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I n t r o d u c t i o n  

T h i s  p a p e r  d e s c r i b e s  s t u d i e s  by IRAT and  ORSTOM on t h e  d i s -  
t r i b u t i o n  and v a r i a b i l i t y  o f  i n d i g e n o u s  r i c e  i n  A f r i c a ,  
e s p e c i a l l y  t h e  a n n u a l  s p e c i e s ,  O. g t a b e r r i m a  and O .  b r e v i l -  
i g u t a t a ,  and t h e  p e r e n n i a l ,  i h i z o m e - f o r m i n g  s p e c i e s ,  
O. l o n g i s t a m l n a t a .  

S i x  o f  t h e  t v e n t y  i d e n t i f i e d  s p e c i e s  o f  t h e  genus  O r y z a  
a r e  o f  A f r i c a n  o r i g i n .  These  a r e :  O . b r e v i Z i g u Z a t a ,  O. 
b r a c h y a n t h a ,  O. c i c h i n g e ~ i ,  O .  g t a b e r r i m a ,  O .  t o n g i s t a m i n a t a ,  
and O. p u n c t a t a .  The chromosome number,  genome g r o u p i n g s  
and g e o g r a p h i c a l  d i s t r i b u t i o n  of  t h e  2 0  s p e c i e s  o f  t h e  
gen-s a r e  shohii i n  T a b l e  1. 

and.  a s s e s s m e n t  o f  ..\Frican r i c e .  
y i e l d  p o t e n t i a l  of  t h e  i n d i g e n o u s  r i c e s  was l e s s  t h a n  t h a t  
o f  O. s a t i v a  b u t  t h a t  C. g l a 5 s r r i v z ,  a c u l t i v a t e d  s p e c i e s ,  
was more t o l e r a n t  t o  a d v e r s e  c o n d i t i o n s  s u c h  a s  d e e p  w a t e r ,  
d r o u g h t ,  b l a s t  and d i o p s i d s ,  which commonly o c c u r r e d  i n  i t s  
n a t i v e  h a b i t a t  (Chang, 1 9 7 6 ) .  

Approx ima te ly  one t h o u s a n d  samples  o f  O. g l a b q r r i m a  and 
r e l a t e d  s p e c i e s  have been  c o l l e c t e ’ d  by IRAT and ORSTOS i n  
M a l i ,  S e n e g a l ,  The Gambia and o t h e r  West A f r i c a n  c o u n t r i e s  
( F i g u r e ’  1 ) ,  and t h e s e  have been grown i n  t h e  ‘ I v o r y  C o a s t .  
The g e n e r a l  c h . a r a c t e r i s t i c s  o f  t h e  s p e c i e s  c o l l e c t e d  a r e :  

O .  g t a b e r r i m a :  C u l t i v a t e d  t y p e ,  s e l f - f e r t i l e  w i t h  some 
c r o s s - p o l l i n a t i o n ;  s h e d d i n g  o c c u r s  i n  i n t e r m e d i a t e  t y p e s  
o f  O. g t a b e r r i m a  - O .  b r e u i l i g u l a t a ,  

0 . b r e v i Z i g u Z a t a :  
c r o s s - p o l l i n a t i o n ;  
c o m p l e t e s  i t s  c y c l e .  b e f o r e  c u l t i v a t e d  r i c e ;  o c c u r s ’  among 

. 

Oka and Chang f1953) d i d  much o f  t h e  e a r l y  c q l l e c t i o n  ’ 

They c o n s i d e r e d  t h a t  %he 

K i l d  t y p e ,  m a i n l y  s e l f - f e r t i l e  w i t h  some 
s h e d d i n g  w i t h  a s t r o n g  dormancy; 
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c r o p s  and  a t  t h e  e d g e s  o f  r i c e  f i e l d s ,  somet imes  i n  c l u s -  
t c r s  w i t h  O. tongistaminata. 

o. iongistaminata: Wild t y p e ;  p e r e n n i a l  v i a  r h i z o m e s ;  
m a i n l y  c r o s s - p o l l i n a t e d ;  s h e d d i n g ;  s u p p r e s s i o n  o f :  
o c c u r s  i n  homogeneous p o p u l a t i o n s .  

r e l a t e d  t o  0,giaberrima and may b e  c r o s s e d  w i t h  0.gZuber- 
r i n a  a n d  0.sativa. 

V a r i a b i l i t y  

Me tho do 1 og y 

t i o n s  was examined a t  v a r i o u s  l e v e l s  t o  d e t e r m i n e  t h e  
c c n t r c  of  o r i g i n  ( i . e .  c e n t r e  01 maximum v a r i a b i l i t y )  and 
t h e  e x t c n t  o r  d i v e r s i t y  o €  t h c  s p e c i c s .  Thc r c p r o t l u c t i v e  
b a r r i e r s  b e t u e e n  v a r i o u s  i n d i g e n o u s  s p e c i c s  werc c k i m i n e d  
a t  a u t o p o l y p l o i d  and a l l o p o l y p l o i d  l e v c l s .  

O .  Sraoiiiguiata and O.  Iongistaminata a r e  s p e c i e s  c l o s e l y  

I n t r a -  and i n t e r - r e g i o n  v a r i a b i l i t y  o f  r e c e n t  c o l l e c -  



t i o n s h i p s  among t h e  g r o u p s .  The c l u s t e r i n g  o f  s i m i l a r  
s a m p l e s  a l l o w e d  homogeneous s a m p l e s  t o  b e  combined and  
f u r t h e r  work was done w i t h  .a s m a l l e r  number o f  p o p u l a t i o n s .  

V a r i a b i l i t y  was a l s o  examined by i sozyme s e p a r a t i o n  by 
e l c c t r o p h o r e s i s  on s t a r c h  g e l s .  The enzymes s t u d i e d  f o r  
O . g l u b e r r i v a ,  O. b r e v i l i g u l a t a ,  O .  l o n g i s t a m i n a t a  and 0 . s a t i v a  
were c s t e r a s e s ,  p e r o x i d a s e s ,  a c i d  p h o s p h a t a s e s ,  m a l a t e  de-  
h y d r o g e n a s e s  a n d  l e u c i n e  a m i n o p e p t i d a s e s .  T h e s e  s t u d i e s  
gave i n f o r m a t i o n  on v a r i a b i l i t y  o f  l o c i , '  c o m p a r a t i v e  v a r i -  
a b i l i t y  o f  p o p u l a t i o n s  and on t h e  g e o g r a p h i c  d i s t r i b u t i o n  
o f  t h e  v a r i a b i l i t y .  

