

b e f o r e  5 o r  12 yea r s .  

This  hybr id  was a r t i f i c i a l l y  ob ta ined  (1) by Van F l e e t  who d e s c r i b e s  i t .  He 

p r e s e n t s  ve ry  g r e a t  q u a l i t i e s .  The - C. pumila gave i t  g r e a t  r e s i s t a n c e  t o  Endothia 

and f r u i t s  of an ag reeab le  and sweet f l a v o u r ,  - C. c r e n a t a  brought i t  i t s  develop- 

ment. Few of t h e s e  hyb r id s  were a t t a c h e d  by Endothia,  and when they  were, t h e  i n-  

f e c t i o n  was on ly  l o c a l .  

The t r e e s  a r e  s t rong  and d e c o r a t i v e ,  e s p e c i a l l y  when they  a r e  f lower ing  o r  

bea r ing  f r u i t .  They a r e  a s  d e c o r a t i v e  as u s e f u l .  A t  9  y e a r s  one of Van F l e e t s  

specimens was 2m. 70cm t a l l .  S ince  t h e s e  hyb r id s  gave f r u i t s  ve ry  e a r l y ,  one 

could b e l i e v e  t h a t  they  would no t  a t t a i n  ve ry  l a r g e  dimensions.  

Unhappily, a s  wi th  many hybr id s ,  t h e  c h a r a c t e r i s t i c s  were no t  maintained i n  

t h e  fo l lowing  gene ra t i on ,  t h e r e  was d i s j u n c t i o n  of c h a r a c t e r s .  The germina t ion  of 

1 .  The hybr id  was obtained by Van F l e e t  wi th  a  ve ry  f e r t i l e  and' p recoc ious  
C.  pumila, from c o l l e c t e d  seed,  i n  V i r g i n i a  i n  1889. A l l  t h e  s tamines  were - 
completely removed from t h e  shrub  and each branch having young female f l ower s  
was p r o t e c t e d ,  by paper bags,  from p o l l e n  t h a t  could have been c a r r i e d  by wind 
o r  i n s e c t s .  The male c a t k i n s ,  chosen f o r  f e r t i l i z a t i o n ,  were themselves pro- 
t e c t e d  be fo re  t h e  opening of t h e  a n t h e r s .  The p o l l e n  was app l i ed  wi th  a b rush ,  
a  p a i n t e r ' s  brush,  o r  by d e l i c a t e l y  a g i t a t i n g  t h e  male c a t k i n  on t h e  s t igma.  Van 

h a i r  p e n c i l  t 
F l e e t  ob ta ined ,  t hus ,  many hybrid seeds  having i n c o n t e s t a b l e  hybr id  cha rac t e r .  



t h e  s e e d s  of t h e  hyb r id  gave a low pe rcen t age ,  b u t  about  h a l f  produced 

v igo rous  p l a n t s  w i t h  v a r i e d  f o l i a g e  resembling t h e  p r i v i r l i l e  s t a g e  of t h e  beech,  

oak and h o l l y .  

The second y e a r ,  t h e  d i s j u n c t i o n  of t h e  l e a f  c h a r a c t e r i s t i c s  was observed 

i n  a pumila  t y p e  w i t h  d e l i c a t e  romentum below and a c r e n a t a  w i t h  l a y e r  l e a v e s ,  

l i g h t  on bo th  s i d e s .  

I n  t h e  second g e n e r a t i o n ,  t h e  p l a n t s  of - C. c r e n a t e  x pumi la  were  n o t  con- 

t amina ted  a l t hough  always exposed t o  t h e  i n f e c t i o n .  

The - C. F l e e t i i  is  c u l t i v a t e d  a t  Aubenas, by M. Couderc. It i s  a l i t t l e  

t r e e  which does  n o t  appear  c apab l e  of l a r g e  development. 

C. c r e n a t a  x d e n t a t a  - 

x - C. E n d i c o t t i i  A.  Camus. -- - C. c r e n a t a  x d e n t a t a  D e t l e f s e n  and Ruth 

i n  The J cu rn .  of He red i t y ,  X I I I , , p .  305-314, 1922 (1923). 

F r u i t s  r a t h e r  e a r l y  f r e e  i n  t h e  s l i g h t l y  l a r g e  b u r ,  sometimes 7 o r  8 i n  

a  b u r ,  w h i l e  t h e  Japanese  p a r e n t  h a s  o n l y  one w e l l  developed f r u i t  and t h e  

American i t s e l f  h a s  on ly  3 ,  v e r y  t i g h t l y  encased i n  t h e  bu r ,  i n t e r m e d i a t e  i n  

form and shape  between i t s  p a r e n t s ,  n o t a b l y  l a r g e r  t h a n  i n  - C. d e n t a t z ,  w i t h  

i n t e r m e d i a t e  tomeatum, less abundant t h a n  i n  - C. ' den t a t a ,  w i t h  p e r i c a r p  s h i n i e r  

and a p r e t t i e r  c o l o r ,  r e c a l l i n g  t h a t  of - C. c r e n a t a ,  o f t e n  w i t h  i n t e r m e d i a t e  

s c a r ,  s l i g h t l y  l a r g e r  t h a n  i n  - C. d e n t a t a ,  c l e a r l y  s m a l l e r  t han  - C. c r e n a t a ;  f l e s h  

of t h e  k e r n a l  more p l e a s a n t ,  a cco rd ing  t o  t h e  Americans, t han  t h a t  of t h e  k e r n a l  

of - C. c r e n a t a .  - Not ve ry  s e n s i t i v e  t o  a t t a c k s  by Endothia .  F r u i t s  r e j o i n i n g  

e a r l y .  

T h i s  hyb r id  was ob t a ined ,  f o r  t h e  f i r s t  t ime ,  by E n d i c o t t ,  i n  1898 acco rd ing  

t o  D e t l e f s e n  and Ruth, 1 .e .  

r a t h e r  l a r g e  d i f f i c u l t y  i n  o b t a i n i n g  t h i s  c r o s s  i s  t h a t  t h e  f l ower ing  

of  t h e  p a r e n t s  does  n o t  t a k e  p l a c e  a t  t h e  s a n e  t i m e .  

E n d i c o t t  ob t a ined  5 hyb r id  s e e d s  of which 3  gave t r e e s  t h a t  he  named: Blair, 



Boone e t  Riehl.  

This  hybrid has t h e  advantages of - C. c r ena ta :  l a r g e  f r u i t s ,  rep in ing  

e a r l y ,  f a t t e r ,  wi th  not  very tomentore pe r i cap ,  of a  p r e t t y  c o l o r ,  r e s i s t a n c e  

t o  Endothia, rap id  f r u c t i f i c a t i o n .  

From - C. d e n t a t a  i t  has  t h e  l a r g e r  development, and f r i u t s  t h a t  a r e  more 

ag reeac le  t o  t h e  American t a s t e .  

The f r u i t s  of - C. c r ena ta  being not  very  much a t t ached  by Balaninus, it 

was hoped t h a t  t h e  hybrid would be l e s s  a t t acked  by t h i s  p a r a s i t e  than  C. d e n t a t a  - 
is. 

The hybr ids  of t h e  f i r s t  genera t ion  B l a i r ,  Boone and Reih l  had, t h e  f i r s t  

two, 3 f r u i t s  t o  t h e  bu r ,  t h e  o t h e r ,  a  s i n g l e  p e r f e c t  f r u i t ,  t h e  two l a t e r a l  

ones reduced as i n  t h e  Japanese parent .  These hybr ids  gave f r u i t  very  e a r l y ,  

towards t h e  4 th  o r  5 th  year  and i n  g r e a t e r  abundance than t h e  pa ren t s .  

O f  t h e  hybrids cf t h e  f i r s t  genera t ion ,  Boone w a s  t h e  most vigorous;  

i t  gave t h e  b e s t  f r u i t s ,  t h e  most abundant, t h e  f a t t e s t  and began t o  bear  

f r u i t  a t  about 17 montsh, whi le  t h e  Chestnut from Japan f r u c t i f i e r  a t  5 o r  

6 yea r s  and t h e  American a t  about 1 2  years .  Probably f e r t i l i z e d  by t h e  p o l l e n  

of B l a i r  o r  Riehl ,  i t  gave f r u i t s  producing 75 p l a n t s .  There t h e  r e s u l t s ,  from 

t h e  po in t  of view of t h e  product ion of f r u i t s ,  were imperfec t ,  d i s j u n c t i o n  of 

c h a r a c t e r i s t i c s  was produced wi th  in t e rmed ia t e  forms, b u t  e s p e c i a l l y  wi th  t h e  

extreme forms of t h e  parents .  The d i s j u n c t i o n  operated a l s o  on the  o the r  

c h a r a c t e r s .  Thus a t  t h e  age of 14 yea r s  some ind iv idua l s  a t t a i n e d  6 t o  7 meters ,  

o t h e r s  only 2 m. 50. None of t h e s e  hybr ids  of t h e  second degree  a t t a i n e d  the 

f e r t i l i t y  of those of t h e  f i r s t  degree,  t h e i r  f r u i t s  were i n f e r i o r  and appeared 

l a t e r ,  around 7 t o  8 years .  



The f r u i t s  of t h e  hybr ids  of t h e  second genera t ion  were very  s i m i l a r  on t h e  

same t r e e ,  but  ve ry  d i f f e r e n t  from those  of t h e  hybr ids  of t h e  f i r s t  genera t ion .  

