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INTRODUCTION 

Along ' w i t h :  wa te r> . - . n i t rogen . .  is..~.oa.e,.l af- the.: two.. maj o r  

f a c t o r s go v. e r n  i ng .., p l a  n t ,- prod  ue.t+.kL&yz.--~T.h,e-. n i s ro  gen 

r e q u i r e m e n t s  o f  .-p l a n t s  .... ar.e::.cona.ideua~~_~~-f o r .  example ,  

i n  o r d e r  t o  p r o d u c e :  1.0.0.. kg of.: gra2:n.+,irbre: r e q u i r e s  

1 . 8  t o  2 .kg...of ... ni t r ,ogen ' . . . rega  ,E d;l-e ~.. ~ ~ o f - r ~ . h a r . . . t ~ p e  . of s o i l  

and t h e  da t e . . f . o r  .plant ing. ; . .  ( 3?a~na .~k? : . aa ,d . .Rao ,  -.1 9 7 9 )  . 
A h a r v e s t  of  4 T .of .. r i c e .  ..perz.heetare;.necessitates 80 kg  

o f  n i t r o g e n .  N i t r o g e n  .abs&.rbed.. .by. .  t h e  . p l a n t  comes f rom 

t h r e e  soul tces  : reserves. , .  of -.soil: n . i t r o g e n .  . ( o r g a n i c  

m a t t e r  n i t r o g e n  and i n o r g a n i c :  soil n i t r o g e n ) ,  f e r t i l i z e r s  

s u p p l i e d  by  t h e  f a r m e r ,  o r  b i a l o g i c a l - n i t r o g e n  f i x a t i o n ,  

However, b e c a u s e  s o i l  . n i t r . o g e n .  x e e s e r v e ~ ,  are. l i m i t e d ,  i t  

1 s  n e c e s s a r y  t o  u s e , n i t r o g e n  f e r t i l i z e r s .  T h e s e  f e r t i -  

l i z e r s  a r e  e x p e n s i v e ,  a s  e n e r g y  r e q u i r e m e n t s  f o r  t h e i r  

s y n t h e s i s  a r e  h i g h  (approximateLy*-  I.6,hl o f  . n a t u r a l  g a s  
. - -- -- - .- 

i s  consumed- i n . - . t h e  synthesis.:;;.o.f - l ..kg;.. o f - a n h y d r o u s  

ammonia) , Mor,eover, ... the3?'- ,mtlat;^b,e,YPlSZ~ha-.~~d..wi~h. h a r d  

c u r  r e n  cy ; . Bec au  s e b i.0, Lo g b c a l  ,=-nk.t z,aga n., .Eix,a.f&% P n p r  e s e n t  s 

an  a p p e a l i n g  alternativ.e.:. . .t ,o: ...€ er.t: i . l , ize~~s;~: .~ h,pch. work h a s  
u 

. %l. 
b e e n  d e v o t e d  - . to  . , .har.ness,in .-fs..prooees...  : I' . 

One s o l u t i o n ,  t h a t - h a  ef;lwase,d;.fo,r.. many c e n t u r i e s  

i n v  o Iv  e s i n c  o r.p o r a t  i n g  t h e  I sha,atsLo:f -z .g.a n,- f i xi n g 

p l a n t s .  i n t o  t h e  s o i l ,  ~ w i t h i l . p ~ a n ~ ~ ~ ~ e . ~ ~  s e r v i n g  a s  

an  o r g a n i c  n i t r o g e n  f e r t - b l i x e r c  hence t e r m  g r e e n  

manure",  . . . .. . . ,, . .%i 

. .i * 

. .  

1P 

F o r  s e v e r  a l  c e n t u r i  es ;. - na &.ab.;l:y.zin: L h e .  . P a r .  Eas  t 

many n i t r o g e n - f i x i n g  ... p l a n t s  hase . .been .  us e.d.:, e i t h e r  

legumes , s u c h  as  A s t r a g a l u s  s in i@a~s , - .Sasban~a. .  acu'taa.tea, 
S e  paZudosa,  S. cannabina ,... CY?O~:12:2 tz~~a:...$ urzc~.~,.. C.. s t r i a t u ,  
V i c i a  era ce aJ ... M e d i  ougo -.h.i.sp2 da,: 
and Rao , . 1979 ; V a c h h a n L  and::M-riFt,y.s .L-1 .96.4.;. . .  , #a t anabe  L and  

App, "1 97 9)  , :.or - non1egumes, .... suGh;,.aS: : Coriau?<.a. .s<nica 

.;.:' o f f$:&x~q.Zis.  ' ( P a t  n a  ik 

(Watanabe,  1 9 8 0 ) .  T h e - p l a n t L  kha t l  has  p r o b a b l y  b e e n  most 
i 
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o f t e n  u s e d  a s  a g r e e n  manure i s 'As t raga2u i3  s:.inieua, 
which i s  cultivated. duxinrg  t h e  wln-~ase. .amd. i n c o r p o r a t e d  

into t h e  s o 2 1  20 d a y s  b e E o r e : r i c e . i s  p l a n t e d ,  Encor -  

p o r s t i o n  o f  p l a n t  r e s i d u e s .  am0wni"c.s~ ta- 20 t o  . - 3 8  t o m a  o f  

f r e a h  weight- p e r  +bace:are$ i e., 

o f  n i t r o g e n - p e s - h e e t a ~ e   a ata naba,,- %1980$ o p r o g r e s s  

h a s  r e c e n t l y  been ,aade : :  i n  + t h l i s :  f k s J d  . im,,Senegal with 

the d i s c o v e r y .  of*.Sesba?$<a r a a h w k a ,  a. stam-nodulated 

l e g u m e ,  An a d v a n t a g e  a E p  t h E s  legume .is t h a t ,  b e c a u s e  

Tt n o d u l a t e s !  b o t h  o n  rss ts  and stems., it f i x e s  

a p p k s x ' i m a t e l y  i O 0  k g  

nitrogen more '  actively. than .other: -.knawn legumes, 

I n  t h i s  b o o k l e t ,  we begin ,bg-  presenting t h e  s t a t e  

o f  t h e  a r t  o f  t h e  b i o l o g y  o f  Sesaban6.a ~ ? s s t r a : % a ,  Next, 

we present. che p r e L i m i n a r y  r e s u l t s .  of ~ e x p e r f m e n t s  in 

t h e  u s e  of SesbanCa l?bj's5.yaata as  gceen.-manure i n  p a d d y  

fields, P i n a l E y , .  w e  p r o p s s ; e : . g u l d e 9 i n e s .  for. f i e E d  

t r i a f s  a i m e d  at i n t r c i d u c e n g  ~ e s t ~ c m i a  r b s t r a t a  in 
t r o p i c a l  a g r i c u l t u r e ,  



CHAPITER 1 BIOLOGY8 O P  THE N I T R O G E N - F I X I N G  S Y Y B I O S L S  

BESBANIA RQ.SYRATA-RHIZOBIUM - - e -  

l e  Dese (Fig, 1 and 2)  - 
The most d i s t k n c t i v e .  c h a r a c t e r $ s t i e .  o f  Sesban&a 

ros2rcctcx. i s  t h e .  p r e s e n c e ~ o f  ; -+rede termined-  n o d u l a t i o n  

s i t e s  - o n  t h e  s tems o T h e s e - s i t e s  r e s e m b l e . s m a l 1  p o i n t s  

a r r a n g e d  i n  v e r t i c a l  L inea  e x t e n d i n g . u p  t h e  s t em,  When 

i n f e c t e d  by t h e  -s.pecific.-Rhi~.ob~um,.. t h e s e  s i t e s  form 

n i t r o g e n - f i x i n g  nodu les , . known  a s  stem n o d u l e s a  

. . . . .  -. . . . . . . . . . . . . . . .  

2, C l i m a t e  and so.-l.- . . . . . . . .  ... equiremen.  - _. . .s; of , - .Sasban ia  . .  .- rPoatpa.ta 
Sesbania  .aostrakt;a.  i s . :  a. .wild. . .pJ.ant.  t h a t  h a s .  n o t  y e t  

been  ra e l e c  t ed .. f o r .  . paan t  -.br e e d i n g  s . tud k e s  .. C1 ima te  and 

s o l l  r e q u i r e m e n t s  .,muat;; he  ... taBen..fn.eo. . :cons i d e r a t i o n  i n  
i t s  c u l t i v a t i o n .  

and c o l d  a e a s a n , C n e c e ~ b @ r i t ~ . M a r c h S  growth i s  p o o r ,  I 

f Lowering .takes...plaeeE:.. abnormally- e a r l y ,  and n o d u l a t i o n  

i s  d i f f i c u l t .  - .  . - - - . .  

