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"~ INTRODUCTTON - .

Along with water,.nitrogen. is-one’/af. the.two.major
factors governing.plant.produectivitysi The.nitrogen
requirements of.plants-are: considerables. for example,
in order to produce:100.kg of grain,.rice. requires
1.8 to 2 .kg.of .nitrogen.regardlessrof thestype. of soil
and the date.for .planting. (Patnaik. and.Rao, 1979).

A harvest of 4 T .of.rice-per.hectare:necessitates 80 kg
of nitrogen. Nitrogen.absorbed.by. the plant comes from
three sources: reservesuofwsoilzﬁitrogen.(organic

matter nitrogen and inorganic:.soil -nitrogen)., fertilizers
supplied by the farmer, .or biological.nitrogen. fixation.
However, because soilﬂnitnogen.reserveé.arewlimited, it
is necessary . to use.nitrogen fertilizers. These ferti-
lizers are expensive, as energy requirements for their
synthesis ar*e high. (approximately.l6.hl of natural gas
is consumed.in. the synthesiszof.l kg.of_ anhydrous
ammonia). Moreover, . they.must.be.purchased. with -hard
currency;vBecause;bialogicalmnitnagenuiixation presents
an appealing alternative-to:fertilizers,. much work has
been devoted -to .harnessing. thlS pProcess..

One solutlon,thatwhas“beenmnsed~fom.many centuries
involves incorporating.the: ShﬂﬂisuOf nmtrogen—flxlng
plants into the:.soil,. w1th4plant xesldnesaserv1ng as
an organic nitrogen fertilizer: hence. the term "green
manure",

For several centunies;._notaﬁlygzin;the..Far.East9
many nitrogen—-fixing.plants have.been. useds. either
legumes, such as Astragalus.sginicus,.Seshania. aculeatea,
S, paludosa, 8. cannabinay.Crotalavia.junceas.C. striata,
Vieia eracca,.Medicago-hispidaz M. offieinalis. (Patnaik
and Rao, -1979; VachhaniwandaMﬁrtya31964;”Wétanabe~and
App, '1979), .or .nonlégumes,..such.as. Cordaria sinica
(Watanabe, 1980). The;plantnthatghaskproﬁaﬁly been most



often uged as a green manure iangﬁﬁagaZus stnicus,
which is'cultivated“dumingnthagwinterranduincorporated
into,thé‘soilnZOUdaysaBeforefricanis‘planfed@ Incor-
poration of plantﬂtesiduesmaﬁ@unﬁgrté;iobtouﬁO tons of
freSh.Weightnperwhaﬂtatewaiaa$;mappﬁ0§imately“iod kg
of nitrogénupefwhectare (»W:%M:awrma?c;,a:ga;.f;l‘»S'BES\()’,;‘»'.;_I’.r:ogress.~
hasurecéﬁtly been.madexin.this: field. .in;,Senegal with
the discovery.of.Sesbania.roatratay d:sten-nodulated
legume: An advantage:of.this. legume.is that, because
it nodulates both .on raots:and.stems@:iﬁ fixes |
nitrogen more‘active1y~thanuothefgknawn.legumeéa

In this bookletmﬁwe,beginwby%ptésénting.the"state
of the-art of the-bialogyuof,Sesbdnia rostrata. Next,
we present  the preliminaﬁy,fgsults;oﬁ.eﬁperiments in
the use of Seshania rostratd- as.green.manure in paddy
. fields. Finally,.we .proposenguidelines. for fieid
trials- aimed at»intraducing.Saﬁbamia~ﬁésﬁpdtd in

tropical agriculture. -



CHAPITER 1, .BIOLOGY.OF THE NITROGEN-FIXING SYMBIOSIS
. SESBANIA ROSTRATA-RHIZOBIUM

1. Description of Seshania rostrata.(Fig.. 1l and 2)

The most.disténctive. characteristic.of Sesbania
rogtrata.lis the.presence;of;prédetermined-nodulation
sites -on the stems.,. These:sites.resemble.small points
arranged in vertical.lines.extending.up the stem. When.
infected by the.specific.Rhimcbhium,.these sites form
nitrogen-fixing nodules, known as..stem nodules,

2. Climate and soil requirements-of-Sashania rostrata

Segbanta .vostrata.is:a.wild.plant. that has not yet
been selected. for.plant.breeding studies. Climate and-:
so0il requirements .mugt-be-taken-into..consideration in

its cultivation.

2.1. Glimate reguirements:.. . -

At the latitidde. of:.Senegal=(L52N),:Sesbania rostrata
grows well in.waterloggedisoils.during. the.rainy season-
(June to September)jsthis.plant:flowers.at:the second
or thttd monthwafhits,growthmcycle@mStemﬁhodulation
occurs rapidly@(onewweek;aﬁter%inocul%}ion) and is
regular and profusew..... :

In contrast,;.at.the:same.latitude.during the dry
and cold season.(Decenber.to.March), growth is poor,.
flowering .takes.placesg. abnormally. early, ' and nodulation
ig difficult., .. ... . .. o« .ou..

This variation: in .the:behavior of. Sesbania
rostrata during.the. different.seasons.can.be.attributed
to its sensitivity.to.photoperiod,.temperature, and
humidity, this.last.factor.appearing. to. play a major

role in stem infection.by RhizobZum.