While t h e  f r u i t s  of t h e  f i r s t  gene ra t ion  were in t e rmed ia t e  between those  

of t h e  pa ren t s ,  those  of t h e  descendants  r e c a l l  much more those  of t h e  a n c e s t e r s ,  

c e r t a i n  ones w e r e  a s  f a t  a s  t hose  of - C. c r e n a t a ,  o t h e r s  a s  smal l  as those  of 

C. den ta t a .  Many of t h e s e  hybr ids  of t h e  second degree had 3 f r u i t s  t o  t h e  bur ,  - 

some a s i n g l e  developed f r u i t  resembling an  acorn  a  l i t t l e  and two rudimentery 

l a t e r a l  ones. The bur i s  very  v a r i a b l e  i n  t h e  hybr ids  of t h e  second gene ra t ion  

i n  regard  t o  t h e i r  th ickness  and t o  t h e  l eng th  of t h e  sp ikes .  The sp ikes  of 

c e r t a i n  bu r s  a r e  r e l a t i v e l y  s o f t  and easy t o  handle whi le  on o t h e r  bu r s ,  t h e  

s p i k e s  a r e  r i g i d  and wounding. 

Seeing how much t h e  hybr ids  of t h e  second gene ra t ion  were l e s s  i n t e r e s t i n g  

than  those  of t h e  f i r s t  genera t ion  s i n c e  they  almost reproduced t h e  pa ren t s ,  

Endicot t  t r i e d  t o  g r a f t  t h e  hybr ids  of t h e  f i r s t  genera t ion ,  but  he had many 

f a i l u r e s .  

C.  c r e n a t a  x s a t i v a  - 

x - C. Conderci i  A. Camus - C. c r e n a t a  x s a t i v a  A.  Camus. - 

A.  Camus, Castaneu e t  Castanopsis ,  Atens, p l .  21 and 22.  

The hybrid t h a t  I desc r ibe ,  named Azuel, was p lanted  a t  ~ A b e n a s ,  by M. Conderc. 

It is  t h e  product of a  c ross  of - C. s a t i v a  g iv ing  ches tnu t s  of t h e  Rourne t i i  

(Bournette) v a r i e t y  from seeds from - C. c r ena ta  var .  Trruba guri and obtained by 

M. Bournet. M. Conderc sen t  me same handsome branches and some f r u i t s  that.  a r e  d r a m  

on p l .  22 ,  f  1-10. 

This  hybrid i s  very  developed, i t s  l eaves  a r e  s i l v e r y  below, a s  i n  5. c r e n a t a ,  

but  t h e i r  form is  more t h a t  of - C. s a t i v a ,  t h e  burs  a r e  arranged on t h e  l a t e r a l  

peduncles and not a t  t h e  extremity of t h e  branches. There i s  t h e  d e s c r i p t i o n :  



Tree vigorous.  Leaves r e c a l l i n g  those  of - C. s a t i v a ,  but  l a r g e r  s t i l l  and 

of a narrow form than  those  of - C. c r e n a t a ,  longly  acuminate a t  t h e  summit, 

s i l v e r y  below, ve ry  h a i r y ,  armed with elongated t e e t h ,  e r e c t  and about 22 p a i r s  

of secondary ve ins ;  p e t i o l e  smooth, about 15 mm. long. 9 Flowers: p e r i o u t h  very 

s i l k y ;  7-9 h a i r y  s t y l e s .  Capules arranged on t h e  l a t e r a l  peduncles,  reaching 

9-10 cm. i n  diameter  wi th  t h e  sp ikes ,  wi th  a t h i c k  w a l l  of 2-4 mm., ve ry  s i l k y  

wi th in ,  not  ve ry  ou t s ide ,  opening u s u a l l y  i n  2 deep va lves ,  but  w i th  4 l i n e s  of 

dehiscence marked, having bundles of sp ikes  r a t h e r  d i s t a n t  a t  t h e  base,  12-15 mn. 
cextremely spreading 

long,  r a the r@var i ca t e  , sharp ,  b r o m i s h  i n  t h e  a d u l t  s t a t e .  F r u i t s  

u s u a l l y  3 t o  t h e  bur ,  f a t ,  very  rounded a t  t h e  summit and a t  t h e  base ,  o f t e n  ex- 

ceding 4 cm. i n  diameter and 3 cm. i n  he igh t ,  smooth, f i n e l y  s t r i p e d ,  s l i g h t l y  

s i lky- whi t i sh  a t  t h e  summit, wi th  t o r c h  4-6 TI. long,  wi th  rough s c a r ,  yel lowish,  

not  a s  l a r g e  as i n  - C. c r e n a t a ,  but  l a r g e r  than i n  - C. s a t i v a .  

The upper epidermis of t h e  a d u l t  l eaves ,  formed of c e l l s  w i th  t h i n  wa l l s ,  l i k e  

i n  - C. c r ena ta ,  reaching 40-50p a c r o s s  t h e  diagonal ,  i s  smooth, l ack ing  c a p f t a t e  

h a i r s .  The lower epidermis has s t e l l a t e  h a i r s ,  numerous, wi th  abundant branches, 

reaching about 150u i n  l eng th  and a few r a r e  c a p i t a t e  h a i r s .  

According t o  M. Conderc, Azuel i s  very  vigorous and ve ry  f e r t i l e ,  i t s  

f r u i t s  a r e  e x c e l l e n t .  It r e s i s t s  drought b e t t e r  than - C. c r ena ta .  To t h e  p resen t ,  

i t  appears  a l s o  t o  be r e s i s t a n t  t o  t h e  d i s e a s e  of Enere a s  w e l l  a s  t h e  pure Japanese 

ches tnu t s ,  s i n c e  t h e  i n d i v i d u a l s  of 8 o r  9 yea r s  a r e  no t  a t t a c h e d ,  whi le  t h e  

s tocks  of - C. s a t i v a ,  which l i v e  wi th  them, a r e  dead a f t e r  t h e  f o u r t h  o r  f i f t h  

year .  

According t o  .Blaringhern (1) t h e r e  could e x i s t ,  a t  Meudon a hybrid - C, c rena ta  
of . fo re ign  po l l en  

x s a t i v a  which would not  have - C. den ta t a  x s a t i v a .  

1. Blaringhem, Note s u r  l a  x i n i e  chez. & c h a t a i g n i e r  i n  Bul l ,  Soc. bot .  Fr. (1919). ----- - - - - -  



I n  c u l t i v a t i o n  t h e r e  o f t e n  e x i s t  spontaneous hybr ids  of C.crenata  x s a t i v a  

which a r e  e a s i l y  d i s t i n g u i s h a b l e  by t h e  young branches t h a t  a r e  gray r a t h e r  t han  

yellow like those  of - C. -- c rena ta .  

C. d e n t a t a  x s a t i v a  - 

x C. Blaringhemii  A. Camus - - D. d e n t a t a  x s a t i v a  A. Camus. 

F r u i t s  i n t e rmed ia t e  between those  of t h e  pa ren t s ,  not  a s  s h o r t  and wide 

as i n  - C. s a t i v a ,  l e s s  swollen than  i n  - C. d e n t a t a ,  wi th  t o r c h  longer  t han  i n  

C. s a t i v a ,  and s h o r t e r  than  i n  C. d e n t a t a .  - - 
This  hybrid was obta ined ,  by Van F l e e t ,  i n  t h e  U. S. It was doing v e r y  

w e l l ,  b u t  succomed t o  Endothia i n  1910 (Van F l e e t  i n  The Jou rna l  of Heredi ty ,  V ,  - --. - 

M. Blaringhem observed some c a s e s  of xen ia ,  i n  t h e  seeds  produced by cronning 

C. d e n t a t a  and C. s a t i v a .  The hybr id  embryo which has  a n  in t e rmed ia t e  form between - - 

t h e  s h o r t  form and t h e  spreading form o r  t h e  column form of t h e  p a r e n t s  i s  u s u a l l y  

found narrowly and hindered i n  i ts  grouwth i n s i d e  a  not  very  e l a s t i c  pe r i cap  of 

C.  s a t i v a  which b u r s t s  be fo re  ma tu r i t y .  - 

C. d e n t a t a  x pumila - 

x C. neg lec t a  Dode i n  Bul l .  Soc. Dendr. Jr; (1908),  p .  155; Ashe i n  Bull .  - - - -  -- 

Torrey bo t .  Club, I L ,  p. 266 (1922); Hitchcock and Standley,  F lo ra  of t he  D i s t r i c t  -- - - - -- 

of Columbia and v i c i n i t y  i n  Contr ib.  Un. S t .  Nat. Herb.,  XXI, p. 137 (1919). - - - - - - -  - 
C. d e n t a t a  x pumils A.  canus. - C.   mi la x den ta t a  Kordzurni i n  Tokyo Bot. Mag. XXX, - - - - --- 

p. 99 (1916). 