E c o l o g y  o f  I n d i g e n o u s  Rices 

Genome A ,  which d e f i n e s  t h e  s a t i v a  complex o f  Oryza i s  
r e p r e s e n t e d  i n  A f r i c a  by O . l o n g i s t a t r i n a t a ,  0 . b r e v i Z i g u l a t a  
I O . b a r t h i i l ,  0 . g l a b e r r i m a  and now, O .  s a t i v c ,  t h e  l a s t  
h a v i n g  b e e n  i n t r o d u c e d  r e l a t i v e l y  r e c e n t l y .  T h e s e  s p e c i e s  
a r e  c o m p a t i b l e  when c r o s s e d  b u t  t h e r e  a r e  many r e p r o d u c t i v e  
b a r r i e r s .  The d i s t r i b u t i o n  o f  t h e  m a j o r  i n d i g e n o u s  O r y z a  
s p e c i e s  i n  ' A f r i c a  i s  shown in' F i g u r e  2 .  

0 . l o n g i s t a m i n a t a  was found by us  i n  d i v e r s e  h a b i t a t s ,  a l l  
o f  which r e c e i v e d  a b u n d a n t  s u n s h i n e .  T h e s e  i n c l u d e d  t h e  
s a l t  l a g o o n s  o f  t h e  Casamance d e l t a ,  t h e  d e e p  w a t e r s  o f  t h e  

I 

O gluberrima . 
o0 borlhii . 
AO lonqlsleminofa 
Ap.eichingeri. punclub 

Fig. 2 .  Known d i s t r ibu t ion  of  'fout. indigenou$ r ice  species  i n  Africa. 
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N i g e r  i n l a n d  d e l t a  i n  Mal i  and  t h e  d r y ,  s a n d y  r i c e  f i c l d s  
of S e n e g a l .  
d r y  r i v e r  b e d s  and  p o o l s .  
'zone i n  Camcroon. 

O. b r e v i l i g u l a t a  o c c u r r e d  i n  t h e  s a v a n n a  i n  l o w - l y i ~ ~ g  a r e a s .  
s u b j e c t  t o  f l o o d i n g ,  e s p e c i a l l y  t h o s e  w i t h  c n r i c h c d  s o i l  
due t o  t h e i r  use as  w a t e r i n g  h o l e s .  The s p c c i e s  producccl 
many l a r g e  s e e d s  and s t r o n g l y - b e a r d e d  s p i k e 1  e t s .  A weedy 
t y p c  was. found i n  c u l t i v a t e d  r i c e  Eicl.cls i n  t h e  c e n t r a l  
N i g e r  d e l t a .  

O .  Z o n g i s t a m i n a t a  a n d  O .  b r e v i l i g u l a t a  somet imes  occurr ,ed  t o -  
g e t h e r  a r o u n d  w a t e r  h o l e s ,  
0 , b r e v i Z i g u l a t a  was a wc,ed i n  c u l t i v a t e d  r i c e  f i e l d s ,  b u t  
O .  l o n g i s t a m i n a t a  became dominant  once  t h e  f i e l d  i\ras aban-  
doned .  The l o r m c r  a n n u a l  s p e c i e s  h a d  a c o m p e t i t i v e  advan-  
t a g e  i n  d i s t u r b e d  and e n r i c h e d  h a b i t a t s .  

O .  g l u b e r r i m a  was w i d e s p r e a d  i n  Casamance,  S c n e g a l ,  wherc i t  
o c c u r r c d  m a i n l y  a s  c a r l y - m a t u r i n g  t y p e s  ; f l o a t i n g  and  l a t e  
t y p e s  were found i n  C e n t r a l  N i g e r  d e l t a .  I t  was f o u n d  i n -  
f r e q u e n t l y  i n  Thê Gambia, Upper  V o l t a  and I v o r y  C o a s t .  

Enzyme V a r i a b i l i t y  

e a r l i e r  by s e v e r a l  w o r k e r s  (Chu, 1 9 0 7 ;  Chu ancl Oka, 1 9 6 7 ;  
S h a h i  e t  a l . ,  1 9 0 9 ) .  I n  t h i s  work;  e n z y m a t i c  v a r i n b i . l i t y  
was s t u d i e d  f o r  SOO l i n e s  o f  0 , g l a b e r r i m a  and 300 l i n e s  o f  
O .  b r e v i Z i g u l a t a ,  f rom 2 8 0  and 1 0 5  d i f f e r e n t  p o p u l a t i o n s  
r c s p c c t i v c l y  from Mal ian  and  Senegambian c c n t r c s  and  a few 
from Upper V o l t a  and  I v o r y  C o a s t .  
~ a t i v c  was cxamined i n  9 5  l i n e s  o b t a j n c d  From I v o r y . C o a s t ,  
M a l i ,  S c n e g a l ,  and INM, M o n t p e l l i e r ,  F r a n c e  ( j a p o n i c a  
t y p e s ) .  

F i v e  e n z y m a t i c  f a m i l i e s  were examined i n  e x t r a c t s  f rom 
young o r  m a t u r e  l e a v e s :  e s t e r a s e s  , p c r o x i d a s e s ,  l c u c i n e  
a i n i n o p c p t i d a s e s ,  a c i d  p h o s p h a t a s c s  and m a l a t e  dehydrogcn-  
a s e s .  'The r e s u l t s  Iwve been  publ i s 'hed  i n .  more d e t a i l  e l s e -  
where (Bezancon e t  a l . ,  1 9 7 7 a ,  197713) and t h c  i n t e r e s t e d  
r e a d e r  i s  r e f e r r e d  t o  t h i s  p u b l i c a t i o n  l o r  d ,c ta i lcc l  I ' igures .  

E s t e r a s e s .  The zymograms had  a wide v a r i e t y  o f  enzyme 
forms which  d i f f e r e d  i n  t h e i r  m i g r a t i o n  s p c c d  and t h c i r  
d i f f e r e n t i a l  a f f i n i t y  f o r  t h e  a and 0. .Eornis.of t h c  S U I ) -  
s t r a t e .  Thc a n a l y s i s  o f  t h e  zymograms f o r  s p c c i c s  i s  g i v e n  
i n  l ' a b l e  2 .  

