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GREEN MANURE AND LEGUME COVERS IN THE TRO'ICS 

Rus-4:il Yost and Dale Eviins 

AlB Si RACT 

Giroving legurnhotus ptants for multiple ttses ha- Iate\ lec cived renewed iterest. Costs 
of fossil-based nitrogen Iertillzcr, after bwing unrtalistircihlv low for dlelctes, haVe 
increased. Suiipplying nitroget/ tro4h biological li\,ti(Oi is Mttiacti\te, bIlt s terns that 
accorriplish this are neuedd in both teiiup.rmte aId trFtO)aI tarl rilIIg ,'yr,.\ oi' ical 
fixat i.n ais Soh.lI I 01 nItr(gelltI I IItalirl l II o I)-,, IIlI I I "ta ce o t I IIIIII(ui 'Ii eLt tht, t.(I o o 

ni trge-ic fertilizer arI tihe I( to cereals. WaV UWt' holoylh'al lIIif ;et' ise irihjor (-')lit' CIII (hnlln 

throiugh the judicious ulse Of gi eci Inii ltuIl a i I(I i t (, ers. 

' his p I 0 \ Cf l'- oWlittratui tle rlii virllo ir ','e;Li aild 
cropping systeinis in which thety aret ucd in the iiinid truoics. S\'tCiideO l[Cibed inlclude rice 
adIId gree IIlhnIIeIL'S, thaI. t ]I I arIId leguIle 'CO root )I, ,F l II l ItIi 

reI)ort ,.;des a i cl-, 0 iIit the 

Iti,, Ii I e.--,, .I( a IILIgree It's, aIItI 

c cuitI 
Covers wa cordilticied ill19'l as a prichi iu iiarv pat tIe si ldV. 

of irt etl'C cIll iil)ie\X 

soe luplind sarid guiu ruiilies. A sivv ,t nsco green d cIurrs,egulliie 

Alteri'ative sourcus iirouteri ) iIore atI i fr i n tropical 
faintig systeinsu incd mnore Ini delrlildd bLe,,:IIIe Of the St 11it otOtlit rrrOgtc. sOIrlct and Oh 
nitrogen fertilizer in inainy tropical COn ntIleS. It SccIis ifpawlint that bio h gical itrogen 
should be viewed as a coie[Ami,ret tO tertilizer iitrogen. 'I lit alropliate mix of the two is 
hard to assess because_JI _IInof ii deute or exp[enie techLIIintIes forrIIWIIeII It the lIr101l. s o1 

by the gIee teile 

the advisability of leguine e iring s\s.trIr1T,eearch and 
nitrogei contributed eIIIIIIme or legiinie covCr. ke erI ipilJasiZ/ rieed to as'se,S 

jLi particular situatlOn Sroin atar 
developrieit perspective beca urse of the biologic, ecot ioi111ic, aid social trteMnllut ot tropical 

farming systems. 
As a result of the study, we eiphasize that know\'ledge gaps or research needs e.,ist as 

follows: 
1.TechrIijties to ir,.easure introgen contributed by the grecen manre or leguie cover are 

inadequatre. 
2. Viable seeds tr leguire germilasin evaluaiun are hard to get. 
3. There is not enoiugh irlormatim ot the characteristics o variIutS caniduate green 

rnanures and legum e covers and on their clinmate and soil requireinents. Such data could be 
used ill screenirg candidateIClegumes. 

Keywords: Legurinc covers, nitrogen fixation, green Ian Ures,biological itrogen fixa tion. 



INTRODUCTION quality, contribute to associated grasses in N 
stress conditions, and aid in providing effec-

Crowin g plants fur "-oil improvement tire soil cover, protecting it trom rainfall 
dates from the earliest intensification of and preventing soil loss in runoff caused by 
agri culto ire. I he reason growing certain low infiltration rates. (n, (itthe challelges 
piants before others is; beneficial beca me inusing leg'iues isto find criTs r improve 
clearer whin the di >inetinm betwten lqgyn va rieti's and muanacnemient so as to obtain a 
and ti wa, i.'u such a, , orage, orleime re, d. 'The ()fetn- primary product 
cited r,'toilt of growin, tllh cr,,p-, ,.' to fiber and still have a iinilicant N residue 
"build tip." "r'stirc." or "-ireu ,,ninate' so il11-. for the tollowing ciop. 
Ler usingw it for an e\ha.t i,,e cral crop. I e 
r tions, intltences, idtltorati%,ye tactirs 

aLtIe t lv iIcli t II, ( ina cerealI t.(, 


sldoIm tI" 
understood or n ,tged. 

M itch f the attractin i iI.i t ,1 n1 ,i 
, 

tinS ire (I ( itId , IIIIch I . 

in .otations rest, oin its intuitit\, ical. 
_orou,ir a>H of the leume benefititurt ire 

rare. Ihe controv'r,sv over "'oret niT r 
Meth(ds and approaches d (,fedson tilick 
dtinitive mctIsUri.eicunt, utndrtaniding,, and 
lman ,ement (f critical ftactirs x'Whe'n theII 

(f hu'gttI es and other orga iic ima t T'ii, I. in 
ag.rictultire is tmphasiid. Such stuilits a-, 
there are' suggest s-'\vtral cropping or frne 
system,, in which growth (itle,gumes can be 
beneficial. We will dt'scribe some of thes;e 
,\'stet lor tr'pical agriculture, with em-
phasis tin the hunid traopics, and attm'Ilpt to 
deterinin lactir, intheir .uS'nits that can he 
e\trapolated to Other areas, lands, or farm-
ing systems, 

.A general diit y teItv itT.red in the 
green minure, (( ;M) litriturt'C has been that 
the frane of rt'fertence tur c(omparing r,-
sponses was usna Ix'whethr xi eld' Ciuld be 
increased by. groxving tile leCgr1utt,. "\'ith to-
day's high piopulation and prev'ssi re for fOid 
production, high yields are ma niatiirv in 

"'(;rccP lllanurine'' ei'r'rIllv refers to the 
gr'wth and p(lox ii nt'r O e en plants 
be,-ore ma tItIrat inl %. to., s',.fL. After,I oII' I, 
har\et, ,,siAioperations are tc insidtred crop 
rei dt;e Iana,,cement. 'Ilhse residues differ 
c(Msidcrablv from (.;.is in tha t t hw are n' 
longer succulent and usually havt wide car­
bom/nitroen ratiu,. Young,, succulent plants 
tIft.'ni'OI' naturitv decomposetit/'.]t'r 


rapidly and rilcae nutrient,, mainly N,
 
,vlitli ,re gn'rlly readily available to 
as, (tiated P,. 'le q'lantity of ab­cr ii to tal 
sorbed N inthe plants isgreatest with Older, 
Il'ss-easilt' ip-nl, ma tet'ia Is, While 
the ,',gt, hiihly dtgralablc naterials 
tiually contain, little total N' on a hectare 
basis, ,lthoiigh per'ci:ntlge com positionl may 
be high. 

mThese pi'tper'tits are sirmilair to those of­
tl'n discussed inlfo, e atia]\'- where feed 
(luality and quantity art, inversely related: 
large qu1antities of forage can be produced if 
one relaxt' digestibility standards and per.­
mits longer plant grow'th; alternatively, a 
saI I amount oifhigh-quality lorage is 
priovided by young plants. Although green 
imianiring has often bcn practiced with 
leguitmes and ntnlt'gumCs alike, the tendency 
isto use lguemts because fttteir smbiotic N' 

most cropping sv.stt'mls. '[he' ned nIw i,ti, bcnefit. Gre.,n manuring as disc sSed in this 
maintain or increase productioin whilt re-
placing a significant portion Of the nitrot',n 
(N) fertilizer requirement by (;ls, tither in 
the traditional systems or in new one'. 

The use of legurues inr f rni t s\vst'vs 
often has multiple effects. Por examplh', 
legumes in pastures contribl Ite significantl 
to animal nutrition because of superitor feed 

summary will largely refer to the use of 
legueics. 

"Green leaf mmnuring" has traditionally 
referred to green manuring with plant mate­
rial not grown in place. P1lant material is cut 
and carried to the site of incorporation or 
surf,.ce application. This variation of green 
manuring has been popular in semi-intensive 
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land use areas. In such areas, matcria is from aspects of residual legume benefit i ncltide 
woody perennial species have been u'll, e.g., the inprovenrit of soil physical properties 

Gliricidia se'Ivium, Lct'icml ',i C'sci,fla, bv toot growth and the stimulation of inclo-
Acacia ariculacformi., Sc>'a 'ran li bial populations in the lelume rhizosphere. 
flora, Tephrosia spp., and others (\.\A L)ocuinert atiot tf i improvement in soil 
1980). Regrowth from such plants growing on phsical conditions as a result of having 
plot borders is quite succulent, and production grown CM legi mrcs is meitger and often incon­
may be ck jparativcIv high for the area clusive. 
plinted. In otlwr -itua tion,, mati-riA fr n ('omnplicatii us of (jila titinp such effects 
anIMal h'rbeoo -'i('s has, b''n earriiCt 1rV great, and dianosin' situation, in which 
and applied. ,.g., ['il'r ,l ,,icant i nproveuent in crop growth or 

~iotlrizs~'i l~l.,>'l'i~ia l~l~' priichctivitv v,oiildl resutlt from improve.,l,'i,:. 
etc. This method pr~balvlk' cannot provide physical properties is dilficult. Perhaps just 
enough plant mat'rial ii -ie mechanized as remnoie is the posibilitv of diagnosing 
fieds but ha , .n ff ci\ev uised, for small situations in which microbial activit, is 
fieLd'. ..\v ariati n of thi approch is ,i bptiral. The dif:iculti,s are great in 
'al,v cr(opping,'' in whIich ct' ,rr it n ,asurinu beuifis to micrbial and physical 

bet veil rows of ogu1- ' ,o a itle ations in so]1 brs ioht aboaut by theperennial I .'\.I k 
19,'-2; IlITA 11)7o; Kattg et a . 1"'1 ). lf'lwtl i W %'tl i f h.-im . 

i ,from t1W legumes periodvallv Cut and p- 'Iw "Ia-,c(Iatcd cr,'l, in rt-ltion to (;Ms 
plied toI thetrop'r0 e1 between the .un,me ,r legumke covcrs, is the crop to be bCnefited 
rws, which cc .vr,l netr- apart at the h% the legume. The as ociated crop isuuallv 
up ,st. cither a Cr'al rovn after the lI,unue in a 

AIt h th ,;te.i-. si oh a-, ,I-h. cr ,!,i; relaY (Ir rotational system, a crop, to which 
hli ve a ppea I, -,pt,cial I in k rI -,-i ' the leaf in an al­11I , ron ma frial it, applied 
svsten- tir r app]icabitV to I rge'--,t ilt kv croppingt,,1i rn, or a crop that grows si­
agriculture has 'ot b'cn dILtrat. IIlet, inmlt im-m.,,v with the legume as an inter­
is grat pottial to plants, IrowIpfiiallv nturft.( associated crop iscrop. 'I the 

for the int ,,ie tir,,uction (it N for use p1),rticui .lv imlporta it in a g;ree'n inmmuiring 
either in sit: or in neighboring ,rea,. . \ " tm, i, cau.'e n,na:,,nwnt dcisions must 
practical qm-tion that limits the uisfuluM'-, ',iie the asociated crop priority over the 
(Of these steA(11m concrr.n Labor rT.q11irecd to lkgume whenever co'nflicting reluirerments 
transport and apply bulky leaf mate['rial as occur. Se,isonal growing conditions for the 
green leaf manure P(;. I). Creative ltIra- le,1ume1 Will be dtIermined bv first providing 
tives are ne'ede.d to detvelop tlt.hse' methIits optimal conditimis f r tlie as01cated crop. 
further. xamplrs '1clUide ,,grlowthl Of the legume in 

The term "legume effect" hs, somet iiCs drier or cooler portions of the crop vear 
been used to indicate a be'nefit d rived fr(m ( I RI SA'T I1Q80; Ka m pra th e t al . 1958), 
having grown a egume. m a field before, growing the legume on marginal land and 
growing a foIloving crop. This effctCt is 0i0- ca rryin g the (-;I.A to the a ssociated crop 
taned from the below-ground portion if the growing on deeper, richer land, and growing 
legurme after the tops have been harveted the legume otn lied boidekrs. The secondary 
for GLNI, fodder, or other purposes,. The ma- priority ustiall;, considered involves the ex­
ture of this -ibTefit is more obscure tHun the tents of stress tolerances of these crops so 
benefit from application of plo nt tops as that, given the potential growing period and 
GLM. The partitioning of N between tops and it,- constraints, the appropriate legume 
roots probably influences the extent to which species and managenent can be used. Just as 
this benefit is due to N. Seldom-documlented pasture legumes to complement grasses for 
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acidic. low-P sols mut be tolerant of thWMe 
conditions, G', and cover-crop legumes must 
be chosen on the basis of their ability to ol ­
crate the local soil and climatic situatiorls, 

GR EFN MA NI.JR ING FOR ANNI JA 1. FOOl) 
CROPS 

Green Man ring of Flooded Rice with Scs-
bahia Species. 

Green nainuring ia ,,bn practiced 
widely in ai ofhn . mill andIAsia. are 
managenient int'nqive, and ininal niinues, 
night soil. agriculturd heprodnets, cometisis, 
and Gs are olen ii-s,,,,- ,i,-, mni ntl in 
and nitrogen sources. M,nv Aian cr"Puiri 
svstms are bas ed onl rice cultivation, aid 
because of the ability of ,c,,ni, snies 1i 
grow in heavy soils. wilh,taind waterhic'in g 
ant flooding, and tolerate soil salinity, they 
are often the preferred (A1 cr0p in Ih 'so-l ­
terns. The specht's10 nt (itttin i-'d in Inlii i,. 
., tis~toieu'. The name -;. ,ne,!uu, iotthil 

given for the anmual ssalmni, ww in th, 
People's , 'ptiblic of Chin. Ililtw two 

species are t'Xonornically i-,lisithni!hable 
(Gillett 1M3). but are Nimilar , irlvery in 
appearnce and growlh hldihi, and ti'-l'u Inii 
is possible. Occasitn,llv, the pere'nnial S. 
ses/tan has been nonlinned a, a (;l crop. 
There is nit anthtri tative Asiin ,,\(nmuv 
for Shania, and 1h citfnti ovr iden-
tification is so evident thai one stlsuocts the 
accuracy of nomiunclahfre in many of the ag i-
cultural reports. 

