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C 59"34, H 6"30). T h e  des-base ,  on  d i s t i l l a t i on  w i t h  zinc 
dus t ,  y ie lds  1, 2, 3, 4 - t e t r a h y d r o p h e n a n t h r e n e ,  i so l a t ed  
as i t s  p i c r a t e ,  m . p .  108-110 °, n o t  d e p r e s s e d  b y  ad-  
m i x t u r e  w i t h  a u t h e n t i c  1, 2, 3, 4 - t e t r a h y d r o p h e n a n t h r e n e  
p i c ra t e ,  a n d  f u r t h e r  c h a r a c t e r i z e d  as i ts  t r i n i t r o b e n z e n e  
d e r i v a t i v e ,  m . p .  1 2 6 . 5 - 1 2 7 . 5  °, n o t  d e p r e s s e d  b y  ad-  
m i x t u r e  w i t h  a u t h e n t i c  1, 2, 3, 4 - t e t r a h y d r o p h e n a n -  
t h r e n e - t r i n i t r o b e n z e n e  of m. p. 128-129 °, (Calc. :C  60.75,  
H 4 .34 ;  F d . :  C 60.67,  H 4-96).  

I f  ou r  s u p p o s i t i o n  as to  t h e  p o i n t  of a t t a c h m e n t  of 
t h e  n i t r o g e n  a t o m  (at  C 9) is cor rec t ,  t h e n  t he  i s o m e r i s m  ~ 
of o u r  base  a n d  GREWE'S m o r p h i n a n e  m u s t  be  t he  
r e s u l t  of i s o m e r i s m  a t  c a r b o n  a t o m s  13 a n d  14. D e g r a d -  
a l i v e  w o r k  de s igned  to  a s c e r t a i n  t h e  s t e r e o c h e m i c a l  
n a t u r e  of t h e  r i ng  j u n c t u r e  in  q u e s t i o n  ha s  been  b e g u n  
in t h i s  l a b o r a t o r y .  

T h e  3 , 4 - d i m e t h o x y  d e r i v a t i v e  of I (m. p. 238-239  °, 
Calc . :  C 69.44,  H 5-51;  Fd . :  C 69.77,  H 5.65) h a s  a lso 
been  p r e p a r e d  in  q u a n t i t y ,  a n d  i t s  r e d u c t i o n  is u n d e r  
i n v e s t i g a t i o n .  M. GATES a n d  W. F. NEXVHALL 

P a r k  L a b o r a t o r y ,  B r y n  M a w r  College, B r y n  Mawr ,  
Pa . ,  J a n u a r y  10, 1949. 

Z u s a m m e n / a s s u n g  

9, 1 0 - D i o x o - 1 3 - c y a n m e t h y l - 5 ,  8, 9, 10, 13, 1 4 - h e x a h y d r o  
p h e n a n t h r e n  w u r d e  d u r c h  eine R e i h e  y o n  R e d u k t i o n e n ,  
d e r e n  M e c h a n i s m u s  n i c h t  v o l l s t ~ n d i g  a u f g e k l ~ r t  ist ,  in  
e ine neue  V e r b i n d u n g  f ibergef t ihr t .  Diese  b e s i t z t  s e h r  
w a h r s c h e i n l i c h  das  K o h l e n s t o f f / S t i c k s t o f f g e r f i s t  des  
M o r p h i n s  o d e r  e ines  se iner  S t e r e o i s o m e r e n .  Es  w i r d  
f iber  A b b a u r e a k t i o n e n  b e r i c h t e t ,  die diese S t r u k t u r  be-  
sUi t igen  k 6 n n e n .  

x Prof. R. GREWE has infornaed us privately that a by-product 
of his synthesis, obtained in small amount~ ~ appears to be identical 
with our substance (correspondence in nlelting points of pierate, 
methiodide, desbase picrate, dihydrodesbase picrate). 

Concerning Pikrat  A vide R. GREWE, Bet. Dtsch. chem. Ges. 
Sl ,  285 (1948). 