A.  Camus, Castanea e t  Castanopois,  A t l a s ,  pL. 20, E .  7-10. Young branches --- - 

pubsecent ,  armed wi th  wooly elongated haus,  r a t h e r  p e r s i s t a n t  Buds bro%mish, ovoid, 

bubescent.  Leaves oboval-oblong o r  oblong, tapered  a t  t h e  base ,  no t  very  tapered  

a t  t h e  summit, 13-15 cm. long, 5-6 cm. wide, l a r g e r  than  i n  - C. pumila and l e n  h a i r y ,  

t h e  young ones armed above wi th  s p a r c e  c a p i t a t e  h a i r s  and hairs spreading towards 

t h e  base  of t h e  mid- rib, below dense ly  g r a y i s h- f e l t y ,  t h e  a d u l t s  a  l i t t l e  d u l l  



above, smoothe, except  f o r  a few c a p i t a t e  h a i r s  and some s t e l l a t e  h a i r s  s i t u a t e d  

towards t h e  base  of t he  mid- rib, more o r  less pubescent below, grayish-woody, 

w i t h  13-15 p a i r s  of secondary v e i n s ;  p e t i o l e  8-10 mm. long. 8 Catk ins  numeruus, 

9-18 cm. long,  usuaz ly  11-14 cm; whitish-wooly a x i s ,  wi th  l a s t i n g  puberscence, 

s l i g h t l y  less dense than  i n  C. purnila, s tamines  w i th  r edd i sh  t h r ead .  Androgenous 

c a t k i n s  o f t e n  s i t u a t e d  above t h e  8 c a t k i n s ,  having s e v e r a l  ($ f l ower s  ; v e r y  long 

s t y l e ,  h a i r y  a t  t h e  base.  Young cupule  o r d i n a r i l y  dimly p e d i c e l l a t e .  Adult 

Cupules i n t e r m e d i a t e  i n  s i z e  between t h o s e  of t h e  p a r e n t s ,  o r  l a r g e ,  armed wi th  

r a t h e r  i r r e g u l a r  s p i k e s ,  a lmost  smooth. F r u i t s  one o r  two t o  t h e  bu r ,  t apered  a t  

t h e  summit. -- This  hybrid has  t h e  l a r g e  l e a v e s  of - C. d e n t a t a ,  s l i g h t l y  pubescent 

below, much less tomentose than  i n  - C. pumila, t h e  l a r g e  bu r s  provided w i t h  long 

s p i k e s ,  i r r e g u l a r ,  a lmost  smooth, dense,  o f t e n  con ta in ing  2 f r u i t s .  

Eas t e rn  United S t a t e s :  s c a t t e r e d ,  Georgia,  Tennessee,  sou the rn  Ca rc l i na ,  e t c .  

According t o  Bar ley ,  -- Cycl. Hor t . ,  9 t h  ed . ,  I, p. 742,  f .  913, bottom, t h e  

hyb r id s  of - C. pumila and d e n t a t a  should e x i s t  i n  Pennsylvania  i n  Arkansas and i t s  

Texas. They r each  t h e  s i z e  of trees. 

Morr i s  (1) ob ta ined  t h i s  hybrid w i th  f a t t e r  f r u i t s  t han  t h o s e  of - C.  --- purnila, 

and w i t h  sweet ke rna l .  A t  f i r s t  i t  was q u i t e  r e s i s t a n t  t o  Endothia,  then  i t  was 

s t r i c k e n  a t  about  8 yea r s  o ld .  

1. Morris ,  Chestnut b l i g h t  r e s i s t a n c e  i n  - -  Journ.  of Hered i ty ,  V ,  p.  27 ( 1 9 1 4 ) .  



C. d e n t a t a  x f l o r i d a n a  Margaret ta  - 

x - C. a labemensis  Ashe i n  t h e  Charleston Museum Quar t e r ly ,  I, p. 30 

(1925). - - C. d e n t a t a  x f l o r i d a n a  v a r  Margaret ta  Ashe. 

A. Camus, Castanea - e t  Castanopsis ,  A t l a s ,  p l  74, f .  7-9. 

Tree 5 t o  10 m: t a l l ,  wi th  a  t runk  a t  morst 4 dm. i n  d iameter ,  w i th  a dome- 

shpaed crown i n  t h e  w e l l  developed i n d i v i d u a l s ;  branches from 2-2.5 mm. i n  diameter ,  

smooth, dark  brown, angular ,  withwhite  l e n t i c e l l s .  Winter Buds d o r s a l l y  f l a t t e n e d ,  

ob l ique  i n  r e l a t i o n  t o  t h e  a x i s  of t h e  branches,  very  l i g h t l y  and b r i e f l y  puberulent .  

Leaves oblong- lancolate ,  sometimes oblong, 11-16 cm. long,  3-4 cm. wide, some- 

t i m e s  6,  con t r ac t ed  and o f t e n  tapered  a long whi le  a t  t h e  base,  acuminate a t  

t h e  summit, smooth above and a da rk  bronze co lo r  when they  spread open, f i n a l l y  

d a r k  green ,  smooth below except on t h e  mid- rib and t h e  secondary v e i n s  which 

have some appressed h a i r s  t h a t  a r e  o f t e n  temporary, almost smooth and f i n a l l y  

yellowish- green; edges deeply too thed ,  wi th  e r e c t  o r  a lmost  spreading  t e e t h  

formed by t h e  pro longat ion  of t h e  v e i n s ;  prominent secondary v e i n s ,  14-18 sometimes 

19 p a i r s .  8 CatMins e r e c t ,  a x i l l a r y ,  r a t h e r  dense, 8-10 sometimes 12-16 cm. long ,  

from 0.5-1 cm. i n  diameter ,  smooth, except f o r  t h e  p e r i a n t h  and t h e  b r a c t s  which 

s s c a r c e l y  puberu len t ,  rapid1.y becoming smooth. - Androgenons 

c a t k i n s  u s u a l l y  s i t u a t e d  above t h e  8 c a t k i n s ,  having, a t  t h e  base ,  3-6 f lowers ;  

f l owers  i s o l a t e d  i n  each cupsule;  s t y l e s  e longated ,  u s u a l l y  6 sometimes 5. 

Fru i t- bear ing  head about 7-8 cm. long; smooth a x i s ,  a  l i t t l e  b a r e  a t  t h e  base. 

Rounded cupule,  from 2.3-3 .5  cm. i n  diameter ,  densely covered wi th  s l ende r  s p i k e s ,  

smooth o r  very  l i g h t l y  pubescent,  u sua l ly  Sranching from t h e  base. F r u i t  i s o l a t e d  

i n  each bur ,  da rk  brown, about 1.5 cm. i n  diameter .  Flowers i n : t h e  second h a l f  

of May, when t h e  l eaves  have almost emerged. D i f f e r s  from - C.  arkansana by t h e  form 

of i t s  l e a v e s ,  t h e  c o l o r  of t h e  branches,  t h e  s i z e  and shape of t h e  s p i k e s ,  and 

bronze c o l o r  of t h e  l eaves  when they  unfold.  It resembles - C. -- d e n t a t a  ve ry  much, 

f lowers  a t  t h e  same time, but  i t s  l eaves  a r e  p a l e r  below, i t s  c a t k i n s  e r e c t  and  



i ts  burs  only conta in  one f r u i t .  This  Castanea is  q u i t e  probably a hybrid of 

C. c r e n a t a ,  whose l eaves  a r e  ve ry  similar, wi th  a type of t h e  Balanocastanon - 

s e c t i o n ,  whose f r u i t s  a r e  t h e  same. It i s  t h e  only Chinquapin of t h e  southern  

U. S. which has a smooth f o l i a g e  on vigorous shoots .  

Associa t ions  - Grows wi th  Magnolia macrophylla,  T i l i a  a u s t r a l i s ,  Lir iodendion 

and t h e  Quercus, e t c .  

Geographic d i s t r i b u t i o n  - Southern United S t a t e s .  Alabama between Blount 

and Marion coun t i e s ;  type of Flannigan Creek, Lawrence County (Ashi).  

C. moll iss ima x pumila - 

x - C. Barbankii  A. Camus - - C. moll iss ima x pumila M u r r i l l  i n  Journ. of t h e  - -- 

New York Bot. Gard., X V I I I .  p. 213; Bul l .  mens. sens .  m. e t  malad. des p l .  (1918), --- - --- 

P. 347; Galloway i n  Depart. circ.  383, U.S.D.A.(1926) p. 8 ,  f . 4 .  ---- 

A. Camus, Castanes - -  e t  Castanopsis ,  A t l a s ,  p l .  73, f .  10-15. 

Tree very  r e s i s t a n t  t o  Endothia. Cupule much l a r g e r  than i n  5. pumila, o f t e n  - 
opening i n  4 va lves  a s  i n  - C. m o l l i s s i n i a ,  sometimes i n  2 l i k e  i n  - C. pumila. F r u i t s  

1-3, about 2-3 times f a t t e r  than i n  C. pumila,  almost a s  t a l l  a s  wide o r  a l i t t l e  - 
wider than t a l l ,  resembling more t h e  form of those  of C. moll iss ima,  l e s s  tapere6  at 

t h e  summit, bu t  wi th  a to rch  a l i t t l e  l e s s  1ong. than i n  - C. mol l i ss ima,  obviously 

more elongated than i n  - C. pumila; t h i n  pe r i ca rp ;  ke rna l  of p l easan t  t a s t e  and sweet 

t'hat' of - C. pumila. 

The corn  w a s  obtained,  by Burbank, i n  1899, i n  t h e  U .  S. 

A t r e e  more than 10 years  o ld  i s  growing, 17 km. t o  t h e  north- east  of 

New York, a t  Be l l ,  where i t  bea r s  f r u i t  every year .  It i s  discussed from a c r o s s  

obtained by Van F l e e t .  



C. pumila x s a t i v z  - 

x - C. p u l c h e l l a  A. Camus - - C. pumila x s a t i v a  A. Camus. 

This  hybr id  i s  in t e rmed ia t e  between t h e  two pa ren t s .  It has  f r u i t s  

l a r g e r  than  t h o s e  of  - C. pumila,  resists Endothia poor ly ,  b u t  has  t h e  g r e a t  

advantage of bea r ing  f r u i t s  from t h e  second yea r  on t h e  s h o o t s  o r i g i n a t i n g  a t  

t h e  base  of t h e  dead t runks .  

Was obta ined  by Van F l e e t ,  i n  Journ.  of Hered i ty ,  V, p. 21 (1914) .  - - 
It would b e  v e r y  i n t e r e s t i n g  t o  o b t a i n  c e r t a i n  c r o s s e s ,  a s  much from t h e  

b o t a n i c a l  viewpoint  a s  f o r  t h e  q u a l i t i e s  of t h e  hybr ids .  