Within the bodv f literatmure en gren 
manuring in the tropics (Evans et A. 1 ;t3 , 
two practices can he disti nguiislh'd, a:- we 
have defined above: green manuring in rota-
tion wilh the crop to be benefited, where the 
GM crci-generally a fast-growiig ani,fl--
is grown and plowed under inl the s,,e ., field; 
and green leaf nanuring, where green uia ttr 
is cut and brought from elsewhere to the 
field for burial. GLM may be any groe 
matter cut or lopped from waysides ant un-
cropped arec,, may be partitioned from the 
yields of nearby GM crops, or may be from 

plants grown fOr thl purpose. The perennials 
S. scstian and S. ,randifora and the annual 
,. speciosa are oft n planted on field borders 
and paddy brinds to e usIed as (;i i. 

lnh'rcropp1 Crotn MAnarres. Techniqeis 
of interplaming and intercalating S. canna­
lii' for green manuring have been developed 
in southern China for rice cropping systems 
( ,AO 1977). The sesb,mia is raised in nurse­
ries and is transplanteld to the rice field in 
rows 2 3 in aprart when tIh spring rice crop is 
in grain-tilline stage. Several weeks after 
transplantinez the legumes, the spring rice is 
hasrvesd. After ain additional tvo weeks' 
crowth, the sesbania is inoirporated into the 
soil floni vilh 50-0) kh inonium sul­
f t before trnsdlind the ni\t rice crop. 
Ac mlting to those farntirs, tthe ,,, fHgreen 

mannrine with nin'r.il fertili:-ers incrlases 
'yields whil, rdcinu the ferlilizer N 
re!uiir''nt'unfof the rice crop. 

Similar practices were reportedly taken 
up, in North Viot Nam during the 1965-1970 
period. as desciil,ed 1 several authors in 

V(,lume 27 (1971) of the English-langnage 
p blica itoct Vi'ctanics' ,tuios. Although 

,,s th tuijht to be easier to grow 
thin A.-MIh spp., the traditional CM, its 
ciillivation as an ini,,rcrop was thought to 
cinluiete w.ith rice (the tiriug and manage­
mnt vore unsicii'iod), and the prsence of 
wootty titprttots was said to make plowing 
d iiult. 

tiwni,' Wan ed Grren L.eaf Manures. In 
parts of Sotnth and Sontheast Asia, farmers 
um,'fiehl ho rders to grow crops to provide 

IL;I. These borders may be paths or road­
wavs between fields, hunds to contain water 
wit hinr fomded fields, banks of ponds, 
terracing walls or contour bermns between 
different land levels, or coiih inations of 
these. Border planting for GIAI is one elc­
ment of the integration of trees and shrubs 
with annual row crops no.v collectively 
called agroforestry. In agroforest ry, shrubs 
and trees planted in lines are used for wind­
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r perRice Yield Responses to Gr en Marurmgt
P,7jand fuelwood sources, or for soil stabilzation, "Histor Iically, 'GM and Z.'G-M t-rcices~ 

imnmaai have -been jupstified'by thiaddlti'I 

y.nentmtand, intimateserehau syth huses adae carater.Suchminteatile imentshave 
plantings eliminate theneed to haul bulky,

serversuxst clrPerao'sesr-*andf25'charactSra'fresh GLM long distances to th fields and 
a' rsed osalfedszs~~ptt~ 
in the root zone and for light may reduce the 
yields ofcrolt adacent to these plant-, 
ings. Such :ffectsjnay be minimal and may. 

o maetll
eu.it.' fesieasome.i-na
be partially offset by factors such as N 
transfer inthe' root zone, leaf litter fall, and 

tmicrodimate adjustments. As field areas be-
co me smaller, border-planted GLM yields on 
an area basisnbecome larger, and oeprtuni-
ties for competitive effects increase, No 
study of equivalence ratios for border-
planted systems is available. Sesbania 
species are particularly well adapted to 
border, plantings in rice and other lwland 
irrigated c"opping systems because'of thei 
tolerance of waterlog,ing. Their tolerance to, 
salinity.ay.also be an advantage in delta 
arcas and where soils of bunds concentrate 
salts by .evaporation. Sesbania 'grandiflorais 

~. 	 frequently planted in borders of more perma-

4: 

S 	 nent fields. Smaller biinds or waterw~ay 
banks serving as subdivisions between fields 
are not appropriate for perennial' spd~es, as 
such subdivisions may be removed and re-
structured during cropping cycles. In parts of 
Indonesia, however, S. grandiflorais man-' 
aged on bunds as an annual, sown during de-
velopment of one crop, 'allowed to put on 
growth during periods when competition of­
fects are not critical, and pulled out of. the 
ground during field preparations for the crop 
to be sown during the next rainy cycle (D. 
Ivory, persona. communication). This species 7 GLM mixture of S, bispinosa and,!pomoea
has rapid initial growth and is well suited,,,, crassicaulisat a rate of 10 Mg/ha dry matter 
to, such use. Sesbahiia speciosa' has been -(containing about 200 kg/ha N), flooded the 

~'extensively used for border pIlanting in India, 
Sparticularly in Tamil Nadu (formerly' 
Madras State). 

g=1(6g1,000 kg1 	 Imetric ton 

however, these yields and rep nse .cre­
m.d.rn Is([njards

often been rathr .mall. In
 
southern 11ndia, 'Krunkar AhdRajagopalan,


d(1948) stated that GL bapplicationsof 5 
Mg/ha*! fresh material (about 34 kg/haN)" 

7maintained rice yields at(2.25 Mg/hagin 
suplmenting the GLM'ith e 
of 	fertiler N and phosphorus (P) resulted 
in general yield increases of 25 percent. Sahu 
(1965) reported average rice yields for 
Orissa,India, of,623 kg/ha, and tae that 
applications lof 22-.5 kg/ha inorganic N fer­
tilizer could boost yields by 30 percent. In a 
survey of green mIanuring research in India, 
Panisenet al. (1965) estimatedian average rice 
grain yield response to GM or GLM amounting 
to 236 kg/ha, an increase of about 20 percent 
over average controlyieldsof 1204 kg/ha. 
They suggested a plateau' in rice yield 
respo s nrrtd e r 
concluded that application rates of 4.56 to 
6.84 Mg/ha fresh material were sufficient.

'Assuming an applicato of5M/afrs 
material containing 20 percent dry matter, 
the N addition represented in the above­
ground portion isprobably 20740 kg/ha. Such 
,amounts of N, combined with tlv, soil physi­
cal benefits obtained by incorporating plant
material, were adequate to provide modest 
yield increases of the traditional rice vani 
eties then in use.'' 

-Modern, high-yielding rice varieties 
also. benefit from GLM applica'tions. Chat­
terjee et al. (1979) in West Bengal applied a 

field, iind after four to five weeks trans­
planted the rice variety Jaya. Rice: yield ~',responsewas similar to the application. of410' 
kg/ha N as urea at transplanting. It, ap 
peared that at thleir, site. the N effect was of 
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less importance in the wet season (summer), 
since other bulky organic manures added at 
similar dry matter but lower N rates pro-
duced similar effects. In the dr, season, 
however, when incre.sed solar radiation 
allowed greater yield expression, response to 
the high amount of CI A-N was obtained, 
Iiglh-yielding varieties have elsewhere 

been shown to respond as well to addition of 
nonlegune bNomass as to N-rich lew;,umk, 
materials: Stibramanva m and Mhar I47o) 
obtained yields of 5.8 Mg/ha graiv wilh 
va;rietv IR-S by applying 50 Ng/ha fresh 
water hyacinth, plis phosphate. 

Varietal difft'rnces mLMay ashe involved, 
the results of Sadanandan e al. (1973) 
suggest. Only one of two high-yielding v,,ri-
eties (HYVs) of rice responded to 5 Mgi ha S. 
peciosa GLM applied with or without NIBK 

fertilizer. 

8­
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Reddi et al. (1972) obtained a linear re­
5ponse of IR-20 rice to N regardlesS of source. 
Rao (1950) had obtained similar results to 
increasing GLM applicatioms, using a variety 
called GETLB-2.1, perhaps not a "modrn" 
IIYV. Ali and Moranhan (1974) grew IR-8 
and IR-2() on a fertile site and found similar 
response to C LNI or equal i-mounts of N as 
ammonium sulfate: 5.33 Mg/ha grain with 25 
, tg/ha fresh CI.A applied 20 davs before 
qowklg, ani 5.93 Nlgi ha with the inorganic 
in a 2/3 1/3 split opplicition. Dargan et al. 
( V75) alo obtained a typical rice yield re­
spornse to in r,.ni. N, xith a tendency for 
yield response to level off betweLn 8( and 120 
V,/ha N (Figmre 1). Green manurin,, with S. 
/,i ni'rosa was eq'i,,alent to Lpplvirilg 8{1 
k./h inorganic N. 

On an acid soi! (Ipt I-4.,-) in W\- tBengal, 
I. 3 rice gr,:in 'ie!,Is were similar whet her 

' 

E Green Manure 

S No Green Manure 

0 40 80 20 160 

Fertilizer N Applied (kg/ha) 
Figure 1. Rice yield response to Sesbania bispinosa green manure in combination with inor­
ganic Nqfertilizer, vs. response to fertilier N alone. (From Dairgan et al. 1975.) 
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given NP'K or a combination of (GLM, basic erties. Gill (1978) characterized th i lYV 
slai, and K2O: 3.92 and 4.03 M,a/ha irain re-- rice-whoat rotation in the l'unijab as "Cx­
spectiv-;v (Majundar and Chakrabrtv haiustive," citing among other eVidencOs that 
1I'77 'Iliee co ipilclsared to coiltrol zinIc apliati(,-,s had becomIe rottine,ly ne­
\icds of 3.3-4, and ".77 li/ha for ti,, ic sla, ce,essarv. lie stated that where rice was 
pis i.-0 %'ithout ( I.M. Ih follow:ie pul.e ;-og n ti n1o1s- v, soil pliVsiCall conditions 
.rop 'ield_ were siginclmtlv inc(reas.e'd oi dcteriorated. Il!I, rIcomlIndeC d .sfing S. 
l , thit ald received (IS. :1/,u,'na a ( ;Nl betweci the wheat har­

pa ,t 1,% s, iid(,uiii the ,.v ide r- die- ve;l and rice trlisphln till,. Silmla,, declines 
ti~os i t tYVs ha', i i" , .t ci,,py in ,,vi , noV.t d in (thna (Snil. ;S-), where 
intens~ities;, antd the avlil,!ilitv (,I i (or' i im coin irn rice croqpire!was blam<,d for for­

1ha1Made legume roQtattin or lihow 'I- pans ofi "blue asbestos ild" 
td,> le_,L mandatory, resnti tilrl in tl orbl, i n oi rm al pd dy IdrJiina e, Smil 
dtecline in s(il fertility ,od pl;J ici1 pri p 1talIId iihred cr ppi n ntulsities and 

8 rFllow 

EGM 

(132) 

(57.9) 

(8.3) 
_ 4-- .1
 
0 I
 

r.D
 

Q)
 
u C:I
 

0 60 120 30 60 90 

Urea N Age of GM 
(kg/ha) (days) 

Figure 2. Rice yield following Setlbanin lbispiioSa green mantore grown for different dura­
tions before incorporation, vs. rice receiving fertilizer N after fallow. (From Khind et al. 1983.) 
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inorganic N fertilizer applications combined estimat-d 267 kg/ha N, based on the low 
with decreases in green maitring, decreased of the experimentol d'eviation. When 
incorporation of crop residues (straw being resiulting legume biomass was choppedcl 
tlo most common rural fuel), aid decreased incorporz'ed inta the surface 30 cm of s 
soVing of legumes in general for widespread followving rice yields (ab,(out 5.8 Ni /lha) v 
occurrences of potassium deficiencies, as well significatly superior to those obtaincTW 1x 
alsof micronuitlient d,_ficiencies. cithcr o,kg/ha N as ammoniITu su.lfate 

i'he sebania specie,s most often usi-. a; Nlg/hai or the cintrol (2.I N ,/h,Rict 
an G1:-.( I for ric, is S tiiri,, b'cauw conitent was more thin doi:b!',d (,' 
ot its adaptation to lowland site s,Ix'<i.% inor-aini N tre,:tint,. The auIh 

K salinitv', xnd wi tcrh .einv. n. of1I estini<,d that as a r,.,uit of the ( 
hc use of thi' , p seqlnc,, both ,,, - trct mint, at least 17 ' kg!ha rcsidial s(i 

o11cita'll ad1! iln pCrdic'e, " aspfarmer'S' c i wasipr'set after harvest of the rice crop. 
we ha' seen in idil IncreI se in rio "'imlin .;isimportant in i'shidh ig GNIb 
yields have been h',tain d p'1nental ill i ,rp,,]itcm -e,. h Ctint . (1981) 11 
Senegal, however, using S ,i,: (di in Ii>iown si', incriases in dry mattcr and 
et al. 1983). Whien grow, tor ;2 dil% inin-M prIduction by (;\I ),%ume tetwel'n taic fi 
cisterns Under xetero' tCI', ltitioWo tli- d .11dseentlh.'eeo-,of .vtl i nnd et 
llnuslal species (which, ullit s OS) foundir thait ip!.lnd re ,,idd inppit 1''I 
conditions,bears nodull, oln it> t WdIn <cdl ti,\'h't111crt-jb durotior
'in)i 1d in with th_' 

7-

LA 

0) 

5.­
4--0 

o 0 FALLOW 

CDA 0 GREEN ANURE 
*OU ,3 L INCORDoArED.3-1 10 DAYS KMRRE 

0 20 TANSPLANTING 

o 30 60 90 120 150 

NApplied (kg/ha) 

Figure 3. Effect on rice yield of various time intervals between [ihe incorporation of S,'sban 
bispinosa green manure into the soil and the transplanting of rice. (From Beri and Me( 
1979.) 
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the preceding S. bi.pinosa crop (Figure 2). 
Their results suggest that the effect of the 
30-day GM crop involved more than the N 
contribution of the iops. Beri and Meelu 
(1979) showed that timing of transplanting 
the following rice crop has critical effects on 
N uptake after GM incorporation Witigure 3). 
The range of rice yield respon-;e was equiva-
lent to 50-120 kg N/ ha, depending on bow 
soon after incorporation the rice was 
transplanted. The advantage of early vrau,;-
planting was masked by applications of N in 
combination with the (GM, especially at 
rates higher than O0 kg/ha. 

