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GREEN MANURE AND LEGUME COVERS IN THE TROPICS

Rusaeil Yost and Dale Evans

ABSTRACT

Growing legurnimous plants tor multiple uses has latelv recerved renewed mterest. Coste
of fossil-based mitrogen terthizer, atter bewng unreatistically low tor decades, have
increased. Supplving nitrogen through biological tixaton is attractive, but svstems that
accomphsh this are needed in both temperate and tropical tarming, svsteams, Biological
fixation as a source of nitrogen 1s natural tor leguminous crops, vet the consumers of most
nitrogen terthzer are the major tood cereals, One swav mese can obtam botogeal mitropen is
through the judicious use ot green manunes and legume covers,

This report provides an overview ot literature deseribiny, vartous lepunies and the
cropping systems i which theyv are used in the humid tropics. Svstems described include rice
and green manures, pantation crops and legume covers, root arops and green manures, and
some upland crops and green manures. A suivey of current use ot green manures and legume
covers was conducted in 1981 as a prefimunary part of the study.

Alternative sources of nirogen are both more atracuve for use i complex tropical
fanning systems and more i demand because of the scarcaty of other nitrogen sources and of
nitrogen fertibizer i many tropical countries. It seems apparent that biological mitrogen
should be viewed as a complement to tertihizer mtrogen. The appropriate mix ot the two is
hard to assess because of mmadequate or expensive technigues tor measurng the amounts of
nitrogen contributed by the green manure or legume cover. We emnpiiasize the neced 1o assess
the advisabilicy of legume use in particular situations trom a tarnung svstems research and
developiment perspective because ot the biologie, econome, and social complexity of tropical
farming systems.

As a result of the study, we emphasize that knowledge gaps or research needs exist as
follows:

1. Technigues to measure nitrogen contributed by the green manure or legume cover are
inadequate.

2. Viable seeds tor fegume germplasin evaluavon are ard to get.

3. There 1s ot cnough information on the charactenistics ot various candidate green
rnanures and legurme covers and on their climate and soil requirements. Such data could be
used insereening candidate legumes.

Keywaords: Legume covers, nitrogen fixation, green manures, biological mtrogen fixation.



INTRODUCTION

Growing plants for soil improvement
dates from the carliest intensification of
agriculture. The reason growing certain
piants before others is beneficial became
clearer when the distinction between Teyume
and nonlegume was recogniced. The often-
cited result of growing such crops was to
“huild up,” “restore,” or “rejuvenate’” soil af-
wrousing it for an exhaustive cereal crop. The
reactions, intluences, and restorative tactors
cansed by including lecumes in cereal rota
tions are seldom quantitiocd, muoch Toss
understood or managed.

Much of the attraction of u-ing forimes
in rolations rests on dts intuitive appeal,
Rigorous measures of the Tegume benefit are
rare. The controversy over “organic farming”
methods and approaches feeds on the Tack of
definitive measurement, understanding, and
management of critical factors when the use
of Tegumes and other organic materials in
agricubture is emphasized. Such studies as
there are suggest several cropping or farming,
svstems inowhich growth of legumes can be
benefictal. We will deseribe some of these
svsternas for tropical agriculture, with em-
phasis on the humid tropics, and attempt to
determine factors in their suceess that can be
extrapolated to other arcas, lands, or farm-
ing svstems.

A general dithiculty encountered in the
green manure (GM) iterature has been that
the franie of reference for comparing re-
sponses was usualiv whether vields could be
increased by growing the legume. With to-
day’s high population and pressure for food
production, high viclds are mandatory in
most cropping svstems. The need now is to
maintain or increase production while re-
placing a significant portion of the nitrogen
(N) fertilizer requirement by GAis, either in
the traditional systems or in new ones.

The use of Tegumes in farming svstenms
often has multiple effects. For example,
legumes in pastures contribute significantly
to animal nutrition because of superior feed
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quality, contribute to associated grasses in N
stress conditions, and aid in providing effec-
tive sotl cover, protecting it trom rainfall
and preventing soil Joss in runoff caused by
low infiltration rates. One of the chatlenges
in using fegrmes is to find crops or improve
varieties and management so as to obtain a
primary product such as grain, forage, or
fiber and still leave a sipniticant N residue
tor the tollowing crop.