T h i s  v a r i a t i o n  in t h e . b e h a w i o r  of  Sag b a n i  a 
r o s t r a t a  d u r i n g  the.dEfferent:seasons-can-be a t t r i b u t e d  

t o  its s e n s i t i v i t y - ~ o . p h o t g ~ @ r ~ o d ~ - t e m p e r a t u r ~ ~  and 

humidity, this. l a s t  ~ f a , c t o r - a p p e a r i n g .  t o  p l a y  a major  

role i n  s t e m  i n f e c t i o n  by Rhizobium,  



i s  knovn  i n  advance; .1 - 

g r o w t h  o f  the atem.and.zemain i& i s r  e -_ 2-0 

RhCsobCum inf ecciola . . t h roughou  life o f  t h e  

2 )  t h e y  are formed ~ c o p  tinuovs 

p l a n t  o FI 

T h u s  n o d u l e  formation e a n ~ " a e e ~ E , a t _ a n ~ , t ~ m e  d u r i n g  - 

the growth c y c l e ,  which -is -undoubted1 aad,important, 

e c o l o g i c a l  a d v a n t h g e  of-ebe.Sas%anZ 



F i g .  1. S e s b a n i a  r o s t r a t a  ( B r e m ) .  D r a w i n g  by J. B e r h a u t  (1976. )  

'. 
L 



“o- 

F i g .  2. Within 4 months S e s b a n i a  r o s t r a t a  can grow ‘up to 

3-4m, a s  shown above.  Used a s  green-manure,  t h i s  

p l a n t  i s  chopped i n t o  p i e c e s  and i n c o r p o r a t e d  i n t o  

t h e  s o i l  when i t  i s  50 days o l d  and  1.5m h i g h .  

\ 



- -  

\ 

F i g .  3 .  Stem o f  S e s b a n i a  r o s t r a t a  e x h i b i t i n g  a row o f  

n o d u l a t i o n  s i t e s  r e s e m b l i n g  s m a l l  p o i n t s  ( f r o n t )  

a n d  a row o f  n o d u l e s  o r i g i n a t i n g  f r o m  t h e  i n f e c t i o n  

o f  n o d u l a t i o n  s i t e s  by s t r a i n  ORS 5 7 1 ,  t h e  s t e m  

Rh izob ium s t r a i n  ( r i g h t  s i d e ) .  



F i g .  4 .  A. The d e v e l o p i n g  n o d u l a t i o n  s i t e  r e s e m b l e s  a p r o t u b e r a n c e  

. o n  t h e  s t e m .  

B .  T h e  f u l l y  d e v e l o p e d  u n i n o c u l a t e d  n o d u l a t i o n  s i t e  w i t h  

i t s  e p i d e r m a l  dome p i e r c e d  b y  a n  i n c i p i e n t  r o o t  ( r o o t  

p r i m o r d i u m ) .  B a r  r e p r e s e n t s  25pm (Duhoux a n d  D r e y f u s ,  
198i). 



F i g .  5 .  L o n g i t u d i n a l  s e c t i o n  o f  u n i n o c u l a t e d  n o d u l a t i o n  s ices  s h o w i n g  

t h e  c i r c u l a r  f i s s u r e  (CA.) f o r m e d  w h e r e  t h e  r o o t  p r i m o r d i u m  (EB) 

e m e r g e s  " t h r o u g h  t h e  c e n t e r  o f  t h e  e p i d e r m a l  dome. B a r  r e p r e s e n t s  

50pm ( T s i e n  e t  a 1 . , 1 9 8 3 ) .  -- 
A I  

I 

, 
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4 .  D o u b l e  N o d u l a t i o n  o f -  Sesbcinia r o s t r a t a  
Sesbania: ros&xaka  can b e a r .  n o d u l e s - - o n  r o o t s  a n d  

stems a t - t h e  same t i m e ,  

I . .  

4 , l .  R o o t  n o d u l e s  ------------ 
When grown  i n  n o n - i n u n d a t e d - s o i l ,  t h e  young  

Sssbania rostrata (15  d a y s  t a .  1 .mon th -oSd)  d i s p l a y s  

two t y p e s  o f  r o o t  n o d u l e s ,  A t  t h e  l e v e l  o f  t h e  c rown  

a n d  a t  t h e  b a s e  o f  t h e  m a i n ( t a p ) r o o t  a c l u s t e r  o f  ]-arge, 

e l o n g a t e d  n o d u l e s  a p p e a r s - w i t h  an a p i c a l  m e r i s t e m ,  

These n o d u l e s  h a v e  two o r  t h r e e  l o b e s  a n d  m e a s u r e  

f r o m  0,2 t o  1 ,5cm i n  l e n g t h .  A n o t h s r  t y p e  o f  r o o t  

n o d u l e s  a p p e a r  l i k e  b e a d s  an a s t r i n g  o n  l a t e r a l  r o o t s n  

These n o d u l e s  a r e  s p h e r i c a l ,  s m a l l *  ( I  t o  2mm i n  

d i a m e t e r ) ,  a n d  n u m e r o u s .  When t h e  p l a n t  g rows  o n  

i n u n d a t e d  soil, t h e - l a r g e  n o d u l e s - f r o m  che c rown  d i s a p -  

p e a r  r a p i d l y  and  o n l y  t h o s ~ e ~ n a d u l e s - l o c a t e d  o n  t h e  

s u r f a c e  o f  t h e - l a t e r a l - r o o t s . r e m a i n . . T h e % e . P o o t s  float 

i n  water a n d  b e a r - - m a n y - n o d u f e s  -.w%th-.a g r e e n  c o r t e x .  

The t o t a l - w e i g h t  o f  t h e s e  n o d u l e s  remains low h o w e v e r  

( 2  to 4 g)  compaued t o  t h a t  s f - s t e m  n o d u l e s  

( 1 5  t o  40 g ) .  

4 . 2 .  , S t g ~ - ~ ~ d ~ ~ ~ ~  
$1 ,Pl 

ia?!! na . ture ,  s t e m  :nodul .es  - o f  t e n  .- a p p e a r  . . s p o n t a n e o u s l y  

o v e r  t h e  w h o l e : . l e n g t h .  o f . . . t h e  . p l a n t ,  i n c l u d i n g  l a t e r a l  

b r a n c h e s  ( F i g .  . . ,6.)  . D i s t r i b u t i o n .  of . .  t h e s e . .  s t e m  n o d u l e s  

i s , o f t e n  i r r e g u l a r ,  : .howeve r"*.... D u s t . . s e e m s  t o  p l a y  a 

s i g n i f  i c a n t  ... r .oLe-  in: s p o n t a n e o u s . . . n o d u l a t i o n  o f  s tems ? .  

as  ' p l a n t s  t h a t - g r o w .  a l o n g  . d i r t . . r o a d s . .  a r e  g e n e r a l l y  m o r e  

n o d u l a t e d  t h a n : .  o t h e r : - , . p l a n t s  ... : O t h e r . - . u e c t o r s .  t h a t  may b e  

s i g n i f i c a n t  - i n e l u d e - i n s e c t s , . .  a n d . . r . a i n .  . N o t .  all n o d u l a t i o n  

s i t e s  a r e  sp,ont.a-n.e-o.u.s9gr..-inf e c t e d , . .  a n d  t h e  number  a n d  

w e i g h t  o f  s tem n o d u l e s . . m a y . v a r y . f r o m  o n e . p l a n t  t o  

a n o t h e r  S o m e - n o d u l e s  ar.e. s p h e ~ i c a L , . - w h i l e  o t h e r s  a r e  

i r r e g u l a r .  The r e d  c e n t r a l - z o n e ' i s  s u r r o u n d e d  by  t h e  

f 
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~ . . , I ,  , 

green cortex-, . D E a m e . t e r - o f - . t h e U n o d u l e s l  ranges f r o m  

0 , 3  to O , S c m , . a n d , m a t u r e ~ g E a n t s  of..3. to-4m high can 
beat- nodules weighing up t o t - 4 0 g . .  in-fresh weight, 

. ^*.. . * - .  . 