Two other studies in India compared rice 
response to GMs with and Withou t added in-
organic N. Data of Bhardwaj et al. (l#)l) 
indicate a generally linear responsc toadded 

6-
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5-
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N, regardless of its source (Figure 4); response 
from the green manuring was similar to that 
from 30 kg fertilizer N. Khind ct al. (1982) 
found that CNis grown for two months were 
equivalent to 60-90 kg/ha inorganic N 
(Figure 5). Both experiments illustrated that 
c;ls can supply at least half the N needed 
for moderate to high rice yields, and that a 
combination of CNI with inorganic N can be 
highly beneficial to followin}g crops. Green 
manuring in India has declined since the 
"coordinated research schen;,-" repi irted by 
Panse et al. (1963,5), or sie che populariza­
tion of .. sperio.;a in Nadras. A similar 
decline has been noted also in China during 
tle past decade (Smiil 1984). Increasing 
availability of fertilizer N and spread of 
short, high-vielding rice varieties have 

0 

0 

oA 

A rERTIUZER 

0 SESBANIA 
NO FERTILIZER LI CROTALARIA 

A 

3­
0 30 60 90 120 150 180 

N Added (Fertilizer arid/or Legume). kg/ha 
Figure 4. Rice yield responses to fertilizer N applications with or without preceding Ses­
bania bispinos, or Crotolaria juncea grceri maniiure crop, vs. green manuring alone. (From 
Bhardwaj Qt al. 193.) 
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been partly resp.nsibhe. Pressit re On scarce research on responses oft I YVs to CNI and 
resou rces has c ,used fa rners to plant an CLM, discussed above, may be in indication 
e.dible p,,lse Mnd use the nonri in port, 1for of a turniabout in th2 att itlle's of soniL'
animal ,cd, rather than :vw,a crop to tur ox>.archers. A ropping :vstetns are pused 

undcr. (;re'u inamnuri --to oftteIn refCrred into new areas of the tropics and te impor­
to in the litk.rature ,inart thin a tnc1e (1f liagement oraiioic matter isIllf o 
tedlv;oliv\, has until .cceniv, falen ont )i Lkkiiowc!,dred, the use of legunmes as ,crops 
ta, or wxith , ,,riit la .ic ii ti i.id tlhiI can build and stabilie soil fertility 

i inii e(rioIII.isIII el c lii. 11w lilv I)em1ore i ilv conlidered. 

"!, IIp" ,xith til i ,, J, 1 L. \II- Sl'h':Oll> [(R (;Rl'N MANURE 
i ,tilns, ot I \V,..I ,, AN I)COVt' t ' ct vI' -. (IRlhl.
 

ir*iti,', a ,1' ]let IIes arehi .hdi[iv,l ,,. ,l1 , c,>c'lxcrtt' 1f thee- used as 
the e ili 111,ie -:'. o VC r1,10t k,"1 "1 [XL,,11 t 'r uid C11 pU 11) , I I tropic's. One co Ill­

6¢
 

CT)
 

-a
Q)

>- A 

'64 
C.D A Cyamopsis tetfrcgonoloba 

0 Sesbania bispinosa
 
• - + Vigna unguiculata

C: IU 
 Inorganic N 

2 -- 1 i 

0 30 60 90 120 150 180 

N Applied as Fertilizer or Legume tops (kg/ha) 

Figure 5.Ricc 'ields with ferlilizer N alone, green manuies alone, and green manures plus 
60 kg/ha fer' izer N. (From Khind et al. 1982.) 
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pilation of information covering man,y of 
these species is that of Duke (1981 ). ()Mr ab-
stracted bibliography (n tropical (,N and 
cover crops (Evans et a1.19S3) is indexed so 
that the articles and publications included 
can be mearchcd by specie,. Brie desci tioris 
0! the uses and ,itualitieS of sote of these 
eeumne2 follow. 

;r-lil Legumrues as Coveri Crop)s and (CiT1i 
NiUnures 

Ilistoricalliv, nane grain, O' puTk, 
lc';iuII c-s havxe [' Ie ocL)11"" s-i,.t t'l 'lc 
cr.Ts or as (;,",1.]uce,>pd-i..i n, 't,' 
ha \e large seekd; c:ctnt t i Sm illtrient.-i inc 


penetrating taproot. It is adapted t) the 
seniarid ad moderately h inid tropics and 
stibtol ',pics, with an optiIniin anntual rainfall 
bctN cen WO 1mnriand I() inin. Cultivars vary 

i:lin rowth form, flhWerin:,2 habit, 
'-.ied type, tolerance Of1conditions such as 

. .,, r frost, arid response to mnan­
imert'. (ilnus uciaa rc,luir res adctlmate soil 
1110i-fi re dliri ri, its two-to thrCe-month es­
t,[ lishine, t period bilt threafter ;s quite 
t 	!,,rto f dry peri ctd. 

lI Africa, Calnus hlas bee'n sutccessfulil 
1" 	tIh r fillow,,, Of tluid- d ura­ti('-	 to ftcur xv'ar.' 
ton (VV.tsto, a1n (oldk'orthv lQ6-). In 
-';1h,nao, fl l] ,i-',inm ize xvividl; were belne­

ior rapid estah. hmenllt and can bsin ft, iitfid, but ras f,irlon's hi,,0iiilr l-,sn .1 i ffct' 
htIqt a vx'iil rtis'; and c\t'li , It,,i''> nll- ((-;utll I)Dept. 05)',. i l0tl). W orn­,;S i 
biesis w ith th" a pprtotriItte , , (!.it . 1ii<in1,I pi n t plt,, Ii.d< in Ila waii 
Ilitl1,k .-ilco dit,_,-.I k,1ii>ctin iiF I-,e at 01Wi CT' ui cl, '
, itI tit .'"m-rt r ili, uS, 
a ' arti,: l 10i() C i iCOld'CtC,p t' )itOt Illft'- which wi> thun iln tIstt t('df is, Ci( 'Jtie. n 
rial uS readily avalilaiib,. 'Ih( -ecc.. rowci reportcd irncorp~iiing i toiur-vcar­
hitwcxcr,are s.idt t+t e inc t for (Al. Ilt~n old siYi'i, pl wing+ ().2hat/day. with a disc 
'lnitd States, 'hitint- ,c has CV eVt plow <id ficiir Itreef ilelC';; the> Ctp[ decCO',m­

froil a "soilage'" crop to < mjrticicmn'e't'rn' 

Ctp ,..ind 
demland.; timuii)?h;llt tl., n,,,tnd wevigh he, v-
ilv ag,,inst any' pic, bncv fit Of p- .W~ 
theSe cops clown in their flo,,v'criing st:.uc f.r 

grain ,munc [c-tiliu nutritionii 

(I. 

In tropical cinuntris-,, grain leu.ies,:n 


and should co'ntil ti play .1ici ic'r ,r 
pattecis;. Thc'ir 1 ;ctioii I ,iil Cover duin,!as 

1 , c(I within three nuarlths (Kr.u,!; 1911). 
YiOlfV tt("aj.u,: arc itttn quite high. It 

'.2 tce hihcist-x'icldiig legumne shrub 
w\hen iiturcri ppd and loppcd as GLM for% 
nt)-till Imatize and ,as-,ava; maize vields 
'c benetitech (liT\ It"t)) As a srtiinOser crop 
in Brazil, 13.2. ,, i/ dry matter wer ob­
tairned vli'ri the irop-, was harvested at 
llowc'rins (Ciinpo et al. 1979). In Florida, 

periods of ertsion hanrd can I ctf Oriti,Cqius, sown at 67 kg/ha, produced 1-16 
importance in nt-intaiin,; soil prit',.tivit,,. k/ha N in 6c:x,t'iha dry natter in six months 
Although the net "' cnIltribi i iw grill 
lcg.tn- is inuercr ps ,orinrottifims isYHila 
natter ,lcicbatci an; i inv'estigatit ., 

Fa I unlles,t ail. "c;2,it ik advisableh in 
mn, si=a tins tt irnlueir theni in crtppi '9 

on 	sand' sioils incilrums areas:, and 2-1-1
kg/ha 
N On anpt toty drained site. Yields wer, poor 
Wc.I C i eiaaltOde infestatio i, was severe 
(,,l c n 1980).irl. 


tattcrns..'t-fl;olwdI,:+t,,i,<, s (; 'I cxc',' / u ,'.<1 / ( li,'-."W inlgedCovect cizat,r c')rfd c 
crops in tropica<l regions cr' tC.7i,ill.e<7/ni, I'll' is a twining .pecics grl'OWn as a xc'i-
Aacr ti/lma ut.illonui, l)Dlichos li.*ns, etal,, ptill,and tuber crop. Its stover has 
otnstIiw calcaratus, Ps 1)1locarpus atira- been iused e.xpc\erinintall as G M for maize in 

bus, Vi<npa aconiti''lia, V. :rinIi 
mu;,io, V rdiata, and Vi'.u cui/,to, grain, 30 kg/ha N incorporated as stover in­

creased maize grain yield to 3.1 Mg/ha, vs. 
Cajanus cajan. "Pigeon pea" is a short- 2.3 Mg/ha for maize following maize on an 

lived, pevennial, woody shrub with a deeply Oxisol, but a similar practice had no such 

,,,,oniX 	 r-. Puerto Rico. After harvesting the legune 
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effect on aa Ultisol (Lugo-Lopez et al. 1981). and phenotypes, cowpea is especially
We found very slow growth of a cultivar promising as a multipurpose iegume in crop­
from Papua New Guinea on a manganiferous ping systems. 
Oxisol in Htawaii, even when limed to pH 7 
(Yost et al. 1981). Bourke (1975) rated Trailing Legumes as Cover Crops 
Psophocar',uslair as a ground cover and poor 
as a competitor with weeds in lowland Several trailing species often considered 
Papua New Guinea. Despite these observa- as tropical foiage legumes can serve as cover 
tions, there may be potential for selected crops, with or without the integration of 
varices of this species as a cover and N- g,,razing animals in the farming system.
accumulator in areas where it i, well lhese legimces are prostrate or semiprostrate 
ada p ted. This specie5 us uaIlyvV1 re ui.es t rel- a1nd of(ten have a ( reeping or- twining growth
lising tor vigorous growth. haibit. Information on these species is avail­

,ible in compendia of tropical forages, e.g.,
Vi\,U2 Oi'iii~ti i /i. t"Matbean" or " motilh Bogdan (1977) or Skerman (1977). The species

bean" is a hot-wcather crop for smairid include Pucraria phascoloideLs, Centrosenia 
areas that is grown ill India as a ind ;'n ,'"scs, eoniln niuutoides, C.pulse Calol;'ol 
(N! and ha; been grown in China, Africa, and tacruliiiii, lal, pl,urj'nris,A nocntna 
the sointlcrii n1ited States (1)tik, , I1 ). ,,'rhinrI:iz'pis, Almna spp., Canaialia ell-
ComparedIwith other puilse in aiforot i., spp., ac0lit­eCgum1's ,,0.1sCinoini Vi'"tia 
trial in india, it grew quite rapidly, lia, V .tisci, Alacrptilhinim ailropur­
achic 'ing 0 90()peent can,)pv cover in 3)0 p n rcn it, Al. lath 'iides, Neonotottia 
days Vrma This an :i,'hlii,Cliloria to(_r and llsophocar-I908). ;pecies 0,t1ae, 

A,la1r)t ioiiia 
 ti: i/1rt11ni (ho r Csegjra ) lar- !)is ltl Ira i lohotu;s, which was discussed 
soVn in India as cat:'h crops to utilizc eairlier as a grain le'.ume. Of these, the first 
residuadl noistnrc alter the ma inaon three widelv used as incrop. have been covers 
'As such, these crops ma' protect the "Oil plaintati(n crops, often sown in mixtures. 
from the rains after the tr,, season. The Calopo,,o ,nin cacrniintnt has come into 
entire plant is I , la rve:;tcd f ir grain prominence recently because ot its shade tol­fer 
and fodder, howevwr, alnd the crop is seldonm erance. A'licnma spp., Can,,zlia, and Lablab 
turned under in l1w la. have been more ofteu used for green manu r­

ng. The remaining species, whiie suitable 
Vi naui n\' ZOiota~l~gt. '(wpea" lia'; ben fl)r particular locations .-id circumstances, 

widely used as a CM, especially cu;ltivars have seen only limited use as cover crops. 
with spreading habit and luxurianit growth Trailing legume cover crops are suited to 
(Duke 1981). It was at one time used Cxten plan tatim cropping systems with wide in­
sively as GM in north-ern Qneensla nd, terrows. They have been used with such 
Australia (Q.,\J 1938); it has also been used in perennial crop; as rubber, oil palm, coconut, 
the southern Uinited States, \Nigeria, Rho- coffee, sisal, and citrus. They require weed 
desia, the 'hilippines, aid eisewhere. It control during establishment, but once estab­
was judged an outstandi ng- short-term lished compete strongly with weeds and may
creeping cover in Papua New Guinea (Borke themselves reQUire control to be kept from 
1975). Comparing legumes for cover quality climbing on the associaed crops. Despite oc­
in India, Gupta cc al. (196-.0) round it pro- casional drawbacks such as harboring snakes 
vided a good canopy, and P ttawar and Rao or making collection of coconuts difficult, 
(1969) found it better than rico., maize, or these legumes are recognized to provide sig-
Cajanus for redo,:ing soil loss from 2 percent nificant benefits to the systems in which 
slopes. With its wide variation in cultivars they are used. 
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Mixtures of Puerario,Contrsema 
pubescens, and Cahpogo nium miucunoids 
have become the standard practice for covers 
in rubber and oil palm in Malavsia and else-
wnere (Broughton 1976; Nleudham 1971). 
Colopo1ngfirIn InCIi1idC. is usually faster ti 
establish than Pueraria but less persistent, 
Centrosetna helps to extend the life of thn' 
cover as the inlterrovs bncome shAded and to 
maintain cover during d ough tv pc'riods. 

In Nialaysia, Alicuna o " hinc'iew' i. 
and (ogOlut t't'il/otI have rCC'ItlV 

ben a,Led to the suite of ''tandard' ct',,r 
for rubtx'r. Ali rina1 oji his cotti'. 
into favor is a .hort-trin elcme lt(d mix-
ha ies herauilsi itt-stahblitsli- c'.r 1.,puidv on 
acid soils and ha, an extlntsixe rit v'sii 
that enables itto ovr i v(o v,t ri< 
onl nex' lv clea red s Its II I, 11 l'' it", 
dies out wVithin tive tti Oi,'i a!-tmimn:it;, '0 

species offers resilience under pest attack. 
I'ln in.,'gia con,'csta was cited as particularly 
usefle, providing large amoun ts of mulch and 
tl erating shade, but it es tabli shed cover 
slowlv unless coribined with trailing 
leg-nies. Different patterns of root exploita­
tion (it soil horizons may be a nother advan­
t4-' ot rit x.n legunmes of diverse growth 
torin. 