T h e  v a r i a b i l i t y  o f  O. b r e v i Z i g u Z n t a  i n c l u d e d  t h t ~ t  o f  O .  
g l a b e r r i m a .  'I 'hcrc wcrc m:lny c a s c s  o f  c o i ~ ~ c i c l c n c c  amyng t h c  
t 1 1 1 - c ~  autogamous s p c c i c s  b i i t  i n  n c  ir ist : incc d i d  t l i c ,  ! \ f r i c a n  
a n ~ i  t\si:in 1inc.c rii:itcli j T c r T c c t 1 y .  .!.I*. 
r i c l i c r  i n d i \  i d u : i 1  ] y  i n  for:.:.: cif c!; t~-r: i< 

I t  o c c u r r e d  i n  b o t h  r u n n i n g  and s t a g n a n t  w a t e r ,  
I t  was a l s o  found i n  t h e  f o r e s t  

I n  the,  c e n t r a l  N i g c r  d e l t a ,  

t 

. Enzymat ic  v a r i a b i l i t y  among o r y z a  s p p .  h a s  heen r e p o r t c d  

The v a r i a b i l i t y  o f  O. 
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TABLE 2 

Analysis of esterass z~tnrograms 

g e c i e s  O. brei>itigulnta 0.gZaherrinia O. sa t iua  
Character 
No. v i s ib le  bands 

Max. . 12 ' .lo . . 9 
blin.  9 9 7 

No. var iable  hands 
(combina t i  on s) 5 2 7 

Avg. no. di f fe ren t  types 
on saine band (presence/ - 

' abscnce/different posi t ions)  1.64 1.18 2.18 

w i t h  0 .gZaberr ima  l y i n g  be tween t h e  two.  T h e r e  was most  
v a r i a b i l i t y  i n  O.satiua, due t o  t h e  l o s s  o f  c e r t a i n  b a n d s .  
l lomogenci ty  i n  O .  g l a b e r r i m a  i s  c o n n e c t e d  w i t h  t h i s  i n d i v i d -  
u a l  r i c h n e s s  i n  forms  o f  e s t e r a s e s ,  more t h a n  O. s a t i v a .  

P e r o t i d a s e o .  The c o n c l u s i o n s  were t h e  same a s  f o r  e s t e r -  
a s e s ,  i n  t h a t  t h e  v a r i a b i l i t y  o f  O. b r e u i l i g u l a t a  was h i g h e r  
t h a n  t h a t  o f  O. g l a b e r r i m a ,  which  i t  i n c l u d e d  c o m p l e t e l y ,  
and t h c  A s i a n  and  A f r i c a n  f o r m s  w e r e  n o t  i d e n t i c a l .  

, .  K a l a t e  dehydrogenase . .  Four  o f  t h e  5 s p e c i e s  s t u d i e d  h a d  'a 
s i n g l e  f i v e  band  zymogram. O. t o n g i s t a m i n a t a ,  however ,  h a d  
t e n  d i f f e r e n t  zymograms w i t h  f o u r  t o  n i n e  b a n d s  e a c h .  

A c i d  p h o s p h a t a s e s .  No v a r i a b i l i t y  was f o u n d  i n  t h e  two 
a n n u a l  A f r i c a n  s p e c i e s ,  which  h a v e ,  i n  common wi th .  O .  s a t i v a ,  
t h e  most f r c q u c n t  zymogram of t h e  j a p o n i c a  t y p e s  ( P a i  e t  
aZ., 1 9 7 5 ) .  I lovever ,  O .  Z o n g i s t a m i n a t a  was o f  a more v a r i -  
a b l e  t y p e .  The b a n d i n g  p a t t e r n  i s  s h o w n , i n  F i g u r e  3 as  an 
example  o f .  t h e  t y p e  o f  r e s u l t  o b t a i n e d .  

c l u d e d  t h a t  of 0 .gZaberr ima  a n d  O .  b r e u i l i g u t a t a .  

G e o g r a p h i c a l  D i s t r i b u t i o n  of  B n z y m e . V a r i a b i l i t y  

Thc s a m p l e s  a n a l y s e d  'have b e e n  c l a s s i f i e d  i n  r e l a t i o n  
t o  t h c  a r c a  o f  c o l l c c t i o n .  The g e o g r a p h i c a l  d i s t r i b u t i o n  

, o f  t h e  e s t e r a s e  v a r i a b i l i t y  i n  O . b r e u i Z i g u Z a t a  ( B )  a n d  . 
0 . g Z a b e r r i n a  ( C )  . is  g i v c n  i n  T a b l e  3. N a l i  i n  t h e  t a b l e  
i s  t h e  p a r t  of  Mal i  separate from t h e  i n l a n d  N i g e r  d e l t a  
and N o r t h c r n  S e n e g a l  i s  a l o n g  t h e  S e n e g a l  r i v e r  n e a r  
R i c h a r d  T o l l ,  T h r e e  t y p c s  of  c s t c r i s c s  ( A ,  B ,  C)  were 
common t o  t h e  two s p c c i c s ,  t h e y  a rc  t h e  most f r e q u e n t  

. L e u c i n e  a m i n o - p e p t i d a s e .  The v a r i a b i l i t y  o f  O; sa't , iua i n -  

t y p e s  i n  ~ . b r e u f t i g r L a i ~ .  ;.I<iyt o f  t h e  . S ~ ! I I ~ I C S  o f  O.t.rec- . 
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B 
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---- - 
1 2 3 4 5 6  

t 
O, O brentigutalo globerrmo -- 

P i g .  3. Band var iab i l i ty  observed f o r  acid phosphatases of d i f fe ren t  
r i c e  species, 
shown, ) 

i l i g u Z a t a  r e p r e s e n t e d  t h e  weedy form o f  t h e  s p e c i e s .  
D i f f e r e n t  zymograms o f  A ,  B and C have  been  found i n  t h e  
w i l d  p o p u l a t i o n s  o f  O .  b r e v i l i g u l a t a  i n  which t h e y  o c c u r r e d  
f r e q u e n t l y .  F u r t h e r  a n a l y s i s  o f  w i l d  p o p u l a t i o n s  o f  O. 
b r a u i l i g u t a t a  s h o u l d  malte i t  p o s s i b l e  t o  d e t e r m i n e  w h e t h e r  
t h i s  s p c c i c s  can b e  d i v i d e d  i n t o  wild and weedy p o p u l a t i o n s  
on t h e  b a s i s  o f  enzyme v a r i a b i l i t y .  The D and  C e s t e r a s e  
t y p e s  a r e  c l e a r l y  d i f f e r e n t i a t e d  by a r e a ,  on a s i m i . l a r  
p a t t e r n  f o r  b o t h  s p e c i e s .  I n  e a c h  a r e a  t h e  p e r c e n t a g e s  o f  