5 o Genesis of s-l;em, nodules 
R hi z oh i a I neve E - Eaf e et L. th e - ao du 1 a t. i Q n _. 6 I T e s f r om 

inside;-they-reaeh.the, t-~pl~imordium-through ~ the 
fissure encircling - it(F e o n s i s t s  o f  

three distinct stages:. 
1 )  D e v e l o p m e n t . o f ~ ~ n t e r c e l l u l a r ~ ~ o c ~ ~ ~ ~  o f  

infection and-dedïfferencïation o f  the. 

meristematic zone; I n i t i a l l y  rhizobia are 
attached t o  the surface-of the cells located 
at the base-af-the root-primordfum în the 
cFrcular fi~s%re. . . L a t e r . , - t h e y - p e n e t P a t B  the 

intercellular ~ space-,where they -multfply in 
large-numbera,.forming-poeke~s of infection 
(Pig, 7)  At. t h e .  same- t i m e ,  a dff f erencfatfon 
of some:coEtex..eells..of-~~e root primordium 
o c c u r s  through-aa-aetivating mechanism which 
is still.nat-known,- The. x e a u l t i n g  meristematic 
c e l l s  are then-infected, by-,the rhizobia, 
2)- Development . o f  ~ infection’ thre s .  Infection 
threads ori.ginate-from.the inter 
pockets of infection ( F i g ,  S),-These c h r e a d s  

dîvide. into seveEal-branches. that penetrate 
the .merïst.qnatfc- cellso 
3)- InrraeelPuLar -infeetian,. R h i z o b i a  are yu 7 ,  i . 

.L. 

released from, the- . iaf  action- th reads  into the 
cell. cytoplasm:5 - o r  -6& days..af.tez infection 
s t a r t s  ...( P i g ,  93. When enclosed.dn.the membrane 
envelope (F.ig ~ 1 ..the rhizobia b e g i n  to fix 
nitrogoh symbFotfealEy,,.Wben-the rhizobia 
have. reached~-fhia;stage: (“known, a.s ~ the bacteroid 
stage), the,aadulea-exhlbit-th~ characteristic 
red c o l o r  of leghemoglobin- (Bigal 1 )  and r-hey 

begin fixing nitrogen. 



F i g .  6 .  S p o n t a n e o u s  n o d u l a t i o n  o f  a s t e m  o f  S e s b a n i a  r o s t r a t a  

as  o b s e r v e d  i n  n a t u r e .  Bau r e p r e s e n t s  1 cm. 



': . 

Fig. 7. M u l t i p l i c a t i o n  of r h i z o b i a  i n  i n t e r c e l l u l a r  s p a c e s  3 d a y s  

a f t e r  i n o c u l a t i o n  s i t e s  have b e e n  i n o c u l a t e d  ( T s i e n  e t  a l . ,  

1 9 8 3 ) .  



F i g .  8 .  I n f e c t i o n  t h r e a d  d e v e l o p m e n t ,  XlOOO ( T s i e n  e., 1983) 



F i g .  9. I m m e d i a t e l y  a f t e r  b e i n g  r e l e a s e d  f rom t h e  i n f e c t i o n  t h r e a d  

w i t h i n  t h e  h o s t  c e l l . r h i z o b i a  a r e  e n c l o s e d  i n d i v i d u a l l y  I 

w i t h i n  a membrane,  X 2 4 . 0 0 0  ( T s i e n  et &., 1983)  



.-  
I 

F i g .  10. S i x  days a f t e r  i n o c u l a t i o n ,  t h e  h o s t  cytoplasm i s  i n v a d e d  

by t h e  r h i z o b i a  X 9.000 ( T s i e n  e t  a l . ,  1 9 8 3 ) .  
L- 



\ 

F i g .  11. S e c t i o n  of  a m a t u r e  n o d u l e .  B a r  r e p r e s e n t s  0 . 5 ” .  

I. 

h , 
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The mode o f  i n f e c t i o n  o f  Sesban ia  .ro.stpata s t ems  

< s - ' t k u s  u n i q u e  among t h e  l e g u m e s ,  as  i t  i n v o l v e s  b o t h  

a n d  i n t e r c e l l u l a r  i n v a s i o n  b y  r h i z o b i a , .  .as i n  p e a n u t s  

a n d  t h e  d e v e l o p m e n t  o f  i n f e c t i o n  t h r e a d s ,  a s .  i n  t e m p e r -  

a t e  l e g u m e s .  I n  c o n t r a s t  w 9 t h  t e m p e r a t e . l e g u m e s ,  

i n f e c t i o n  i n  Sesban-La r o s t r a t a  d o e s  n o t  o c c u r  t h r o u g h  

r o o t  h a i r s .  

6 ,  Rhizobium s t r a i n s  o f  Sesban ia  r o s t r a t a  .. - 

Two t y p e s  o f  s t r a i n s  have b e e n  i s o l a t e d :  s t e m  

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

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

t h e  s t e m  s t r a i n s  ( t y p e  ORS571) a r e  f a s t - g r o w i n g ,  t h e y  

d i f f e r  f r o m  t e m p e r a t e  f a s t - g r o w i n g  a n d  t r o p i c a l  s l o w -  

g r o w i n g  r h i z o b i a .  -Thus t h e y  p r o b a b l y  c o n s t i t u t e  a new 

s p e c i e s .  

A p h y s i o l o g i c a l  s t u d y  showed t h a t  s t em s t r a i n  

O R S 5 7 1  i s  a b l e  t o  grow w i t h  a t m o s p h e r i c  n i t r o g e n  as  

s o l e  n i t r o g e n  s o u r c e  ( D r e y f u s  e t  a l . ,  1 9 8 3 ) .  T h i s  

p r o p e r t y ,  u n i q u e  among a l l  o t h e r  known r h i z o b i a ,  h a s  

a l l o w e d  u s  t o  o b t a i n  n i f -  m u t a n t s  o f  s t r a i n  O R S 5 7 1  b y  

u s i n g  s t a n d a r d  g e n e t i c  m e t h o d s ,  N i t r o g e n  f i x a t i o n  g e n e s  

Ó f  t h e  w i l d  s t r a i n s  h a v e  b e e n  c l o n e d  i n  a p l a s m i d .  

F o l l o w i n g  c o n j u g a t i o b  a n d  t r a n s f e r t  o f  ' t h i s  p l a s m i d  t o  

a n i f  m u t a n t ,  g e n e t i c  c o m p l e m e n t a t i o n  was o b s e r v e d  

b o t h  e x  p l a n t a  a n d  ( E l m e r i c h  e t  a l . ,  1 9 8 2 ) ,  

t -  

T h e  l i q u i d  n u t r i e n t  medium f o r  t h e  s tem s t r a i n  

ORS571 i s  composed  as  f o l l o w s :  N a  l a c t a t e :  10 g ;  

(NH4)2S04: 1 g ;  K2HP04: 1 , 6 7  g ;  K H 2 P 0 4 :  0 , 8 7  g ;  

M g S 0 4 :  0 . 2  g ;  N a C l :  0 . 1  g ;  P e C l 3 :  4 mg; y e a s t  e x t r a c t :  

1 g .  pH i s  a d j u s t e d  t o  6 . 8  a n d  t h e  medium i s  a u t o c l a v e d  

'at 1 2 O o C  f o r  2 0  m i n u t e s .  T h e  same medium i s  u s e d  

w P t h  a g a r  f o r  c u l t u r e s  i n  P e t r i  d i s h e s .  
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.'f ' 7. I n o c u l a t i o n  . , . >. "*.  .,- 1 - . .  . , . . . 
As we have i n d i c a t e d  e a r l i e r  ;r(.p...$.3 . . - ~ p o n t : a n e o u s ,  

i n o c u l a t i o n  o f  stems is: a ~ ~ a p s z i r ~ e g u ~ a z , . ~ T b u s ,  - . ino-  

c t l l l a t î o n  o f  stems i s .  g e n e r a l l y -  recommended, . -as  .ia. ' 

r o o t '  i n o c u l a t i o n  ( F i g .  12') (I .Howev..eIf,_.rhe....latter is . 

n o t  n e c e s s a r y  when s o i l k  .a~Eesady.-:.harbo~.,n'a.ti.cTe. - 

r h ï z o b ì a  c a p a b l e  0.f. n o d u l a t i n g  53ers.~az<.a:~ xms&.rata., .. . 