Pi',oritz Ji/ll ct,/;iilt,i . "luero'o r 
''tropicAl kudZU" is a vigorous, pioneer, 
t,.vinin , plant dipted ti hot, humid, low­
hti',de tropical environments where water 
i,not lmhiting. Itneeds 12t0 15()0 rilm rain­
tall pe-'IannumI to persist, i!snot very drought 
tohl'r,in, hut will stand 1'eiii,, of waterlog­

and11-;nghriL priodsif thod no. Itissaid 
t 'e'ii' v x s ii anitd t * .'iate o (ilIIwat% t I 
,tiiitv blt ni(t soil ,'dinitv. "!',rarni does 

thot.;Ih it man\ ret'git'rate ittlt-sown.il [ S-e w llin c''rt,ai, h ,ilit.s. iti ano) t 
ilinctien is; ii ii htdix' ,~ i-i. '..linug ma Ix'atM toilbytoi re( lure wveed ropt 
i'stah isi itlt it,. 1, fiti Iititit tit) ln'iit h, div at le (I,l e irt(of t m 1it 4 it id tin tltr' 
Whein C. i'rnl'io wa', "'xi. itl .' I l)and is enhallnced itthe plants are1 ,i , ) l 

tder rihhtl 
Pl'rari4,0, the attt.r wa,- hakol'cI t In tht,'."r',I' l' a t'11t1i0tu'e it .od mair tiin..Seed 
fourth y.ear. ('olej'',',, u c ,;i.t,:o;i scaritication for 

ixinhn : -r[iithl ii x'.lt ill,,',,.'._.d to eliti1. 1land harveting isneces­

p .- i',Ilttil.'eated and re'lir, 
sisted and pr(ivid'.l a leaf litter turnover t 

about i \i/ha (25 k);/ha N) bt'tx','n th 
48th and o)Otlh m(!i \R mS)i. i 'tint-<1<1 I I 
pared with the tr.ditiinlt ct' r ,ptcie"tr 
rubber, (..clI,'rtTNUt is;said toha xe e.,ttir 

pirom~t, inifort :,'rntinattilin. Itrti<v he irtoc­
Illatc'l with ('t'wa IPbtcI'woi, l,'rri is 
tekn pit Ip igti, .,fr' r<oteil ciitting:,s.i 

Pl'i,'c,;Iiol once
is'd 'vto e:thli i burtl 
eVohlihid will compete x'i,;ort ilyv with 

vigor, less s;iseptiiliti toinI'et .dIII1,. ', \eeds. Time to full cover has varied from 
greater drou);ht toli'ranc,, ,nI tdo to thrc, 
times greater N Nnefit I the ,oil (Push--
parajahi 19H2). 

Stands of irailin, heiinte aile itrrasottt-
ally intersown ',vilh njittts lt.01,5iIn.ltOil 
palm interrows, tix tiire, (it r iit , tpvies i 
with Tcpilir(t'ia spp., F[lc'in.ia i''''.a, 
and Crlalaria oni'ix'/rtiil'.,; i i1 

itt dil.fi" 

thr'e to four ittii;tths briad'ast it 5 kg/ha in 
hurnd-iiver fore.t land ,lI'l, no date) to one 
to one-and-a -half veirs under coiconut palms 

3
(tl,,adto 11) );six ttiOnirne moths mt\ be 1i 
i nthIS(le, aVtL'rge. It is often mixed with 

ta';ter-gr',x inrtgspecies itIalhicveI tt re rapid 
ver,. 

()te wll estahliltevl, this vioo;rolrs 
c ver rcquirc-!es tai g!ee t to restrain its 

greatly from conventional (Wiw'raria-Czo,g,rowth; ,utting, rugs around plims isa corn­
ptoo.niit) covers In the 11a101s-l,_'nefitini 
 rti estate practice, and judiciois applica­
(Brouthton 1N76). WVC1erlev (963) TIis-- ihrs oifglyphosate are also used. InTanza­
cussed stiIt "richer" mixtu res, pointing out nia, marginal rainfall tor this species (as 
that allowing the tra ilintg species to climb little as 800 rm/year)was thought to reduce 
prortotes seeding and that diversity of its aggressiveness when grown with sisal 
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A,(Hopkinson 1971). In lowland Papua New 
Guinea with 2760 mm. rainfall evenly 
distributed during the year, Pueraria was 

Loutstanding-, among trailing -legumes-tried, 
(Bourke 1975). 

Researchers have found that stands of 
Pueraria can fix large amounts of N, as much. 
as 650 kg/ha (Jaiyebo and Moore 1963; 
Mathew et al. 1975; Schofield 1945; Watson 
et al. 1964a). For this reason and because of 
its slow establishment, Puerariahas been 
favored for long-term fallow plantings, par-
ticularly in Africa (Kannegeiter 1967, 1969; 
Lal et al. 1979; Moore and Jaiyebo 1963). The 
necessity for weed control during establish-
ment has been reduced in Nigeria by relay 
planting amid maize given 2.5 kg/ha a.i. 
Primextra preemergence herbicide. Inter-
sowing within one to two weeks of maize 
planting did not affect maize yield, and the 
legume attained full cover within three 
months of maize harvest (IITA 1980). Ala-
chlor at up to 3.5 I/ha commercial product 
ap'plied preemergence helped to control 
weeds, but 4.9 I/ha adversely affected Puer-
aria germination (Wong 1971). 

4 aCalopogonium mucunoides. "Calopo," 
vigorous pioneer legume, is adapted to 
humid tropical areas to 2000 m altitude with 
at least 1200 mm evenly distributed rainfall. 
This perennial achieves cover within three 
to six .month,, and much sooner on newly 
cleared lands where fertility is high. It is 
less tolerant of drought, shade, or waterlog-
ging than Puerariaand does not tend to perl-
sist as long when sown in mixtures under 
maturing rubber. It issaid to be more gus-
ceptible to pests than the other "standard" 
legumes for rubber; however, its inclusion in 
mixtures has been considered cheap insurance 
against failure' of Pueraria (Wycherley
1963). 

Calopo is a profusely seeding perennial 
that spreads by rooting at the nodes of its. 
trailing stems. Its seeding habit allows it to 
behave like 'an annual, regenerating after 
dying out 'during dry periods. Low 
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palatability to animals permits its persis 
tance 'under grazing. Because of-its rapid 
initial growth and ability to spread and 
regenerate, -calopo -is-especiallyusefiil, for 
weed and erosion control on newly cleared 
lands and for soil stabilization and gully
control in ravines and other rough, erosion­
susceptible lands (Bunting and Milsum 1928; 
Pandey 1966).Calopo produces a dense mat 
of foliage 30-60 cm deep, which, if killed by
drought or frost, provides a thick mulch. 

Seeds are hardcoated and must be scari­
fied or soaked for even germination. Calopo
 
is nodulated by the ubiquitous cowpea Rhi­

' zobium, so, although desirable, inoculation
 
'is not absoluteiy, necessary in most cases.
 
Calopo may be se ded by drill or broadcast
 
directly into asheJ after a burn. It has toler­
ated up to 4.9 Vha commercial alachlor
 
applied preemergence (Wong 1971). Calopo 
may also be oversown into natural grassland 
under wet conditions. When included in 
grazed situations, plants should be well 
established and beginning to grow erect 
before being grazed. Care should be taken to 
prevent severe defoliation, as recovery is 
slow. Vegetative propagation is possible, but 
cuttings are succulent and susceptible to 
drying. 

Centrosema pubescens. "Centro" is
 
adapted to humid or moderately humid
 
tropical or subtropical lowlands under 1000 m
 
altitude receiving at least 1200 mm annual
 
rainfall. It is les s tolerant of hot conditions
 
than Puerariaor Calopogonium :mucunoides
 
but more tolerant of drought. When sown in
 
mixtures with these under maturing rubber, it
 
is generally the last to die out from shading.
 
It is 'less tolerant of poor drainage than
 
Pueraria.-

Centro is generally slower than calopoto 
establish cover when sown alone, requiring 
,four to eight months. Weed control helps . 

during its initial, slow-growing phase but,,. 
during later establishment stages its twining' 
habit allows effective ompetition with 
weeds. Centro does not tolerate close grazing. 



Seed maturation is differential, favoring Perennial Legumes as GLM Crops
hand harvesting aided by. growing on fences The branches of many different shrubs 
or trellises, althiough'mechanical harvesting and tree species are lopped for CLM. This use 
-systems--,aeben deied - AutaiAs-of ten--haphazard, and -exploits -the -ertil­
(Skerman 1977). Seeds are hardcoated and ity of woodlands, roadsides, and rough lands 
must be. scarified or soaked. Inoculation is in the vicinity of cropped areas. It may also 
necessary in most cases because of Centro's involve harvesting of vegetation deliber­
specific Rhizobium strain requirement. ately planted along bunds and field borders,

Low-rowngegues a "Lvin Much"irrigation ditches, roadways, and household 
Low-rowng a Much"compounds. Species chosen for such plantingsegues "Lvin 

Covers often fulfill multiple purposes, alterna-
A recent variation of the concept of per- tively providing (1) cut-and-carry fodder 

manent covers is'the use of low-growing, and sometimes food, (2)physical barriers for 
creeping legumes as a living mulch in annual windbreak, shade, privacy, and confinement 
cropping patterns. Legumes appropriate as or exclusion, (3)wood for fuel or construction,
ground cover for tea plantations, are candi- and,(4) seed for replantirige or for sowing as 
dates for this type of use, and some "new"~ in-sihu GM crops in certain cases. This kind of 
species have been under' considerationi at the 
International Institute for Tropical Agricul-
ture (IITA) in Nigeria. Legume species in 
this group include Arachis prosIraIa, 
Desmodium ovalifolium, D.* triflorum, In-
digofera. spicata, Aeschynomene falcata, 
and Psophocarpus.palustris. "cantly, 

IITA has been working with D. inflo-
rum, IL spicala, Arachis prostrata and, P. 
palus Iris as live mulch for no-till maize. The 
last two species were effective in controlling 
weeds, but the first two were not (IITA 1979). 
Indigofera spicata has been used in "tea 
plantations (Holland 1928) and was found 
effective in controlling soil loss on sloping
lands (Holland and Joachim 1933). It is toxic 

< and is not appropriate for grazing. 

Desmodium ovalifolium. Desmodium 
ovalifolium and D. heterocarpon have been 
evaluated as components of grass-legume 
pastures in Australia (Grof 1982) and may be 
appropriate as a live mulch cover. 

Aeschynomene falcala. "Joint vetch" (A. 
falcata, cv. Bargoo) is a prostrate, non-
stoloniferous perennial plant tolerant of poor 
soil fertility. When tested in Australia, this 
species persisted at all 50 experimental

k-sites, usually spreading from the sown plots
(Wilson et a]. 1982). 

multi-use planting of trees and Shrubs is done 
almost universally, but it is only in southern 
and southeastern Asia that appreciable 
green leaf manuring has been reported. Even 
where once widespread, as in southern India, 
this practice has probably declined signifi­

and in recent years formerly 
extensively hedgerowed "bocage" land­
scapes have not been maintained~ or 
replanted. Species chosen for these purposes ~ 
are commonly legumes; the principal ones in 
Asia being Gliricidia sepium, Sesbania 
grandiflora,S. speciosa,Leucaeha leuco­
cephala, Tephrosia spp., and Erythrina 
lithosperma. Other perennials that may be 
of value in providing GLM while being grown 
for other purposes are listed in NAS (1980, 
1983). 

Leguminous Shnabs 
This category of erect plants contains a 

range of species selected for particular use as 
GM, GLM, or cover. Many of these have 
become known principally because of' their 
use for these purposes. ' 

An example is Sesbania speciosa, which 
was introduced tsohenIdava Sri 
Lanka from Africa during this century and 
was extensively used as a GM and GLM for 
rice in the forrier Madras State area during 
the 1950s. Its popularity resulted from its 

' 
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good growth on heavy rice-growing soils and a cover for certain cropping situations. Its 
enthusiastic promotion by local agricultural adaptability to acid, infertile soils with 
agencies. This specics, somewhat less low phosphate availability, and the diver­
herbaceous -.than- S--bispinosa -and- taking- sity of'species-types.made-avaiable-through-,­
about four months (twice as long) to produce a Australian pasture research efforts, have 
heavy yield, was used for in-situ GM but was, made it likely that this genus will see 
especially promoted for border planting on increased use as an element of cropping pat­
bunds and field borders. It was often grown in terns, especially if problems with disease 
-nurseries and transplanted to these borders, susceptibility can beovercome. Its habit of 
there producing as much as 4-5 Mg/ha of: forming a persistent crown helps it hold soil 
fresh GLM, with some plants being left for in place and resist grazing pressure. 
seed production. Use of this plant has 
declined in southern India since that peribd Herbaceous Annual Legumes as GM Crops 
of poipularization, although it is still to be Although species previously discussed 
found as a GM crop. under other categories may be occasionally 
ha Erect herbaceous or shrubby legumes incorporated into the soil, a group of species 
have been used on a limited scale as covers, can be distinguished that are particularly 
with varying results. Flemingia congesta has suited as in-situ GM crops. These are fast­
been regarded favorably as a cover. Mimosa growing herbaceous or shrubby plants, 
invisa has, on occasion, been used as a cover usually annuals, that rapidly produce large 
because of its vigorous growth. This shrubby quantities of relatively succulent biomass. 
legume, however, is considered a-noxious Included here is a group of species often 
weed in many areas. Its thorniness has con- called "summer legumes" in temperate 
tributed to its being considered a serious regions: Vicia spp. (V,benghalensis, V. ervi­
weed. Stands killed by seasonal droughts iia, V. faba, V. sativa, V. villosa);
have posed firehazardsinsoineregions. The Melilotus spp. (M alba, M. indica); 
related M. pigra is a serious weed in Thai- Cyamopsis tetragonoloba;Crotalaria spp. 
land, spreading. in waterways and actually (C," s.ectabilis, C. pallida); Trifolium 
encouraged in regrowth orregenerative vigor alcxandrinum;and Sesbania exaltata. These . 

by traditional eradication methods of are suited to Mediterranean climates, and 
slashing or burning (IPPC 1980). . . some, such as CyanOpsis, to semiarid areas. 

Shrubby Crotalariaspecies have been We will restrict discussion to species more 
used in the southern United States as covers commonly used in tropical environments. 
in extensive, annual cropping systems. The erect species are principally Crota-
Crotalaria-,speclabilis,C. pallida, C. stri- laria juncea and Sesbania' bispinosa, with 
ata, C. mucronata and others have been sown some use of other Crotalariaand Sesbania 
after summer maize to improve the soil and species, and Aeschynomene spp. Trailing 
provide wildlife sbelter; these covers were legumes occasionally used for GM are Mucuna 
generally plowed down in the next spring. In spp., Lablab purpureus, and Canavalia spp. 
some cases, they were grown as summer crops 
in,alternate years with maize, resulting in Crotalaria juncea. "Sunn. hemp" is the % 
cumulative maize yields greater than if species most widely used as in-situ GM for 
twice as many maize crops had been grown in upland crops in the tropics. It is an annual 
the same period without legume; (McKee shrub with erect growth habit, 1-3 m high. 
1946). It grows best at elevations below 300 m; 

Recent, intensive investigation of the growth may be slowed by cool seasons, and 
genus Stylosanthes, (e.g., Burt et al. 1983) above 600 m,planting should be during sum­
has resulted in consideration of this p ant as mer months. Crotalariajuncea is adapted to 
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lighter, well. drained soils, although good
growth is obtained on heavy soils during 
drier periods, Pobrly drained soils are the 

--major liriitation, -although- constant -wet 
weather is detrimental to growth on any soil' 
type. Moderate soil salinity and alkalinity 

tolerated. uareSoil acidity ~lowb pH5 
appears to reduce growthon m 
Oxisols (Yost et al. 1981). 