“Green manuring” yenerally refers o the
growth and plowing under of green plants
before maturation or harvest of seed. After
harvest, such operations are considered crop
residue management. These residues dgiffer
considerably from GMs in that they are no
fonger succulent and usually have wide car-
bon/nitrogen ratios. Young, succulent plants
turned under before maturity decompose
rapidlv and release nutrients, mainly N,
which are generally readily available to
assoclated crops. The total quantity of ab-
sorbed N in the plants is greatest with older,
less-casitv-decomposed  materials, while
the vormg, highly degradable materials
usually contam fitde total N oon a hectare
basis, olthough percentage composition may
be high.

These properties are similar to those of-
ten discussed in forage analvses where feed
quality and quantity are inversely related:
large quantities of forage can be produced if
one relaxes digestibility standards and per-
mits longer plant growth; alternatively, a
small ameunt of high-quality forage is
provided by voung plants. Although green
manuring has otten been practiced with
legumes and nonlegumes alike, the tendency
is to use legumes because of their symbiotic N
benetit. Green manuring as discussed in this
summary will largely refer to the use of
legtmes.

“Green deaf manuring” has traditionally
referred to green manuring with plant mate-
rial not grown in place. Plant material is cut
and carried to the site of incorporation or
surface application. This variation of green
manuring has been popular in semi-intensive
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land use arcas. In such areas, materials from
woody perennial species have been used, e.p.,
Gliricidia sepium, Lewcaena lewcocepiiala,
Acacia auriculacformis,  Sesbania  grandi

flora, Tephrosiv spp., and others (NAS
1980). Regrowth from such plants growing on
plot borders is quite succulent, and production
mav be comparatively high for the areca
planted. In other situations, material from
annual herbaceous species has been carried
phuseoforndes,

Seshania spp.,

!
and applied, c.e., Pueraria
Crotalaria spp., AMicuna spp.,
ete. This method probablv cannot provide
cnouph plant material tor Large mechanized
ficlds but has been etfectively used tor small
ficlds. A variation ot this approach is
“allev cropping,’
between rows of perennial legumes CApboola
1952 1TTA Hu79; Kang et all 1951 Regrowth
from the lepumes is periodically cut and ap-

’

in which crops cre grown

plicd to the crop crown bebween the begume
rows, which are  veral meters apart at the
most.

Although systers such as allev cropping,
have appeal, especiallv e Liborantensve
svstems. their applicability to large-weale
agriculture has not been demonstrated. There
is great potential to grow plants specitically
for the intensive production of N for use
cither 1n st or v neighboring areas. A
practical question that limits the uscfulness
of these svstems concerns labor reguired to
transport and applv bulky leaf material as
green leaf manure (GEADL Creative alterna-
tives are needed to develop these methods
further.

The term “legume effect” has sometimes
been used to indicate a benetit derived from
having grown a legume on a ficld before
growing a following crop. This effect is ob-
tained from the below-ground portion of the
legume after the tops have been harvested
for GLM, fodder, or other purposes. The na-
ture of this benefit is more obscure than the
benefit from application of plant tops as
GLM. The partitioning of N between tops and
roots probably influences the extent to which
this benefit is due to N. Seldom-documented

aspects of residual Tegume benefit include
the improvement of soil physical properties
by root growth and the stimulation of micro-
bial populations in the legume rhizosphere.
Documentation of improvement in soil
phvsical conditions as a result of having
wrown CM legumes is meager and often incon-
clusive,

Complications of quantifving such effects
are great, and diagnosing situations in which
significant improvement in crop growth or
productivity would result from improved
physical preperties is ditficult, Perhaps just
as remoie 1s the possibility ot diagnosing
situations in which microbial activity s
suboptimal. The difficulties are great in
measuring benefiis to microbial and phyvsical
aiterations in sod brought about by the
prowth of fegumes,