We recommend s t r a i n . O R S 5 Z ~ . , : . - ~ w h ~ c h ~ . S s . 1 . h o t h  c o m p e t i -  

tive a n d  e f f e c t i v e  i n  f i x i n g  n i t r o g e n  (Pig. 1 3 ) .  

7 1 Sggd-iigculatqgn. 

l i q u i d  o r  a d s o r b e d  o n  a c a r r i e r  . s u c h  as  ....p e a t  ( V i n c e n t , .  

1 9 7 0 )  o r  imbedded  i n  a poPymeP ( J u n g  e t  a l .  1 9 8 2 )  . 
7 , 2 ,  I n o c u l a t ~ g e _ o f _ ~ h e - ~ ~ ~ ~ ~ - ~ ~ - S ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .  

S e e d s  a re  i n o c u l a t e d  b y  a culture, .that .is e i t h e r  

I . . , .  . 

. . .  
S e e d  i n o c u l ä f ï ò n  i n d u c k s  c o m p l e t e  r a o t ' n o d u l a t i o n  

b u t  o n l y  p a r t i a l  s t e m . n o d u l a t i o n .  Thua, . , .ghe s h o o t s  ' m u s t  

b e  i n o c u l a t e d  i n  q r d e r  t o .  o b t a i n . ~ . s a t f a f a c e o c y '  s tem.  

n o d u l a t i o n ,  E i t h e r  o f  t h e  f o l l o w i n g  m e t h o d s  can  b e '  

u s e d :  

1 )  S p r a y i n g  l i q u i d  c u l t u r e <  o n  ,the s h o o t s .  

When Sesban ia  rostrata h a v e < a t t a i n e d  a h e i g h t  

o f  50-80cm, a c u l t u r e  o f -  t h e  . s . t ~ a i n  ORS571 

c o n t a i n i n g  a b o u t  I O 8  b a c t e r i a l m l  , i s  s p r a y e d  

o n  t h e  s h o o t s  using a s t a n d a r d : s p r a y e r .  

2 ) , S p r a y i n g  c o l l o i d a l .  s o l u t i a n  o f  r h i z o b i a  

imbedded  ï n  a p o l y m e r  ( a l g i n a t e  t y p e ) ,  The 

i n o c u l u m  made o f  r h f z o b i a  c e l f s - . i m b e d d e d  i n  
a p o l y m e r  a n d  d r i e d  as a p o w d e r . ( j u n g  e t  a l . ,  
1 9 8 2 )  i s  m i x e d  with water" t o  o b t a i n  a c o l l o i d a l  

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

o f  SasbanCa rostrata. An i n s e c t i c i d e  can b e  

a d d e d  t o  t h e  c o l l o f d a l  s o l u t i o n  t o  p r o t e c t  t h e  
Segbania r o s t r a t a  f r o m  i n s e c t s  ( 1 )  o 

_ _  
( I  Fa, 



F i g .  1 2 .  S t e m s  o f  S e s b a n i a  r o s t r a t a  i n o c u l a t e d  b y  s G r a y i n g  

w i t h  a l i q u i d  c u l t u r e  o f  s t r a i n  ORS 5 7 1 .  N o t e  t h e  

r e g u l a r i t y  of n o d u l a t i o n .  



-. . . - . . . 

F i g .  1 3 .  E f f e c t  o f  s t e m  i n o c u l a t i o n  (plot on  t h e  r i g h t )  by s t r a i n  

ORS 5 7 1  o n  t h e  growth of S e s b a n i a  r o s t r a t a .  

J'I I .  

L 



9 

-...., ..._ ., - . -  
8 ,  Nitrogen fixation. 

N i t r o g en f i xa t i on ; ,  -b y-  s . tem-. no d ul e o -,o f - Ss 8 b ant a 
ro8trat.a: exhib i2.s _I two-,udqnerpxo.p..#rkie s. . .-Pirs t ,. 
the Seobanzh xws.trata. hasza,high ,nitrogen-f ixing 
p o t en t i a 1 Nit LS o g en ... f i.xaitbx.xz-ak Sash ani a. PO 6 f . r a t a  
by the a c e t y l e n e  mathodsio :.abon.t 6 0 0 u m a l e - C  H /h/ 
plant, a much higher-rafe-than tzhat.of soybean, 
which ranges from I 4  to 120umole CZH4/h/plant. When 
the difference method .and-fshe"nnitrogen halanee 
method are used, 'nZtrogen.fixation by Seshania 
r o s t p a t a  has  been whown to.be.'about o f  200 kg M2/ha 
in 50 days, which indicates that.this legume F s  

one of the most powerful-nitrogen-fixing systems, 
The second unique property of S e s b a n i a  r o s t r a t a  
i s  its' ability to nodulate ..and f i x .  nitrogen. even 
when the rates.of combined nitrogen-in the soil 
are high (about -200 kg N/ha>,  .Thus-Sesbania r o s t r a t a  
is capable of ,assimilating.bath sail. and atmospheric 
nitrogei, which constitutes a significant advantage. 

. 2  4 
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CHAPTER 2 PRELIMINARY , - F . I N D I N G S I O N .  THE U S E  OP 

SESBANIA..ROSTRRTA: AS-  GREEN MANURE 

.... IN ..PADDY.. P.IELD S .. . . .  

P 

* % .  . -  
1, M e t h o d o l o g y  

S e e d s  o f  Sasbania .rostrata a r e -  sown I i n  r o w s  î n  

w e t  s o i l ,  When t h e  p l a n t s - h a v e  a t t a i n e d  a h e i g h t  o f  

3Oc.m, t h e  p a d d y  f i e l d s  a r e .  f l o o d e d . .  . S t e m s  are 

i n o c u l a t e d  b y  s p a a y i n g  w i t h - a - c u l t u r e  o f  t h e  

s p e c i f i c  Rhizobium.20 ta..38 . d a y s  . a f t e r  s o w i n g ,  

When t h e  p l a n $ $  h a v e  a t t a i n e d - a & h e i g h t  o f  1 , 5  m 

( 6  t o  7 w e e k s - a f t e r  s o w i n g ) , . t h e  p a d d y  f i e l d  i s  

d r a i n e d  and.the..plants-are-uprooted a n d  c h o p p e d  i n t o  

p i e c e s  10-20cm l o n g  w h i c h  a r e  i n c o r p o r a t e d  i n t o  t h e  
2 

s o i l  a t  a d e p t h ' o f  .10-15cm,  I n - t h e ,  f i r s t  t r i a l s  (Tm 

m i c r o p l o t s ) , . . r i c e  was p l a n t e d  2 w e e k s  a f t e r  i n c o r p o -  

r a t i o n  o f  .Sesbania"~ost~atn.int~-the-soiE. L a t e r  

t r i a l s  (25m2 - p l o t s )  i, whowed. t h a t  . r i c e  c o u l d  b e  

p l a n t e d  i m m e d i a t e l y - a f t e ~ - i n c o r p o s a t i o n - o f  S e s b a n i a  
rsstpata, s i g n i f i c a n t l y  . r e d u c i n g - t h e - d u r a t i o n  o f  

t h e  Sesbania - r i c e  s e q u e n c e .  

2 ,  E f f e c t  o f  SesbunCa . . ro~ t t ra ta -manuL-e -on- r i ce  , y i e l d s  

B a s e d  .on.microplot-trials - c o n d u c t e d - a t .  t h e  B e l  A i r  

ORSTOM S t a t i o n .  i n - D a k a r , i n . t h e _ s u m m e ~ . - o f .  1988,  t h e  

u s e  o f  Sesbania.pastrata as- g r e e n - m a n u r e  d o u b l e d  r i c e  

y&L?Ads, These.resuSts.we~@-later c o n f i r m e d . i n  t r i a l s  

c o n d u c t e d  a t  . the . .  ISRA S l t a t i o n  o f .  Dj i b e l o r  O R  25m 2 

p l o t s  (I 

. * , *  . . . . . . . . . . . .  -.,. .. 