Crotalaria juncea grows rapidly in" 
height and can be used as an intercrop amid 
such crops as maize and sugarcane. Plants 
branch at about 75 cm above the ground when 
not crowded, but branching is higher and 
sparser when grown in the high populations 
favored for GM or fiber production. Seedl~ns 
are tender and susceptible to mechanical 
damage. This may restrict its use as a relay
intercrop where field operations would occur 
at this stage. Plants remain succulent until 
six to eight weeks from sowing, at which 
time flowering begins and stems begin to lig-
nify. Proper timing of plowdown is critical, 
with the bud or early flowering stage pre-
ferred. In high rainfall areas, early 
incorporation opportunities are preferable to 
risking overmaturation as a result of wet 
soils precluding field operations. In dry re­
gons, irrigation may be necessary to bring 
'soil moisture to a favorable level fortimely 
incorporation (Rotar and Joy 1983). One in-
corporation method is mowing, then disking 
and plowing 'before the material dries. 
Alternativ'ely, the standing crop may be 
plowed after laying down the.crop by 
planking" or light disking in the direction 

to be plowed., 
Seed production is a problem in the sub-

tropics, where daylengths short enough for 
flowering occur during cool winter months 
unfavorable to growth. For example, in the 
United States, seed is obtained in commer-
cial quantity only in southern Texas (McKee 
1946). In tropical areas, flowering may begin 
at six weeks, with maturity reached at four 
miionths or more. The seed pods, which do not 
readily dehisce in the field, may be 
combine-harvested when mature and dry. 

N' 

Hand harvesting and threshing may be done,4
 
without difficulty. Seed yields of over 2.25
 
Mg/ha have been recorded with the acces­

ee tedattheAinH -USDA-- Pla5nF-

Materials Center on Molokai, Hawaii
 
(Rotar and Joy 1983). Scarifying seeds before
 
sowing is unnecessary for some varieties.
 
Cr6tulaia juncea has been found nontoxi c to
 
livestock, unlike most 
 other Crotalaria AX. 

species, which are toxic. Palatability may

be a limitation, and multiple use of the crop
 
as a fodder source requires further in1,-')tiga- IC
 
tion. Crotalaria juncea is nodulated by cow­
pea Rhizobiu, and although in many cases
 
inoculation is unnecessary, it generally
 
improves N-fixation potential.Sowing rates
 
may vary from 25 to 90 kg/ha; within this
 
range, broadcast rates are higher than for
 
drilling. Higher populations favor pro­
longed stem succulence. High sowing rates
 
are recommended when the crop is to be
 
grown only for short periods (four to five
 
weeks). When incorporation is planned for
 
the six-to-eight-week stage, seed rates of
 
35-40 kg/ha broadcast or 30-3 5 kg/ha
 
drilled are adequat.. For seed production,
 
lower rates are sown.
 

Sesbania bispinosa. An annual species, S. 
bispinosa is adapted t warm lowland 
tropical and subtropical areas. In Indiait is 
comm6bnly called "dhaincha" and often 
called by its former name, S. aculeata. It is ) 
closely related to and resembles S. cannabina 
and S. sericea. These three species grow 1-4 
im high, preferring moderate to abundant 
rainfall but tolerating drought once estab- ' 
lished. They can be used in semiarid areas, 
starting with seasonal rains and maturing 
during dry periods. 

Sesbania bispinosa tolerates heavy soils A 

and soil waterlogging, flooding, alkalinriity, 
and salinity and has been used extensively 
as a nitrogen source in lowland rice-based < 
systems. It has been used as GM for reclaim­
ing salt-affected soils in India, oftenii 7 

conjunction with gypsum applications. In the ' 

People's Republic of China, S, cannabina. < 



- -

are intercropped in floded fields and 
opped for GLM, the leaves and young

branches being pushed into the soil duringwee --and thinnil~:ing -operatiions- (FAO'weedingan thnig 
1977). In Viet Nam, hills of plants are 
established amid the main rice crop during 
its maturation phase. If there is adequate, 
water for a second rice crop, the legume is 
green-manured; ifnot, it is left to stand and 
is harvested for fuelwood (Nao 1979). 

Sesbania bispinosa seeds profusely and 
has the potential to become a weed if not 
properly managed. It is recommended that 
plants be harvested for seed when about two-
thirds of the seed has begun to turn from 
green or purple to brown. Seed ishardcoated 
to varying extents, and scarification is 
recommended to obtain complete germi-
nation. Specific Rhizobium inoculant is 
necessary in most situations unless effec-
tively nodulated crops have been grown 
previously. In India it is sown as a suminer 
crop with the onset of monsoon rains. Sowing 
rates range from 20 to 90 kg/ha . 

a Trailing Annual Legumes as GMs 
Trailing annual legumes used as GMs 

include Mucuna spp., Lablab purpureus, and 
Canavalia spp. These legumes are large-
seeded~and have the advantage of 
establishing cover rapidly. Most varieties 
are trailing types, but form is often variable, 
and erect bush types are also known. Because 
of their twining habit, their use as intercrops 
(as with maize) requires careful manage-
ment. They may produce heavy mats of 
intertwining vegetation, and their incor-
poration into the soil as fresh material may 
present some difficulty, so they are some-
timesnot incorporated but killed or allowedto senesce and left as mulch. Since they will 

spread and cover large areas, rows for plant-Ingmay be spaced widely. Killing the.€crop is 
accoimplished more easily by hand by walk-

ing along the rows and cutting the main 
stems, as compared to the -labor of cutting 
broi;dcast crops by hanid..) - - : 

Lablab purpureus, fo'merly called 

Dolichos lablab, has been used mainly in 
Central and South America andis often 
grown for CM asan inteo,, with maize in-imaize;-bean-Phia-Lolusrot-titii. us:- ­vesa--
ri5ioi 
tile speies has been used as a cover crop in 
orchards and in coffee and coconut planta­
tiens, and as a fodder crop. The beans are 
edible, and some varieties are edible as veg­
etable bean as well as dry bean. Von 
Schaaffhausen (1963) reviewed the uses of 
this species. 
. Canavalia species (C. ensiformis, "jack


bean"; C. gladiata, "swordbean"), like
 
Lablab purpureus, are used ,more in the
 
Americas than elsewhere. The swordbean,
 
however, is widely grown as a vegetable in
 
South and East Asia., As toxic substances are
 
associated with Canavalia beans, careful
 
selection of varieties and special cooking

methods are recommended (Duke 1981).
 

Species of Mucuna ("velvetbean") are 
variable in habit and are grown throughout 
the world. Mucuna has been used extensively 
as a cover and GM in southern Africa 
(Haylett 1961) and in the southern United 
States (Piper and Morse 1938). Beans of 
certain varieties are occasionally eaten is 
tempeh in Sumatra. Local farmers report 

­

occasional disorientation or dizziness, 
however, after eating this bean.­

a This versa-

USE OF LEGUME COVERS WITH ROOT 
CROPS 

Few published repors exist about the use " 
of legume covers or GMs with tropical root . ' 

.crops. Research seems largely confined to aa- ­

-sweet potato (Ipomoea batatas), cassava 
(Manihot esculenta), and occasionally Irish: . 
potato (Solanum tuberosum). Many of the 

-. legumes already mentioned have been used - K 

in rotations with potato, although -measure- a
ments of benefit are few .. 7. , i 
Sweet potato has been green-manured at 

various times. Stokes et al. (1936) compared a
 

the effects of growing four legumes and a a a 

nonlegume in rotation with sweet potato on a 
highly weathered soil (Paleudult, Norfolk 
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.ercen ter bgg rived-(Desn odhn .-

Opercent, an ftrowpea72 pecet 
yield ::after t en lgume cover >was 53 
percent of maximum. Inther robtations, corn. 
was ,preceded ;by: various .leg mes, and thele 
same i:legumes 'provided greatestiyield 

'- : ' : " ' . ' , , 4,: .. . : " . 

egtli!ftcassava groinpe ... 
secified btmy be important, in itercrop­
png studies wih cassava., It is likely that­
th grzeater benefit would., accrue iff the':, 
egume' Was cut bac~k,; matulred, died ~back), or: 
was hiarv'ested, well before caisava iis ihr-~i 

increase. iTlhis study was significant because ,.vested. This should permit: recupiera:ition nfifd' : 

itwsoeo hefwsuiswhr h olexploitation: by t~he c~assava of,' th~e eum'e ( 
' taxonomy, was, given.: These soils are ;;residues. Our observahtions (Yost, unp'ub-3 

charac teristically acid:, and . ha ve .ma ny 
analogues? throug~hout the ;humid--tropics."
Lugo-Loipez et ail. (1954) suggestcd that Vel-
vet bean -wasa more appropriate' GM legurme 
thaan!Crotaia'riafor :sweet potato in acid: 
oils of Puerto Rico. Our own work (Yost et al. 

1985) sems t support the concilusions of this 
stuy : q. i "" ". 

:,;.Studies of, the :use o f legumes as inter-
crops or in rotation ~with cassava are particu-
Ia-ly important because of the frequent use of-

lhhed 'resear'ch ;dat[a) indicaite that withi 
long: growth (over 1,2 imonths), cassava 
apipears to more than make up for t~he earlier ' 

'compet[ition iff av a ilab le N is :releasedl ias~d,!!a 
result of dieback of. the. legume. Timing of , ! 
cassava 'harvest relative to the 'leguame" die-:::-! 
back¢'s thus probably implortant so as to take/::iil 

:advantage of the legurne N contiblution.')"£¢i? 
Also to be considered ar th residual effects, 

:of having grown the stylo, Ourtobservations:-:.::21 
of grow;ing .cassava after a. cassava-styIo-fi ',i) 

cassava: in low-inpiut o~r subsistence agri-' .intercrop suggest a moderate amount of N (50. :i!;iii 
culture. One of the few stu~fes of legumeswith cassavawas performced by Nisand 

"Sumatra, (i1976) in Indonesia. 'Y'ields' ofcasava tubers were 117 percent ofcontrowi(no 
fertiiizerorple(ume) it was inter-
cropped it,.wthbS tytosa nthes guyanensis, 

::while' they ,were 121 .percent when. 74 -kg/haNasperea was added.The results suggested 
dthatfthei'tercropped stlo rovded some Nto the cassavax In oth er roatins, cn 

andSumatra(1976) grow clgsva and stvl0 
uader coconut In g u ­this comparson,crops, or inY' rotation",.! with casavaarepric":'.: ; , -- -; : 
dersoweg cassaa wigth stylo breduced 

kg N/ha) can be contributed to the crops :!'following the cassava-stylo intercrop even
 
le i m e 
after :earl , gu dieback in the inftercrop" !:;i ((Yostiand S. A. EI-Swaifyuinpubliased 

data)T awhen 
..... Competition was also notedbetween the: ---;-­

legume and-root crop in a study by Swamiu- ;
nathan and Smgh (1960). Four cropping 
patterns were comparedver a four-ytar - 2teiod Potato was rown after falw r ' 

after the legumes Crotalariae ieda Ck, or 
Opsis tetragonolobaand Sesbania bispioa< 

- of-hain grown the:stylo Ourobsrvation 
whichwere()grown Stu and buried, 

icassava roo~t draiy !mattier iyield: 14 percent "grown ibut the. tops taken !elsewhere, or(3)iwhese n P or K fertilizer was added. Where grown elsewhere andonly thetops oft e 
micronutentP,K, wand fTeezers were 

adreriscvly aihdre washao yieldy. 
aldctioeStyrogowth under cassava ws. 

ureducedbo 23,percent compareded-

growni without icassava. These.,,results also, 

- legumes appliedrand incorporated as GLu 
Gsetd rieac occrred whereite heu 
ops were applied as GLM The assva. 
appenr tt when ramake upatooforeatertie 

green-manur~ed potato yield'edlabout: as"muc 
.suggested considerable compe ttin <and thatt bleast arta as. the crop with GLM., Where, GMs werehore teoG-legum 'competition thesiteaaaiaben isreleoed asfo 
nutaents.-forswet thepotatopotatocrop,.hyieldse ge. Timingof...Studies bo Centro iternaclonal de Ag . -s otowest esua lofthefour patterns. uefstects 



Table 1. Cassava 
two sites.

1 

Legume 

None 
Beans 
Peanuts 
Soybeans 
Kudzu 
Stylosa n thes 
Cowpea 
Rice 
Dc ,umolhmi 

ovalijIi iUU 
idgofera 

root yields when grown with several green manume legumes at 

Quilicha o ----.----
Legume Legume 
Grain Cassava Grain Cassava 
Yield Yield Yield Yield 

..... Carinmagua-...
 

kg/ha Mg/ha kg/ha Mg/ha 

0 38 0 18 
104 37 262 17 
609 36 - -­

21 31 - ­
2.1* 30 7.1* 2 
4.7* 25 3.6* 20 

338 23 595 11 
- - 5.44 15 
- - 14** 15 

- 20* 9 

1Source: CIAT (1978). Sites are in Colombia. 
•Nlg/ha dry weight; no grain estimate. 
S'*,,g/ha fresh weight. 

that the legumes were competing with 
potato for nutrients and water. The GLNl, on 
the other hand, was produced elsewhere, 
and as it did not compete for water and 
nutrients, its nutritional benefit was evident 
ingreater potato yield. 