2.2. Soil reguirements . ... .
Segbania rastﬁﬁtd;grows.Weiluonlybonuwarerlcgged
or heavily irrigated soils..It.apparently.tolerates. a
certain .level of.soil salinity,.but.its.salinity.
threashold has.not yet.been. determinediIn.rainfed and.
well-drained.soils, . Sesbania. rositraba.is.particularliy. .

susceptible to nematodes, especially:Meloidogyne sp.

3. Nodulation.sites on theée stems-: .

As we have already indicated, .nodulation .sites
resembling small _points.are distributed.evenly.in.
three or . four vertical lines all aloung the.stem-
(Fig. 3). Formation of these sites.is.predetermined
and independent of the Rhtzobium infection. ...
A developing nodulation site .appears.as:ia protuberance
on the stem (Fig. 4A)., A day or.two.later,.this protu-
berance swellsg and becomes an epidermal.dame .pierced.
in the center by.a root.primerdium with.a.length of
0,2 to 0.8mm (Fig. 4B). A cirgular.fissure.is. formed.
betireen the base:of root .primordium:and:the.epidermal
doﬁé‘(Figa 5), The root-primoerdiumiremains:inactive on
tﬁe'stemgwmostﬂlikely,Qwingmtowphytahaﬁmamal;dormancy9
until its base:is infecteduﬁy4the,spacific-ﬂh#zﬁbium
and produces.a nitrogen=fixing nodule....
Nodulation.sites exhibit.twe-uniqueccharacteristicss
1) they.are preformed and:their exact location
fis known in advance:
2) theyAare'formed«coptinueuslyfpﬁxoughout,the
growth. of the stemqandwremainﬁﬁéigitiveato‘
Rhizobtum infectionmthr@ughaﬁé the life of the-
plant. 4 o
Thus nodule*formation.canmoacurgatwanywtime.duringm
the growth. cycle, which..is.undoubtedlycand.important. .-
ecological advantége of.the.Sesbanig foétﬁataa

"
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a (Brem). Drawing by J. Berhaut (1976)
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Fig. 1. Sesbania rostra
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Within 4 months Sesbania rostrata can grow up to

3-4m, as shown above. Used as green-manure, this
plant is chopped into pieces and incorporated into

the soil when it is 50 days old and 1.5m high.



Fig.

3.

Stem of Sesbania rostrata exhibiting a row of

nodulation sites resembling small points (front)
and a row of nodules originating from the infection
of nodulation sites by strain ORS 571, the stem

Rhizobium strain (right side).



Fig.

- B P e A 5

The éeveloping nodulation siteresemblés a protﬁberance
on the stem.

The fully developed uninoculated nodulation site with

its epidermal dome pierced by an incipient root (xoot

primordium). Bar represents 25pm (Duhoux and Dreyfus,
1982) .
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Sesbanta. rostratq: can-bear. nodules.on roots and

stems at-the same time.-

4,1. Root -nodules

When grown in.non-inundated.soil, the young
Sesbania rostrata . (15 days-.to.l.month.old) displays
two types .0of root.nodules..At.the level . of the crown
and at the base.of the main(tap)root a cluster of large,
elongated nodules. appears.with.an apical meristem,
These nodules. have two or.three lobes and measure
from 0.2 to l.5cm in.length.. Another type of root
nodules appear.like beads. on a-string on lateral roots.
These nodules.are-spherical,. small (1 to 2mm in
diameter), and numerous. When the plant grows on
inundated soil, the.large:nodules.from the crown disap-
pear rapidly and.only those.nodules.located on the
surface of the.lateral-roots.-remalin..Thege.roots float.
in water and .bear.many.nodules.with..a green cortex,
The total weight. of.these:nodules. remains low however
(2 to 4 g) compared to that.of.stem nodules
(15 to 40 g).

4.2. Stem nodules

s'-'flf?';')fvi’natures stemsnodqleswoftenmappearMspontaneously
over the whole!length.of.the. plant,:including lateral
branches (Fig..6)..Distribution.of.these.stem nodules
is-often irregular,.however,.Dust.seems to play a
significant.role.in.spontaneous. nodulation of stems,
as ‘plants that.grow.along dirt.roads.are generally more
nodulated than:other.plants.:Other.vectors. that may be
significant.include.insects. and. .rain, Not- all nodulation
sites are spontaneocusly.infected,.and the number and
weight of stem nodules.may.vary.from one'plant to
another. Some.nodules are. spherical,.while others are

irregular. The red central.zone is surrounded by the



green cortex..Diameter.of:.the.nedules.ranges from
0.3 to 0.8cm$;andwmatureuplantsmdfw3.to~4m high can
beatr nodules weighing up  te:.40g.in.fresh weight,

L e A s ae e me

5, Genesis of stem.nodules...... .. ..

.Rhizobia.never.infeet=the:.nodulation.sites from
.inside;.they.reach:the. ‘roote prlmordlum through. the
fissure encircling- 1t(Flg 5) Nodule geneSls cons:Lsts of
three distinct stagesa.v;‘~%w -

1) Development.of.intercellular.pockets. of
infection and.dedifferenciation of.the-
merigtematic-.zone, .Initially .rhizobia are
attached to.the-.surface.of. the cells located
at the base:.cf.the:rootuprimordium in the
circular.fissure..Later,.-they.penetrate the
intercellular.space.where.they.multiply in
large.-numbers,.forming.pockets of infection
(Fig. 7);4Atwthe;same4timegnaldifferenciation
of some:.cortex.cells..of the:root.primordium
occurs:through.an-activating .mechanism which"
ig still.not . -known«:The-resulting.meristematic
cells.are then.infected.by.the rhizobia.