2 , 1  a 1 Prineipa2. effect; 
Y i e l d s  i n  d r y - m a t t e r .  ( g r a i n s  . a n d u s t r a w )  were more 

t h a n  d o u b l e  t h o s e  of  c o n t r o l s  i n  p l o t s  where Sesbnnia  



.- 

E f 

I . . " . . _ _  

r o e t r a t a  .g re 'en  manure w a s  u s a d ,  The e f f e c t  o f  i n o r g a  

g a n i c  n i t r o g e n . .  f @~tiliza~lQn-w9~,signifieantly l e a s  

p r o n o u n c e d  t h a n - t h a t - o f  *- S e s b a n i ~ ~ ~ a s k r a t a  g r e e n  

manure.  M o r e o v e r ,  I t h e  n i t r o g e n -  e c r ~ t e n t - ~ o f  .. g r a i n s  and 

s t r a w  i n  the-  S e s b a n i ~  posbxwta p l o t s  vas s i g n i f i c a n t l y  

h i g h e r  (by  5 0 % )  t h a n  t h a t  o f  . c o n e r o l  plots - 
. .  . -  . . . . . . . . 

- 
- 2- Trea tments  Dry  w e i g h t  ( g / m - )  N i t r o g e n  - c o n t a n t  (z] 

S. r o s t p a t a  5 8 4  a -  7 6 7  a 1 . 7 4  a 1 3 - 9 6  a 
(NH4)2SOi')  3 8 1  b 4 8 4  b 1 , 2 7  b 0 - 4 9  b 

C o n t r o l  212 c - 2 7 6  e 1 . 1 4  b @ , 5 8  b 

G r a i n  S t r a w  Gra in  Straw 

Numbers w i t h  t h e  s a m e . l e t t e r s  i n  c o l u m n s  do not d i f f e r  

s i g n i f i c a n t l y ,  P - =  0 , 0 5 ,  

( 1 )  60 k g  N/ha 

2 1 o 2 A f t e r - a  ffsc-t: of Sasbania-postpata g m a n  
manuae-. _ -  

2 Rece w a s . a g a i n - . p L a n t e d  on lm.-plots t h e  f o l l o w i n g  

y e a r ,  w i t h o u t - u s i n g  SesbanCa zaoakpat;a g r e e n  manurea  

The r e s i d u a l  e f f e c t  of-Sesbania z d o s t n z t a  g r e e n  m a n u r e  

f r o m  t h e  preceding-year-sesul~ed i n  a.502 yield 

i n c r e a s e  o v e r - c o n t r o l  p l o t s  (328  a n d  230  g/m respee-  

t i v e l y )  a 

2 

D j f b e l s r  -------- ( T a b l e  2 )  

R e s u l t s  o b t a i n e d .  a t .  t h e .  I S R A  S t a t i o n  a t  D j i b e l o r  

in t h e  s u m m e r s ' o f  1989 a n d - 1 9 8 2  showed t h a t  t h e  u s e  

o f  Sesban ia  roa t z?a ta  g r s e e n  manure d o u b l e d  t h e  grain 

y i e l d s  i n  c o m p a r i s o n - w i t h  t h e . e o n t r o L . p l o t s ,  T h e  

a p p l i e a t î o n - o f - o P g a n i c  - m a t t e r - ( e o m p o s t - ~ - f a ~ m  y a r d  

m a n u r e )  t o  the s o i l  h a d  a l e s s  marked  e f f e c t ,  
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Table 2 ,  Effects-of.S, -~ostrata.-green.manure and 
~pplîeaf;-isn..of-organ~c..matt.er on grain 
yields-of -rice.. . 

- -  _ .  

reatment 8 , " * .  _I_., , .  . ' 

1981 1982 - 
So p o s t r a t u  7 . 3 0  11.25 

Organic m a t t e r . .  

Control 
3 . 4 4  

2 . 9 9  

7 .30  

5 . 7 5  
--- I__ . c _ _ _ .  

Note: Each figure. represents. the average*of s i x  

replications 

3 ,  Cause of  Observed _...* effects' 

3 1 I?i?rggen-Lng~~f. (Table 3 )  - 
The nitrogen balanee"calculated-f~om-microplot 

trial data showed..that. tbe..use of Sesbania-postrata 
green manure.indueedda-large gain ... of-nitrogen 
(59  4 27 g N/m-Q,-resultiag from nitrogen fixation 
b y  Sesbanla- ostrat ta stem-nodules"(Rinaudo et al,, 
1982)  This - gain,in.nitragen-.explains the increase 
Ln grain yields, 

2 

Table 3 ,  Effect of S e s b a n i a a o s t P a t a  green manure 
an- t h e  _.. s ha o t E; - and- s o î 1 :. nit ?o g en con t en t 

& ''e Shoots Soil S h o o t s  * S o i l  € 
a-. , . - 
S ,  r o s t r a t u  18 5 4 a 1 7 7  k 14 a 195 k 1 4  a 
( N H 4 ) p 4  7 k 1 b 139 C 5 b 146 C 6 b 

Control 4 C 1 c 132,,C 1 2  136 4 13 b 

Numbers with. the,.. same-"letters.; in,columns- do not 
differ significantly, .P.= 0 , 0 5  

( 1 )  60 kg ,N/ha. 

---% 
I 
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CMAPTER. 3 G U X D E L I N E S  - FOR..SESBRiYIA ROSTRATA . T R I A L S  

These trials should-be'eondueted in.three s u c c e s -  

sive stages. The first-stage.con~ists-in determining 
whether it is possible to iatroduce-Sesban$a r o a t r a t a  
in a given geographic regHi6n. If the results of these 
trials are.positive, one can proceed-ts.the second 
s t a g e ,  which involves assessing the effect of.Sesban$a 
pos-t;r"ata green manure on rica yields under.irrigated 
conditions, If the results of this second s t a g e  are 
encouraging, one can advance to the final o t a g e ,  which 
c o n s i s t s  in perfecting-the application of S o t ~ b a n t a  
m e t P a t a  green manure b o t h  <,in .paddy fields . (one or 
more harvest per y e a r 9  andjdrained- s o i l s  

\ I  

a given geographfc region.. 

1 ,  0,bjecFives . 

1 . 1 ,  To determine whether Sesbanka @ o s t r a t a  e h r i v e  

u n d e r ,  under the climatic and soil-conditions of the 
region. 

Y , 2 ,  If s o g  to determine the optimal time or t i m e s  

fior planting SesbanCa paostrata +in order to 
maximige biomass nodulatian,- and. seed p r o d u c -  

tion, - 

kt : 

1,3, To Haasamine the problems posed by various p e s t o ,  

For each. of. the soil types t ~ - b e . . s t u d i e d  . ( e ,gn  

s o i l s  with. di.f.ferent .levels of salt-or . o r g a n i c .  matter 
content) a .  plot. o f  . 2  .x. 6m.. divided..into..fsur subplots 
of 2 x 1 . 5 m .  should..be.. delimited,-.Seebania r o s t r a t a  
should be planted. on each subplot. at. 3-month. intervals 

.. ., .~ I -  . .: ~, - . . ~ ,, ,", -- -, . . - . -. r %Fit$ 0 ,,i+ ), . ,  . . .  1 ., - 1 .  . 
I .  . . >  , . .  
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'* ~ - , . .Each: s u b p l o t s c o n t a i n n . . t h ~ a e .  r o w s  of 
f* 

SesbanCa rostjcbata ( d e s i g n a t e d ,  A ,  B. and C )  ., R o w  A 

s h o u l d  b e . h a r v e s t e d  -50  ,.days and . r s w . . C  100 days  a f t e r  
s e e d i n g  i a  o r d e r .  t o  a s s e s s ~ ~ b i o n a s s , ~ p P o d u ~ t i o n ~  

SesbanCm r o e t x a t a . .  i n  r 0 w . J  s h o u l d - b e .  maintainad 
t h r o u g h o u t  . t h e .  growth  ,cycLte - soc . fha f :  . t h e - : s a e d s  can be . 

h a r v e s t e d ,  Because these . .  t r i a l s  . a re .  primarily 

a p p l i e d  a t  . t h e  s t a n d a r , d -  r a t e s .  used. i n . . t h e . . r e g i o n ,  

F o r  example , .  t h e  f o l l o w i n g - r a t e s  are.ersed in 
S e n e g a l p . 3 0  kg P / h a ;  8 kg K/ha. 

i n d i c a t e d  o n - p a g e -  1.8 ...... T h ~ y ~ , , s h o t n f d - % h e n .  b e  i n o c u l a t e d  
a c c o r d i n g  -to.. t h e . . t e c h a ~ q u e l o u t ~ i n e d - Q n . " ~ ~ ~ @ '  8.. (this 
i n o c u l a t i o n ~ . i n d u c e s ~  noduEa t ion . .on -  t h e .  r o o t  system and 

a t  t h e  bo.ttom .a f  t h e  . s t e m )  e 



Table 4 ,  Timetable .f.ar -daLa . e o E f e e t i o n .  5-la the sn'tspBa$s . . . . . .  