C. Henryi x mol l i s s ima - 
The c r o s s  between - C. Henryi and - C .  mol l i s s ima,  bo th  r e s i s t a n t  t o  t h e  

"Encre", would g i v e  i n t e r e s t i n g  hyb r id s ,  t h e  wood of - C. mol l i s s ima - l a c k s  some 

q u a l i t i e s  which - C. Henryi might add t o  i t .  

C.  d e n t a t a  x Henryi - 

C. Henryi could b r ing  a  r e s i s t a n c e  t o  Endothia t o  t h e  hyb r id  and C. d e n t a t a  - - 

t h e  l a r g e r  good q u a l i t y  f r u i t s .  

C. c r e n a t a  x mol l i s s ima - 

This  c r o s s  would probably a l s o  g i v e  e x c e l l e n t  r e s u l t s ,  bo th  - C. ---- mol-lissima 

and - C. c r e n a t a  being r a t h e r  r e s i s t a n t  t o  Endothia ,  and both  capab le  of g iv ing  

good f r u i t .  

C. a l n i f o l i a  x mol l i s s ima - 

x - C. M o r r i s i i  A.  Camus. - - C. a l n i f o l i a  x  mol l i s s ima.  Morri-s 

T h i s h y b r i d  was ob ta ined  by Morris ,  i n  t h e  U. S.  ( f .  Morr i s  i n  The Journ. - -- 

of Hered i ty ,  V ,  p.  29 (1914) .  C. a l n i f o l i a  b r i n g t h e  hybr id  a  r e s i s t a n c e  t o  - - 

Endothia and - C. moll iss ima i ts  development. 



Incompletely known and doub t fu l  Species  

Since I was unable t o  s e e  any of t h e s e  spec i e s  which a r e  i n s u f f i c i e n t l y  

desc r ibed  and doub t fu l ,  I g i v e  t h e  d e s c t i p t i o n  according t o  t h e i r  au tho r s .  

Castanca Bod in i e r i  L e ' v e i l l e '  and Van. i n  Bull .  Soc. bot .  Fr. ,  L I I ,  p. 142 - - - -  

(1905). Castanopsis  Bod in i e r i  Koidznoni i n  Tokyo Bot. Mag., XXX, p. 100 (1916) 

Large t r e e  o r  smal l  t r e e ,  w i th  velvety- glandulous branches. Cor iac ious  

l e a v e s ,  ova l ,  acuminate a t  t h e  summit, r edd i sh  green above, reddish- tomentose 

below. In f lo re scence  formed of long s p i k e s ,  recurved,  b r i s t l y  
t u f t s  reads 8 f!overs arranged a t  t h e  summit of t h e  heads; 3 ( ? )  stamines,  

Burs i n  dense heads, of 10-20, s e s s i l e  and c l o s e  toge the r .  

China: Yun-nan, v i c i n i t y  of Yun-nan-sen, wood of t h e  pagoda of Kiang- tscheou-si 

February 2, 1897 (Bodinier)  . 
Rehder i n  -- Journ.  Amer. Arboretum, X ,  p. 118-119 (1929), connected Castanea 

Bod in i e r i  wi th  Castenopsis  Hys t r ix .  Such an  incomplete d e s c r i p t i o n  c n l y  l eaves  

doubts.  

Castanea F a u r i e i  L e ' v e i l l e ' a n d  Van, i n  Bull .  Soc. bo t .  zr., L I L ,  p .  142  (1905). --- 

Leaves cor iaceous ,  ova l- lanceola te ,  longly  acuminate a t  t h e  summit, c~mform 
. u n i t e r r u p t e d  

a t  t h e  base ,  d i sco lo red ,  a b r i g h t  green  abouve; v i s s e t y  below, wi th  whole edges o r  

s inuous.  Flowers on $ and 9 c a t k i n s ,  l oose ,  bery s l ende r ,  pubescent.  Q. c a t k i n s  

w i th  10 o r  15 f lowers ;  3 s t y l e s .  Cupule obovoid. 

Japan: Kiou-sion I s l a n d ,  around Nagasaki, June 5 ,  1899 (Faur ie ,  no. 3081). 

The gene r i c  a t t r i b u t i o n s  of L e ' v e i l l e '  a r e  o f t e n  erroneous. The presence  

of 3 s t y l e s ,  i n  t h i s  spec i e s ,  a b s o l u t e l y  s e p a r a t e s  i t  from t h e  genus Castanea; i t  

i s  probably a Castanopsis .  



C h a r a c t e r i s t i c s  P e r m i t t i n g  D i f f e r e n t i a t i o n  Between Cas tanea  and C a s t a n o p s i s  

Cas tanea  -- - C a s t e n o p s i s  

S t y l e s  7-9 ( o r  more).  S t y l e s  3 ,  v e r y  r a r e l y  4 .  

Ovary w i t h  6 (-9) c e l l s .  Ovary w i t h  3 c e l l s .  

I n v o l u c r e  s u r r o u n d i n g  7 f l o w e r s ,  
u s u a l l y  1-3 developed.  

I n v o l u c r e  s u r r o u n d i n g  1-3 f l o w e r s .  

Tapered p e r i c a r p ,  prolonged a t  t h e  J'er.carip n o t  prolonged a t  t h e  
summit i n  t h e  form of a t o r c h  (i). s t ~ m m i t  i n  t h e  Eorm O F  a t o r c h .  

F lowers  8 s i t u a t e d  a t  t h e  b a s e  o f  
t h e  androgenous  c a t k i n s .  

C y m e t r i c a l  c u p s u l ;  p o i n t  of  i .nser-  
t i o n  of  t h e  c u p u l e  d i a m e t r i c a l l y  
opposed t o  t h e  open ing  of t h e  
s t y l e s ;  c u p u l e  w a l l  hav ing  e lon-  
g a t e d  p r i c k l e s ,  developed,  e x c e p t  
on  t h e  s u t u r e  and d e h i s a n c e  t i m e s .  

$ :  

Annual m a t u r a t i o n .  

Deciduous l e a v e s .  

Flowers  ?- o f t e n  s i t u a t e d  on s e p a r a t e  
c a t k i n s .  

C y m e t r i c a l  c u p u l e ;  p o i n t  of i n s e r t i o ~ ~ -  
o f  t h e  c u p u l e  n o t  o p p o s i t z  t h e  
open ing  o f  t h e  s t y l e s ;  c u p u l e  w a l l  
h a v i n g  some p r i c k l e s  (oftei: r e p l a c e d  
by b r o o t s  on t h e  c o n t i g c o u s  s i d e  of  
t h e  a x i s ,  sometimes a l s o  on t h e  
o p p o s i i ~ e  s i d e ,  more r a r e l y  on 4 
s i d e s ,  t h e s e  r e g i o n s  w i t h o u t  p r i c k l e s  
a r e  a lways  w i d e r  t h a n  t h e  s u t u r e  
l i n e s  of  t h e  cupu le  which e x i s t  i n  
t h e  gender  C a s t a n e a ) ,  scme modules 
t u b e r s  o r  u n d u l a t i n g  a r e a s .  

B i e n n i a l  m a t u r a t i o n .  

I n d e ~ i d i o u s  l e a v e s .  . 

I. I have adopted t h e  name o f  " to rch" ,  proposed by M. Dode, t o  d e s i g n a t e  t h e  upper  
v e r y  t a p e r e d  p a r t  of t h e  p e r i c a r p ,  topped by  t h e  d i v i s i o n s  o f  t h e  p e r i a n t h .  



The s y l v a t i c  ches tnu t  trees u s u a l l y  g i v e  mediocre f r u i t .  Through seed-  

l i n g s ,  one can o b t a i n  new v a r i e t i e s  o r  s e l e c t  from t h e  e x i s t i n g  v a r i e t i e s ,  bu t  

t o  p r e s e r v e  t h e  l o c a l  f r u i t- b e a r i n g  r a c e s  w i th  t h e i r  q u a l i t i e s  and have good 

f r u i t ,  i t  is  necessary  t o  g r a f t  t h e  c h e s t n u t s  from wood. 

I n  France ,  we p r e f e r  t o  g r a f t  a t  t h e  s i g h t ,  3 o r  4 y e a r s  a f t e r  p l a n t i n g .  

P i c c i o l i  recommends g r a f t i n g  i n  a  nu r se ry  because t h e  g r a f t  i s  p ro t ec t ed  

b e t t e r  a g a i n s t  harm from animals  than  i n  t h e  f o r e s t  and because t h e  s u r v e i l -  

l a n c e  of t h e  g r a f t e d  t r e e s  i s  e a s i e r .  
1.5 

The wi ld  s t o c k  unearthed i n  t h e  v i c i n i t y  sometimes p r e f e r a b l e  t o  

;+- 15 
i n d i v i d u a l s  r a i s e d  i n  a  nu r se ry ;  t&.ey ax more hardy and b e t t e r  adapted t o  t h e  

t e r r a i n  t h a t  i s  t o  be  p l a n t e d .  

Sometimes i t  happens t h a t  a  g r a f t  a t  t h e  s i g h t  i s  made on t r e e s  8 t o  10 

y e a r s  o l d  i n  t h e  f o r e s t .  Th i s  mode of ope ra t i on  o f t e n  has  t h e  inconvenience 

of caus ing  t h e  s u b j e c t  t o  have a  l a r g e  y i e l d  which can  b r ing  about  i t s  dea th .  

'P 
Thus i t  i s ,  accord ing  t o , p i c c i o l i ,  t h a t  they  k i l l  t h e  trees i n  t h e  Apennines, 

by g r a f t i n g  i n d i v i d u a l s  having a t  l e a s t  12  o r  15 y e a r s .  