u l a t i o n  ( l a t e ,  w i t h  a h i g h  number o f  i n t c r n o d e s )  have  o n l y  
t h e  A and C t y p e s ,  w h e r e a s  t h e  " e r e c t "  p o p u l a t i o n s  ( e a r l y ,  
w i t h  f e w e r  i n t e r n o d e s )  have  t h e ' A  and  13 t y p e s .  The geo- 

e x p l a i n e d  by t h e  f a c t  t h a t  f l o a t i n g  r i c e  i s  m a i n l y  f o u n d  i n  
t h e ' N i g e r  d e l t a  i n  M a l i  w h i l e  t h e  e r ec t  t y p e s  a r c  a l s o  
grown i n  n o n - f l o o d e d  a r e a s .  

I n  t e r m s  o f  t h e  o v e r a l l  enzyme v a r i a b i l i t y ,  O.gZaberr ima 
h a s  maximum v a r i a b i l i t y  i n  t h e  N i g e r  d e l t a  a r c a  where b o t h  
e r e c t  and f l o a t i n g  t y p e s  a r e  grown. The v a r i a b i l i t y  o f  
O . b r e u i Z i ç u Z a t a  o c c u r s  o u t s i d e  t h e  N i g e r  d e l t a ,  m a i n l y  i n  
t h e  w i l d  forms  which a r e  found i n  r i v e r  hcrls d i s t u r b e d  by 
c a t t l e  i n  t h e  s a v a n n a  zone. 

I y  f o u n d  i n  O .  2 o w y f c : c ~ i r : o : n .  l i  
v a r i a b l c  en:yric Ic : : :cr . i~cl  . . ;n*i 

(Not a l l  the zymograms 'of O. l o n g i s t m ~ n a t a  have been 

' d i f f e r e n t  t y p e s  were s imilar  € o r  b o t h  s p c c i e s .  
)lore d e t a i l e d  a n a l y s i s  showed t h a t  t h e  " f l o a t i n g "  pop- 

' g r a p h i c a l  s e p a r a t i o n  o f  t h e  B and C t y p e s  a r e  t h e r e l o r e  

zymograms o f  : iutogni i ious s p c c i c s  a r c  those  most f r c q t i c n t -  

c!$ldc t / l C  ~ ] ' J ~ < l ~ ~ ~ l - ' ~ i J ~  ! ilC'x:if''' ' l';I 
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TADLE 3 

Percentages of A, B, and 'C esterase t y p e s  of O. brevi t igulata (b )  
mid O. gZaberrima (gl from. d i f f w e n t  regions 

~~ Area 
species 

I n l a n d  
Sene- Northern SE Niger 

Gambia Senegal Senegal !lali de l t a  

Esterase type b g  b 6 g b g  
67 5 0  7 45 27 27 25 25 

B 33 20 . - 4 8  73 62 7 4 c .  - -  

.I. A 

93 8 - 10 65 68 

P o p u l a t i o n  V a r i a b i l i t y  

The v a r i a b i l i t y  w i t h i n  p b p u l a t i o n s  was examined.  
" Samples  f rom i n d i v i d u a l  p o p u l a t i o n s  were h e t e r o g e n e o u s  f o r  

e s t e r a s e s  and  p e r o x i d a s e s .  T h e r e f o r e  one p o p u l a t i o n  c o u l d  
c o n t a i n  a l l  t h e  v a r i a b i l i t y  p o s s i b l e  w i t h i n  t h e  s p e c i e s .  
I 'here  was a t r e n d  t o w a r d s  homogene i ty  i n  t h e  p o p u l a t i o n s  
coinpared w i t h  i n t e r p o p u l a t i o n  v a r i a b i l i t y .  H e t e r o g e n e i t y  

i n d i v i d u a l  p l a n t s  and t h e i r  p rogeny  were homogeneous i n  
t h e i r  e n z y m a t i c  p a t t e r n s .  

Enzymat i c  v a r i a t i o n  i n  O. l o n g i s t a m i n a t a  f rom Mal i  and  
S e n e g a l  was compared t o  t h a t  o f  O . p e r e n n i s ,  a r e l a t e d .  
As ian  spe 'c ies . '  'I'here was much g r e a t e r  v a r i a t i o n  i n  O. ' 

Z o n g i s t u m i n a t a  ' t h a n  i n  O .  pcrennis, O. b r e v i l i g u t a t a  o r  O.  
glaberi*i ina f o r  e s t e r a s e s ,  p e r o x i d a s e s ,  i n a l a t e  dehydro -  
g e n a s e  and a c i d  p l io sp l i a t a ses .  

T h e  h i g h  e n z y m a t i c  v a r i a b i l i t y  o f  t h e  a l logamous .  g r o u p s  
o f  O. l o n g i s t a m i n a t a  compared t o  t h e  autogamous A s i a n  and 
A f r i c a n  r i ce s  i s  a s s o c i a t e d  itit11 t h e  . g r e a t e r  t o l e r a n c e  o f  
t h e  s p e c i e s  t o  e n v i r o n m e n t a l  s t r e s s .  For.. example,  s e e d s  
v a r y  i n  t h e i r  h e a t  s e n s i t i v i t y ,  p r o v i d i n g  s u f f i c i e n t  v a r i -  

' a t i o n  w i t h i n  t h e  p o p u l a t i o n  t o  a l l o i J  some s e e d s  t o  d e v e l o p  
a t  e x t r e m e  t e m p e r a t u r e s  whïch . a r e  u n s u i t a b l e  f o r  t h e  a u t o -  
gamous s p e c i e s .  