USE OF LEGUMEl COVERS AND GRIEEN 
MANURES WITH PLANTATION AND 
PERENNIAL CROPS 

The use of legtume covers in plantation 
crops is much more widely accepted than is 
the use of legumes in green-manuring annual 
crops and, in fact, is standard plantaiion 
practice for rubber and oil palm 
(Pushparajah and 1luat 1979). In contrast to 
the additional labor required by the use of 
legumes in annual cropping systems, legume 

covers provide a labor-saving method of 
controlling weeds and rainfad-induced soil 
erosion in perennial crops where weed 
control, erosion control, and uniform 
undertor v growth are major concerns. By 
planting Cither one or a group of legurme 
species, a relatively uniform cover is 
provided throughout the initial years of the 
plantation. Such uniformity greatly faci­
litates management and control of tle 
plantation crop. Vigorous legumes that 
quickly dominate the understory and sup­
press veeds play a highly useful role (Teoh 
et al. 1979). In addition to such management 
considerations, legume covers provide rather 
large amounts of N, which otherwise must be 
provided by N fertilizer (Table 2). Cover 
legumes in plantation systems reportodly 
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Table 2. Observed rates of nitrogen fixation in tropical creeping legumnes. 1 

Nitrogen 
Legume Hlabitat Excess 2 References 
Glycine javanica cover crop 200 Jones (1942) 

1lenzell and Norris 

(1962) 
Centrosetna pubescens pot 235 Watson (1957) 
C. publescCns mixed with pasture 280 loore (1962) 

Cynodon plectostachyus 
Pueraria phaseloildes cover crop 650 J.iyebo and Moore 

(1963) 
Calopo.oniu ml I culloidles cover crop 170 Watson (11963) 
plus Cciitrosena pule)I'SecS
and P. phascoh~ides 

C. puleseens pasture 100 Bruce (1965) 
with Paniculn nlaxinunt 

Desniodoion un inatuon pasture 125 1 lenzell et al. (1966) 
lPhaseolus atropurput reltS pasture 20-290 1 lenzell (1968) 
or S!l~osanthes himilis 

P. aropurpureus pasture 44-81 Vallis (1972) 

1Source: Broughten (1977).
2Estimated N fixed, kg/ha. 

contribute the eqnivalent of about 1000 
kg/ha N as urea (Pushparajah 1982; 
Broughton 1977) for the duration of rubber 
tree and oil palm plantings. 

Legurme covers contribute to the 
improvement of physical properties. of soils, 
according to studies on rubber plantations in 
Malaysia. Soong and Yap (1976) reported 
that the influences of legume covers were 
primarily thought to occur via changes in 
soil surface (0-15 cm) content of organic 
matter. Thcse workers found increased 
aggregation of finer soil particles, increased 
average size of soil aggregates, increased 
total porosity, and increased permeability of 
soil for water as measured by permeability 
of soil cores. Comparisons from three of Soong 

and Yap's experiments are shown in Table 3. 
The authors also suggestcd that soil 
impedance to root extension would he less on 
soils with lower bulk densities. Regression 
analyses indicated that soil organic carbon 
was the primary factor in improvement of 
the various measures of soil physical 
properties, with soil texture accmnting for 
som effects. These workers suggested that 
while grasses could provide soil physical 
improvements, the influence of the added N 
from legumes gave legunie covers a distinct 
superiority to grass covers ii the plantations. 
Legume covers have a role in either 
maintaining or improving soil physical 
conditions, which may otherwise deterio­
rate with clean cultivation. 
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---------------------------------------------------------------------------

"Table3. Residual effects of various soil covers on soil physical condition. 1 

Pore-
Soil 2 Cover O.C.3 Agg. NIX D 13D 'erm. si ty 

% % mm g/cc cm/h ;" 

Munchong grass 4 1.35 91.1 2.67 1.11 29.0 27.7 
series legume 1.34 93.9 3.77 1.04 110.7 31.0
 

(Tropeptic natural 1.53 
 90.0 3.22 1.00 45.2 28.2 
1taplorthox) 

Malacca grass 5 1.26 86.0 3.28 1.13 43.1 16.4
 
series legume 1.39 
 88.2 2.93 1.19 62.0 19.0 

Rengam grass 6 1.43 73.8 3.39 1.13 13.2 12.3
 
series clan 1.09 66.2 0.95 1.21 
 8.4 16.4 

(Typic legume 1.39 69.4 1.98 1.13 12.4 12.3 
Paletidult) natural 1.28 72.4 2.20 1.16 2.0 11.5 

I.SD. - 3.6 0.24 0.08 7.0 -

I ;oiirce: Soong and Yap (1976). 
2NI unchong: sandy clay loam. Malacca: sandy clay loam. Rengam: sandy clay. 
,0.C. = organic carbon (Walklev-131 ack); Agg. - / of soil aggregated; MWD = mean weight 
diameter; BID = bulk den;ity; Perm. = permeability of soil cover to water; Porosity = air­
filled porosity. 
,1Planted t,:a rubber il. I , but ieq,u me cover plants had died by 1964, and by 1972 the plots 
had been overrim with ,V,7ph sh.,is and grasses. Leguime covers at all sites were Puerarir 
1),aseoloiJK;, CIn u;lufl bt[u, and Cao;gimll! nucutlnoides; grasses were Axonopus 
('Oniprssus an, 1 ~fl, 1l,11101.[l llt1 CI) 

Legumes died off by 1)64 and wcre overrun with grass. 
6 L.egumes were beginning i, thin by 1964, and grass was invading. 

The significance of the early presence of 
legume covers in the rubber ecosystem may be 
greater than that suggested by simple mea-
sures of N content of legume tops or even of 
the total N fixed by the ilegume. The rubber 
ecosystem is efficient in nutrient recycling, 
suggesting that early N inpLt may accum-
ulate in the organic and inorganic N pools of 
the svsI:em. 

The effect of the larger N pool may last 
for much longer in a highly efficient rccyc-
ling system as opposed to one in which such 
buildup of N pools would be lost from the 
system. During the plantation establish-

meit, legume and grass covers recycle 
nutrients that would otherwise be lost by 
leaching, runoff, and erosion before the tree 
roots are ext,,nsix e. Watson et al. (1964b) 
studied soil profile content of nitrate, am­
moniutm, calcium, magnesium, and potassium 
as influenced by four covers: bare soil, leg­
umes, grass, and natural cover. Legume covers 
consisted of a mixture of Pueraria phasco­
loides, Calopogoniilin 111ucuinoides, and 
Celtrosetna pubescens. The soil, Rengam 
series, was a Typic Paleudult with soil pH 
4.7, probably a sandy clay loam. Measure­
ments began after clearing and continued for 
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Figure 6. Influence of co ,'ers on nitrogen maintenance or depletion in soil. 

(Fromt Watson et al. 196-1h.) 

four years. Nitrogen contents varied with meter depth in bare plots further supports
 
cover and nitrogen ionic species. Total soi! N this suggestion. Together, these data suggest
 
was greater under legumes than Tunder organic N was more rapidly mineralized oid
 
grasses, which in turn yielded greater N leached into and through the subsoil of the
 
content than did bare soil (Figure 6). bare plots than in plots with legume covers
 
Ammoniurn-N content was greater under Agamuthu md Broughton (1981) estimated
 
legumes than under grass, whose content was that as much as 100 kg/ha/year N was
 
greater than bare soil's. Nitrate-N was leached from bare soil under oil palms and
 
pres-ont in much greater quantities in bare that these losses were reduced by about 60
 
soil than tinder the various covers. Nitrate percent when a legume cover was main­
level in bare soil peaked during the fol- tained.
 
lowing vet season. After the fourth year, The contents and distributions of calcium,
 
nitrate content at about Imeter depth was 40 nTnesiun, and potassium also varied viti)
 
mg/kg nitrate-N in bare soil, compared wNth cover, with the greatest difference occurring
 
3-4 mg/kg in soil with covers, bet~veen treatments with bare soil and those
 

The decrease in total N and the sharp with plant covers (Table 4). Contents of Ca, 
increase in nitrate-N in bare plots suggests Mg, and K in the surface horizon were higher 
rapid mineralization to N forms susceptible in the soil with covers than in the bare soil. 
to leaching. The high level of nitrate at 1 At about 1 meter, nutrient content was greater 
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in the bare Soil than in soil with covers, systems contain low-activity clays that do 
suggetine that K and probablv Ng were not haVe the nceC'ssary charge to retain the 
leached froil the topfsoil and thr uiz;h (l w i, i:; arid hS ,C Viitullv fi ability to 
'".Ibsoil. Iwhe, _Static measnVrement, prnbablv retain noiid-orbed anions such as nitrate 

iindcrsctinate l achj o' lo,-. N\ivertlelh. , tines; they are, o wiatlircd that there is 
these restilt. aind , ue t ppltw itilualtlil ttitivcharg .
 
sligCcst co cu-,_ ila\ a ,iv iiicanl riil, in "]he-i' reuitc "nipii the u -ioil of
et,, 
redtuc~lni;, ittliLIt'n ll -i P'1 l that nclficial ItftectsI<-.e ,, il tIroitogh (177) the b 
hulmid tri pn i ia i Pt .- > I I V -. 7). (it'Ilgullm ci vr ca canntinluc loln "Iler they 

aMe 44. Influnice if lvigume anid gra., cover, on niitriett siati s in .I ['aleudull uiil four 
_years alter Cle,1llf,, 

Depth Ba r	e ;rass legume LSI) Bare G-rass l ume, ISI5 
. . . -c).C a .... . .... M ,-.. .....-­

15 0.18 00.6 0.32 0.25 0.04 ()0.19 0.5 I2 
15-30 0.07 . 1-1 0.12 0.10 0.04 0.(I( 0.06 0.0o 

-------------. K------........-.... Tota I N
 

---------------. / 1)0 g ------- --..................--------------------­. Ill... ------
0-15 0.04 0.i0 0.11 0.05 0.10 0.12 0.14 0.02 
15-30 0.04 0.05 00.0 0.02 0.06 0.07 0.07 0.02 

Source: Wat.,in 	et a. ( )6-1b). 

Table 5. lpfluence of legumes and grass have been shaded OuLt. This may occur if the 
covers on nu rient sawis in a 1-m soil profile legume covers prevent nutrient loss by 
four years after clearing. leaching or runoff afiter clearing and before 

full developmec,,t of the rubbcr tree cainopy. 
NGver Nutrients thus rctained, together with the 

.. .. .... ...... .. .... ... 	 . .. . sY m b io tica lly ti\e d N , accu n ula te ill theka Ga er;ainc nutrient 1paoi>. 

(iiivtr cg ilnes in Mialayvian and other 
Ca 140 2W0 200 .lutlihsuA .\sian coindition, usually must be 
Mg 33 52 47 tolrant of soil acidity and low nutrient 
K 99 117 124 Ivailability. BecatIse irubbcr and oil palm 
NO 3 -N 180 5 1) c"row wl in the hig.hly weathetrCd soils of 
-------.-------------------- - 1te liln iJ ti pi , le es f 'r We ill such 
lSource: Watson et a]. (1964b). sytC ls riit in such situations.n1st ,.11 well 

. 1--..I-or such peclil crip.;, lcgllles that g' V 

sloviv )r initialllv hovc low,,germination 
Legurme cover providebs one of the fA v mia ' be of use. For eamniple, a rotation of 

mechanisms t(retain nutrients mine,'alie'd Ieg'Ilmes has; been devised in plantation 
from organic pools Of ra iiforest ecosystn-s systens. The legumes used include species 
after clearing. Maylv of the soils under such with rapid initial growth (e.g., A'lncuna and 
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Calopogoniui ), species that are slow 
starting but capable of sustained growth 
(such as Centro,<scyta and Styh1: antc,), and 
other species w ith shade to lerance (,.;uch as 
Cahopuxonium cacruleum) t'at provide N to 
the planta-tio n longer th,n 'ose that Ire 
shade senIItiVe. 

Another successfu ris otlegtlll' in pla1-
tation crops is in conjilnctiol with n1<ia,''it, 
cattle under coconuts (I'llickiwtt 1')71). ( ivi 
the largeo area of coconut initle tropics, the 
potentiat benefit of improved ma.ie,t-nent of 
leg1,ume coxer:, for multille purp sc-,under 
coconut is :on-iderable. Cattle Iegrli, m ­

ture, and the cocomt plantatlm iiform a 
muituax' com pileilmtrrv cropp,ii st,,rm in-
which a great lea! of >-m1bios.s ci'ir,. 
Generlli', cver crop-,iltcwott pliitatsi, 
sh(uld be (1) somewhat tolerant of -- al', 
(2) capable of being grazed to within. S t' it) 
cr1 of the soil surface to facilitate, nit (,()I-
lection, 3) capable of enduringl traunplin. be 
gra;zing naimtils, (.1) perenni. 1'1, ard ("') 
atable for grazing animals. 

'he legICtimes shoulhd not havc itrient 
requirements in great excoss f1)'e (i c(-(if f 
nut, and they shotM not co mpetIe hicavilxv for 
nutrients and water. This ma v re iii 

,or grazing, particulary diirin, erlv 
growth of the coconit, wheil the coVer crop,; 
Ill ayv coimpete ion well aInd redtlce Cditum t 
yield. After this initial period, soil moistur 
cointent utaV be greater iii plantatioius wil h 
cover plants because of incrca,sed infiltratioi 
rate and less runoff (Silva 1951). Crceping o r 
prostrate legum,.,s are probablv hest f1 

control of soil loss lid of xx'eed s. Pt it',ia, 
Centrosenta, aid Calipouloium are ailfig 
the most successful species udL'-r cocomuts. 
Unfortunilat ely, comparison of iong-tel rm 
yield benefits or fite antiounit by which N ter-
tilization can be redticed whell coconiltb are 
cover-cropped is not knoxwn. Itislikely tH 
many plantations are not fertilized. In such 
cases, additions of N by the cover legume are 
probably quite significant. 

LEGUMES AND THEIRmRIZOI:IIA 

Rhizobia are soil bacteria characterized 
by their unique ability to iIfect root hairs of 
legunles and induce effective nitrogen-fixing 
nodul's on the roots. In the familylI egiu­
ii no.,le, illost of tie peciC exa iIiined inthe 
sllhfamuilies ['apilionloideae and NlIimoso­
idea, are 1o nodulatt,, but very fewknoWn t\l 
,pecicsin the sulfalily (aesalpinoideae 

Jo. Phizo ia coimolilv occur in soils but 
otten faill t produce effec,tive nIulatioll 
either bcacueC? to) few ,re prt,lnt or because 
thiose preseit nil'wrk effecti ,elv wit h a 
particular le;ume. l.hizobi, associated with 
a ,irticxilai legume are sonietimes absent in 
lii',oil and need to be introduced toige(tther 

ix With tIe- ii euded Ic'.vue. An extreme 
'sanipi e is tlh pasture le;tuni , 
!,,i,0'ii, which reItlires I highly specific 

3 onlx foi::undifot t in til,ci iler paits of 
eaMter aid '(uthern Africa. Sticcessf intro­
iitntioln) fI i0on i into a new area requires 
I-,introducing,its a.(ocilted I.ii:obitwt. 

Types of liizobia 
Two type; of llizobia (slow growillg aind 

ma- t grai,,winn, Ire recogenized according to 
tflicir ,roxwtt rates .lid growth reaction 
bsterxie on Veast inni tol Iua" (YNIA) 

iu-dtiiin cotttai,- rig brumfltiltltnIl blie indi­
cittir at pl 16.8. 