I f  t h e  g r a f t i n g  i s  n o t  done 'in a  n u r s e r y ,  one should g r a f t  a t  least 2 

y e a r s  a f t e r  t h e  p l a n t i n g  when t h e  s u b j e c t s  a r e  w e l l  r oo t ed  and v igorous .  

P r e p a r a t i o n  of s u b j e c t s  f o r  g ra f t ing .- -  I n  February o r  March, t h e  s u b j e c t s  

a r e  prepared f o r  g r a f t i n g  which w i l l  n o t  be  done u n t i l  t h e  fd l lowing  y e a r  o r  

even 2 y e a r s  l a t e r .  

When t h e  sap i s  r e s t i n g ,  t h e  trees a r e  c u t  back t o  2 o r  3 m.  h e i g h t .  Only 

t h e  branches t h a t  a r e  t o  be  g r a f t e d  t h e  fo l lowing  y e a r  a r e  l e f t .  Sometimes a l l  

t h e  branches a r e  removed t o  make s e v e r a l  branches t h a t  w i l l  be g r a f t e d  2 y e a r s  

l a t e r .  Th i s  p roces s  has  t h e  inconvenience of making t h e  tree i n t o  a  p o l l a r d .  



Often  one,  2 o r  3 branches  t o  draw s a p  are l e f t  t o  b e  c u t  o f f  t h e  fol low-  

i n g  s p r i n g  w i t h  t h e  u s e l e s s  b ranches .  

I n  t h e  Apennines and t h e  Piedmont,  a  p r o c e s s  which g i v e s  poor  r e s u l t s  is  

employed, c o n s i s t i n g  o f  c u t t i n g  back t h e  t r e e  t o  4-5 cm. of t h e  ground i n  hopes  

o f  o b t a i n i n g  s y l v a t i c  c h e s t n u t  s h o o t s  good f o r  wood and a t  t h e  same t ime  b r a n c h e s  
~ l '  

which c l e f t  g r a f t e d  w i t h  e s e r n e d  f r u i t - b e a r i n g  v a r i e t i e s ,  w i l l  g i v e  f r u i t s .  The 

b r a n c h e s  do n o t  l a s t  l o n g  s i n c e  decay i n v a d e s  t h e  t r u n k .  

U s u a l l y  g r a f t s  a r e  made on 2-year-old wood, somestimes on one- year o l d .  

The g r a f t  i s  made e i t h e r  a t  ground l e v e l  o r  4-5 cm. above,  s o  t h a t  t h e  e n t i r e  

aerial  p a r t ,  o r  a lmos t  a l l  of i t ,  is  made up of t h e  domes t ic  c h e s t n u t .  

Season f o r  g r a f t i n g .- - G r a f t s  a r e  made i n  s p r i n g ,  i n  May, when t h e  c h e s t n u t  

b e g i n s  v e g e t a t i o n  and t h e  b a r k  i s  e a s i l y  s e p a r a t e d  from t h e  wood, i n  calm d r y  

w e a t h e r ,  u s u a l l y  i n  morning r a t h e r  t h a n  even ing .  

For  s h i e l d  budding,  i t  i s  p r e f e r a b l e  t o  a w a i t  t h e  s lowing  down of t h e  

movement of s a p .  For  c e r t a i n  seldom used g r a f t s  done i n  w i n t e r ,  t h e  g r a f t  

s h o u l d  b e  p r o t e c t e d ,  e s p e c i a l l y  from wind,  f r e e z i n g  and r a i n .  
+5!,2,:,-.( 

Choice of scions.--The s c i o n s  a r e  u s u a l l y  t a k e n  from c h o i c e  t r e e s ,  poZAard 

o r  c u t  back e v e r y  y e a r  o r  two. These s c i o n s  are v i g o r o u s  b ranches  which shou ld  

b e  used  a s  soon a s  t h e y  a r e  c u t ,  however i f  we a r e  concerned w i t h  e a r l y  v a r i e-  

t ies ,  t h e y  a r e  c u t  abou t  8 days  b e f o r e  g r a f t i n g  and p l a c e d  i n  humid s o i l ,  i n  t h e  

shade ,  t o  r e t a r d  t h e i r  v e g e t a t i o n  and p u t  them i n  harmony w i t h  t h a t  of t h e i r  

s u b j e c t .  

The lower  p a r t  of a  b r a n c h ,  whose b a r k  i s  s h i n y ,  w i t h o u t  s c a r  and has  buds 

c l o s e  t o g e t h e r ,  i s  chosen.  

At t h e  p o i n t  of j u n c t u r e  o f  t h e  2 b a r k s ,  a more o r  less n o t i c e a b l e  swel-  

l i n g  i s  produced,  a lmost  always v i s i b l e  on o l d  t r e e s .  When adherence  and 



u n i o n  is  n o t  p e r f e c t ,  t h e  s w e l l i n g  i s  c r e a t e r  and can cause  t h e  d e a t h  of t h e  

p l a n t .  

The b e s t  c o n d i t i o n s  f o r  un ion  a r e  ob t a ined  by u s ing  c y l i n d e r s  of bark  

c o l l e c t e d  from s h o o t s  of t h e  same age ,  of equa l  d iamete r  and w i t h  e a s i l y  

d e t a c h a b l e  bark.  

P r i n c i p a l  g r a f t s  employed f o r  chestnut.- -These are: f l u t e  budding, o r  

b e v e l  g r a f t ,  o r  r i n g  g r a f t i n g ,  g r a f t  en  f l u t e  de  f a u n e ,  s h i e l d  budding, s imple  

c l e f t  g r a f t i n g ,  c l e f t  g r a f t i n g  (with  i nca sed  bud) ,  c l e f t  g r a f t i n g  ( a t  a  f o r k  

o r  j u n c t i o n ) ,  whip- graf t ing ,  t o p- g r a f t i n g ,  crown- graf t ing and g r a f t i n g  on 

- 
t h e r o o t  neck f l a n g e .  

b 
F l u t e  budding o r  X e v e l  g r a f t  o r  r i n g  g r a f t  o r  cannon g r a f t . - - F l u t e  budding 

which was done by Cabanis ( I ) ,  i n  1764, i s  a l r e a d y  de sc r i bed  by Parment ie r .  

Th i s  g r a f t ,  v e ry  much i n  u se  i n  c e n t r a l  France ,  g i v e s  good r e s u l t s ,  r e s i s t s  

wind w e l l ,  because of t h e  p e r f e c t  un ion ,  b u t  i t  r e q u i r e s  t h a t  t h e  r i n g s  of 

b a r k  b e  r a p i d l y  pu t  i n  c o n t a c t  a f t e r  hav ing  been de t ached ;  i t  cannot  b e  employed 

i f  t h e  s c i o n s  come from a d i s t a n c e .  The w i l d  s t o c k  is  d e c a p i t a t e d  a t  about  

2  m.  and t h e  g r a f t i n g  i s  done on t h e  young branches  t h a t  a r e  developed.  

F l u t e  budding is  done i n  sp;ingtime. 

The g r a f t  i s  formed of a  c o r t e x  t u b e  having a t  l e a s t  one bud i n  t h e  c e n t e r .  

T h i s  c o r t e x  t u b e  i s  ob t a ined  from a s c i o n  branch by making two p a r a l l e l  c i r c u l a r  

i n c i s i o n s  w i t h  a g r a f t i n g  k n i f e  3 cm. above and 3 cm. below t h e  bud and f o r  

de t ach ing  it by t h e  t h i n n e s t  p a r t ,  w i t h  t h e  g r a f t i n g  k n i f e ,  no t  damaging t h e  

bud. The g r a f t s  should be chosen on 2-year o ld  branches  having w e l l  developed 

buds and i t  i s  p r e f e r a b l e  t o  on ly  u s e  t h e  lower p a r t  o f  t h e  b r anch ,  t h e  upper  

Cabanis ,  E s s a i s  s u r  les p r i n c i p e s  de  l a  g r e f f e  (1764) - -- -- 



buds b e i n g  i n f e r i o r  f o r  t h e  p r o d u c t i o ~ i  of f r u i t  and t e n d i n g  t o  g i v e  wood. 

On t h e  s tem of t h e  s u b j e c t , 2  p a r a l l e l  i n c i s i o n s  a r e  made, s i m i l a r  t o  t h o s e  

of t h e  g r a f t ,  t o  d e t a c h  a  r i n g  of c o r t e x  s i m i l a r  t o  t h e  g r a f t  and c a p a b l e  of 

r e p l a c i n g  i t .  The g r a f t  r i n g  i s  p u t  i n  t h e  p l a c e  of t h e  r i n g  removed from 
1 -fi-- 

t h e  s u b j e c t  by s 6 i p l i n g  t h e  g r a f t  l o n g i t u d i n a l l y  on t h e  s i d e  o p p o s i t e  t h e  bud 

and b e i n g  c a r e f u l  t h a t  t h e  bud b e  p l a c e d  on t h e  s u b j e c t ' s  bud. T h i s  bud 

a t t r a c t s  t h e  s a p  t o  t h e  g r a f t  and a c t i v a t e s  t h e  r e c o v e r y .  Adherence shou ld  b e  

p e r f e c t .  It c a n  b e  t i e d  o r  covered  w i t h  g r a f t i n g  wax. A s  soon a s  t h e  union 

i s  a s s u r e d ,  approx imate ly  a t  t h e  end of 15 d a y s ,  i t  i s  - k r d e d ,  sometimes 

g r a d u a l l y ,  t o  w i t h i n  10 cm. of t h e  upper  bud. 

Young hardy s u b j e c t s  a r e  more a d a p t a b l e  t o  f l u t e  budding t h a n  o l d  i n d i v i d u a l s .  