2). Developmentmof.infectiowﬁthreads, Infection
threads originate-from.the. lntercellular
pockets of infection. (Fig.. 8)0.These threads
divide.into.several.branches. that penetrate
theimeristamatic-cells»t

3).. Intracellular_infection..Rhizobia are | - uiegem
releagsed.from.the . infeetion-threads into the
cell.cytoplasm-5:0r.6.:days..after infection.
starts . ..(Fig,-9). . When.enclosed:in.the membrane-
envelope (EigualO)gﬁthenrhizobia”%egin to fix
nitrogehn.symbiotically.When.the. rhizobia
have;reachedathis&stagemLknownmas«the.Eacteroid
stage),.the.nodules: exhibit._ the-characteristic
red color.of;leghemogloﬁinm(Figmll) and they

begin. fixing nitrogen,



Fig. 6. Spontaneous nodulation of a stem of Sesbania rostrata

as observed in nature. Bar represents 1 cm.
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The mode of infection of Seshania.rostrata stems

v “thus unique among the legumes, as. it .involves both-
'éﬁd intercellular invasion By rhizobia, .as.in peanuts,
and the development of infection threads, as.in. temper~
ate legumes. In contrast with témperateulegumes,
iﬁfection in Sesbania rostrata does not occur through

root hairs.

6, Rhizobium strains of Sesbania_rostrata

Two types of strains have been isolated: stem:
strains, capable of nodulating both stems and'roots;»
énd root strains, which nodulate only roots. Although
the stem strains (type ORS57!) are fast-growing, they
" differ from temperate fast-growing and tropical slow-
growing rhizobia. Thus they probably constitute a new
spécies.

| A physiological study showed that stem strain
dRS571 ig able to grow with atmospheric nitrogen as

?roperty, unique among all other known rhizobia, has

sple nitrogen source (Dreyfus et al., 1983). This

allowed us to obtain nif mutants of strain ORS57! by
using standard genetic methods. Nitrogen fixation genes
"of the wild strains have been cloned in a plasmid,.
Following conjugatioh and transfert of -this plasmid to
a ﬁif- mutant, genetic complementation was observed
Botﬂ ex _planta and in_qugta (Elmerich et al., 1982).‘
fThe liquid nutrient medium for the stem strain
ORSS71 is composed as follows: Na lactate: 10 g;
(Nﬁ4)28042 1 g3 KZHPO4: 1,67 g3 KHZPOA: 0.87 g3
Mg§04§ 0.2 g3 NaCl: 0.1 g3 Fe0132 4 mg; yeast extract:
‘1 g. pH is adjusted to 6.8 and the medium .is autoclaved
at 120°C for 20 minutes. The same medium is used

“with agar for cultures in Petri dishes.



7. Inoculation S LT

As we have indicated éarlier;{p@i);spontaneous*
inoculation of stems is:alWaysxirregular@:Thus,Qino—
culation of stems is-generally”recomménded,«asAis-
root inoculation (Fig. 12). ‘However, the.latter is
not necessary when soilé~alteady?harﬁor:native<.
rhizobia capable of nodulatlng Seshani.a: rastratalu
We recommend strain -ORS571,which- is: ‘both competi-

tive and effective in fixing nitrogen (Fig. 13).

7.1e Seed inoculation
Seeds are inoculated by a culture .that .is either
liquid or adsorbed on a carrier .such as.peat (Vincent,"

1970) or imbedded in a polymer (Jung et al., 1982).

7.2, Ipoculation of the.stems.of:Seshanta.rostrata
Seed 1nocu1at;on induces cémplete root nodulation
But only partial stem-nodulation. Thus, .the shoots must
be inoculated in otrder to.obtainwsatisfactory stem-
nodulation. Either of the following methods can be-
used: A ’
1) Spraying liquid culture‘on.thé:shoots.
When Sesbania rostrata have'attained .a height
of 50-80cm, a culture - of-the..strain ORS57!
containing about 108,bacteria/mlgis.sprayed
on thé shoots using a standard.sprayer.
2) ,Spraying colloidal solution of rhizobia
imbedded in a polymer (alginate type). The
inoculum made of rhizobia cells.imbedded in
a polymer and dried as a powder (jung et al.,
1982) is mixed with water to obtain a colloidal
solution, which is then sprayed on the.shoots
of Sesbania rostrata. An insecticide can be
added to the colloidal solution.to .protect the-

(1

Seesbantia rostrata from 1nsects
(1) Patent pending
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8. Nitrogen fixation.