e Yassocated crap,” inrelation to GMs
or fegume covers, is the crop to be benefited
by the legume. The assoctated crop is usually
cither a cereal grown atter the legume ina
relayv or rotational svstem. a crop to which
the green leaf moterial is applicd i an al-
lov cropping svatem, or a crop that grows si-
multincousiy o with the Jegume as an inter-
crop. The nature ef the associated crop is
particularly importint in a green manuring
svatem, because manacement dectsions must
wive the associated crop priority over the
lepume whenever conflicting requirements
ocour. Seasonal growing conditions for the
legume will be determined by first providing
optimal conditions for the associated crop.
Examples snclude growth of the legume in
drier or cooler portions of the crop vear
(JCRISAT 1980; Kamprath et al. 1958),
growing the legume on marginal fand and
carrving the GLA to the associated crop
growing on deeper, richer land, and growing
the Tegume on field borders. The secondary
priority usually considered involves the ox-
tents of stress tolerances of these crops so
that, given the potential growing period and
ite constraints, the appropriate legume
species and management can be used. Just as
pasture legumes to complement grasses for
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acidic, low-P ¢onls must be tolerant of these
conditions, GM and cover-crop legumes must
be chosen on the basis of their ability to tol-
crate the local soil and climatic situations.

GREEN MANTRING FOR ANNUAL FOOD
CROPS

Green Manuring af Flanded Rice with Ses-
bania Species.

Green manuring has been practiced
widely in Asia. Fields are often small and
management intensive, and animal manures,
night soil, agricultural byproducts, composts,
and GMs are often used as soil amendments
and nitrogen sources. Many Asian cropping
systems are based on rice enltivation, and
becanse of the ability of Seshanin specios 1o
grow in heavy soils, withstand waterlogeing
and flooding, and tolerate soil salinity, thev
arc often the preferred GM crop in th e sys-
tems. The species most often used in India is
S, bispinosa, The name S canrabing is often
given for the annual sesbania used in the
People’s Republic of China. These twao
species are taxonomicallv distinguishable
(Gillett 1963). but are very similar in general
appearance and growth habit, and confusion
is possible. Gecasionallv, the perennial s,
seshan has been mentioned as a GM crep.
There is no authoritative Asian texonomv
tor Seshania, and the confusion over iden-
tification is so evident that one suspects the
accuracy of nomenclature in manv of the agri-
cultural reports,

Within the bodv cf literature on green
manuring in the tropics (Evans ot al. 1983),
two practices can be distinguished, as we
have defined above: green manuring in rota-
tion with the crop to be benefited, where the
GM crop—generally a fast-growing annual--
is grown and plowed under in the same field;
and green leaf manuring, where green matter
is cut and brought from clsewhere to the
ficld for burial. GLM may be any green
matter cut or lopped from waysides and un-
cropped arces, may be partitioned from the
vields of ncarby GM crops, or may be from
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plants grown for the purpose. The perennials
S. seshan and S. grandiflora and the annual
S. speciosa are often planted on field borders
and paddy bunds to be used as GiM,

Intercropped Green Manares. Techniques
of interplanting and intercalating S, carnna-
bina for green manuring have been developed
in southern China for rice cropping svstems
(FAO 1977). The sesbania is raised in nurse-
ries and is transplanted to the rice field in
rows 23 mapart when the spring rice crop is
in grain-hilling stage. Several weeks after
transplanting the legumes, the spring rice is
harvested, After an additional two weeks’
srowth, the sesbaniais incorporated into the
soil alongy with 50-60 ke /ha ammonium sul-
fate before fronsplanding the next rice erop.
According to these farmers, the wae of green
manuring with mineral fertilizers increases
vields while reducineg the ferblizer N
reauirement af the rice crop.