The a d a p t a b i a i t y  of  O.  l o n g i s t a m i n a t a  t o  i t s  env i ronmen t  
i s  b o t h  s p a t i a l  and t e m p o r a l ,  i n  t h a t  i t  can. a l s o  a d a p t  t o  
v a r i o u s  p r e s s u r e s  which a p p e a r .  d u r i n g  i t s .  e v o l u t i o n .  .?'lie 
t h e o r y  o f  f i t n e s s  i n  a s t r u c t u r e d  e n v i r o n m e n t  ( L e v i n s ,  
1 9 6 5 )  e x p l a i n s  t h i s  h e t e r o z y g o s i s  i n  a h e t e r o g e n e o u s  
c n v i r o n m e n t .  An a l l e l e  may b e  doni inant  i n  a p D p u l a t i o n  
w h i l e  a t  t h e  sanie t i m e  a l l o w i n g  a g r e a t  d e a l  o f  v a r i a t i o n  
a round  t h e  optimum. 

T h c r c  a r e  r e p r o d u c t i v e  b a r r i c r s  between t h e  autogamous 
oncl t h e  allogamous t y p c s  O C  O. Zongiotaviuata. T h e s c  a l l o w  
O. b r , ? v i Z C g u l u t a  t o  i n v a d c  c e r t a i n  h a b i t a t s  t h a t  hnvc hccn 

. . was h i g h e r  f o r  O. b r e v i l i g u l a t a  t h a n  O . g l u b e r r i m a .  However, 

invaded and e n r i c h e d  by  a n i m a l s  and a t  t h e  same t i m e  main- 
t a i n  o c c a s i o n a l  i n t e r c h a n g e s  w i t h  O.  t o n g i s t a m i n a t a .  

o f  g e n e t i c  f l o w  s e l e c t e d  a t  an a d j u s t e d  l e v e l  by t h e  
s p e c i e s  ( P e r n e s  e t  a t . ,  1 g 7 5 ) .  The homozygos i ty  o f  t h e  
autogamous g r o u p s  makes thcm r e t a i n  o u t  o f  t h e  t o t a l  v a r i -  
a b i l i t y  o n l y  t h o s e '  v a r i a t i o n s  s t r i c t l y  s u i t e d  t o  t h e i r  
h a b i t a t .  Hence t h e  c o n v e r g e n c e  of  t h e  v a r i a b i l i t y  o f  t h e  
A f r i c a n  and A s i a n  autogamaus g r o u p s .  The conve rgence  i n -  
c r e a s e s  d u r i n g  d o m e s t i c a t i o n  when t h e '  s p e c i e s  a c q u i r e  
s t r i c t e r  autugainy, which i s  l i n k e d  t o  a m a n - c o n t r o l l e d  
e n v i r o n m e n t .  
r e s u l t  i n  r educed  enzyme v a r i a b i l i t y .  

moves towards  more d e v e l o p e d  c u l t i v a t e d  t y p e s .  Thus O.  
f a t i v a  h a s  l o s t  some bands  r e l a t i v e  t o  O.gZaberr ima.  The 
c1 iEEeren t i a t i . on  of e c o t y p e s  may c a u s e  t h e  l o s s  of  c e r t a i n  
i sozymes .  
s h i p  be tween  t h e  a d a p t a b i l i t y  o f  a l i n e  and t h e  number o f  
enzymes it c o n t a i n s .  

The g e n e t i c  p o o l  o f . O r y z a  genome A i n  A f r i c a  c a n  b e  
c o n s i d e r e d  t o  b e  o f  tivo t y p e s  a c c o r d i n g  t o  t h e  d e f i n i t i o n s  
o f  P e r n e s  e t  a t .  ( 1 9 7 5 ) .  T h e s e  a r e :  

a )  R e s e r v o i r  compartment :  . O .  l o n g i s t a n r i n a t a :  The 

These  r c p r o d u c t i v e  b a r r i c r s  may be  r e g a r d e d  a s  f i l t e r s  

The a c q u i r e d .  autogamy and d o m e s t i c a t i o n  a l s o  

The s i m p l i f i c a t i o n  o f  zymograms . is  more marked as one 

I t  i s  a l s o  p o s s i b l e  t h a t  t h e r e  i s  a r e l a t i o n -  

p e r e n n i a l  h a b i t  and s e l f - i n c o m p a t a b i l i t y  which a r e  
l i n k e d  w i t h  v e g e t a t i v e  r e p r o d u c t i o n  a l l o w  it t o  
c a r r y  a heavy g e n e t i c  l o a d  ( a l 1 . c l . e ~  t h a t  a r e  s i l e n t  
o r  have  l i t t l e  a d a p t a t i o n  i n  t h e  p r e s e n t  e n v i r o n -  
men t ) .  High h e t e r o z y g o s i s  p r e s e r v e s  many o t h e r  
v a r i a n t s  b e s i d e s  t h e  b e s t  a d a p t e d  dominan t  a l l e l e  
which i s  o f t e n  r e t a i n c d  i n  t h e  autogamous s e c t i o n .  
T h i s  v a r i a b i l i t y  e n a b l e s  i t  t o  s u r v i v e  i n  a n  a r e a  i n  ' 
which t h e r e  a r e  sonic s l o w  e n v i r o n m e n t a l  v a r i a t i o n s  

changes .  

l e a d s  t o  a l o w e r  v a r i a b i l i t y  s u i t e d  t o  a p a r t i c u l a r  
e n v i r o n m e n t .  The r e d u c e d  g e n e t i c  l o a d  g i v e s  a h i g h  
r e p r o d u c t i v e  p o t e n t i a l .  wh ich  e n a b l e s  them t o  s p r e a d  
r a p i d l y  i n  a s c a t t e r e d  m i g r a n t  h a b i t a t  w i t h  d i f f e r -  
e n t i a t i o n  i n t o  e c o t y p e s .  Many r e c e s s i v e  a l l e l e s  a r e  

. f i x e d ,  wh ich  r e s u l t s  i n  p o o r e r  enzyme r e s o u r c e s ,  
e n z y m a t i c  d e g e n e r a t i o n  and r e p r o d u c t i v e  b a r r i e r s  
c a u s e d  by t h e  f o r m a t i o n  o f  p a i r s  o f  cornplcmentary . 

. .  
b u t  i t  d e v e l o p s  b e s t  i n  an a r e a  f r e e  o f  a b r u p t  

! 