Nitrogen fikatﬁnnmbymsnem;nadnleshofmSesbania
rostrata exhibits.twosunniquesproperties:i..First,.
‘the Sesghbania rostragta. hassachigh:nitrogen=fixing
potential. Nitrogen.fixation-of:Sgsbhania.rostrata
by the acetylene method:is:abont:; 600umele C /h/
plant, a much hlgher rate. than that af soybean@~
which ranges from 14 to.. lZOumole C, .4/h/plant, When
the difference- methodwandmthe:nLtrogenubalance
method are‘uégdafﬁitrogénmfikation.by Sesbania
rostrata haé'Beéﬁ.éhOWnKto#befabout-of.zoo kg NZ/ha
in 50 days, which indicates.that.this.legume is
one’ of the most powerful nitrogen=fixing .systems.
The second uniqué property.of Sesbania rostrata
is its ablllty to nodulate .and. fix.nitrogen.even
when thé:rates;of.combinedmnitrbgen;in“theAsoil
are high (abdut~200’kg N/ha).~Thus.Seshania rostrata
is capable of . a351m11at1ng hoth soil. and ‘atmospheric

nltrogen9 whlch constitutes.a. significant advantage.
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CHAPTER 2. PRELIMINARY-FINDINGS.ON.THE USE OF
SESBANTA. ROSTRATA: AS: GREEN MANURE -
«..IN.PADDY.. FIELDS.. .

1. Methodology

Seeds .of Sesbania.rostrata. are.sown.in rows in
wet soil, When the-plants:have attained.a. height of
30cm, the paddy .fields. are.flooded..Stems are
inoculated by.spauying. with-a.culture of the
specific Rhizobium .20 to.30 .days.after.sowing.

When the plangs have:attained;aﬂhgight«of.105 m

(6 to 7 Weekswaftefwsowing)aﬁthe.paddy.field»is
drained and.the:plants.are.uprooted and. chopped into
pieces 10-20cm.long.which .are-incorporated.into the
soil at a deptﬁof.LOv150m¢ﬁInktheufirst.trials-(Imz
microplots),:rice.was.planted: 2. weeks. after incorpo-
ration of .Segbhania.vostrata.into-the-soil, Later
trials-(Zsz wt@iotsb> . whowed..that.rice:could be
planted immediaéély-afténwincarporation;of.Sesbania
rostrata, significantly .reducing_-the:.duration of

the Sesbania -rice sequence.

2, Effect of Seshbania.rostratq -manure.on.rice yields

Based .on.microplot.-trials._conducted.at.:the Bel Air
ORSTOM Station;in;Dakar~in;the,summef;df_.19805 the
use of Sesbhania.rostrata as.green.manure:doubled rice
yeitdds. These.results.were:-later confirmed.in trials
conducted at.the.ISRA 5tation“ofADjibelor on 25m2
plots.,

R I L
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(Table 1)

R T e e e

2.1.1. Princtpal.effect. .
Yields in.dry.matter.(grains.and.straw) were more

than double those of controls.in plots.where Sesbania



1

ix
rostrata .green manure.was used..The effect of inorga
ganic nitrogen.fertilization.was-significantly less
pronounced than.that.of.Seshania.restrata green
manure, Moreover,.the. nitrogen.content.of.grains:and
straw.in. the.Sesbania rostrata.plots was significantly
higher (by 50%) than.that.of .contrel plots.
Table -1, Effect of Sesbanita.rostrgqtc.green manure on

yield .and .nitrogen .content .of _rice..

Treatments-.anymweight (g[q?l Nitrogen content (%)

- .Grain. .. Straw Grain Straw
5. rostrata 584 a.’ 767 a 1.74 . a 0.%6 a
(N, , sol) 381 b 484 b 1.27 b 0.49 b
Control 2127e¢’7 7 276 ¢ T 1,14 b 0.58 b

Nﬁmbers with the same. letters in columns do not differ
significantly, P.=.0.05..
(1) 60 kg N/ha

2.1,2. After—~effect.of .Sesbantia.rostrata green

manure .. ...

Rice was.again;plantedﬁon.lm%.plots the following
year, without.using Sesbania rostrata green manure,
The residual.effect of.Seshania rostrata. green manure
from the preceding.year.-resulted.in.a.507% yield
increase over.control plots(328 and 230 g/m2 respec—
tively).

2.2, Trials on 25m2 Qlots at the ISRA Station at

e e e g e et s e s o e o o ) s S .t D )t o . 2 s o VO o ot S o s

Results obtalned“at.thehISRAmStation at Djibelor
in the summers of 1981 and 1982 showed that the use
of Sesbania. rostraﬁa green manure. doubled the grain
yields in comparison.with the.: control plots. The
application.of.organic:-matter. (compost.+.farm.yard

manutre) to the so0il had a less marked effect,
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Table 2., Effects_of. S, .rostrata..greén.manure.and
application.of organic.matter on grain
vields. of xrice. .

Treatments ... . ﬂmw;m“ﬁ;uu; « e Grainsyield (kg/ZSm?)
. 3 ; - 1981 . 1982
8. wostrata . 7.30 . 11.25
Organic matter... 3.44 7.30
Control o ‘ 2.99 5.75

Note: Each figure.represents. the average of six:

replications

3., Caugse o0f B8bserved effects=

o cnn ot S ot tan

The nitrogen'balanceucalculatedmfrom-microblot
trial data. showed.that.the.use.of Seshania.rostrata
green manure.induced.a-large gain.of_nitrogen
(59 + 27 g NLm?)@“resulting"frommnitrogen fixation
by Sesbania.rostrata.stem-nodules. (Rinaudo.et al.,
1982), -This.gain_.in.nitrogen.explains the increase
in grain yields.