. -  

3 o 5 I NoduLat Eon a No ta e t h e  II date. 6 f .. inoeaal at ion and ----_-_--- 
I appesranae o f .  noduLa.o nehermine. muabar- and weight 

( f r e s h  and ..&.y).... o f  . , s t s i m p ,  n o d u $ a o , a t , . h a ~ v e o t  for rows 
A and C, , . .  , 1  

( 1 )  See daten saheb& on page 2 3 ,  



D D + 3  months D + 6  months 

A B C  

D + 9  months 

1. m S c a l e :  

F i g .  1 4 ,  Assessment  o f  S e s b a n i a  r o s t p a t a  b e h a v i o r .  

F o r  each  o f  t h e  s o i l  t y p e s  t o  be  s t u d i e d ,  a p l o t  o f  

2 x 6 m d i v i d e d  i n t o  4 s u b p l o t s  o f  2 x 1.5m s h o u l d  be  

d e l i m i t e d . S e s b a n i a  r o s t r a b a  s h o u l d  be p l a n t e d  on each  

s u b p l o t  a t  3-month i n t e r v a l s .  I n  t h e  f i r s t  s u b p l o t ,  

s e e d i n g  should  t a k e  p l a c e  on "D-day"; i n  t h e  second ,  

on D+3 months;  i n  t h e  t h i r d ,  D + 6  months;  and i n  t h e  

f o u r t h ,  D + 9  months.  Each s u b p l o t  shou ld  c o n t a i n  3 

rows o f  S e s b a n i a  r o s t r a t a  ( d e s i g n a t e d  A ,  B ,  and C ) .  

Seeds should  be spaced  a t  lOcm a p a r t  i n  each  rows 

w i t h  a t o t a l  of 2 0  s e e d s  p e r  r o w .  The p l a n t s  i n  r o w  

A shou ld  be c u t  50 days  and p l a n t s  i n  r o w  C 100 days 

a f t e r  s o w i n g .  P l a n t s  i n  r o w  B shou ld  be  m a i n t a i n e d  

t h r o u g h o u t  t h e  growth c y c l e  s o  t h a t  t h e  s e e d s  can 

b e  h a r v e s t e d .  

a 



d ' I_ It 
< -  

3 e 6 o P _ l - o - w _ a r , f n , s _ a _ n _ ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . , l I # - o t e  the , d a t a  3 

o f  Efower ing 'and  f r e c t i f E c ä t i i 5 n '  an e t e r m f n e  t8e s e e d  
'-3 i 

y i e l d  o '., 

3-7, P_la_g&s_. Note t.he..datbe.s and c o n d ï t i a n s  a f  p e s t  

a t t a c k s  Ap-ply-necessary  t're88mentu:- Pests that 
o s t i v z t a  a r e  n o t -  well knawn, However, 

we ,3have .obse rved  t h a t  young p l a n t $  can b e  a t t a c k e d  by 

a b l a c k  a p h i d ,  E l o s e r s  can be e a t e n  up b y  coleopteran, 

and s e e d s  can b e  d e s t r o y e d  by  hymenopteran ,  The d e s t r u c -  

t i v e  e f f e c t  o f  t h e s e  pests ï s  g r e a t l y  reduced I.n t h e  

summer, when environmental .  conditlobs are more favor-  
a b l e  t o  t h e  growth o f  S s s b a n i a  r o a t r a t a .  

4 ,  Seed harvest 

Sesbanda rostrata praduces  s e e d s  i n  abundance as 
soon a s  t h e  days get s h o r t e r ,  Seeds shauEd be  harvested 
a s  t h e y  m a t u r e ;  T r e a t  t h e  s e e d s  w i t h  insecCicide, 

Stage  2 :  Assessment  a € .  t h e - e f f  

g reen  manure .on -r.iee/*lds - u n d e r -  ,irrigated eondi t , jons  
1, etives b - 1  8. ( 

1 ., 1 o .Assess t h e  i n c r e a s e L o f  rbee yields , ( g r a i n s )  
r e s u l t i n g  f r o m  usekof Sesbania  roafì~a$;a 

-'.e-- 

a s  green  manurea  

100 ,  and 150 kg N/ha) .  

1 , E i ,  , A s s e s a  Che a f t e r - e f f e c t s  o f  Sesbccnia r s s % ~ a t a  
g r e e n  manure o 

2 ,  T r i a l  d e s i g n  c I 

The d b ? & c t s  of t h e  following three trestmenfcits 
P- 

s h o u l d  be  compared: 

Tfeatment: A:  S e a b a n i a  
Trea tmen t  E: n i t r o g e n  

Tresatmoat C: c o n t r o l .  
. ,  

rostzlata: g r e e n  manure 
f e r t i l i z e r  at 3 l a ~ a f s  

^ .  



, .: : 

I '  

The trial should-be conducted using randomized 
b l o c k s  with-five-to six replications. The minimum 

L surface of each plot s h o Ú l d - b e - 2 0 m - , - F i g u r s : 1 5 . p r e s e n t s  

an example of-a .triaI-design with-six-replications. 
- T h e s - e x p e r i m e n t a l - d ~ s i g ~ - ~ o u l d  be 
n t o - a - l . a r g e r - d e s i g n . a i m e d , . f o r  i n s t a n c e ,  
ifferent types of fertilization. 

- - - - - - _  - - _ I  _ . . - -  
tilizer application.. . . - ..................... 
fertilizer should be.applied at the 

standard rates used i n . t h e . r e g i o n , . a s - i n d i c a e e d  

page 1 9 .  For plots where-treatment-B.is u s e d ,  urea 
nitrogen fertiliz.er should . b e  used, -as other-forms 
o f  fertilizer introduce-other-elements9.such as 5 . 0 ~ .  
P, which would-distort-the results. Application shorlPd 

be staggered. 

( I  

- .  . . - - I . - . 
2 ,.2 o Sesban ia  r o s t r a t a  seeds ....................... 

. .  

' 2 , 2 , 1 ,  8-tocki;n.g up s e e d s  ...... 

A sufficient amount of .seeds must-be s t o c k e d  ia 
prior to the start of field. trisels. The 

2 experimenta require 1.00 seeds ( 2  g) per m , or 20 kg 
per ha, 

2 .  Seed  t r ea%ment  
AS is &rue for many tropical-legumes, Sesbunia 

s germinate.rapidly.and.homogeneous1y 

y are treated c h e m L e a l l y  or scarified 
in a mortar,.Chemical treatment-consists of submerging 
seeds i n t o  concentrated sulphuric-acid-for130 minutes. 

insing them q u i c k P y l i n . a l l a r g e . . a m o u n r  of . 

water. Seeds-can a l s o - b e  scarified-by-mixing them-with 
an equivalent q u a n t i t y - a f - s i E i e e o u ~ ~ ~ ~ a ~ s e  sand and 
then pouring- this -.mixture- into-a-mozLar, and. delïcatd'ly 
rotating the .. pes t Le _. i r a .  a -o , cr  ap  i n g  - motion u n t i  1 the 
grains become pock-marked, 



Block I 

.. ,r 
Block II  

Block I V  

Heterogeneous  a r e a  ( t e r m i t e -  

mounds s dykes e t c r  o * a )  

Block I I I  

, 
Bloek 'V Block V I  

F i g ,  1 5 ,  Example o f  an e x p e r i m e n t a l  d e s i g n  w ï t h  f o u r  

r e p l i c a t i o n s ,  each  p l o t  hav ing  a s u r f a c e  o f  2 8  m 

I n  t h i s  example,  t h e  b l o c k s  have n o t  been  j u x t a p o s e d  

s o  as  t o  avo id  an h e t e r o g e n e o u s  z o n e o  The t h r e e  

t r e a t m e n t s  a r e  d e s i g n a t e d  A ,  B ,  and C, 

2 

I 
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It i s  a d v i s a b l e  . t o  i n o c u l a t e - t h e .  s e e d s  b e f o r e  

s e e d i n g  b y  p o u r i n g - a  R h i z o b t u m . e u l ~ u ~ e - o v e l P  t h e  s e e d s -  

( c f  p a g e  8)  * -:. L a b a r a t o r y - t r i a l s i h a ~ e -  s h o w n - t h a t  - 

Ses bania 206 & r a t a  - 6 o u 1 d b e _I e as i 1 gr - mu 1. t E p 1 i e d  - us Eng 

c u t t i n g s ;  h o w e v e r ,  -€ield+trials-.have..not..yet demons 

s t r a t e d  t h e , a p p l i c a b i l i t y - o f - ~ h ~ s  m e t h o d - t a  a g r i c u l t u r e .  