. b)  C o t o n i z a t i o n  compar tment :  The a c q u i r e d  autogamy I 

I 

l e t h a l  genEs.  
I n  A i r i c a ,  a f i l t e r  o f  gene  flow" has  a p p n r c n t l y  

d e v e l o p e d  which h a s  p r e s e r v e d  h i g h  h e t e r o z y g o s i t y  i n  t h e  
a l logamous  p o o l ,  a l l o w i n g  s u b s t a n t i a l  s t o r a g e  o f  a l l e l i c  
v a r i a b i l i t y .  
a t a m i n i t u  from t h e  l o c a l i z e d  ecological s i t e  o r  0 . b r e v -  

I t  a l s o  o p e r a t e s  by r e s t r i c t i o n  of' O. t o n g i -  

iligutata. 

: !: :I t n r c  ncvc r t tic 1 c s s  conii c c  t rt! , ani!  II ( 3 ) '  rcp r c s  cri t t h e  
T h c  t v o  s c c t i o n s  form' two 1 ; i r g c l y  i n d c p c n d c n t  c n t i t i c s  
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o v e r a l l  p o o l  o f  v a r i a b i l i t y  of  n a t i v e  A f r i c a n  t y p e s .  
By s t u d y i n g  p o p u l a t i o n s  where  t h e  two s p e c i e s  e x i s t  s i d e  

by  s i d e  i t  w i l l  b e  p o s s i b l e  n o t  o n l y  t o  sample  t h e i r  
r e s p e c t i v e  v a r i a b i l i t y  b u t  a l s o  t o  g a i n  a b e t t e r  u n d e r -  
s t a n d i n g  of  p o s s i b l e  i n t r o g r e s s i o n s .  However,  t o  c o l l e c t  
maximum a l l e l i c  v a r i a b i l i t y ,  i t  i s  p r e f e r a b l e  t o  u s e  t h e .  
l a r g e  p o p u l a t i o n s  of  O. l o n g i s t a m i n a k a  ,which r e t a i n  maximum 
h e t e r o z y g o s i t y .  

d o m e s t i c a t i o n  t o  o b t a i n  t r a n s g r e s s i o n s  f o r  new e c o l o g i c a l  
a r e a s  t h a t  c a n  be  c u l t i v a t e d .  I t  a l s o  may b e  p o s s i b l e  t o  
i n t r o d u c e  new c h a r a c t e r s  i n t o  c u l t i v a t e d  v a r i e t i e s ,  s u c h  a s  
s e l f - i n c o m p a t i b i l i t y .  

S t u d y  of  V a r i a b i l i t y  by  F a c t o r  A n a l y s i s  of C o r r e s p o n d e n c e s  

C o r r e s p o n d e n c e  a n a l y s i s  was u s e d  t o  s t u d y  v a r i a b i l i t y  
w i t h i n  O. g l a b e r r i m a  and O .  b r e v i l i g u l a t a ,  s i n c e  no a p r i o r i  
h y p o t h e s i s  i s  i n t r o d u c e d  on t h e  c h a r a c t e r s  o r  t h e  s a m p l e s ,  
and i t  e n a b l e s  them t o  b e  p r o j e c t e d  s i m u l t a n e o u s l y  on two 
p l a n e s .  The d i s p e r s i o n  o f  t h e s e  p r o j e c t i o n s  on t h e  most  

. d i s c r i m i n a n t  p l a n e s  makes it p o s s i b l e  t o  a s s e s s  and compare 
tHe v a r i a b i l i t y  o f  e a c h  g roup  o f  i n d i v i d u a l s .  

-A t o t a l  o f  858  i n d i v i d u a l s  w e r e ' e x a m i n e d ,  c o l l e c t e d  i n  
t h e  i n l a n d  N i g e r  d e l t a ,  c e n t r a l ,  s o u t h e r n  and s o u t h - e a s t e r n  
M a l i ,  e a s t e r n  S e n e g a l  and Casamance. '  

F o r t y - n i n e  c h a r a c t e r s  were  o b s e r v e d  a t  v a r i o u s  g rowth  
s t a g e s  and t h i r t y - t w o  o f  t h e s e  w e r e  r e t a i n e d  f o r  t h e  a n a l -  
y s i s .  Two d i f f e r e n t  s e t s  o f  p l a n e s  1-11 and 1-111 were 
u s e d  f o r  int.erpretation'(Figures 4 and 5 ) .  

Re su.1 t s 

From t h e  w i l d  p o o l s  one may r e p e a t  t h e ' p r o c e s s  o f  . 

The f o l l o w i n g  v a r i a b i l i t y  i n  agronomic c h a r a c t e r s  was 
o b s e r v e d :  
P 1 a n t  he  i g l i t  69-235 cm ( a v g .  ,148 cm) 
No. s h o o t s  * 4 4 0 0  ( 2 0 - 4 8  w i t h  2 modes,) 
No. p a n i c l e s  a t  f l o w e r i n g  

Avg. no.  nodes  p e r  s t a l k  ' 4 - 1 4  ( 4 . 8 - 1 0  w i t h  2 modes) 
Avg. p a n i c l e  l e n g t h  13-34 cm (avg .  ,25 .3  cm) 
Length o f  c y c l e ,  p l a n t i n g  90-210 days  ( a v g .  s h o r t .  c y c l e ,  

t o  m a t u r i t y  120 d a y s ;  p h o t o p e r i o d - s e n s -  
' i t i v e  t y p e s  d u r i n g  s h o r t  d a y s ,  
1 4 0 .  d a y s )  

4-75 p e r  p l a n t  ( 2 3 - 2 8  w i t h  2 
modes) 

Lodging 307 l o d g e d ;  5 5 l . n o t - l o d g e d  
Shedd ing  4 S 2  s h e d d i n g ;  4 7 6  non- shedd ing  

t o  e r . ec t  and f l o a t i n g  e c o t y p e s .  
I n  g e n e r a l ,  t h e  o b s e r v a t i o n s  of two modes c o r r e s p o n d e d  

INDIGENOUS AFRICAN RICES 
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Fig. 4. Characters used i n  fac tor  analysis by correspondences and 
t h e i r  projection on axes 1-111. 