.......... e e

Table 3. Effect of Sesbania.rostrata green manure

an;thegshaots,andmsoilinitﬁ%gen content

oyl
kY

Treatments.",muﬂﬁ..f.ﬂTotal;nitfogenn(g/mz)
£ Shoots: Soil. . . Shoots + Soil
S. rostrata 18 + 4 a 177 + 14 a 195 + 14 a
wm,y 80, 7s 1 p 1398 5B 146 6 b

Control 4771 7c’ 132.% 12.. . 136 = 13 b

Numbers"with.the~samewletter5¢inméolumnsgdo~ﬁot
differ significantly,.P.=.0.,05



I3

3.2, Input of.0
The ineporporation'eof.Sesbania vostrata into
the soil feéults;infan input.of.2. kg of organic-
matter (dty,weight);perfmg"@r.ZONT/ham For soils. low
in organic/ matter,.such: dn.input.gignificantly

improves seoil structure.

pont g Y e,z - .  tacp s gy a0

3.3, Effect on certsin patbogenic nematodes of zigce ..

Another . set of.expériments . condutted.on Im
micyoploﬁs that.had . been.infested. with .Hirgsehmanniella
oryzaacl}guggested that.Segbanta.rosetrata probably
ac;s‘g5,a‘pig£t trap.for.nematodes. (Germani et al., -
1983) . Jesbania.pbstiata.also.acts.to.limit the
pathogénicAn@matad&.papulatiqn,"The¢rice;cu1tivated
after Sesbaniq-rosiratd.-incorporation. grows in an
envirommentﬁwheresthe;infesﬁation“rate.isulow enough
to prgﬁgét,thanerqpnagainstLharmful;precocious
éttaaka;byAnematadasbwThis;prctective;effect~is
anothéx'banﬁﬁieialmaharacteristic-of.Sesbania
ﬁqséf@éq:‘gpggn manute in.paddy fields.

, o

'

(I)TheA3amewaf£ectuhaﬁaﬁeenwahserVed~with:
Hivsokmanniells .spinieaudata . (Germani, personal

communication, 1983) .
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CHAPTER. 3., GUIDELINES.Y¥OR.SESBANIA ROSTRATA .TRIALS

These trials should.be  conducted.in.three succes-
sive stages. The .first-stage.consists. in determining
whether it is possible.to.introduce.Sesbania rostrata
in a given geographic reg®an, If the results of these
trials are positive, one:.can proceed.to:the.second
stage, which involves assessing. the effect.of . Seghania
roetrata green. manure on.rice.yields under-.irrigated.
conditions, If the results of this second stage are
encouraging,.one can advance to the.final. stage; which
consists in.perfecting.the -application.of. Sesbanza
rostﬁata green.manure both 1n paddy. flelds (one or

more harVest per year) and;dralned-501lsa

Stage-1l: Assessment of Seshaniq restrata behavior in

a given geographic-region.:

1, Objectives

1.1, To determine whether Sesbania rostrata thrive
undeﬁ‘ under the climatic and soil.conditions of the
region.

1.2, If so, to determine the optimal time or times
fq¥ plantlng Sesbanta rostrata .in order to
m;x1mlse bloma339.nodulatlongmand“seed produc-
tien. .-

1.3. To mmamine the problems posed by various pests.

2. Trial Desig&

For each. of the soil types to-be.studied (e.g.
solls with. different levels of salt.or organic matter
content), a.plot.of .2.x. 6m.divided.into.four subplots
of 2 x 1.5m. should. be.delimited..Sesbania rostrata
should be planted on each subplot at 3-month.intervals
(Fig‘ 1,,4> P R Aale S e Fu i Eh B
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ri{;fygh%7¢:Each;subplotscontainsnthreenrows.of
Sé&baﬁid rostrata . (designated. Ay, . B.and C), Row A
should bewhafvestedMSOmdays:and“reﬁmc.looudayé.after4
seeding in.order-to.assess.biomass.production,
Sesbanta rostrata.in.row:-B should.be.maintained
throughout“the:growthueyéleﬁsemthat.the;seeds‘can be.
harvested. Because .these:trialg.are.primarily

explorétory, replications.are.not: essentiel, -

- "t s S )y o 5 —— . ) oy ) 0> W s o

’ i

fertilizer .~
The soil.should be.plowed.and PK.fertilizer
applied at .the standanémrates“used"iu“theJregiqna
For example,.the.following.rates. are.used in

Senegals 30 kg P/Ha; 8 kg K/ha.

2.2, Treatmentnbf“seeds, e

i u e e e e T e T ot S St Bt o T oy

Before plantingg.the.seéds should be.treated as
indicated.on_page*LangheyMshouldwthenwbe.inoculated 
according.to.the:technique.outlined.on.page:8. (this.
inoculationminducesbnodﬁlationmon_the”rootmsysteﬁ'and
.at the bottom.of the-stem).

- o T

Seeding.density.is . shown.in.Fig..l4.(one. seed
every l10cm.on.rows.50em-apart)..Sesbania.rostrata
should be.seceded inawetyﬁutmnétmf}oéded soil,

e o s 00 M s et G g . i e Gt S A BED T WS g s Bd G B VAT A S MY ey it o

2.4, Irrigation_ and._stem inoculation: .