2 . 2 . 3 .  S e e d i n g  
S, p o s t r a t a  s h o u l d  b e  s e e d e d .  a t - t h e - r a t e  p r e s c r i b e d  

on  p a g e  1 5 ,  i n  w e t  b u t  not f l o o d e d  soils. 
. .  

2 . 3 .  Sesban ia  p o s t p a t a  . c u l t u r e - -  ......................... 
The f o l l o w i n g  p r e c a u t i o n s . s h o u 1 d  b e  t a k e n  i n  c u l t i -  

v a t i n g  Sesban ia  p o s t r a k a :  . *  

1 )  Do n o t  f l o o d  paddy-fîelds-until-the.plants 

h a v e  a t t a i n e d  a h e i g h t .  o f  - 30cm, .. 

2 )  S t e m s  s h o u l d  b e  i n o c u l a t e d - b y  o n e  o f  t h e -  

two m e t h o d s  d e s c r i b e d - o n .  p a g e - 8 .  when.. t h e .  p l a n t s  

h a v e  r e a c h e d  a h e i g h t . . o f  . a t .  l e a s t  50cm. 

A d e s c r i p t i o n  o f  c u l t u r e . m e d l u m .  f o r . . t h e .  s p e c f f i c  

Rhizobium o f  Sesban ia  ros ty la ta  a p p e a r s  o n  p a g e . . 7 ,  
. _ .  

2 . 4 .  I n c o r p o r a t i o n -  o f . - S ~ s h a n i a  . ~ o s - t ~ a - t ; a .  i n t o  t h e  s o i l .  ----- ---------c----------_------------------------ . . . . -  . . . . .  . I 

When" SQsbani ,a  . a o s t r a t a . . i s  50 d a y s  o l d  a n d  h à s  

r e a c h e d  . a  h e i g h t  ... o f  1 . 5 m , .  t h e . . p a d d y ! . - " f i e l d  s h o u l d  . b e .  . . . 

d r a i n e d .  P l a n t s  s h o u l d  -b.e. .uprooted., ,o,  e v e r e d .  a t  .. s o i l .  .. ~ . 

l e v e l  wh,en t h e  s o i l . .  h a s .  been . . su ' f f ie îen .&Í .y  . d r a i n e d . .  . . . . .. . 

( a b o u t  5-7 . d a y s  " l a t e r )  .. . P l a n t o . . s h o u l d . -  b 'e. .chopped i n t o  . . 

s e gme n t s 

a t  a - d e p t h - . o f  10-15 c m .  

1 O - 2 O c m  ._ 1 o n g  .. a n d  .- i nc o r p o rat: e d  nt o t h e s o i 1 

. .. ." .. .~.. ."". ,.. . , ,. .. . . . .  

W h i l e  : i ' n c o r p o r a t a i o n . . . o f  ..SesbaanCa-ao&tr?a.ta i n t o .  

t h e  .soil h a s " . b e e n  .. car r :ed  ... out . :by . .ha tLd. .up . .  t o  now, i t . .  . . . .. 
w o u l d  b e  a d v a n t a g e o u s  t o  m e c h a n i z e ;  this. o p e r a t i o n .  



_. . 2 0  

. .  2 , 5 ,  R i c e . e l a n t i n g  . . . . . . .  " . . . . . . . . . . .  ----- - - -y , - - -  *. 

. . R i  c e  .. c a n  ... b e.. p La.nt.ed -.. fmmed %a t e Zy ... a? f; e r .. Ses ban; a 

p o s t r a t a  i s  i n e o r p o r a t . e d . - i n t o  ..... t h e  soil. 

3 ,  D a t a .  c o + l l e e t i o n .  

, .* I 

(11 

. .  

D e t e r m i n e .  t h e  .... n u m b e E . - a n d . , w e i g h f , ~ s f - . n ~ d ~ l e ~  .that.. . : . . .  

have  , a p p e a r  ed - on  E O - p 1 ant s.-. P and o m Eg ,._ s amp 1 e d .: b e for e 

t h e y  a r e  incorporated.. fnto the. s o i l  b 

. . .  . . . . .  

. . . . . .  

. . . .  

.. ~ 
3 . 5 ,  ,,Biomass- . . . . . . .  -. ...... . . . . . . .  ----_-- 

Dete fmine . .  t o t a l  biomass :. ( fkeo.h. : .  and., .: .if p o s s i ' b l e g  . 
d r y  w e i g h t .  at.: .80'?C) .. wh.en ...sh.csot:~, are-.cu.e:, .,If 
d e t e r m i n e .  the . .  total, N .  percentage o f .  l eaves  and stems 

. . . .  

o f  S e s b a n t a  r o s t m t a  o 

W P  e r  f e c t.in-g and . ex t~endlf ng -. t.h e - .  .. .ap p 1 i c a t.,i on 

. . . . . . . .  ~ 

~~ .. - . ._. _ j  . _ m . w . - - p  

o f  S ~ s b a n ~ a . . ~ o , ~ . t ~ ~ m a n ~ ~ ~  . . . . . .  .. I . .I 

. . . . .  . -~ . .P.-- 

I n  t h i s  f i n a l  s t a g e w : , i < t  .is. d e s i ~ a b l e - n o t .  only to ...- . . .  

perfect - t h e  method -.of . . a p p l p i n g ~ S e 9 % a n ~ a .  ~ o e f ; @ a & : a .  ~. . . 

manure i .n . .paddy . b u t - f f o . . e x t e n d - i t s  a s e .  t o .  . . . . .  

r a i n f  ed . . c rops .  Fo.LPowLng .arei oome~~i$~neral ... sugge%I: ions . .  
f o r -  t . r i a 1 s  t h a t -  .eo.uLd-.ba ..,, cozndar~ted - .  

1 6 . I r . c i . g a t e d . x F c e  . c u l t u r e  . . . . . . . . . . . . . . . . . . . . .  

c rop  by g r o w i n g .  S ~ ~ % a n . $ a ' . .  nost~ata.. and .. . . r i c e  either.. . . . .  

l a t t e r  c a s e ,  S a s b a n ~ a  . . . ~ ~ a  t~.ata ... shr;rul8 ...'b e3,gr:own.:bet2\teen . . .  

-, I .  . . . . .  . . . . . . . . . . . . . . . .  
....... 

. . - . ,  . , . ,  - Î - 

Sesban<a x?o.stzmta . .can. .  ' be :  FmsextedG-Entao- .  the . r i c e  . . . . . . . .  

s e q u e n t i a l l y .  ( p a g e  17.) ~ o . r - s % " Y t a n e o u s E y ,  . .In. .t 'he.: .  . . . . . . . . . . .  

rows of  . . r i c e :  a n d - e n c o r p o r a t e d . . i n t o ; t h e . . ~ ~ ~ l  when t h e ,  

. . .  1 e g u m e . i s  f r o m - 3 0  t o . 5 0  clays o l d ,  . . . . . . .  x . . .  

. . . . .  

( 1 )  See , . the  d a t a  s h e e t .  on p a g e  4 4  



. .  

up u n t i l  .now,  'trials ha~s".be2n..conducted..onl~. f o r . .  . . . 

c a l t u r a l  - systenis i . nvo lv ing . -on%y. . sne . .  s r o p -  a-year E It. . - . 

may. b e  u s e f u l  .to ~ t u d y - t h e  ...p o s s i b i f i t y - o f .  i n s e r t i n g -  . . 