t u  

Fig. 5 .  Characters used i n  factor  annlysis by correspondences and 
: - * l r  projcc: ion on n x c s  1 - 1 1 .  
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m c d i a t e  forms be tween  w i l d  and c u l t i v a t e d  t y p e s  o c c u r ,  h a s  
t h e  maximum v a r i a b i l i t y  f o r  t h i s  s p e c i e s .  I n  t h e  c e n t r a l  
a r e a  o f  S e n e g a l  t h e r e  i s  a wide r a n g e  of  c u l t i v a t e d  t y p e s ,  
r a n g i n g  from n o n - f l o o d e d  t o  Ç l o a t i n g  t y p e s  ( F i g u r e  7 ) .  I n  
each  r e g i o n ,  O. b r e u i l i g u l a t a  c o v e r e d  o n l y  a smal l  p o r t i o n  
o f  t h e  v a r i a b i l i t y  of  0 . g Z a b e r r i m a .  I n  t h e  p l a n e  1-11, 
t h e  s p e c i f ' i c  c h a r a c t e r s  o Ç  O .  b r e v i l i g u l p t a  were much l e s s  
d i s c r i m i n a n t  t h a n  i n  t h e  p l a n e  1-111, g i v i n g  a v a r i a b i l i t y  
f o r  t h e  w i l d  s 2 e c i e s  comparab le  t o  t h a t  o f  t h e  c u l t i v a t e d .  
I n  a r e g i o n  by r e g i o n  a n a l y s i s ,  t h i s  i s  n o t  s o  a p p a r e n t .  

a x i s  I I ,  whereas  t h e  d i s p e r s i o n  o f  t h e  s o u t h e r n  and c e n t r a l . .  
a r e a  i s  a t  i t s  h i g h e s t  on a x i s ,  I .  
most  a f f e c t e d  by d o m q s t i c a t i a n .  

,The w i d e s t  r a n g e  of  v a r i a b i l i t y  of  t h e  d e l t a  a r e a  i s  on 

R ice  i n  Casamance i s  

Dispersion of t h e  c h a r a c t e r s  

O .  g l a b e r r i m a  i s  much more v a r i a b l e  t h a n  O. b r e u i l i g u l a t a  
whose v a r i a b i l i t y  is c o n t a i n e d  c o m p l e t e l y  w i t h i n  t h a t  o f  
O. g l a b e r r i m a  ( F i g u r e  6 ) .  Most of  t h e  O .  b r e v i l i g u l a t a  
s a m p l e s  a p p e a r  t o  b e  weedy fo rms  which a r e  v e r y  s i m i l a r  t o  
t h e  c u l t i v a t e d  s p e c i e s .  However, some c h a r a c t e r s ,  s u c h  a s  
a r i s t a t i o n ,  and l e a f  p i l o s i t y  a r e  d i s c r i m i n a t o r y .  

The c h a r a c t e r s  of  r o o t s  on n o d e s ,  numbcr o f  n o d e s ,  
l o d g i n g ,  s e e d  s h e d d i n g ,  c o l o u r e d  s t e m  s h e a t h  and r a m i f i e d  
s t cms  d e s c r i b e  t h e  f l o a t i n g  h a b i t ,  whcrcas  t h e  c o n v e r s e  
fo rms  d e s c r i b e  t h e  e r e c t  t y p e .  F l o a t i n g - l a t e  and e r e c t -  
e a r l y  t y p c s  were o b s e r v e d  i n  a l l  r e g i o n s  s u r v e y e d .  
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Fig. 6. Comparison of  samples of 0,glaberrina (-) and 0.breviZigulata 
( o ) , . w i t h  character s i t e s  (A] p l o t t e d  bn axes 1-111. 

C h a r a c t e r s ,  t h a t  a r e  u n s u i t a b l e  f o r  c r o p p i n g  such  a s  , 

l o d g i n g ,  a r c h e d  s t e m  b a s e s ,  r a m i f i e d  s ten is  and s e e d -  
s h e d d i n g  werc p r e s e n t  on many f l o a t i n g  t y p e s  c o l l e c t e d  
from t h e  i n l a n d  N i g e r  d e l t a .  Conver se  c h a r a c t e r s  were 
common i n  s a m p l e s  f rom Casamance where t h e r e  e x i s t s  a l o n g  
t r a d i t i o n  of r i c e '  c u l t i v a t i o n  w i t h  more advanced c u l t u r a l  
p r a c t i c e s .  . 

An a n a l y s i s  by r e g i o n s  (d i ag rams  n o t  p r e s e n t e d )  ' showed 
t h a t  c a s t  S e n e g a l  has t h e  l e a s t  v a r i a b i l i t y  f o r  O. 
gZabcrrima. The  i n l a n d  Nige r  d c l t n  where a l l  t h e  i n t e r -  

Fig.  7. Variabi l i ty  of  O.gZaberrima (o)  and  0.breuiZigulata (-) 
samples from central  Mali, with character s i t e s  ( A )  p l o t t e d  on axes 
1-11. 

P r a c t i c a l  A p p l i c a t i o n  o f  V a r i a b i l i t y  

genous r i c e s  a r e  t o  use  o . g l u b e r r i m a  i n  a s s o c i a t i o n  w i t h  
0 . s a t i v a  and t o  improve 0.gZaberr ima i t s e l f ,  r e l a t i v e  t o  
o. s a t i v a .  

b c n e i i c i a l  c h a r a c t e r s  o f  e i t h e r  p a i c n t  c o u l d  bc i n c o r p -  
o r n t c d  w i t h  a p p r o p r i n t c  b a c k - c r o s s i n g  t o  a v o i d  loss oT 
desirable c h a r n c t c r s .  A l t c r n n t  ¡ v e l ) - ,  o new s p e c i e s  c o u l d  

The aims of an improvement programme i n v o l v i n g  i n d i -  
I 

I 

i 
I 

I n  u s i n g  0.gZaberr ima i n  a s s o c i a t i o n  w i t h  O . o a t i u a ,  t h c  
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b e  c r e a t e d  b y  t e t r a p l o i d y .  O.g luberr ima  i s  f a v o u r e d  b y  
some West Af r i can  f a r m e r s  b e c a u s e  o f  i t s  a d a p t a t i o n  t o  t h e  
a r ea  and a l s o  b e c a u s e  o f  i t s  c o o k i n g  q u a l i t i e s . -  Hence,  

, v a r i e t a l  improvement  o f  t h i s  s p e c i e s  a l o n e ,  as h a s  been  
done  f o r  O . s a t i v a ,  m i g h t  b e  u s e i u l .  