.When"Sesbania;réégié;d:ﬁasfa#?aiﬁed-a.height.of
more‘than.BOGm,JSOilpshauldwﬁemﬁloodedg.Whenbthe
plants haveureachedmauﬁeightmofmSOrBOCmb.shoots
&hauldbeninoculated;byaspnayinguamculﬁnre-af:Rhizobium
(cf page - 8)- ' ”
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(1)

3, Data &olléeection

3.1, Characteristics-.ef-experimental sites

- —— — T A0 WD W D CEE] Gb s AT Ml mms S VA et G S 0 e P W S e WD da ey e

5height*?§:§?§§?“'

e i B, e i et

e

v

——————————— g=2ostreta.fzon

s & wn

_—— S D D 0 T e 3 OR WD G B T ey B0 ey s walh WSS e e GO o 8D

¢s:dry veight at.803C) .when.sh

e e

éé;lggfgﬁiﬁ

days.after_.seeding.for_row.

- S0 w0k e e e G A S G S Ay G e RS S o S D G G S D

The en as Ten’ en we arTeg on

D O 0 W -3 ) G G D W A3 ) vmD 0 D WO ] RO SR ) G WAT B o N1 M CAD 300 CED delp Woh m un i ATD GRS GAG me ahe

éftéx:seeding~fan;roﬁgcggaﬁd-at:ﬁhé-énd~gf‘gha

| e e b oty D, o e i v £ Ty ) o o e ) o —

"gfxgﬁh"éyélé.fﬁrtf@w:B:

Table 4 ﬁresents;a.timetable for.these.measurements

(12 sets in.all). If possible,.determine.the.total N

percentage .of. leaves and .stems.of.Seshania.rostrata

for row A, Leaves and.stems should. be.weighed. separa

rately, and carefully.sampled preceding mitrogen

analysis.,.

Table 4, Timetable.for .data.collection.in the subplots

iy

-+ . .Dates.of. sowing.-in each.subplot. .. ..

A oy
e .

s
W

) N D+ 3. monmths . .

D¥6.months -

.p+9 months -

D+3 months

+ 50 days.
D+3 months. ..
. +100..days ...

Row A “DfSO”ﬁays‘.
Row C D+#100 days

D+3 months-
+*T

Row ‘B DT

D+6 months.
+ 50 .days .
D+6.months.-

+100. days

.D+6 months.

+T

.D+95months

+ 50 days

. D+9 months

+100 -days
D+9 months

+T

D =

Starting 8V WE trialy”
.Sesbahideésématargrowth‘cycle;

ot . e dh oot oneaas it
~total duration of

3.5, Nodula;ion.mNoteNtheudate“ofuinamulation‘and

.appearance. of .nodules.:.Determine. numbet. and: weight

(fresh and.dry).of.stem.neodules.at.harvest. for. rows

A and C.

(1) Séé‘data’she@t.oﬁ page423u

Rl il S ORIV



D D+3 months D+6 months D+9 months
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Scale:

Fig. 14. Assessment of Sesbhania rostrata behavior.
For each of the soil types to be studied, a plot of

2 x 6 m divided into 4 subplots of 2 x 1.5m should be
delimited.Sesbania rostrata should be planted on each
subplot at 3-month intervals. In the first subplot,.
seeding should take place on "D-day"; in the second,
on D+3 months; in the third, D+6 months; and in the
fourth, -D+9 months. Each subplot should contain 3
rows of Sesbania rostrata (designated A, B, and C).
Seeds should be-spaced at 10cm apart in each row,
with a total of 20 seeds per row. The plants in row

A should be cut 50 days and plants in row C 100 days
after sowing. Plants in row B should be maintained
throughout the growth cycleuéo that the seeds can

be harvested.
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W,

3.6, P_‘.l.ew.e;x_::aaa-%&é..ﬁ%&%ﬁaea&&e&»j..._Note the-date:
of flowerlng and’ fructlflcatlon an’ determlne the sead
‘yleld * 4 ' 'j ' ‘ o
3.7. Bests. Note thé.ddtes. dnd conditioms of pest
attackse-Apply“ﬁecessafyiﬁrééﬁméﬁts;WPésts~ﬁhat
A ‘ﬂva pogtiata aré notrvwell krowh. However, -
we have observed that young.plants ¢an be -attacked by
blacg aphid, flowers d&can- be eaten up by. ¢coleopteran,
and‘seéés can be destroyed by hymendpteran. The‘destrucf
tive effect of these pests is;gféatly”reduced'in the
summer, when environmental conditiohs are motre favor=.

able to the growth of Sespbania rostrata.