.LIxx-<groxin11, (7 (t)C1xs to form vis.ible 
cnii's oti YM\) cowpe, rhizobi a p-ridtlice 
ain alkaline reaL tion tilihis "liese,on nediuIi. 
IhMc teria ilod ul1a most o f the tropical 
leguml', so( far examined. 'Ihe majirity of 
s'.ixw-grtixiig rhizobia ire plonlisctOLotis Or 
ii specialized because of their wide host 
range or cross--i IiOcli Iatio n abilities. 
- .yst-groxwin, (2-3 davs to form visible 
cilunies on YMA) rhizobia sliow all acid 
g xrowth reactitll oil the aar lieditumi. These 
rhizobia are rela tivlv more specialized or 
specific in their legume ]lost reuirceents for 
effecti,,.: iodiiationl and N fixatinn. 
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Table 6. Green manures zond legume covers and their associated rh izobia. 

Legumne Species Type of RhILzobijum and Nod iiiation Group 

,Acacia auriculet'ormis
 

Aesch Illcn (11ctaI
 

,-Ar chiS', plt ira t
 

C;au-caJlln 

C. nmcunoUc 

C.j [al/is 

C 4ampPIOJ;" et rUgolIoba 

1). ti ,flt Kum Slow-growing, cowpea-type
 
J bifl ruris primi ;cu1oiis Rio
 

L i/lbofria nspcata
 
I/lCot um Ow l)?i\r'5
 

lAdIa 'rotUlm"imiU (nU 

Muicun cocerhincliiiawis 
Neto i. i w10lUti i 17 

Psophotar; Pal.ris 
P. let ra,\'oobt, 

S1,1osauithe's spp. 
Tephrw Iul spp. 
Iligul Spp. 

Cliricida st Jtiml 

Leumenua lCuctct'phiUla 
A-f lilotus spp. 
Alfivioso pigra 
Se'sba?,ia hispiutosa -Fast-growing, specific nodulation 
S. grauidif/ora group Rhizohium 
S. maucrocarpa 

S. rostrata 
Trifoliuta alexaridrinurn 
Vicia spp. 
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Legume Groups ations of organic materials, lists four major *­

,Tropical legumes can be divided into disadvantages ofgreen manuring:
three -broad groups. according --to -their--IGM-may use stored water that mght-
Rhizobium requirements (Table 6). The first . othewi se be used for the food crop. 

gop conisistsof legumes that nodulaeand 2. Considerable energy, human .or ani­
fix nitrogen with a wide range of rhizobial mal, is required in green manuring; labor cost 
strains. The rtajority of tropical species, can be considerable. 
especially those nodulated by the slow- 3. Opportunity cost of the land may be 
growing rhizobia, are in this category. high unless the land would otherwise be fal-

The second group consists of legumes that low. Usually land is scarce, and thus the 
require, specific strains of Rhizobium ,for opportunity cost is relatively high. 
effective nodulation and N fixation. Exam- 4. Timing of the GM incorporation is, 
ples in this group are Leucaena, Gliricidia, under certain circumstances, critical to the 
Sesbania-, and several other legumes that do N's becoming mineralized to coincide with 
not fall in the catego"ry of GMs and legume the plant absorption curve;. this rquires a 
covers listed in Table 6. high degree of crop management skill. 

In the third group are legumes that vary Value-cost ratios usually must be on the 
in specificity and fall between the two order of 2:1 to 4:1 before adoption can be 
extremes. Examples of species with variable expected (Ruthenberg 1971). The disparity 
specificity are Centrosema, Stylosanthes, between the recommended use of GM and its . 
D 	 few others not listed in is probably symptomatic ofDesnodium, and a acceptance 
the GM or legume cover group. systems that appear sound on experiment 
Soure o cstations and thus seem attractive from re-
SSource of Inoculant search or academic points of view, yet are 

It is important to know the Rlhizobium only occasionally practiced by the farmers. .4 

requirements of legumes so thatithe correct
 
inoculant can be used for seed inoculation. RECOMMENDATION
 

. The University of Hawaii NifTAL Project
 
will provide, on request, research quantities In our view, green manuring practice 
of high-quality peat-based Rhizobium inoc- needs to be tested on farmers' fields using
ulants for any of the legumes listed in Table farming systems research techniques (Shaner

:N 6. et al. 1982). These techniques can be 
I ECONOMIC ASPECTS OF GREEN described as being farmer-based, problem­
"' MANURING solving, comprehensive, interdisciplinary, 

The economic considerations of green iterative and dynamic, and responsible to 
manuring are even less well understood or society. The farming systems research and 

" 	 researched than are the agronomic aspects. development approach includes five basic
 
In a 1980, 33-nation survey (Appendix A), activities:
 
the reasons most often cited for nonaccept- 1. Target and research area selection.
 

! 	 ance of proposed green manuring practice 2. Problem identification and develop
 
were economic. Most agronomists responded ment of a research base.
 
to the query, "What factors most hindered 3. Planning on-farm research.
 

Y; farmer acceptance of green manuring?" by 4. On-farm research and analysis.

$ citing farmer unwillingness to plant crops 5. Extension of results.
 
ithat gave n6 direct benefit. This objection These techniques require much greater
 

was repeated in numerous countries and does participation of the farmer in the research
 
',snot represent only a few societies. Duncan process than do typical research programs.

.(1975), in a description of economic consider- This helps imprc: e the acceptability of the
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p>ro Posed systen. The p entiil of green
manuring in its present or altered form can 
hc",t he evaatcd ordc,cLpcd und,crsuch an 
approach, which actiNcIv includes the 
farmer in deV'opi ,ugcro ,PinH alternatives 
thatI incorpoate he 1owim; of le umes for 
ti, nitrogenl thev proxi,,. 

lIERATUR (CTI) 

..\;a iitihu, I., md \W . I. ,rouii tmn. 19 SI. 
\itrogetr) cV-. Iiug in a le1i,1IlW-<il p\a0m 

ot.y.,ste ni in .lalav.-ia. In R. \Vtislaar, 
. IL Simp,-on, and T. I2is,2ll teds.),
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covers on the performance of Elgis suine­
cnsis (Jacq.) ol different soils. In D. A. 
Larp and W. Nevall, (eds.), Interna­
tional oil palm developments: Proc. Intl. 

Palm Ci mnf., l T , 
501-525 
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APPENDIX A 

Questionnaire Results 

Questionnaires returned from 33 countries inJicated Hhat green manuring and cover­
cropping in the tropics as a whole have received limited acceptance. In some plantation 
systems, such as rubber and oil palm, cover-crpping with legumes is common practice, has 
received more research attention, and is better 'Anoderstood than green manuring!/cover­
cropping (GM/CC) in anual farming system,. The questionnaire resl1ts indicated that green 
manuring is not highly correlated with coVer-cropping. Foir exagtpe, green iianirilrg appears 
to be far nre common in Asia than in Africa, tropica lA,,rica, or Ce,1ii a, where the 
practice is rare. Cover-cropping was more rcqtuentlv practiced inl ()ceania a rid Arica tiainin 
trop icai Aenirica. For incid,nce of b.th GM an. 'over-cu upi ri, , the r"sponse rating ws .2 oi 
a scale o 0-3, where 0 = not practiced at all, I rarely practi c t, 2 = ,nidrately,and 3 
comrnnnly practiced IeI response rating was .,mlewilat ihihlit'Oro %,er-croppinri(1.27) 
than for green na uriig (1.15), probably becallse if) Atrica (,.,I crps wvere rarely rsed (0.6) 
and cover er, ps were sorIIewhat mre frecqureit (1A). 

Econninic Aspects 

'li n cause.s of intrqrIllent il, ot (;Ms or cover crops in ainnual cropping systems are hard to 
determine. A common reponse to our questiouri re was that econornic factors were tle Main 
reasons for either not adoptirtg green maniring and cover-cropping or discoitinming their use 
in countries with a green rmanurin g tradition (India, Sri l.ainka, Taiwan). in .eneral, farniiers, 
extension wcorkers, arid researchers have had trounle inrra uslatilri or eval-ra ting agroromic 
benefits into dollars and cnts. Tliese econoiic faVtors hav(, often reflected the corlipetition 
between GNis and food crops for ]arid, rain fall, mrd laboir. llev 11a1' aIFo have reflected 
comIpetition between the fa r'IIs a1rid Off-f,lrrii inCclY ,soljices. 11) sittr nitonio lwe the low price 
of N fertilizer also sterns It ,IVC been in portanr t. 

The majority of the cited itlvarlt,a;es ,t(riclh riatring were a,rorloric, whe.reas most 
disadvantages were lii ,Of (Al ai,'1i nitr, rnitrecoriHni,'. r1' ,.,- q n r'- ' 
managermient skill oin the and add to the un'certainlv of yield of thePiorer'spart niv 
following crop because of ither competition for inahequiate rainfall or the harhouring of 
disease or pest orgianisms. These p'otential ditficrlti e cii be c(ii1Ipotrnded bc the uncertainty 
of having an adequate anirnt Of N produced b the (M crop. Such uncertainty could be 
allevia ted to somie extent by plan tinig areas (,fthe trmu to hegume.; for the sole p,rp-ase of 
producing nitrogen for GLM to suPplement production by the in-situ C;NI crop. Greater N 
production and efficiency may result frori innovatieis in techniques of GM crop managernient 
and incorporation methods. I ence, the inclusion w;a GM crop in a farniing system requires 
increased maragement skills arid perhaps increaed effort and sonie additional resources, 
cormpared with systems relying exclusively on N fertilizer. 

A greater variety of legumes and planting combinations has been used in GM systems 
with annua! crops than in plantation systeiis, so it has been harder to identify typical 
models of legur-ies and associated crcops in annual cropping systeis than in perennial systems. 
The inclusion of GMi/CC in annual cropping systeris tends to be location-specific and depends 
on times in which crops are not grown for one reason or another. Furtherniiore, GM crop species 
selection and management will vary with tie availability of ]and, rainfall, and sunlight 
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during periods in which a GM can be grown. This suggests a strong case for local adaptive 
research on systems that ina have succe ded illregions of similar agroenvironments. Local 
consideration of the alternatives i,important, becau se the compix local farming systems are 
best integrated by the farer.;themselves. 

The stated advantage C; M are n:merouis (Table A-1). The extent to which each of 
these adx'antages is ,roraicalIv or economicallv si ,.nilicant must be determined and 
Lci nmlic effectsse L&iThis lack of assessent appears to be a majr inadh'iacy in curent 
knowledge and use of (NW. If thK' benefit that accro-i s frotm planting CN i not known, the 
cost/bu-nefit ratio cannot ',dctutimired. ILegume: grown for (;,1 may also serve, in certain 
instances, as fodder, grain and vegetable, fhd, firewtod, fiber, shade, and so metimes 
medicine. A.\ssugested above, if these usesLrt' su, as justification for comnmrittfng a largewght 
portion oif the farmer's res;ources, th.,n each Of their eCono.lmlic benefits must also be assessed. 

.Agrononic Aspects 
The c(it'apeutiticti fir rainfall that iften occurs between the CM c ip and the asasociatud 

crop is a n1 oajtr deterioin nt of Where the GM practice is appropriate and which G1 crop is 
likely to be most SCccessf i lassifications of climate in the tropics that use rainfall 
criteria, such as that proposed by Jackson (I 977), are useful in conjUncltion with c(ompilations 
of the clilillte and soil regii uierunts rainfall criteria. A list of elinatic and Si ilrequirements 
of ajor (A! cr'ops uch as that iuglstedill)uke ( l')SI ) would assist in ,>siciating these 
Iei';ulrls with the appropri,te ciiimatic ru-.itus. Such a grouping coulld he of lise to scientists 
5e..',iiig ft(totparu several altermativ'e CAI crps for use in local far'mig , s,,'>tem1s. lack of 
infornation ,and low afailalif seed and x'('etatixe propagation matuials were 
reporte'd to hinder GIM use in mani,, areas. This suggests that extension per:.onnel a;d 
agribusiness people need to ustablisii plant materialIs centers. 

I,)
 



Table A-1. Advantages and disadvantages of green manure/cover crops in local farming systems. 

TOTAL AF? ICA TIE APERICAS ASIA OLXAT!P 
GM CC U* T GM 14cc U* T GM CC U* T c, C7 U2 GM CC U* T 

ADVANTAGES 
Soil phyical benefits 6 6 16 28 1 2 4 7 C 0 4 .5 3 6 14 0 1 2 3 
Erosion control benefits 0 12 16 28 0 3 2 5 0 2 5 7 0 6 2 F C 7 8 
Nutrient benefits 10 2 15 27 i 2 3 6 0 0 6 6 7 0 4 11 2 C 2 4 
Weed and pest control benefits 0 8 6 14 0 4 0 4 0 0 3 3 0 2 1 3 l 2 2 4 
Soil nitrogen oenefits 2 5 5 12 0 1 0 1 G 1 1 2 2 2 1 5 0 1 3 4 
Organic matter benefits 4 2 4 10 0 2 1 3 0 0 2 2 3 0 0 3 1 C' 1 2 
Reclauajiun benefits 5 1 2 8 0 0 0 0 0 0 2 2 5 1 ' 0 C Q 0 0 
Other b refits 1 3 4 8 0 1 0 1 0 1 2 3 1 1 1 3 0 0 1 1 
Yields imprcved 0 0 4 4 0 0 0 0 0 0 0 0 0 0 2 2 0 U 2 2 
Fconomic benefits 3 0 1 4 0 0 0 0 0 0 0 0 3 0 0 3 C 0 1 I 

iotal advantages 31 39 73 1.3 2 15 10 27 0 4 25 29 26 15 17 58 3 5 21 29 

DI SADVA'TAGE S 
Lack of materials 6 1 3 20 0 0 5 5 0 1 1 2 6 0 2 8 0 0 5 5 
Competition for land 6 1 12 19 C 0 3 3 0 0 0 0 6 1 4 11 0 C' 5 5 
ULe other techniquag 4 0 12 16 2 0 1 3 0 0 1 1 2 0 5 7 0 0 5 5 
L3ck of money 3 0 12 15 0 0 5 5 1 0 2 3 2 0 1 3 0 0 4 4 
No real benefits 2 1 10 13 C 1 2 3 0 C 3 3 2 0 3 5 0 0 2 2 
1arm/problems 5 2 t, 13 1 1 0 2 1 0 1 2 3 0 1 4 1 0 4 5 
Lack of "docume-tation" 1 2 S 11 1 0 1 2 0 0 3 3 0 2 1 3 0 0 3 3 
Climate/physical 5 1 4 10 2 0 1 3 1 0 2 3 2 1 0 3 0 0 1 1 
Lack of land 2 1 4 7 1 0 0 1 0 0 1 1 1 1 2 4 0 0) 1 1 
Tradition/culture 1 C 6 7 1 0 2 3 0 0 2 2 C 0 2 2 0 C 0 0 
Lack of time 2 1 1 4 1 0 0 1 1 1 0 2 0 0 0 0 0 0 1 1 
Cost of labor 0 2 2 4 0 0 1 1 0 1 0 1 0 0 0 0 0 1 1 2 

Total disadvantages 37 12 90 13Q 9 2 21 32 4 3 16 23 24 5 21 50 0 2 32 34 

Total replies 49 12 11 15 11 

= 
*U unspecified 

(an
 



Table A-2. Vie!ws on the use of green manure/cover crops in local farming systems. 