similar practices were reporledly taken
up in North Viet Nam during the 1965-1970
period, as described by several authors in
Volume 27 (1971) of the English-language
publication Vietnamese Studies. Although
Seshanin was thousht to be easier to graw
than Ar-olla spp., the traditional GM, its
cultivation as an iniercrop was thought to
compete with rice (the timing and manage-
ment were unseeciiied), and the presence of
woody taproots was said to make plowing
Jdhitficult,
barder vlanted Green Leaf Manures. In
parts ol South and Southeast Asia, farmers
use field borders to grow crops to provide
GLM. These borders may be peths or road-
wavs between fields, bunds 1o contain water
within flooded fields, banks of ponds,
terracing walls or contour berms between
different land levels, or combinations of
these. Border planting for GLM is one cle-
ment of the integration of trees and shrubs
with annual row crops now collectively
called agroforestry. In agroforestry, shrubs
and trees planted in lines are used for wind-
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less importance in the wet scason (summer),
since other bulky organic manures added at
similar dry matter but lower N rates pro-
duced similar eifects. In the dry scason,
however, when incressed solar radiation
allowed greater vieid expression, response to
the high amounts of GLM-N was obtained.
High-yiclding wvaricties have elsewhere
been shown to respond as well to addition of
nonlegume biomass as to N-rich lepume
materials: Subramanvam and Dhar (1970)
obtained yiclds of 5.8 Mg/ha grain with
variety IR-S by applving 50 Mg /ha fresh
water hyacinth, plus phosphate.

Varictal differences may be involved, as
the results of Sadanandan et al. (1973)
suggest. Only one of two high-vielding vari-
cties (HYVs) of rice responded to 5 Mg /hae S.
speciosa GLM applied with or without NI'K
fertilizer.

Reddi et al. (1972) obtained a linear re-
sponsc of IR-20 rice to N regardless of source.
Rao (1950) had obtained similar results to
increasing GLM applications, using a variety
called GEB-24, perhaps not a “modern”
HYV. Ali and Morachan (1974) grew iR-8
and IR-20 on a fertile site and found similar
response to GLM or equal amounts of N as
ammonium sulfate: 5.33 Mg /ha grain with 25
My /ha fresh CLM applied 20 davs before
sowing, ond 5.93 Mg/ha with the inorganic
ina?l/3-1/3 split application. Dargan ot al.
(1975) also obtained a tvpical rice vield re-
sponse to inorganic N, with o tendency for
vield response to level off between 80 and 120
kg /ha N (Fignre D). Green manuring with S,
hispinosa was cquivalent to applving 80
ke /ha inorganic N.

On an acid soit {(pHES) in West Benpal,
IR 3 rice grain vields were similar whether
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Figure 1. Rice yield response to Sesbania bispinesa green manure in combination with inor-
ganic N fertilizer, vs. response to fertilizer N alone. (From Dargan ct al. 1975))
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given NPK or a combination of GLM, basic
slag, and K>O: 3.92 and 4.03 M /ha grain re-
spectivenv (Majumdar and  Chakraborty
te77) These vields compared to coatrol
viclds of 334, and 177 My /ha for basic slag
plus o0 without Gt The follow:ng pulse
crop vields were sipniticantly inereased on
plote that had received GEUATL

During the past tese decades, inrodue
tions of TIYVs have often i ceased cropring
mtensities, and the availability o Inorganic
N has made fegume rotations or fallow peri-
cdds Tess mandatory, resulting in untavorable
declines in seil fortility and phvsical prop-

erties. Gill (1978) characterized the HYV
rice-wheat rotation in the Punjab as “ox-
haustive,” citing among other evidences that
zine applications had become routinely ne-
cessary. Tle that was
srown continnoasly, soil phvsical conditions
deteriorated. He recommended sowing S,
Pispinosa as a GM between the wheal har-
vestand rice transplanting. Similas declines
have been noted in China (Smil 1984), where
continuous rice cropping was blamed for for-
mation of pans ol “blue asbestos mud”
inpeding normal paddy drainage. Smil
Planied dncreased cropping intensitios and

stated where rice
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Figure 2. Rice yield following Sesbania bispinosa green manure grown for different dura-
tions before incorporation, vs. rice receiving fertilizer N after fallow. (From Khind ct al. 1983))

7



inorganic N fertilizer applications combined
with decreases in green manuring, decreased
incorprration of crop residues (straw being
the most common rural fuel), and decreased
sowing of legumes in peneral for widespread
occurrences of potassium deficiencies, as well
as of micronutrient deficiencies.