S o m e  O b s e r v a t i o n s  on the  O x i d a t i v e  
D e g r a d a t i o n  of C h o l e s t e r o l  

T h e  o x i d a t i o n  of cho les t e ro l  a c e t a t e d i b r o m i d e  w i t h  
c h r o m i c  acid,  as d e v e l o p e d  b y  RUZlCKA 1, is n o w  classic.  
F r o m  the  b r e a k i n g - d o w n  of t h e  M i p h a t i c  s i d e - c h a i n  of 
cho le s t e ro l  b y  t h i s  m e t h o d  a v a r i e t y  of d e g r a d a t i o n  
p r o d u c t s  resu l t s ,  s u c h  as d e h y d r o i s o a n d r o s t e r o n e ,  
p r e g n e n o l o n e ,  e t i ocho len i c  acid,  etc.  '2, w h i c h  a re  im-  
p o r t a n t  in  t h e  s y n t h e s i s  of b io log ica l ly  a c t i v e  s te ro ids .  
5 - D e h y d r o i s o a n d r o s t e r o n e  is f r e q u e n t l y  used  as s t a r t i n g  
m a t e r i a l  for  such  s y n t h e s e s .  T h e  m e c h a n i s m  of t h i s  
o x i d a t i v e  d e g r a d a t i o n  is i n c o m p l e t e l y  u n d e r s t o o d .  Re-  
c e n t l y  BILLETER a n d  ~{IESCHER 3 a d v a n c e d  a t h e o r y  on  
the  s ide -cha in  f iss ion of cho le s t e ro l  w i t h  c h r o m i c  acid.  
T h e y  a s s u m e  t h a t  t h e  t e r t i a r y  c a r b o n - a t o m s  a t  C~4, 
C w  C20, a n d  C~s a re  t h e  p o i n t s  whe re  t h e  molecu le  is 
a t t a c k e d  a n d  f rom w h i c h  d i rec t ly ,  or  i n d i r e c t l y  f r o m  
o t h e r  i n t e r m e d i a t e  p r o d u c t s ,  t e r t i a r y  c a r b i n o l s  ar ise.  
W h e n  spl i t  off, t h e s e  h y d r o x y  g r o u p s  w o u l d  y ie ld  w a t e r  
whi l e  t h e  r e s u l t i n g  c a r b o n - c a r b o n  d o u b l e  b o n d s  a re  t h e n  
d i s r u p t e d ,  g iv ing  r ise to  k e t o n e s  a n d  acids.  M a n y  
c o m p o u n d s  h a v e  b e e n  i so l a t ed  a n d  i d e n t i f i e d  t h a t  
a f fo rd  c o n f i r m a t i o n  of t h i s  t h e o r y  2. 

1 L. Ruzlc~A, Swiss Pat. 18'2391 (193"0. - L. RUZICKA and A. 
\V~TTSTEIN, Helv. chiin, acta 18, 987 (1935). 

For a review see: J. R. Bn.LETER and K. MIESCtlER, Helv. 
chim. acta 30, 1415 (1947). 

a j .  R. BILLETER and K. MIEGCHER, Helv. china, acts 30, 1-t14 
(1947). 

As in t h i s  l a b o r a t o r y  a s im i l a r  c o n c l u s i o n  as to 
" i n t e r m e d i a t e  p r o d u c t s "  h a d  been  d r a w n  f r o m  other  
e x p e r i m e n t s ,  i t  was  dec ided  to  p r e s e n t  a few r e l evan t  
resu l t s .  

T h e  r a t e  of f o r m a t i o n  of d e h y d r o i s o a n d r o s t e r o n e  
a c e t a t e  f r o m  cho les t e ro l  a c e t a t e d i b r o m i d e  b y  ox ida t ion  
w i t h  c h r o m i c  ac id  in  a so lu t i on  of g lac ia l  ace t i c  ac id  and  
d i c h l o r e t h a n e  was  d e t e r m i n e d .  F o r  t h i s  p u r p o s e  the 
d e h y d r o i s o a n d r o s t e r o n e  a c e t a t e  f o r m e d  h a d  to  be 
e s t i m a t e d  a t  va r i ous  s t ages  of t h e  r eac t ion .  