(1.F -F USE OF
(;. EE'N COVE[, 

MIV !E" C OP, 

COU R ES, 
>, MAJOR ADVANTAGES MAJIR DISADVA11TAGES 

THE AMERICAS 

Belize 

Lrazil 

x 

X 

x 

X 

--

60 

X 

X 

X Improves soil 
i1rover coil 

Co%-:d.ls soil 

fertility. 
structure, 

erosion. 

Lack o, 
lack of 

House 

plaatinc material. 
kr)owlEdge. 

it- i''- vsible 

Brazil x X -- X X Controls 

mairtansscil 

weds an pests, 

fertility. 

an~d direct 

La->. A 

ler ex 

:*,turn. 

lack of Lonp­

results -n 

Brazil 

Costa Rica 

x 

x 

X 

X 

90 

0 Xx 

X X impre-.e s ical and chemical 
csdi tions, improves water-
letention ot scil. 

Neartc l0zes aluminum toxicity, 

jro;ide s zulch to Ossist seed 
gietmi::atioI., 

advantaies. 

Loss of (: it- of length 
of grecrn r: . rowth. 
trans I.at:c ! d ;triiution 
on r i . 

'he c2-:z1 -. vailable land 

is uso L1- 1,s', lack of 
su:tai]. cc'','- 'rc" for use in 

Ecuador X X 15-20 Prevecot, 

physical 
soil erosio., 
conditions. 

improves 

acid/'r, 

Lcs cf 
in ric-

.- sell . 

cr o. cs: tahual 
area:-. 

cropping 

Guatemala X x -- X X Contr-!o; erioln, icw cot. 
Peru x X 100 

20 

X X X x Adds organic mattr to soil. Lack f ac: 

food crop. 

- r- oly to grow 

Puerto Rico 

Venezuela 

x 

x 

X 

X 

5 
10 

10 

X 

X 

X 

X 

Conditions soil. 

products, 

Renews rastures. 

uses waste by Costs of ra.. p 

lack of exv*r't'. 

t, 

:c"-o 

application, 

apply it. 

etc.. 

West Indies x X 60 X X Provides fodder. conserves soil. Nitrogetu zleeased t, rapidly for 
by cro'. wo:-kci ref use to work in 
thick cover t'ec'c!c of snases. 

use 
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Table A-2. Views on the use of green manure/cover crops in local farming systems. (Cont.) 

USE OF PSE OF 
GREEN COVEP 

.2 

CO NI. IE S - AJ'R AIDVANTAGES VAJC R DISADVANTA(;ES 

ASIA (cont.) 

Pakistan X X 90 X X X ,k!kaline soils become mellow and Difficult reen manure in 
triable. adds N thrcuh fixation. rotati ot,. iT - , Ose of chemical 

fer til izers. 

Sri Lanka X X 90 X X X X Improves soil physical conditions, Chorte s" gricalture, slow 
prevents soil erosion. JestrtOcti-i ,z n ur. sources. 

Sri Lanka X X 80 X Renovates soil. conserves soil Lack of D 
1 
,::tt it. ral. 

And moisture. 

Sri Lanka X X 90-100 X X Adds nutrients. improves soil A',sece i.trarco't cr ;romction, easy 
Otzucture. availability Cf c:eap fert-lizers. 

Thailand X X 20 X X Restore!n and maintains soil Lack of krtvr hg,. lack of cash. 

fertility. 

Thailand X X 30 X X X X Conserves soil and moisture. Extra cost ii il rng, short ;-owinz 
controls weeds. season. 



A simulation study was conducted with the objective of determining how the use fGs 

in a rice cropping system is affected by the availability and use of N fertilizers. The 
simulation was developed to represent alternatives of using N fertilizers with or without a 
crop in addition to the rice orgrowing rice with a preceding GM crop. Crop response was 
determined by estimates of potential yield that would include consideration of genetic, 
general climatic. and other fixed constraints. Simulated yields were determined from 
functions of. N applicaion and simulated rainfall distributions (McIntosh and Effendi 1979). 

Model Organization 
The growing season of one year was subdivided into three four-month periods. Rainfall 

was generated for each period, using an autoregressive approach described in Haan (1977) 

where xi, 1 = rainfall for the current period, xi= rainfall for the previous period, u.= average 
rainfall for the current period, r, = serial correlation between successive periods, t' • 
random number from a N,, distribution, and s, = standard deviation of rainfall. Mean 
monthly rainfall for each period is a flexible program input. Most of the simulations 
assumed 400 mm/onth for Period 1, 300 mm/month for Period 2, and 100 mm/month for 
Period 3. Table B-1 shows the simulated values and the results. The equation provides 

a random variates (monthly rainfall), which are N(u,, s'2), and successive months of rainfall 
are correlated (ri) with each other. Rice is assumed to be the main end prodUct. Only one 

L' option is considered that does not include rice. The alternative rotations include: 
1. Produce rice with no N fertilizer and with GM crop. 
2. Produce rice with N fertilizer and a pulse crop. 
3. Produce rice with no N fertilizer and a pulse crop.
4. Produce only the pulse crop with fertilizers. . . ."
 

Each option is evaluated for each cropping period.
 
Several overall parameter changes are available for performing sensitivity analysis on 

the system. Tallies are also made of estimates of labor, capital, and fertilizer usage over an ''. 

indicated period of simulation. 

Results~ 
The results of various runs are given in Table B-1 with the factors that were examined. 
Influence of level of nitrogen fertilizer available for application (level of N) was'varied 

from 0 to 150 kg N/ha. Response to these levels of N were calculated using the general form 
of equation (2) with parameters A0 -=1.0,A,1 = 0.05, A2 =0.05, arid a yield potential for rice of 

5Mg/ha. Yield was then a function of the amount of applied N, the N from GM, and that 
from the pulse crop.,It was further assumed that yield was,,.rportional to rainfall relative 
to 300 mm/month. At greater levels, yields would increase; at levels below 300 mm/month, 
yields would decrease. 

S-- 241
 



Yield of rice was asmleid to follow a response function of tile form: 

Yield = A,+ Al(applied N) + AIgreen manure N + pulse crop N) (2) 

Yields of GM and pulIse crop were considetlred to be prima rih, of th,, ty pe: 

Yield = P)B t/?,I) , ra i (3) 

Where B, is the maximum vicld of th'cultivar, 1), isthe po teitial yield for tile particular 
growing conditions, 13 is the oct resploe (diference bct-wcen vield with no rain and the 
maximum yield c ciirv, tl cofficient, whichB,), anrd B'.i, t cr' represents hmw rapidlV 
maXin um yield isobtained with nmrasi'. rain. The an1u1It of N prodilicel 1w tIL C crop 
va, calculated a-sung 2.25 prcIt N, while it wa) ssutielwd the i' en 'p c(mlained I 
percent N in the top', inmitil runs, the Lici'ency o)I(;, N wv.,'ii iii to h, ecjril to that 
of fertilizer N (I NI rice tor each 70 k,, N/Ia; paranieters .- ,. s.itllh, .*in .11ation [heI1 2). 
am:,d o1ot ('.Xl also wa a function of vield potefi.l tl'' m thI' rainfall. The 
aimc,i nt o N prodiio.d was ,sini' o i be al cla Ilil pf'p,,ltiml ' I tht (iv matter ield. 
\aliles wre assigned to rine and puk.,enrp torclcct the)!'l'i i .,gr'in p the (;,. 
in staes of simitlat inq, l'aiImed that the pilA,cropwa %orl I linc,, the girainit w\ , 
weight of the rice. This tcnd, toretlect the value sndrt- term cr, rs that are'oftenl',,-1e 
intercalted with the rice. '1his-was subejtrentlv nIItdi!i,.' to rip"-el tI re'kIlt i g'owing 
a short-term pulse intead of tlW (AI Chiilime.
 

Simulation result, indic,itcd tl it ,,vixen (;"%i,cihiiIercd half as effective as fertilizer 
N in increasing rice vicLd, A, )., in ljiu,itiom 2. As s',i a; 20 or nire kg N/ha became 
available for application toth ric,tlL(X crp wa, rcplac'd 1W tiL' n1 '-,eCrop. 

Maximum rice vield With ( Xl W, 2.3, X0,1,/hi. When (M was considered 0.75 as 
effective as urea N, then it3) kg of no. N \vvr, avilal, it hoild over us,, ofbe preferred 
GM. In this case naxi numn rice vield 2.77a, 'itmiut.lp/h fertilizer N.
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'fable 1-1. Simulation results considering GM equivalent to fertilizer N in 
increasing -,ice yie-ld.l 

Fertili/er N 	 Crop 'Pcriod 

(kg/ha N) 	 Pl 1 P3 
- Rainfal I1mm)------­

339 270 92 

40 	 Rice Yield 3.3 3.2 0.9 
Leguime N 65 64 48 
Pulse Crop 0.74 0.72 0.51 

Best Option: 	 Grow riteO' and (lGWduring Period 1. 
Yield: 3.3 Mg,/ha rice. 

50 Rice Yield 3.3 3.2 0.9 
.g1InC N 65 64 48 
Plue ("Ii , 0.74 0.72 0.51 

Best Option: 	 Grow rice with the 50 kg N/ha (no GM) and 
grow tIe, pt e,,Cr, instead of GM. 

Yield: 3.2 Mg/ha rice and (0.7-1 \1 /hia pulse. 

60 	 Rice Yield 3.3 3.2 0.9 
Legnine N (4 48 
Puke CRTp 0.7-1 0.72 0.51 

Best Option: 	 Grv, rice with the h) kg N/1.h application and the 
jlllC , inCtead of GM. 

Yield: 3.5 l 	 ,i,a rice plw iL7--1 /ha pul-.e. 

]A, = A, in t~rUaitien 2. All \iehtk are Mg/ha. 
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.Ji'!.;.:'3! _eAPPENDIX-C:. usinar', 	 epnet 

. ... . .. : A.. ' AA..A , Institute ,, , . , ; A C ountry, 	 AA A- A- ..­

Prin.j(Officer.. ",gr. Min. of Natural Resources Bel3ize 

io F	 c ' -;Aili ran o EMBRA A M47, Rio doaneiro .i" Bril:'i ::,: 

,Antoio In:".":lst.Agron. do Carnpinas" ;Brazil , ,:. i{i,0L. B.Sagado"-


G.W. van :Barnevel-d :HA/FAOIR' Soil Resource P'roject, / iCameroo0nRalhHeey, AA A ' Tropical Since Center CostaRica 

........Lba.....MBAPACPA Indrail' -.. : d -iBrsilia 
M " Research Cene Ghana -Ialm 


Pakye A-AyP Soil Rsearch: -
Institue, 	 Ghana
 

Jfe emeterio "University of Guam. -:,: Guamo. .M.R.Rao 	 ICRISAT,FarmingSystems Indiar 
V.Rajig aan 	 TamilNaduAl ResiyIndi 

.ilio;Dwrakinath 	 g. U.BangaloreU ersity i ' ia -A-Karer 	 Punjab Agr University India 

D.okoSantoso dCentre for Sail Research Indonesiarneroon
 
Jer McIntosh Agency for Agr.Res.& Dev. Indonesia
 

% Asparno Mardjuki, Jr. 	 -Indonesia: ..Angel sNaticcion Gajah Mada University 	 "" : :"Be M.Wanjala 	 dr Res t. Kenya 
,. H. K.Mwandenicre Min.0f Agr.& Nat.Resource Malawi
 

ne ti Min.of Agr.& Nat.Resurce Mauritius
 
P. . Ran 	 Agricultural D ypartment Nepal 

V. BajagupalaniMr.Lus urkaLowlands Ahniadu BellA Univ. 	 PapuaNwGieAgr. Exp. Station Nigia 

R. Larait 	 nangI rUistNigeriaropical Agr. 

'aj MohammedChaUdhry Agr.Res. st.,Tandojam-Sind 'Pakitan
 
Moha..mad AsifrMan University Agricultureof 	 Pakistan 

AkA' 
 LuisMr. Kurika, Melt Lulo Lowlands Agr. Exp. Station Papua New Guinea 

A. E.Charles Ii Dept. of Primary Industry .Papua New Guinea 
Sven Villagarcia Univ. Nacional Agraria : Peru " 
' onifacio Felizardo Univ. Philippines, Los Banos Philippines
 
Eduvigis Pantastic PCARR, Crops Res. Division Philippines
4. 	 Godofrdo' N. Alcasid Ministry of Agriculture Philippines. 

,AAOscar Muniz Torres Univ. Puerto Rico, Mayaguez Puerto Rico 
J. W. Snyman 	 Inst. for Crops and Pastures South Africa 
Lidio M. Cairo - Univde Santo Domingo Santo Domingo 
Steven E. Wa?-on Lever SOomoiis Limited Solomon lslands 
J. Handewela Agriculture Research:Station Sri Lanka
 
'H.AP M. Gunasena University of Sri Lanka Lanka'.
A' 'Sri 


Musa Gezira Research Station 

Dir. of Agr; Ministry of Agriculture ' , A Swaziland
 

'A Haque 4 Univ. College of Swaziland Swaziland 
Tzo-Chuan Juang .. National Chung Hsing Univ. "Taiwan.. 
Andi of Dar Es Salaam' Tanzania : A 

M.a -	 Sudan *' 

ri.ew 	Uriyo A AUniv. 

A~4 AAA ATrevor 	 'Gibson Crop Replacement Project Thailand
 
'BoonvarukSuebsiri Dept. of Land Development 
 ' Thailand
 
AJ-seph-Lindsay 
 AA University ofWest Indies ' : Trinidad 

Af.AA 
 Krant 	 University ofCalifor~nia, Dai U.S.A. AAAAA~~ 

'EstacionE"~'udornar Parra 	 Exp. el Guayabo AVenezuelA 

AA 4',,~AA 

AAA' A''" 	 AAAA.A A A ~ A N '~AA~:AAl'2Aj~A~T, 
IA~ A'' ' 4 



DISCLAIMER 
Rcl'ecl-c to ;ILolllp:I1J1 o l I()LIIu 'IIIlmIc dioc., II imply )pproval or recomm nidationi 1 
til ( I~ll,.!o lr i."l .F\Lricliltuir.,I llin;an ,1dRcsourcs.Utivrsitv lof Hawaii. or the 

tiutcd Sttc.. lIepa\rtment of ;\wiciltir. 10 the +.Lxcluson ol' othurS that ma, he suitaleh.N. 