4, Seed harvest-

‘Sesbania rostrata produces seeds in abundance- as
soon as  the days get shorter, Seeds should be harvested .

as they mature: Treat the seeds with insecticide,

Stage 2: Aésessment'of~themeffectfof Seshaniaq rostratq

green manure-on- rlcerYLEldB -ynder-irrigateéd’ ﬁOhdlthﬂSo

1, Object1VESh s

1.1 Assess the:increase-of rice yields.(grains)

'(gralnsfiresulflng from use of Sesbania rostrata

as - graen manure.,

e d f ‘l@vels of added N fertlllaer (m.g. 50,:
100, and 150 kg N/ha)
lo3. Assess the after- effects of Sesbania rostrata

green manures

2, Trial degign

‘The. effects of the following three treatments
should be compared°
‘Tfeatment Az, Segbania rostratq green manure
Treatment B nltrogen fertilizer at 3 levals

Treatment -G: control.
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The trial should.be conducted.using. randomized ..
blocks Withffive,to"sixwreplications,"The ninimum.
surface of each.plot shoﬁld-beHZOmg@-Figure:15.presentsA.
an examplé'of a.trial.design.with.six.replications.

(28m. plots),rThls experimental .design.could be

lncorporateiylnto a. 1arger design.aimed,.for instance,.

at'comparlng<dlfferent“types"of fertilization,

2. 1 Fe&zalzéez_ézzlzeazaee e
The'Pthertlllzer should bevapplied at the
standard rates.used in.the.region,.as.indicated
,pagew15;\For;plots where.treatment.B.1is. used, urea....
' nitrogen fertilizer should.be.used,.as.other.forms
ofxfertilizér introduce.othér._elements,.such as 8.o0v.. .
P, which Qould«distort_the results., Application should

be~st§ggered.

2.2, Sesbanﬂa rostrata seeds

2 2.1, ‘Staeking up seeds.

'K sufflclent amount of .seeds must.be. stocked in
‘stage 1y prlor.tb the statt -of.field.trials.. The
experimeﬁts:require 100 .seeds (2 g) per m29 or 20 kg

per ha, .

2.252, Seed treatment

As is ﬁfﬁe for. many tropical. legumes9 .Sesbania
rostrata seeds germinate.rapidly.and: homogeneously
only- When they are.treated chemlcally or scarified
in a mortar..Chemlcal treatment._.consists . of submerging
seeds .into .concentrated sulphuxric.-acid.for.30 minutes.
andhfﬁéﬁéfiﬁéihg them.quickly.in.a.large.amount of ... .
water., Seeds.can.also-be scarified.by.mixing them.with
an-equivaiént.quantitywof;siliceousyceanse sand . and .
then pouring"this;mixture;into;a_montar,and:delicatély
rotating . .the:pestle.in.a.seraping._motion until the

grains become.pock-marked.



A C B
S & - . c B A
A B ¢ Block IV
Block II ; e
' Heterogeneous area (termite- J
mounds, dykes etCessoo)
C A B y
Block IIT
b 2 f
A C B B C A
Block'V | " Block VI
AT 4 m

Fig. 15. Example of an experimental design with four
replications; each plot having a .surface of 28'm2c
Iﬁ-thisei{ample9 the blocks have not been juxtaposed
so as to avoid an heterogeneous zones The three

treatments are designated A, B, and C.
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It is advisable.to inoculate.the.seeds. before
seeding by pouring.a. EBhizebium.culture.over the seeds.
(cf page 8)@‘ﬁg&sa.Laboratorymtrialthave_shoWn»thatL'
Sesbania rostrata.-could. be.easily . multiplied.using ..
cuttings howeVer,;field”trialshhavehnotmyet‘demdné

strated the -applicability.of.this method.to agriculture,

2.2,3. Seeding
S. rostrata should .be seeded.at.the.rate prescribed

on page 15, in wet but.not flooded soils.

2.3. Sesbanig rostrata.culture.- -
The following precautions.should be taken in culti-~-

vating Seshania rostratas. AU '
1) Do not flood paddwaieldsuuntil-the;plants
have attained a height.of.30cm.. ' '
2) Sfems should be inoculated._by .one of the.
two methods described.on.page:.8.when:.the.plants.
have.reached a height.of.at.least.50cm.

A description.of culture.medium. for.the.specific

Rhizobium of Sesbania rostratq appears on page-7.

P s e et i ot ot e bt d ot ok S mh W i s it i o ot UM ot ot iad P o ot it St T Maas S Yma An B e bemn S e o e S P s

When Sesbania .rostrata.is 50 days 61& and has
reached a height.of I.Sm,.the“paddyffisld should .be. .. .
drained. Plants should,be"uprootedngf;evered_at“soil,d..
level when the soiluhas,been“sufficienﬂiy.drained:.
(about 5=-7 .days.later)..Plants.should.be..chopped into
segments 10-20cm -long.and.incorporatedsinto the soil

at a.depth.of 10-15 cm,"

While-incorporation.of.Sesbania.rostrata into-

the .soil has.been.carried.out.by.hand. . up.to now, . it.... ...

would be advantageous to mechanize.this. operation.
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2.5, Rice -planting e

rhdeee SAuaEIRY
e B

.Rice.can.be.planted.immediately.after.Sesbania

rostrata is incorporated.inte the soil, -

. e : ‘4

3., Data.collection.

o o T A mat >t M W o Mt AT W HO D T s A ) B o> Eat D s i) T i M) St S e b b
ﬂﬂﬂﬂﬂﬂﬂ

3.1, Characteristics of.the.experimental:.site

3.2, Seeding.

3.3, Fertilizer_application’ ...

=T T w e s -

3:;4+ -Nodulatiodn.