The sesbania species most often used as
an fresific GMtor rice is S bispinensa, becauase
of its adaptation to Jowland sites, heavye
soils, salinity, and waterlopging, Much of
the use of this crop sequence, both experi-
mental and mofarmers” pracace, occurs - oas
we have seen—in India.
vicelds have been obtained experimentally in
Senegal, however, using S, rosirali (Rinaudo
ctal. 1983). When grown tor 52 davs in f-m”
cisterns under waterlogged conditions, this
unusual species Guhich, under appropriate
conditions, bears nodules onits stem) fived an

Increases 1in rice

estimat.d 267 kg/ha N, based on the low
of the experimente! deviation. When
resulting legume biomass was chopped ¢
incorpora’ed into the surface 30 cn of s
following rice yields (about 5.8 My /ha) w
sipnificantly superior 10 those obtained w
cither 60 kg/ha N oas ammonium sulfate (
Me/hay or the control (21 NMa/ha
content was more thon doutded oy or
inorganic N treatment. The authe
estimated  that as a result of the (
treatment, ot least 178 kg /e residual soi
was present atter harvest of the rice crop.
Thning s important in wcludiag GMe
croposequerces. Singh oot all (1981 he
shown shar inercases in dry matter and
production by CAY iceumes between the fi
and seveath weeks of prosvthe Khind et
C1Us3) found that uphind rice vield in
Ponjen increased with the growal duratior

Rice
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Figure 3. Effect on rice yield of various time intervals between the incorporation of Seshan
bispincsa green manure into the soil and the transplanting of rice. (From Beri and Me

1679.)
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the preceding S. bispinosa crop (Figure 2).
Their results suggest that the effect of the
30-day GM crop involved more than the N
contribution of the tops. Beri and Meelu
(1979) showed that timing of transplanting
the following rice crop has critical effects on
N uptake after GM incorporation (Figure 3).
The range of rice yield response was equiva-
lent to 50-120 kg N/ha, depending on bow
soon after incorporation the rice was
transplanted. The advantage of carly trans-
planting was masked by applications of N in
combination with the GM, especially al
rates higher than 60 kg /ha.

Two other studies in India compared rice
response to GMs with and without added in-
organic N. Data of Bhardwaj et al. (1951)
indicate a gencerally linear response to added

N, regardless of its source (Figure 4); response
from the green manuring was similar to that
from 30 kg fertilizer N. Khind ot al. (1982)
found that GMs grown for twe months were
equivalent to 60-90 kg/ha inorganic N
(Figure 5). Both experiments illustrated that
GMs can supply at least half the N needed
for moderate to high rice vields, and that a
combination of CM with inorganic N can be
highly beneficial to following crops. Green
manuring in India has declined since the
“coordinated rescarch schemie” reported by
PPanse et al. (1965), or since the populariza-
tion of 5. speciosa o Madras. A similar
decline has been neted also in China during
the past decade (Smil 1984). Increasing
availability of fertilizer N and spread of
short, high-viclding rice varieties have
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Figure 4. Rice yicld responses to fertilizer N applications with or without preceding Ses-
bania bispinusa or Crotolaria juncea green manure crop, vs. green manuring alone. (From

Bhardwaj et al. 1931.)



been partly respensible. Pressure on scarce
resources has crused farmers to plant an
edible prlse and use the nongrain porty 2 for
animal feod, rather than, ow a crop to tum
under. Creen manuring - - more often referred
to in the literature as an art than a
technolopy -has until recently rallen out of
favor with agricuitural aad
officiale In developing countries, the foral

selentists

agricnitural scientists have attempted Lo
“catch up” with the more sophisticoted pro-
duction svatem: of the Wost dacoby 167,
Fhis s often resulted i abandonment ot

tradidonal practices, and such appears o be

rescarch on responses of HYVs to GM and
GLM, discussed above, may be an indication
of a turnabout in the attitudes of some
rescarchers. As cropping syslems are pushied
into new areas of the tropics and the impor-
tance of management of organic matter is
acknowledped, the use of Tegumes as crops
that can build and stabilize soil fertility

iy e more serionshe considered.

LEGUME SPECIES TOR GREEN MANURE
AND COVER CRODS

Diverse types on legumes are used as

the case with wreen manuring. Recent cover and GM crops in the tropics. One com-
P
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pilation of information covering many of
these species is that of Duke (1981). Our ab-
stracted bibliography on tropical GM and
cover crops (Evans et al. 1983) is indesed so
that the articles and publications included
can be searched by species, Brief deseriptions
of the uses and qualitios of some of these
Tegumes follow.