I n  v iew of t h e  q u a n t i t a t i v e l y  i n a c c u r a t e  a n d  labor ious  
m e t h o d s  a v a i l a b l e ,  t h e  i so l a t ion  of t h i s  k e t o n e  f r o m  the  
o t h e r  k e t o n e s  k n o w n  to  be  p r o d u c e d  b y  t h e  ox ida t i on  

w a s  avo ided .  I n s t e a d  of t h i s  t h e  c o l o r i m e t r i c  a s s a y  of 
17 -ke to s t e ro id s  w i t h  t h e  r e a c t i o n  of ZIMMERMANN l, 
as a d a p t e d  b y  CALLOW a n d  coworkers"-, was  used.  In 
t h i s  a s s a y  a d v a n t a g e  is t a k e n  of t h e  i n s t a b i l i t y  of the  
co loured  r e a c t i o n  p r o d u c t s  of t h e  20-, 25-, a n d  o ther  
k e t o - s t e r o i d s  w i t h  m - d i n i t r o b e n z e n e  in  a l k a l i n e  alcoholic  
so lu t ion ,  in  c o n t r a d i s t i n c t i o n  to  t h e  m o r e  l a s t i n g  colour  
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The figure shows the mnounts of 5-dehydroisoandrostcrone 
acetate (I), formed by oxidation of cholesterol (as its acetate di- 
bromide) with chromic acid, against time. - The reaction time (in 
hours) is plotted on the abscissa. The ordinate represents the amounts 
of (I) expressed in percentage of the total dehydroisoandrosterone 

acetate formed. 

J 
o b t a i n e d  w i t h  17-ke to-s te ro ids ,  e. g., d e h y d r o i s o a n d r o -  
s t e rone  a c e t a t e .  T h u s ,  for  i n s t a n c e ,  t h e  o x i d a t i o n  
p r o d u c t s  of choles te ro l ,  AS, S-pregnene-ol-(3/~ )_acetate_ 
one-20 a n d  ds ,~ -no r -cho le s t ene -o l - (3 f l ) - ace t a t e -one -25  
give  lab i le  co loured  p r o d u c t s  w i t h  co lou r  v a l u e s  of 
a b o u t  1/s a n d  1/10 r e s p e c t i v e l y  of t h a t  of d e h y d r o i s o -  
a n d r o s t e r o n e  ace t a t e ,  These  a re  k n o w n  t o  be  f o r m e d  in 
m u c h  sma l l e r  a m o u n t s  t h a n  d e h y d r o i s o a n d r o s t e r o n e  
ace t a t e .  T h e  o t h e r  k n o w n  o x i d a t i o n  p r o d u c t s  gave  such  
f a i n t  colours  as to  be  also negl ig ib le .  T h e  o x i d a t i o n s  
were  p e r f o r m e d  a p p r o x i m a t e l y  b y  t h e  u s u a l  p r o c e d u r e  ~, 
us ing  g lac ia l  ace t i c  ac id  d i s t i l l ed  o v e r  c h r o m i c  ac id  and  
d i c h l o r e t h a n e  w i t h  a neg l ig ib le  c h r o m i c  ac id  t i t r e .  Tile 
r e a c t i o n  t e m p e r a t u r e  was  k e p t  c o n s t a n t  w i t h i n  ± 2 °. 
The  c h r o m i c  acid s o l u t i o n  was  a d d e d  a t  a u n i f o r m  ra te  
ove r  7 h o u r s  a n d  t h e  c o n s u m p t i o n  of t h e  o x i d a n t  was 
c o n t r o l l e d  i o d o m e t r i c a l l y .  A t  r e g u l a r  i n t e r v a l s  a l i quo t  
s amp le s  were  t a k e n  a n d  t h e  m i x t u r e  of r e a c t i o n  com- 
p o n e n t s  in  t h e  s amp le s  was  " f i x e d "  b y  r e d u c t i o n  of t he  
sma l l  excess  of c h r o m i c  ac id  w i t h  m e t h a n o l .  T h e  s amp le s  
were  f u r t h e r  w o r k e d  up  b y  e v a p o r a t i n g  t h e  d i c h l o r e t h a n e  
i n  v a c u o ,  s p l i t t i n g  off t h e  b r o m i n e  w i t h  z inc  d u s t  a n d  

1 ~r, ZIMMERMANN, Z. physiol. Ch. 233, 257 (1935); Vitamine 
und Hormone 5, 1 {194.i); Schweiz. reed. Wschr. 76, 805 (1947). 

2 N. H. CALLOV¢, R. K, CALLO'A', and C. W, E~MENS, Biochem. 
J.  32, 1312 (1938). 

a For experimental details see F.I.A.T. Final Report No. 996. 
ed. by C, R. ADDINALL, p. 29 (London, 1947). 
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s e p a r a t i n g  t h e  d e b r o m i n a t e d  r e a c t i o n  m i x t u r e s  i n t o  
acid a n d  n e u t r a l  c o m p o n e n t s .  