A r a t h e r  o l d  s u b j e c t  shou ld  b e  g r a f t e d  on t h e  b ranches  r a t h e r  t h a n  t h e  body of  

t h e  t r u n k .  

I f  t h e  d i a m e t e r  of t h e  g r a f t  i s  l a r g e r  t h a n  t h a t  of t h e  s u b j e c t ,  a w i d t h  

of b a r k  e q u a l  t o  t h e  d i f f e r e n c e  i s  c u t  from t h e  g r a f t .  I n  t h e  o p p o s i t e  c a s e ,  a  

narrow s t r i p  of b a r k  i s  taken  from t h e  s u b j e c t  t o  cover  t h e  b a r e  p l a c e  l e f t  

by t h e  l a c k  of w i d t h  of t h e  g r a f t .  It i s  always p r e f e r a b l e  t h a t  t h e  d i a m e t e r  

b e  t h e  same, a s  we have a l r e a d y  s a i d .  

I n  t h e  Cevennes and Limousin (mountainous a r e a  i n  c e n t r a l  F r a n c e )  and t h e  

Ardeche ( c e n t r a l  Rhone v a l l e y )  and Var (Mediterannean c o a s t ) ,  t h i s  method of 
:/..:,., 

g r a f t i n g  i s  employed. A f t e r  a  s h o r t  w h i l e ,  t h e  ba rk  e n t i r e l y  r e c o v e r s ~ t h e  

g r a f t i n g  wound. Only t h e  s m a l l  c i r c u l a r  c r e a s e ,  c a l l e d  t h e  g r a f t i n g  r i n g ,  

r emains .  

G r a f t  en  f l u t e  d e  f a m e .- - T h i s  mode of g r a f t i n g  i s  r e s i s t a n t ,  s o l i d  and 

p r o d u c t i v e .  A f t e r  having c u t  back t h e  s u b j e c t  t o  abou t  2  m . ,  two y e a r s  later,  

one c u t s  t h e  s t r o n g  s h o o t s  from t h e  head,  t h e n  t h e  b a r k  of t h e  upper  p a r t  is  



d i v i d e d  i n t o  narrow s t r i p s  t h a t  are thrown back toward t h e  ba se ,  l a y i n g  b a r e  

t h e  g e n e r a t i v e  l a y e r  f o r  a  l e n g t h  of s e v e r a l  c e n t i m e t e r s .  A r i n g  of t h e  c o r t e x  

and phloem from a b ranch  having a  d i ame te r  n e a r l y  equa l  t o  t h a t  of t h e  s u b j e c t  

i s  removed from t h e  It i s  a  l i t t l e  l e s s  long t h a n  t h e  p repared  

body and ha s  one o r  two buds. T h i s  r i n g  i s  in t roduced  around t h e  p repared  xylem 

c y l i n d e r  and t h e  narrow s t r i p s  of ba rk  of t h e  s u b j e c t  a r e  r e t u r n e d  t o  t h e i r  

r- 
p l a c e  over  t h e  g r a f t  b u t  n o t  cove r ing  up t h e  buds.  It i s  t h e n  t i e d  w i t h  naph i a  

n o t t w r  t i g h t e n e d  ve ry  much. A l i t t l e  t i m e  l a t e r ,  t h e  bud of t h e  g r a f t  deve lops ,  

t h e  un ion  i s  e f f e c t i v e .  The young shoo t  i s  f i x e d  t o  a  prop.  

I n  c e r t a i n  r e g i o n s ,  i n  t h e  ~ r d e c h e  f o r  i n s t a n c e ,  t h e  narrow ba rk  s t r i p s  

a r e  removed by an  i n c i s i o n  and a  s m a l l  corky  l a y e r  between s c i o n  and s t o c k  i s  

made which r e s i s t s  a g a i n s t  a  s l i p p i n g  of t h e  r i n g .  

When t h e  g r a f t  en f l u t e  d e  f aune  i s  a p p l i e d  t o  hardy i n d i v i d u a l s ,  on ly  a 

s i n g l e  s i g h t  i s  g r a f t e d .  

S h i e l d  g ra f t ing .- - This  t ype  of  g r a f t  i s  made when t h e  s a p  i s  running ,  

around August 15 and can on ly  b e  employed t o  g r a f t  on t h e  b a s e  of young t r e e s ,  
crown 

jstalk 
s h i e l d  g r a f t s  on t h e l t o p  succeed poo r ly .  The s c i o n  branches  must be  chosen 

of ave r age  s i z e ,  w i th  w e l l  formed buds,  b u t  n o t  developed ones ,  s i t u a t e d  i n  t h e  

middle  of annua l  s h o o t s .  The e x t r e m i t i e s  of t h e  l a t t e r  a r e  c u t ,  t h e  l e a v e s  

removed and a  p a r t  of t h e  p e t i o l e  i s  saved ,  one cm. from t h e  bud of t h e  p a r t  

saved ,  removing t h e  s h i e l d ;  i t  i s  neces sa ry  t o  de t ach  t h e  l e a s t  p o s s i b l e  amount 

of xylem and n o t  damage t h e  bud. 

These b ranches  a r e  pu t  i n  t h e  shade o u t s i d e ,  t h e  lower p a r t  i n  a  v a s e  f u l l  

of w a t e r  o r  damp moss, f o r  s e v e r a l  hours  o r  more. The s h i e l d ' i s  detached from 

t h e  scion- branch a t  t h e  same moment t h a t  t h e  g r a f t i n g  i s  done. 

A t  5 o r  6 cm. from t h e  ground,  w i t h  a g r a f t i n g  k n i f e ,  t h e  c o r t e x  of t h e  



s u b j e c t  i s  opened, by making 2 i n c i s i o ~ ; ~  i n  t h e  s h a p e  of a  T  on i t s  e n t i r e  

t h i c k n e s s ,  t h e  l o n g i t u d i n a l  one 3 t o  4 cm. long .  With t h e  g r a f t i n g  s p a t u l a  

t h e  edges  of t h e  l o n g i t u d i n a l  i n c i s i o n  a r e  r a i s e d  and t h e  s h i e l d  is q u i c k l y  

s l i p p e d  i n t o  t h e  i n c i s i o n  i n  such  a  way t h a t  t h e  i n t e r n a l  p a r t s  do n o t  c o n t a c t  

t h e  a i r .  The bud i s  s i t u a t e d  i n  t h e  c r a c k  and shou ld  b e  a p p l i e d  d o r s a l l y  on t h e  

s u b j e c t .  

r ' 

The s h i e l d  i s  t i e d  w i t h  p a p h i a  o r  wool. Beg2nning a t  t h e  t o p ,  one makes 

s u c c e s s i v e  t u r n s  around t h e  s u b j e c t  i n  o r d e r  t o  keep t h e  s h i e l d  from moving 

upward o r  coming o u t  of t h e  i n c i s i o n .  An end of t h e  t i e i n g  m a t e r i a l  i s  p laced  

on t h e  t r a n s v e r s a l  l i n e  o f  t h e  T ,  t h e n  c r o s s e d  w i t h  2 o r  3 t u r n s  and f i n a l l y  
(,windings 

t h e  bond i s  r o l l e d  up around t h e  g r a f t e d  p a r t ,  by close'!turns , up t o  t h e  

s i g h t  o f  t h e  l o n g i t u d i n a l  l i n e .  The second end of t h e  t i e  i s  passed  under  t h e  

second t o  l a s t  t u r n  and t i g h t e n e d  w e l l .  It is u s e l e s s  t o  u s e  g r a f t i n g  wax. 

S h i e l d  budding w i t h  a  dormant bud used i n  s e v e r a l  r e g i o n s ,  g i v e s  r a t h e r  
j s c i o n  

poor  r e s u l t s ,  t h e  g r a f t  i s  e a s i l y  de tached  by t h e  wind. T h i s  p r o c e s s  i s  I 
employed i n  t h e  Maures (Mountains n e a r  Medi terannean c o a s t ) .  S u b j e c t s  of 3 

o r  4 y e a r s  a r e  p o l l a r d e d  a t  2 m . ;  from t h e  numerous s h o o t s  o n l y  5 o r  6 a r e  saved . 
t o  b e  g r a f t e d  towards  autumn. 

C l e f t  g ra f t ing .- - This  g r a f t  i s  l e s s  r e s i s t a n t  t o  wind t h a n  t h e  "en f l u t e "  

g r a f t ,  because  t h e  un ion  i s  l e s s  complete ,  t h u s  i t  i s  r a r e l y  employed f o r  t h e  

c h e s t n u t .  It i s  used e s p e c i a l l y  when t h e  s c i o n s  have been t r a n s p o r t e d  and t h e  

c o r t e x  a d h e r e s  t o o  much t o  t h e  xylem f o r  "bevel"  g r a f t i n g .  C l e f t  g r a f t i n g  i s  

done from t h e  end of March t o  A p r i l ,  when t h e  s a p  i s  r i s i n g ,  w i t h  s c i o n s  c u t  

and i n  February ,  d u r i n g  mi ld  and humid b u t  n o t  r a i n y  w e a t h e r , / p r e f e r a b l y  k e p t  i n  

a l m o s t  d r y  s a n d ,  i n  t h e  s h e l t e r  of a  w a l l ,  w i t h  a  n o r t h e r n  exposure  o r  i n  a  

t r e n c h e x p o s e d  t o  t h e  n o r t h .  G r a f t i n g  i s  a l s o  done from August i n t o  October w i t h  



s c i o n s  h a r v e s t e d  a t  t h e  same moment t h e y  are used.  