Grain Legumes as Cover Crops and Green
Manures

Historically, many grain, or
leyumes have Leer used as short-term cover

pulse,

crops or as GMso These species penerally
have large seeds containing stored nutrient=
for rapid establishment and can soon begin e
host a vigorous and extensive N-fixing svm-
brosis with the appropriate Ridzeiion and
suitable soib conditions. Because their seeds
are articles of commerce, propagabion mate-
rial s readily available. These species,
however, are seldom tsed now for GM. In the
Lnied States, Clycine mex has evelved
froma’
grain legume crop Eeoaomic and nutritional
demands throughont the world weigh heay-
iy against any possible benefits of pleaang
these crops down in their flowering staoe for
GM.

In tropical countries, grain legumes can
and should continue to piav a role in cropping,
patterns. Their function as soil cover durnng

‘soilage” crop to a major commercia

periods of erosion hazard can be of critical
importance in nuintaining soil produoctivity.
Although the net N contribution of grain
legumes as intercrops or in rotations is sili a
matter of debate and investigation (e,
Eaglosham et all 1¥s2), 0t is advisable in
most situations toinclude them in cropping
patterns, Some species used as GNP and cover
crops in tropical regions are Cejanus cajun,
Macretylema  uniflorum, Dolickos bifiorus,
Praseolus  calcaratus, Psophocarpus  tefra-
gonolchus, Vigna aconitifolia, V. marina, V.
munge, V.oorediata, and V. owwdcudata.

Cajanus cajan. “Pigeon pea” is a short-
lived, perennial, woody shrub with a deeply

penetrating tapreoot. It is adapted to the
semiarid and moderately humid tropics and
subtropics, with an optimum annual rainfall
between 600 mm and 1000 mm. Cultivars vary
greatly in growth form, flowering habit,
seed tvpe, tolerance of conditions such as
waterlogaing or frost, and response to man-
agement. Cajunns cajun requires adeguate soil
moizture during its two-to three-month es-
tablishment period but thereafter is quite
tolerant of dry periods.

I Africa, Cajanus has been successfully
wred for fallows of three to four vears” dura-
tion (Wotson and Goldsworthy 1964). In
whana, following maize vields were bene-
tited, but prass fallows had similar effects
(Ghana Depts Apr. 1935 Sineh 1961). Worn-
et maice and pinceapple lands in Hawaii
were ab one time “rested” under Cajunus,
which was then incorporated as a GAM One
grower reported incorporating a four-year-
old stand, plowing 0.2 ha/dav with a disc
plow and four Large mules; the crop decom-
posed within three months (Krauss 1911).

Yields of Cajarus are often quite high. It
was the highest-vielding  legume shrub
when intercropped and lopped as GLM for
no-till maize and cassava; maize vields
woere benefited (ITA T950). As a summer crop
i Brazil, 13.2 Mg /ha dry matter were ob-
tained the crop was harvested at
flowering (Campao et all 1979, In Florida,
Cajanus, sown at 67 ky/ha, produced 146
kg/ha Non 6 Mg /ha dry matter in six months
on sundv sotls in citrus areas, and 244 kg/ha
N on a poorly drained site. Yields were poor
wher nematode infestation was severe
(Anderson 1980).

when

Piophocarpus  telragonolobus. “Winged
bean” s a twining species grown as a veg-
clable, pulse, and tuber crop. Its stover has
been used experimenally as GM for maize in
Puerto Rico. After harvesting the legume
grain, 30 kg/ha N incorporated as stover in-
creased maize grain yield to 3.1 Mg/ha, vs.
2.3 Mg/ha for maize following maize on an
Oxisol, but a similar practice had no such
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cffect on an Ultisol (Lugo-Lopez et al. 1981).
We found very slow growth of a cultivar
from Papua New Guinea on a manganiferous
Oxisol in Hawaii, even wher limed to pH 7
(Yost et al. 1981). Bourke (1975) rated
Psophocarpus fair as a ground cover and poor
as a competitor with weeds in lowland
Papua New Guinea. Despite these observa-
tions, there may be potential for selected
variclics of this specics as a cover and N-
accumulator in arcas
adapted. This species usually requires trel-
lising for vigorous growth,