The  n e u t r a l  c o m p o n e n t s  were  d i s so lved  in  e t h e r  in  a 
s t o p p e r e d  g r a d u a t e d  f lask  and ,  a f t e r  a p r e l i m i n a r y  
co lo r ime t r i c  assay ,  d i l u t i o n s  were  m a d e  c o n t a i n i n g  
a b o u t  100-150 /~g d e h y d r o i s o a n d r o s t e r o n e  a c e t a t e  p. 
ml. F r o m  e a c h  of t h e s e  so lu t i ons  6 s a m p l e s  of i m l  were 
t a k e n  a n d  t h e  a v e r a g e  of t h e  c o l o r i m e t r i c  v a l u e s  was 
r ead  on  a da i ly  s t a n d a r d  c u r v e  x. 

The  r e l a t i o n  b e t w e e r l  t h e  f o r m a t i o n  of d e h y d r o i s o -  
a n d r o s t e r o n e  a c e t a t e  (in p e r c e n t a g e  of t o t a l  d e h y d r o i s o -  
a n d r o s t e r o n e  a c e t a t e  fo rmed)  a n d  r e a c t i o n  t i m e  (in 
hours)  is s h o w n  g r a p h i c a l l y  in  t h e  F igu re .  

I o d o m e t r i c  d e t e r m i n a t i o n s  of c h r o m i c  ac id  s h o w e d  
t h a t  t h e  c h r o m i c  ac id  c o n s u m p t i o n  s t a r t e d  a t  once  a n d  
tha t ,  in  t h e  e a r l y  s t ages  of t h e  r e a c t i o n  a t  leas t ,  t h e  
ch romic  ac id  was  c o n s u m e d  a p p r o x i m a t e l y  as  f a s t  as  i t  
was  a d d e d ;  t o w a r d s  t h e  e n d  of t h e  r e a c t i o n  t h e  con-  
s u m p t i o n  dec reased .  F r o m  t h e  F i g u r e  i t  is e v i d e n t  t h a t ,  
a l t h o u g h  t h e  c h r o m i c  ac id  was  r e a d i l y  c o n s u m e d  in  t he  
b e g i n n i n g ,  t h e  f o r m a t i o n  of d e h y d r o i s o a n d r o s t e r o n e  
a c e t a t e  b e g a n  l a t e r ,  t h e n  p r o c e e d i n g  r a p i d l y  a n d  di- 
m i n i s h i n g  on ly  w h e n  t h e  s t a r t i n g  m a t e r i M  w as  u sed  up .  
In  t h e  i n i t i a l  p e r i o d  s u c h  s m a l l  a m o u n t s  of ac ids  were  
f o r m e d  t h a t  t h e y  cou ld  n o t  a c c o u n t  for  t h e  c h r o m i c  ac id  
c o n s u n l p t i o n .  These  f ac t s  s u g g e s t  t h a t  d e h y d r o i s o -  
a n d r o s t e r o n e  a c e t a t e  is f o r m e d  b y  a s e c o n d a r y  r eac t i on ,  
s u b s e q u e n t  to  o t h e r  c h r o m i c - a c i d - c o n s u m i n g  r e a c t i o n s ,  
as was  t h e o r e t i c a l l y  inferred"-, 

Thanks are due to Messrs. Organon Ltd. for pcrtm ;si:m to publi h 
this paper. 

H.  C. BEYERMAN 

P h a r m a c o - t h e r a p e u t i c  L a b o r a t o r y  of t h e  M u n i c i p a l  
U n i v e r s i t y ,  A m s t e r d a m ,  a n d  R e s e a r c h  L a b o r a t o r y  of 
O r g a n o n  L td . ,  Oss, lVe ther lands ,  J a n u a r y  9, 1949. 