The s u b j e c t ,  which is u s u a l l y  8-12 cm. i n  c i r c u m f e r e n c e ,  i s  t r u n c a t e d  

h o r i z o n t a l l y  w i t h  a  v e r y  s h a r p  p r u n i n g  k n i f e ,  a t  a  h e i g h t  o f  1 m.  80-2mm. 
/ i g n i f i e d  

The s c i o n  i s  a p i e c e  of w e l l g i p e n e d  b ranch ,  a  y e a r  o l d  a t  leas t ,  armed 

w i t h  one o r  more buds.  It i s  o f t e n  t a k e n  from p o l l a r d e d  i n d i v i d u a l s .  The 

s c i o n  shou ld  b e  s h o r t e r ,  t h e  younger  t h e  s u b j e c t  is. I n  c o l d  r i c h  s o i l ,  i n  a 

humid c l i m a t e ,  s c i o n s  w i t h  4 o r  5 buds must b e  p r e f e r r e d  t o  s h o r t  s c i o n s ,  w h i l e  

i n  poor  s o i l  and a  d r y  h o t  c l i m a t e ,  s h o r t  s c i o n s  g i v e  b e t t e r  r e s u l t s .  

The s c i o n  i s  c u t ,  a t  t h e  lower  p a r t  of t h e  g r a f t  on two s i d e s ,  i n  a n  a lmos t  

t r i q u e t r o u s  b e v e l  beg inn ing  o p p o s i t e  a b u d .  A t  t h e  summit o f  t h e  b e v e l ,  a  s l i g h t  

h o r i z o n t a l  o r  o b l i q u e  a p e r t u r e  i s  c o n t r i v e d  a t  t h e  t o p  of each  t h i n  w a l l ;  t h e  

s c i o n  i s  t h u s  s u p p o r t e d  more s o l i d l y  on t h e  adop ted  mother t r e e .  To f a c i l i t a t e  

s l i p p i n g ,  t h e  p o i n t  of t h e  b e v e l  i s  made s l i g h t l y  b l u n t .  

The s u b j e c t  is s l i t  v e r t i c a l l y  w i t h  t h e  p o i n t  of a  p run ing  k n i f e  swinging 

t h e  t o o l  t o  s e p a r a t e  t h e  f i b e r s  from t h e  xylem and n o t  c u t  them. When t h e  

p r u n i n g  k n i f e  h a s  made a  s u f f i c i e n t  s l i t ,  i t  i s  opened by p r e s s i n g ,  w i t h  one 

hand,  a movement from l e f t  t o  r i g h t ,  w h i l e  w i t h  t h e  o t h e r  hand t h e  s c i o n s  a r e  

i n s e r t e d  by t h e  upper  open ing ,  miking them s l i p  downward a s  t h e  i n c i s i o n  e n l a r g e s .  

The p r u n i n g  k n i f e  is removed r a t h e r  e a r l y  and t h e  s c i o n ,  pushed by hand, pre-  

p a r e s  i t s  p l a c e .  The b e v e l  i s  s l i p p e d  i n t o  i t s  f i n a l  p l a c e ,  .so t h a t  t h e  two 

g e n e r a t i v e  l a y e r s ,  t h a t  of t h e  s u b j e c t  and of t h e  g r a f t ,  are i n  c o n t a c t ,  which i s  

a b s o l u t e l y  n e c e s s a r y .  The upper  p a r t  of t h e  s c i o n  i s  sometimes p l a c e d ,  s c a r c e l y  

g e t t i n g  i n  from t h e  i n t e r i o r  s i d e  of t h e  s e c t i o n ,  making t h e  lower p a r t  p r o j e c t  

a  l i t t l e  o u t s i d e ;  thus , fo l lowing  t h e  i n t e r s e c t i o n ,  t h e r e  i s  a lways a  s p o t  where 

t h e  g e n e r a t i v e  l a y e r s  a r e  i n  c o n t a c t .  It i s  t i e d  n e x t  and t h e  wounds of t h e  s u b j e c t  

and t h e  s c i o n  are c o a t e d  w i t h  l i m e .  The l i m i n g  i s  n e c e s s a r y ,  even i n  t h e  c a s e  



of a  h a l f - c l e f t .  The s c i o n s  c a n  b e  inc:ised i n  a r o l l  of paper  t o  p r e v e n t  them 

from d r y i n g  o u t .  Next i t  i s  u s e f u l  t o  p l a c e  a prop .  

When a  b ranch  is l e f t j  t o  draw s a p i  i n  t h e  g r a f t  w i t h o u t  p o l l a r d i n g ,  i t  

must b e  amputated when r e c o v e r y  i s  a s s u r e d ,  a l o n g  w i t h  what remains  of t h e  

' s u b j e c t  above t h e  g r a f t .  
[ s t a l k s  

2 When t h e i s t e m s  a r e  n o t  v e r y  s t r o n g ,  t h e  g r a f t  i s  o f t e n  made i n  a h a l f -  

c l e f t  w i t h  a  s i n g l e  s c i o n .  The s u b j e c t  is o n l y  s l i t  hal fway t h r o u g h  t h e  

h o r i z o n t a l  c u t ,  t h e  o t h e r  h a l f ,  s h o r t e n e d  s l i g h t l y  o b l i q u e l y ,  r e t a i n s  t h e  Tra s c i o n  

w e l l ,  and t y i n g  i t  i s  unnecessa ry .  The d o u b l e  b e v e l  of t h e  s c i o n  shou ld  be 

- 
c u n e a t e  

C l e f t  g r a f t i n g  w i t h  encased bud.--The g r a f t  i s  a l s o  made w i t h  a n  encased 

bud. On t h e  back o f  t h e  b e v e l ,  a bud t h a t  i s  encased i n  t h e  c l e f t  of t h e  

c o r t e x  of t h e  s u b j e c t  i s  c o n t r i v e d .  A v i g o r o u s  s c i o n  i s  t h u s  produced,  which 
I '  

i s  l e s s  e a s i l y  harmed by wind. I n  a d d i t i o n  i t  can  be ' fpa l i s se /  a g a i n s t  t h e  upper 

p a r t  of t h e  g r a f t .  It i s  t h e n  t i e d  and waxed. 

C l e f t  g r a f t i n g  a t  a  f o r k  o r  j u n c t i o n .- - I t  is done on s u b j e c t s  t h a t  a r e  

n o t  v e r y  l a r g e .  A t  t h e  j u n c t i o n  o f  two b r a n c h e s  and i n  t h e  c l e f t  t h e  beve led  

g r a f t  i s  i n s e r t e d .  
t i n g  

E n g l i s h  c l e f t  g r a f t i n g  o r  v e n e e r  g r a f t i n g .- - I t  i s  done i n  n u r s e r i e s ,  i n  

s p r i n g ,  and t h e  s h i e l d  budding i n  August o r  September,  i f  t h e r e  i s  s t i l l  enough 

s a p .  

I n  t h e  f i r s t  c a s e ,  t h e  s c i o n  shou ld  b e  c u t  i n  a  b e v e l .  Next a  n o t c h  is made 
? i d e s  

w i t h  a g r a f t i n g  k n i f e  c u t  from bottom t o  t o p ,  i n  a  r e v e r s e d  V w i t h  ~ n e q u a l ~ b r a n c h e s .  

The s u b j e c t  i s  notched i n  a  b e v e l  shape  p e r m i t t i n g  i t  t o  b e  j o i n e d  t o  t h e  s c i o n .  

A new c u t  w i t h  t h e  g r a f t i n g  k n i f e  p r e p a r e s  a  h o l e  a t  t h e  b a s e  and a n o t h e r  a t  

t h e  c e n t e r  i n  s u c h  a  way t h a t  t h e  b e v e l s ,  i n  t h e  form of s m a l l  t o n g u e s  o p p o s i t e  



0 1 c. 

one a n o t h e r ~ i n  p e r f e c t  c o n t a c t .  The generative l a y e r s  must be f a c i n g  one 

a n o t h e r ;  t h e  more l i v e  p a r t s  i n  c o n t a c t  t h e  b e t t e r  t h e  chance of r e cove ry .  

When t h e  s c i o n  i s  p l aced ,  i t  i s  t i e d  and waxed and a  prop i s  s e t  up .  T h i s  

r a p i d l y  made g r a f t  i s  n o t  v e r y  s o l i d .  

When t h e  g r a f t  is done a t  t h e  beg inn ing  of t h e  sap  run ,  it i s  c a l l e d  

"with  a s p r o u t i n g  bud"; done i n  August,  "with dormant bud". I n  t h e  f i r s t  

c a s e  t h e  topp ing  of t h e  s u b j e c t ' s  head should  be done 8 days  a f t e r  t h e  g r a f t -  

i n g ,  20 cm. above t h e  g r a f t ,  i f  t h e  p l a n t  is t a l l  enough. 

When t h e  s c i o n  grows, t h e  s u b j e c t  is aga in  p o l l a r d e d ,  a t  l e a s t  15 days  
,:notch, miter, ( j o i n t )  

a f t e r  t h e  f i r s t  o p e r a t i o n ,  a t  10 cm. T h i s i u n g u i s  s e r v e s  as a  

p rop ;  i t  i s  c u t  back when t h e  l e a v e s  f a l l .  

I n  t h e  second c a s e ,  when t h e  g r a f t  is made at  t h e  end o f  t h e  summer, w i th  

a dormant bud,  t h e  s u b j e c t  should b e  sho r t ened  t o  10 cm., a f t e r  t h e  w i n t e r  
n o t c h ,  m i t e r  

and t h e  unguis  5 c u t  i n  August o r  September of t h e  same y e a r .  