Determine the.number.and.weight.of.nddules .that.. ...
have appeated.on lO.plants.randomly.sampled.before

they are incorporated.inte the soil,

3.5, Biomass- - e
Determine.total biomass:(fresh.and,.if possible,.
dry weight.at:80%C).when.shoots. are.cut..lf possibles;...
determine.  the.total N .percentage of. leaves and stems

of Sesbania rostrata. -

Stage 3: Perfecting:and.extending.the-application

of Seshania.rostrata.green manure . ...

In this final stage, . it .iz.degirable:-not.only to...
perfect:the method.of.applywing.Seshania.rostrata.. .
manure in.paddy.fields, -but.to.extend.-its use- to.
rainfed .crops. Following,areisomeygéneralmsuggestions-

for trials that could.be.cenducted. - -

1, Irrigated.rice culture.. .....

Sesbania rostrata. can.be.inserted.into.the .rice.. ... .

crop by growing.Sesbhania.restrata. and.rice either. ..

sequentially. (page 17), 'or.simultaneousgly,.In.the.. .....

latter case, Sesbania.regtrata.should.be.grown.between..
rows of.rice-and.incorporated.into.the.seil when the:

legume:-is from.30 to 50 days old.

(1) See :the data sheet.on page 24.
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Up until now, trials have.been.conducted.only.for..
cultural systems involving.only.one.crop.a.year. It. ...
may be useful .to study.the.possibility.of inserting.
Sesbania rostrata .in.a.cultural_system.involving two

or three rice crops per year.

2, Rainfed ricencultu:e.andietherwnainfgdwcrops..
Because.rannfed.rice.culture-has.expanded.signifi-.._
cantly.over.the:-last:.two.decades, . .it.may-be.worthwhile
to develop methdds of using.Seghania.rostrata.either
as green manure- (incorporation.<in: situ) or as organic
nitrogen fertilizer.for.rainfed.crops.(incorporation..
into soils .distant from.plots.where.Sesbania. rostrata. .
is grown). To produce.organic.nitrogen.fertilizer.
from Sesbantia rostrata,-one.should_grow,. harvest,.
transport; -.and.incorporate.Seshania rostrata into.the..
soil of the rainfed crop.as.fresh.or.composted.organic
fertilizer. For this purpose,. Seebania rostrata can
be grown in soilg . unsuitable.for.other.crops.(e.g., .-
temporary ponds, saline.soile,etCes+),.provided that

these soils are.sufficiently wet.
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ANNEXE 1. HOW TO OBTAIN SESBANIA ROSTRATA SEEDS AND
THE. SPECIFIC STRAIN OF RHIZOBIUM

1. See@g

Seeds can be obtained from the laboratory of soil
microbiology of ORSTOM, B.P., 1386, Dakar, Senegal,
Because our stock i1s limited, individual orders must
not exceed 500 seeds. This quantity should be sufficient

to set up a field trial as described on pages lé4.,

2, Specific strain of Rhizobzum (ORS571)

This strain can also be obtained from the above

laboratory.,
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ANNEX 2. DATA SHEET N®13. ASSESSMENT.OF.SESBANIA. .. ... ...

ROSTRATA BEHAVIOR. IN A GIVEN:GEOGRAPHIC
REGION e e

- Experiment site

- Latitude, longitude-

- Soil type

-~ Climatic characteristics. .

- Date of seeding Seshania rostrata.

- Percentage of germinated.seeds...

-~ Date of stem iﬁoculation“,‘..

- Height of stems at harvest...

~ Fresh and dry weilight of.stems. .

- Fresh and dry weight of leaves

- Percentage{of nitrogen.in stems.

~ Percentage of nitrogen

~ Date of appearance of stem nodules after
inoculation

~ Number and weight (fresh and dry) of stem nodules
at harvest

~ Dates of flowering (beginning. and. end)

~ Dates of seed maturation.(beginning and end)

~ Weight of harvested seeds

- Pests '

- Remarks e e e

Notes The ¢ompleted form should.be returned.to. ....... .
Dr, B. Dreyfus, Laboratoire.de:Microbiologie des Sols
ORSTOM, B.P 1386, DAKAR, Sénégal,
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ANNEX 3. DATA SHEET N®2: ASSESSING.THE.EFFECT.OF.. ...
SESBANIA ROSTRATA GREEN MANURE.ON RICE......
YIELDS UNDER.IRRLGATED.CONDITIONS

~ Experiment site-

~ Latitude; longi;ude

~ Soil type

-~ Climatic characteristics .

-~ Quantity of fertilizer applied (P, K, urea N
in kg/ha)

- Date of seeding Sesgbanic rostrata.

- Percentage of germinated seeds.

- Date-of gtem inoculation...

-~ Date of appearance of stem:nodules.

- Number and weight of stem.nodules.before.

l%wincorporation of Sesbunia rostrata shoots
into the soil

~ Height (cm) and weight (fresh.and.diy) in,g/m%w”uu~
of Sesbania rostrata shoots before' incorporation
into the soil

- Date-of rice planting.

~ Date of rice harvest.

- Rice yield kg grains/hawand:percentag§»0fwnitrogen

in grains in the variqu‘treatmentsfﬁ

- Remarks

Note:  The completed form.should be.returned to......
Dr, B, Dreyfus, Laboratoire.de.Microbiologie des Sols

ORSTOM, B.P 1386, DAKAR, Sénégal.
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