SesbanCa 1 ~ o s k ~ a l a  -in- a . . . c u l t u r a % - .  sywtem . i n v o l v i n g  t w o  

o r  t $ r e e . r î c e  c r o p s  p e r  y e a r ,  
- .- - . <  _. r I 

2 ,  R a i n f e d  r i c e - c u l t u r e  a n d - a t h e r - P a  

B e @ a u s e , . r a ~ n ~ e d - e i c e . :  eu l . t u re : . bas  . -expanded. .  s i g n i f i -  .. - 

e a n t l y .  o ~ e r . . s h e ~ , l a s t . ~ t w o - d @ e a d e s , . . i t - m a ~ , ~ . b e " . w o r t h w h i l e  . 

t o  d e v e l o p  .methdds o f  u s i n g .  S~'~.~~l;nSi:a:..~o~;trata-. e i t h e r  . . 

a s  g r e e n  m a n u r e .  ( P n c o r p o r a t i o n  .Cn.aitu) o r  a s  o r g a n i c  . . 

n i t r o g e n  f e r t i l i z e r - f o r  . . r a î n f e d - c r o p s . .  . ( i n c o r p o r a t i o n . .  

into s o i l s  . d i s t a n t  f r a m - p 2 o e c , . w h e r e . . S s s b u ~ ~ a .  rostra-ba..  I. 

i s  grown)  o T o  p r o d u e e . . o r g a n i @ - n i ~ r o g e n  . f e r t i l i z e r . -  . . 

f r o m  SesbanSi:a pos.ia?aka, - o n e . . s h o u E d - g r o w , ,  h a r v e s t ,  .. . 

transporti - .and . i n e s r p o r a t e . . 8 ~ ~ b a ~ i a  . ~ ~ s t ~ a t a  i n t o . .  t h e .  

s o i l  o f  t h e  r a t n f e d  c ~ o p . a s ~ f r e s h . . o r . e s m p o s t e d - o r g a n ~ @  

f e r t i l i z e r ,  P o r  thj is  p u r p o s e , .  S e s b a n i a  z?ostz?ata.  can . . 

b e  grown i n  s o i l s  . u n s u f t a % l e . . f o ~ . . o t h e r .  c r o p s .  ( e , g , ,  . 

t e m p o r a r y  p o n d s ,  saline. s o i l t . , e t e , , , )  , . p r o v i d e d  that 

t h e s e  s o i l s  a r e .  su f  f i c i e r n t l y  w e t .  E 
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F r e n c h  M i n i s t r y - o f  - E n d u s t r y . a n d , R e , s - e a r c h , , g . r ~ ~ t  81 . G , 1 4 5 1  
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A N N E X E  1 .  HOW TO O B T A I N  SESBANXA ROSTRATA SEEDS A N D  

THE SPECIFIC S T R A I N  OF RHIZOBIUM 

1, S e e d s  ... I._ - 

S e e d s  c a n  b e  o b t a i n e d  f r o m  t h e  l a b o r a t o r y  o f  s o i l  

m i c r o b i o l o g y  o f  O R S T O M ,  B.P,  1 3 8 6 ,  D a k a r ,  S e n e g a l .  

B e c a u s e  o u r  stock i s  l i m i t e d ,  i n d i v i d u a l  o r d e r s  m u s t  

n o t  e x c e e d  500 s e e d s .  This q u a n t i t y  s h o u l d  b e  s u f f i c i e n t  

t o  s e t  up a f i e l d  t r i a l  a s  d e s c r i b e d  o n  p a g e s  1 4 ,  

2 ,  S p e c i f i c  s t r a i n  o f  R h i z o b i u m  ( O R S 5 7 1 )  
&”. -- ~ - - ,  - .. i . L . _ ,  

T h i s  s t r a i n  c a n  a l s o  b e  o b t a i n e d  f r o m  t h e  a b o v e  

l a b o r a t o r y ,  



2 3  

. .  ..... . . . . . . .  

A N N E X  2 e DATA S H E E T  N" 1 : .  A s S E S S ~ E N  I:.. OP. ..SES~AWXA.. . . . . . . . .  

ROSTRATA B E H A V I O R .  I N  A G I V E N .  G E O G R A P H I C  
R E G I O N  . . . . .  ~. .. . . . . . . . . . . . . . . . . . . .  . . .  

- E x p e r i m e n t  alte 

- L a t i t u d e e  l o n g i t u d e .  
- S o i l  t y $ e  . . .  

- C E i m a t ï e  c h a r a c t e r i s t i c s .  .. . . .  

-   ate of s e e d i n g  Sesban$a ~ . a s t ~ a k a .  
- Percentage o f  g e r m i n a t e d  .. s e e d s  . . . .  

- Date  o f  &tem înocu31.a.tïQn.. . . . . . .  

- H e i g h t  o f  stems a t  h a r y e s t  . . . . . .  

- Fresh a n d  d r y  we5.ght  o f .  stems.. . .  

- F r e s h  and d r y  w e k g h t  o f  Peaves 
- 

- P e r c e n t a g e  o f  n i t r o g e n  i n  stems 

- P e r c e n t a g e  o f  n i t r o g e n  

- Date o f  a p p e a r a n c e .  o f  stem n o d u l e s  a f t e r  

i n s e u l  a t f o n  

- Number and  we igh t :  (fresh and d r y )  o f  stem n o d u l e s  

a t  h a r v e s t  

- Dates o f  f l o w e r i n g  ( b e g i n n i n g  and e n d )  

- D a t e s  of  s e e d  m a t u r a t i o n - C b e g i n a i n g  a n d  e n d )  
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- P e s t . s  

__ . . . . . . .  - - N o t e :  The  e o m p l e t e d  f o r m  shorrEd-be  r e t u r n e d . t o  ., .,.* 

Dr., B ,  D r e y f u s ,  L s b o r a t o ï r e  d e . N i & r o b i o f o g i e  d e e  S O P S  

ORSIPOM, B , P  1 3 8 6 ,  D A K A R ,  SQnggal. 
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ANNEX 3, DATA SHEET N"2: ASSESSZNG.THE EFFECT OE.. 

S E S B A W I A  ROSTRATA GREEN MBXURE ON R I C E  ~ .- ._ -. - 
YIELDS UNDER I.BBIGATED . C O N D I T I O N S  

- E x p e r i m e n t  s i t e .  

- L a t i t u d e : ,  l o n g i t u d e  

- s o i l  t y p e  . . .  

- CZfmstLc -characteristics 
- Q u a n t i t y  of f e r t i l i z e r  a p p l i e d  ( P ,  R ,  u r e a  N 

i n  k .g /ha )  

- ~ a t e  of seeding S"Qsban.i;a aos,taat:a.. . 

- Percentage o f  germfnated seeds. .. 

- Date'of stern i n o c u l a t , i s n  . . - .  I . .. . 

- Date of appearance of stem:nodules. . .. . . ,. " I 

umber and weight s f ,  s t ; e m . . n o d u E . e ~ , . . b e f s ~ e . .  . .. . -. , . . 

incorporation of Sesban ia  F O B ~ P ~ $ ; ~  shoots 

i n t o  t h e  s o i l  
2 - H e i g h t  (em) a n d  weight ( f r e s h  ...and..dL.gr) i .n. g/m ... .-* .  ., 

O E  S ~ s b u : n i a  r;loatpaI;a shsot .s  befarel i n c o r p o r a t i o n  
i n t o  t h e  S O H I .  

- Date.of rice p I a . n . t i r s g .  

- Dat'e of rice Rarve . s t .  .. " . .  . .  , .  

-  ice y i e l d  k.g g ra . i . n s iha - . and :  pe . rcen~age+.  - .nierogera 
.,.-i 

,.:A- 

in graina in the v a r i . ~ ~ ~ ~  treatmenes:' 

- Remarks 

r**-ci -IIIcIIIcII - .. . n " - ? P  

Noce: T h e  completed f o r m . ~ h o ~ L d . b e ~ r e t u r n e d  t . 0 . " -  

D r ,  B, D r e y f u s ,  L a b s r a t o e r e  de  M i e r o b i s Y o g i e  des SoEs 

ORSTOM, B O P  1386, DAKAR, Si5nEgale  

__I_ 
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