Rdsumd 

L a  v i t e s se  de f o r m a t i o n  de d 6 h y d r o i s o a n d r o s t d r o n e -  
a c6 t a t e  (I) p r o v e n a n t  de  c h o l e s t 6 r o l - a c 6 t a t e d i b r o r n i d e  
pa r  l ' o x y d a t i o n  a v e c  de I ' ac ide  c h r o m i q u e  es t  s oum i s e  a 
un  e x a m e n .  Les  q u a n t i t 6 s  p r o d u i t e s  de I s o n t  d6ter -  
mindes  ~t l ' a ide  de  la  r 6 a c t i o n  c o l o r i m 6 t r i q u e  de ZIM- 
MERMANN. Le  r a p p o r t ,  e n t r e  les t e n e u r s  de I e t  la  dur6e  
de la  r4ac t ion ,  es t  r e p r o d u i t  g r a p h i q u e m e n t .  I1 s ' en  
d 6 d u i t  l ' e x i s t e n c e  d ' u n e  p6r iode  d ' i n d u c t i o n  qui  s ' ex -  
p l ique  p a r  une  r 6 a c t i o n  p r 6 c 6 d a n t  la  f o r m a t i o n  de I e t  
p r o d u i s a n t  des  m a t i 6 r e s  i n t e r m 6 d i a i r e s .  Ce t t e  conc lus ion  
es t  c o n f o r m e  a une  h y p o t h 6 s e  r6cen te ,  bas6e  su r  d ' a u t r e s  
cons id6 ra t ions .  

1 A. Klett-Summerson photo-electric colorimetcr with filter No, 
5.t was used; Klett Mfg. Co., New York; W. H. SUMMERSON, J. Biol, 
Chem. 1.3o, 149 {1939). 

2 j .  R. BtLLETER and t,:. MZESCHER, Heir. chim. acts 3o, 141.t 
(1947). 

E x p r e s s i o n  a l l o m 6 t r i q u e  d e  l a  p r 4 c o c i t 6  d ' u n  

1 6 g u r n e - r a c i n e  ( D a r l c a s  ~ 

N o u s  a v o n s  consac r6  u n  r 6 c e n t  m 4 m o i r O  ~t la  d6fini-  
t i on  des  v a r i 6 t 6 s  de  c a r o t t e s  p o t a g 6 r e s  e t  four rag6res .  
Ces essais  de  ,~typisat ion~,  p r61imina i res  i n d i s p e n s a b l e s  
des  o p 6 r a t i o n s  de  s61ection e t  d ' h y b r i d a t i o n ,  f a i s a i e n t  

t F. CHODAT et FR. GAGNEBIN, Arch. Jul.-Klaus-Stiftung, ~°8 
(1948). 

a p p e l  a u x  c a r a c t 6 r e s  de forrne e t  de l o n g u e u r  de la  r a -  
cine. L a  d i agnose  d ' u n  16gume-rac ine  c o m p o r t e  e n c o r e  
d ' a u t r e s  616ments.  P a r m i  eux,  le feui l lage  j oue  u n  r61e 
i m p o r t a n t .  L a  p r 6 s e n t e  n o t e  s ' y  r a p p o r t e  e t  pr6cise  les 
p r o p o r t i o n s  e x i s t a n t  e n t r e  les a p p a r e i l s  a6r ien  e t  sous-  
t e r ra in .  

L ' i m p o r t a n c e  du  feui l lage diff6re b e a u c o u p  d ' u n e  
va r i 6 t6  de c a r o t t e  h l ' a u t r e  e t  d 6 t e r m i n e  t e r r a i n s  m o d e s  
de  c u l t u r e :  p l e i n - c h a m p ,  m a r a l c h e r ,  etc.  Les  p r a t i c i e n s  
s61ec t ionnen t  enf in ,  p o u r  la  c u l t u r e  hAt ive  sous  chass is ,  
des  t y p e s  h Ieu i l lage  r6du i t .  U n  r e c l a s s e m e n t  de  ces no-  
t ions  fami l i6 res  a u x  c u l t i v a t e u r s  e s t  i n d i s p e n s a b l e  a u x  
r e c h e r c h e s  g6n6t iques .  E t a b l i s s o n s  d o n c  l ' i nd i ce  de 
feuil lage,  I / ,  so i t  le r a p p o r t  d u  po ids  des  feui l tes  a u  po ids  
de  ta  p l an t e .  On p6se ~ ce t  e f fe t  100 p l a n t e s  f r a i c h e m e n t  
d6 rac in6es ;  le feui l lage  es t  a u s s i t 6 t  coup6  a u  r a s  du  
col le t ,  pu i s  pes6. C e t t e  m e s u r e  e s t  e f fec tu6e  a u  m o m e n t  
de  l ' a r r a c h a g e ,  c.-~t-d, q u a n d  les r a c ine s  s o n t  re t i res  e t  
n ' a u g m e n t e n t  p o u r  a ins i  d i re  p lu s  de  poids .  I1 s ' a g i t  
doric d ' u n  m o m e n t  f a c i l e m e n t  d f t e r m i n a b l e  de  ta  p6- 
r iode  v6g6 t a t i ve .  L ' a s p e c t  6 v o l u t i f  du  p r o b l 6 m e  se ra  
cons ide r6  p lus  loin.  Voic i  tes r 6 s u l t a t s  o b t e n u s  en  1946 
a v e c  d ive r se s  va r i6 tds  cuI t iv6es  dar ts  des  c o n d i t i o n s  
c o m p a r a b l e s  (voir  co lonne  1 d u  t a b l e a u ) :  