Crown g ra f t .- - This  g r a f t  is  sometimes made, e s p e c i a l l y  t o  g r a f t  s l i g h t l y  

l a r g e  t r e e s ,  p a r t i c u l a r l y  i n  t h e  v i c i n i t y  of Argeles-Gazost (Pyranees ) .  I t  i s  

done i n  A p r i l  o r  May, as soon as t h e  c o r t e x  i s  e a s i l y  de t achab l e .  The s u b j e c t s  

must b e  p r e v i o u s l y  p repared ,  by p o l l a r d i n g  t o  about  2 m . ,  3 o r  4 weeks b e f o r e  

g r a f t i n g .  

Branches a r e  c u t  i n  w i n t e r  f o r  g r a f t i n g  and a r e  p l aced  i n  s o i l  i n  a  t u b ,  

i n  a  basement o r  t o  t h e  n o r t h  of a  b u i l d i n g  t o  keep them from budding and p r even t  

t h e i r  b a r k  from dry ing  o r  r o t t i n g .  

The s c i o n  i s  made of a  p i e c e  of b ranch  from 5-12 cm. long .  The lower 

i hind  
p a r t  should b e  c u t  i n  a s imple  b e v e l  and f l a t t e n e d  i n  e i t h e r  a  "doe f o o t "  

t i p ,  mouthpiece 02 :flute neck" beg inn ing  o p p o s i t e  a bud, t r a v e r s i n g  t h e  p i t h  and 

end ing  about  2 o r  3 cm. under t h i s  bud. The upper p a r t  of t h e  s c i o n  should  have 

2 o r  3 buds.  



A s m a l l  no tch  is  c o n t r i v e d  on t h e  upper p a r t  of t h e  beve l  t o  s e a t  t h e  

s c i o n  w e l l  i n  t h e  s u b j e c t ,  e i t h e r  f l a t  o r  a s t r i d e ,  accord ing  t o  i t s  p l a n e  o r  

ob l i que  c u t .  

Th i s  s c i o n  i s  i n s e r t e d  on t h e  head of t h e  c l e f t e d  s u b j e c t ,  between t h e  

c o r t e x  and xylem. The two s id -es  of t h e  p o i n t  of t h e  s l e n d e r  beve l  make s l i d i n g  

e a s i e r .  

The s c i o n  i s  s i e z e d  by t h e  t o p  and made t o  s l i d e  under t h e  c o r t e x  of t h e  

s u b j e c t ,  which i s  detached w i t h  hand p r e s s u r e .  I f  t h e  s c i o n  p e n e t r a t e s  w i t h  

d i f f i c u l t y  under  t h e  c o r t e x ,  i t  is  neces sa ry  t o  s l i t  t h e  l a t t e r  o r  l i f t  i t  

w i t h  a  wooden s p a t u l a .  Next i t  is t i e d  w i t h  a  moderately  t i g h t  t i e ,  avo id ing  

compression of t h e  c o r t e x ,  t hen  cover  t h e  wounds w i t h  g r a f t i n g  wax . to  p revent  

t e a r i n g .  Care must be t aken  t h a t  t h e  wax adheres  w e l l ,  t h a t  t h e  sap t h a t  sweats  

from t h e  c u t  p a r t s  i s  sponged up.  One o r  two props a r e  p l aced .  

When t h e  s u b j e c t  i s  l a r g e ,  s e v e r a l  s c i o n s  can be  i n s e r t e d ,  and more, t h e  

l a r g e r  t h e  c ro s s- sec t i on  of t h e  s u b j e c t ;  a  s c i o n  every 6 cm. of c i rcumference  

abou t ,  bu t  i t  i s  necessary  t o  make a  l o n g i t u d i n a l  i n c i s i o n  t o  f a c i l i t a t e  s l i p -  

ping  t h e  s c i o n s  wi thout  exposing t h e  c o r t e x  of t he  s u b j e c t  t o  s p l i t t i n g .  . 
They a r e  t i e d  and limed on t h e  amputat ion of t h e  stem, a t  t h e  summit of 

t h e  g r a f t i n g s ,  f a c i n g  t h e i r  backs and on t h e  c o r t e x  of t h e  s u b j e c t .  
r o o t  neck 

G r a f t i n g  on t h e  f l a n g e  .--According t o  L a v a i l l e  (1) a e r i a l  g r a f t i n g  ha s  

s e v e r a l  inconveniences .  The p a r t  of t h e  t r unk  between t h e  s o i l  and t h e  g r a f t -  

i n g  r i n g  i s  o f t e n  s u b j e c t  t o  h e a r t  r o t  and shake ,  t h e  h e a r t  r o t  i n  t h e  t r u n k  

i s  indeed more f r equen t  i n  g r a f t e d  t r e e s  t han  i n  wild  ones ,  bu t  i t  i s  o f t e n  a n  

i n d i c a t i o n  of age ,  of weakening r e s u l t a n t  more o f t e n  from wounds on exhausted 

i n d i v i d u a l s  t han  from g r a f t i n g ,  because t h e  l e s i o n  caused by g r a f t i n g  can  cause  

1. L a v a i l l e  i n  Congr. Aabre e t  eau (1910),  p .  91. --- 



d r y  r o t  and o t h e r  a c c i d e n t s .  T h i s  i s  ;.-!ly L a v i a l l e  recommends g r a f t i n g  a t  

J s o i l  l e v e l  on t h e  r o o t  neck o r  t h e  r o o t  i t s e l f  of C. s a t i v a  v a r  m i c r o c a r p a ,  

I ' 1 

r e s i s t a n t  t o  t h e  Encre d i s e a s e .  G r a f t i n g  on t h e  b a s e  is o n l y  recommended on 

v e r y  v i g o r o u s  v a r i e t i e s  a c c o r d i n g  t o  T r i c a u d .  G r a f t i n g  on t h e  s t a l k  i s  more 

p r a c t i c a l  i f  t h e  g r a f t i n g  wax a d h e r e s  w e l l .  
(c los ing 

T i e  and1obturat ion. - -A£ter  g r a f t i n g ,  i t  is  o f t e n  u s e f u l  t o  t i e  w i t h  r a p h i a ,  

s t r i n g ,  wool o r  l e a v e s  of Typha. I n  c l e f t  o r  crown g r a f t i n g ,  on a  s tem o r  on 

r a t h e r  l a r g e  b r a n c h e s ,  t h e  t i e  can  b e  made w i t h  o s i e r  ( S a l i x  v i m i n a l e s ) ,  broom 

( C y t i s u s ) ,  o r  w i t h  t h e  c o r t e x  of wi l low,  e l m  o r  l i n d e n .  

A s  t o  t h e  g r a f t i n g  wax t o  b e  used; we r e f e r  t o  s p e c i a l  t r e a t i s e s .  

Care t o  b e  g i v e n  t o  g r a f t e d  f r u i t - b e a r i n g  c h e s t n u t s .  

A  s h o r t  w h i l e  a f t e r  g r a f t i n g ,  i t  i s  a  good i d e a  t o  watch t h e  t i e ,  t o  l o o s e n  

i t  i f  i t  i s  s t r a n g l i n g  t h e  g r a f t  and t o  t i g h t e n  i t  i f  i t  is  t o o  l o o s e .  

Soon t h e  c o r t e x  c o v e r s  o v e r  t h e  g r a f t i n g  wound. The g r a f t  i s  j o i n e d  

b o d i l y  w i t h  t h e  s u b j e c t  and o n l y  a  r i d g e ,  c a l l e d  t h e  g r a f t i n g  r i n g ,  is l e f t  

a t  t h e  p l a c e  of t h e  g r a f t .  

When t h e  g r a f t  h a s  succeeded*, i t  is  n e c e s s a r y  t o  remove, r i g h t  up till 

t h e  end of summer, t h e  new s h o o t s  n o t  coming from t h e  g r a f t ,  which cou ld  b e  

h a r m f u l  t o  t h e  budding of t h e  g r a f t ,  and i t  i s  u s e f u l  t o  prop t h o s e  t h a t  t h e  

g r a f t  h a s  produced t o  g i v e  them good d i r e c t i o n .  U s u a l l y  a t  l e a s t  3 o r  4 s c i o n s  

a r e  saved .  L a v a i l l e  and T r i c a u d ,  however, f i n d  i t  p r e f e r a b l e  t o  c u t  back t h e  

s c i o n s  l i t t l e  by l i t t l e ,  excep t  f o r  a  s i n g l e  one s i t u a t e d  t h e  n e a r e s t  t o  t h e  
s t a f f  
body of t h e  tree and w e l l  developed.  L a v a i l l e  a l s o  removes a l l  t h e  s u c k e r s  

e x c e p t  f o r  one t h a t  shou ld  e q u a l i z e  t h e  s a p  of t h e  o n l y  remaining s c i o n ,  and t h i s  

s u c k e r  i s  removed n e x t .  The tree t h u s  resumes i t s  n a t u r a l  s h a p e .  



The s u c k e r s  shou ld  b e  purned ear l .? .  Cadoret  recommended, t o  p r e v e n t  

t h e i r  r e v i v a l ,  t o  w h i t e  wash t h e  s e c t i o n s  and t h e i r  base  w i t h  a  s o l u t i o n  of 

i r o n  s u l f a t e  a t  50% t o  which i s  added some s u l f u r i c  a c i d .  I f  t h e  s u c k e r s  a r e  

k e p t  and n o t  removed every  two o r  t h r e e  y e a r s ,  t o  have  a f o l i a c e o u s  expans ion ,  

t h e  p r o d u c t i o n  of f r u i t  i s  harmed and t h e  l i f e  of t h e  tree is s h o r t e n e d .  

When t h e  g r a f t  has  f a i l e d ,  t h e  o p e r a t i o n  c a n  b e  begun a g a i n  two y e a r s  

la ter  on t h e  good s u c k e r s .  
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