In  h y b r i d i z a t i o n  b e t w e e n  O .  s a t i v a  and O.g labsr? ima ,  a 
h i g h  p r o p o r t i o n  of  s t e r i l i t y  among t h e  p r o g e n y  o c c u r .  
J a c q u o t  ( p e r s .  comm.) r e p o r t e d  h i g h  s t e r i l i t y  i n  F I  pop- 
u l a t i o n s  i r r e s p e c t i v e  o f  t h e  d i r e c t i o n  o f  c r o s s i n g .  I n  FP, 
f e r t i l i t y  v a r i e d  and  i n  FI,, i t  v a r i e d  w i t h i n  t h e  l i n e s ,  b u t  
b r e e d i n g  f o r  f e r t i l i t y  was p o s i t i v e .  D i a l l e l  c r o s s e s  
s h o u l d  e n a b l e  c o m p a t i b l e  a n d  i n c o m p a t i b l e  genome s t r u c t u r e s  

C o n c l u s i o n  

? t o  b e  i d e n t i f i e d .  

E x t e n S i v e  i n v e s t i g a t i o n s '  i n  Mali and  Sene-Gambia d u r i n g  

1. T h e r e  a r e  two f o r m s  o f  O . b r e v i l i g u Z a t a ,  a r e l a t i v e l y  
r a r e  w i l d  t y p e ,  a n d  a f r e q u e n t l y - e n c o u n t e r e d  weedy 
t y p e .  Homologous v a r i a t i o n  was o b s e r v e d  i n  weedy 
O. b r e v i t i g u l a t a  a n d  O.g luberr ima  i n  t e r m s  o f  t h e i r  
g e o g r a p h i c a l  d i s  t r i b u t i o n  and  t h e i r  d i v i s i o n  i n t o  two 
e c o t y p e s ,  e r c c t  and  f l o a t i n g .  

i g u l a t a  t h a n  i n  0 . g l a b e r r i m a  and i t  i n c l u d e d  t h e  
l a t t e r .  

3. The a l l o g a m o u s  s p e c i e s  O . t o n g i s t a m i n a t a  showed h i g h  
e n z y m a t i c  v a r i a b i l i t y .  Autogamous Afr ican  and A s i a n  

. s p e c i e s  showed a l o w & r  and c o n v e r g i n g  v a r i a b i l i t y .  
4. T h e r e  i s  a maximum g e n e t i c  v a r i a b i l i t y  i n  0 . l o n g i -  . 

s t a n i n a t a ,  which  i s  a l a r g e  a n d  polymorphous  p o p u l a -  
t i o n .  Some p o p u l a t i o n s  o f  t h i s  s p e c i e s  s h o u l d  b e  
c o l l e c t e d ,  s a m p l e d  w i t h  p r e c i s i o n  and  e x p l o i t e d  as 
much as p o s s i b l e .  

5. The v a r i a b i l i t y  o f  t h e  A f r i c a n  autogamous s p e c i e s ,  . 
O. b r e v i t i g u t a t a  ( w i l d  and  weedy t y p e s ) ,  O.g luberr ima  
a n d  O . s a t i v a  is  g e o g r a p h i c a l l y  s c a t t e r e d .  Sampl ing  
s h o u l d  b e  done  t h r o u g h o u t  t h e i r  a r e a s  o f  d i s t r i b u -  
t i o n .  I n  p a r t i c u l a r ,  0.glabcrrima s h o u l d  b e  c o l l e c -  
t e d  w h e r e  i t  h a s  r e s i s t e d  i n t r o d u c t i o n  o f  0 . s a t i v a .  
The w i l d  f o r m  o f  0 . b r e v i Z i g u l a t a  s h o u l d  b e  c o l l e c t e d  
o u t s i d e  t h e  a r e a s  o f  c u l t i v a t i o n  o f  0 . g l a b e r r i m a .  

I t  i s  c o n s i d e r e d  t h a t  t h e  r a n g e  o f  g e n e t i c  d i v e r s i t y  i n  
i n d i g e n o u s  A f r i c a n  r i c e s  a n d  t h e  a b i l i t y  o f  t h e s e  s p e c i e s  
t o  w i t h s t a n d  s t r e s s e s  commonly e n c o u n t e r e d  i n  t h e i r  e n v i r -  
onment o f f e r  c o n s i d e r a b l e  p o t e n t i a l  f o r  t h e i r  u s e  i n  v a r i -  
e t a l  improvement  programmes f o r  b o t h  0 . s a t i v a  a n d  O. 
g l u  b e r r  ìma. 

1974-1976 showed t h a t :  

2 .  The e n z y m a t i c  v a r i a b i l i t y  was h i g h e r  i n  O.brev i1 -  

. .  
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A f r i c a n  r i c e ,  O.gluberrima, was d o m e s t i c a t e d  i n  p a r t s  o f  
West A f r i c a  a b o u t  3 , 5 0 0  y e a r s  ago ( P o r t e r e s ,  1 9 5 6 ) .  I t s  
o r i g i n  was i n d e p e n d e n t  o f  Asian r ice  a n d  it was d o m e s t i c a -  
t e d  from a d i f l e r e n t  w i l d  p r o g e n i t o r ,  O . b a r t h i i  ( s y n .  O. 
breuitigutata) . Today,  i n t e r g r a d e s  be twcen  t h e s e  two 
s p c c i e s  a r e  found and a re  known as wced fo rms  o f  O.barthii 
(Eezancon et a l . ,  1 9 7 7 a ,  197713) o r  as 'Gtapfii' forms 
(Chang, 1 9 7 6 ) .  They a re  b a s i c a l l y  h y b r i d s  o f  d i f f c r e n t  
d c g r e e s  and a r c  n o t  a s p e c i e s .  
s p e c i e s  cndemic t o  A f r i c a ,  are  o t h e r  i n d i g e n o u s  s p e c i e s ,  
t h e  most c l o s e l y  r e l a t e d  o f  which i s  O . l o n g ? : o t a m i , ~ a t a ,  a 
p e r e n n i a l  r h i z o m a t o u s  s p e c i e s  of w i d e r  d i s t r i b u t i o n  ( F i g .  1 )  

I n  a d d i t i o n  t o  t h c s c  

Glaberrima Breviligulala Long islaminota 

Fig. 1. Distribution of O. Zongistcnh"a, O.brm$Z-$lcZata and O. 
gkbe&a i n  Africa. 