Varidtds 

Amsterdam . . . . . .  
Vertou . . . . . . . .  
Nantaise . . . . . . .  
des Halles . . . . . . .  
Nantaise-Touchon . . . 
Grelot . . . . . . . .  
Berlicum . . . . . . .  
Duwicker . . . . . . .  
Chantenay . . . . . .  
de Meaux . . . . . . .  
Parisienne . . . . . . .  
Jaune  du Doubs . . . .  
Gu6rande . . . . . . .  
Flackker . . . . . . .  
St-Val6ry . . . . . . .  
Blanche ~collet  vert  . . 

0,12 7,3 -- 
0.12 7,3 -- 
0.14 6.1 74 
0,15 5.7 63 
0,15 5,7 70 
0.19 4,3 -- 
0,21 3,8 -- 
0,22 3,5 85 
0.22 3,5 -- 
0.25 3,0 -- 
0.27 2.7 71 
0,28 2,6 -- 
0,29 2,4 80 
0,32 2.1 -- 
0,35 1,8 90 
0,40 1.5 

l f  indice fcuillage, e quotient d'6conomie 
lv indite de pr6cocit6, fix6 par l'hge en jours attcint au 

point d'inversion (voir le texte) 

L a  g a m m e  es t  c o n t i n u e  des feui l lages  les p lus  16gers, 
a u x q u e l s  ne s o n t  pas  n 6 c e s s a i r e m e n t  li6es les r a c ine s  les 
p lus  cour tes ,  j u s q u ' a u x  feui l lages  les p lus  lourds .  Ces 
va l eu r s  s ' a j o u t e n t  a u x  a u t r e s  c a r a c t 6 r i s t i q u e s  racia les .  
Si les p l a n t e s  soumises  a u x  m e s u r e s  s o n t  des  g 6 n o t y p e s  
f a i b l e m e n t  h 6 t 6 r o z y g o t i q u e s ,  les ind ices  o b t e n u s  res te -  
r o n t  s igni f ica t i f s  p o u r  c h a q u e  l ign6e d a n s  des  c o n d i t i o n s  
d ' a u t o g a m i e .  

I1 f a u t  s ' a t t e n d r e  d ' a u t r e  p a r t ,  tt ce q u e  ces v a l e u r s  
s o i e n t  d6form6es  p o u r  u n  m S m e  lo t  de  g r a ine s  sem6es  
p l u s i e u r s  a n n 6 e s  de  su i t e  ou d6ve lopp6es  d a n s  des  con-  
d i t i ons  c u l t u r a l e s  d i f f6 ren t e s  a n  cou r s  d ' u n e  m ~ m e  
sa ison.  Ces a b e r r a t i o n s ,  d o n t  ]a p h 6 n o g 6 n 6 t i q u e  r e n d  
c o m p t e ,  s e r o n t  k let, r t o u r  mesurCes.  

Quotient  d 'dconomie:  e. - Chez Ia ca ro t t e ,  te feui l lage  
n ' a  d ' i n t 6 r 6 t  q u ' e n  f o n c t i o n  des  rac ines .  Le  r a p p o r t  
R / F  poids  de la racine 

= = e, e x p r i m e r a  d o r 6 n a v a n t  te 
poids  du  /eui l lage 

po ids  de  r a c i n e  p r o d u i t e  p a r  u n  k i l o g r a m m e  de feui l lage.  
Ce t t e  v a l e u r  m e s u r e  ta  p u i s s a n c e  c o n s t r u c t r i c e  de  l ' u n i t 6  