where it is well

Vigna aconitifolic. “Mat bean” or “moth
bean” is a hot-weather crop for semiarid
arcas that is grown in India as a pulse and
GAand has been grown in China, Africa, and
the southern United States (Duke 1981,
Compared with other pulse legumes in oae
trial 1in india, it quite rapidly,
achicving S0 90 percent canopy cover in 30
dave (Verma 1968). and
Macrotyloma wniflorun (horsegram) are
sown in India as catrh to utilize
residual moisture after the main season crop.
As such, these crops may protect the soil
from the rains after the dry scason. The
entire plant is generaliy Tarvested for grain
and fodder, however, and the crop is seldom
turned under in India.

orew

This species

Crops

Vigna wunguicudata. "Cowpea” has been
widely used as a GM, especialiy cultivars
with spreading habit and luxuriant growth
(Duke 1981, It was at one time used exten
sively as GM in northern Queensland,
Australia (QOA] 1938); it has alse been used in
the southern United States, Nigeria, Rho-
desia, the Philippines, and clsewhere. It
was judged an outstanding short-term
creeping cover in Papua New Guinea (Bourke
1975). Comparmg legumes for cover quality
in India, Gupta cc al. (1466) tound it pro-
vided a good canopy, and Bittawar and Rao
(1969) found it better than rice, maize, or
Cajanus for redncing soil loss from 2 percent
slopes. With its wide variation in cultivars
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and phenotypes, cowpea is especially
promising as a multipurpose iegume in crop-
ping systems.

Trailing Legumes as Cover Crops

Several traifing species often considered
as tropical forage legumes can serve as cover
crops, with or without the integration of
prazing animals in the farming system.
These legames are prostrate or semiprostrate
and often have a creeping or twining growth
habit. Information on these species is avail-
able in compendia of tropical forages, c.g.,
opdan (1977) or Skerman (1977). The species
mclude Pueraria phaseoloides, Centrosema
pubescens, Calopogonium  mucunoides, C.
cacrulewm, Lablab purpurens, Mucuna
coctinchinensis, Mucuna spp., Canavalia en-
siforinis, Desmodivm  spp., Viena aconiti-
folia, V. hosei, Macroptiliim  autropur-
purcwnr, M. dathyrofdes, Neonotonia
wivhtii, Clitoria  ternatea, and Psophocar-
pus tetravonolobus, which was discussed
carlier as a grain legume. Of these, the first
three have been widelv used as covers in
plantation crops, often sown in mixtures.
Calopogonium  cacrulewm has come into
promincnce recently because ot its shade tol-
crance. Mucuna spp., Canavalia, and Lavlab
have been more often used for green manur-
ing. The remaining specics, whiie suitable
for particular locations «nd circumstances,
have seen only limited use as cover crops.

“railing legume cover crops are suited to
plantation cropping systems with wide in-
terrows. They have been used with such
perennial crops as rubber, oil palm, coconut,
coffee, sisal, and citrus. They require weed
control during establishment, but once estab-
lished compete strongly with weeds and may
themselves require control to be kept from
climbing on the associated crops. Despite oc-
casional drawbucks such as harboring snakes
or making collection of coconuts difficult,
these legumes are recognized to provide sig-
nificant benefits to the systems in which
they are used.



Mixtures of Pueraria, Centrosema
pubescens, and Calopogonium  mucunoides
have become the standard practice for covers
in rubber and oil palm in Malavsia and else-
wiere (Broughton 1976; Mendham 1971).
Calopogonium mucuncides is usually faster to
establish than Pueraria but less persistent.
Centrosema helps to extend the life of the
cover as the interrows become shaded and to
maintain cover during droughty periods,

In Malavsia, Mucuna
and Calopegoninng cacrulerom have recently
been added to the suite of “standard” covers
tor rubber. Auctina cochinchinensis has come
into favor as a short-term element of mix-
tures because it establishes cover rapidiv on
acid soils and has an extensive root svatem
that vnables it to overcome soit variabihity
on newly cleared sites. P annual species

COChINCHInens:s

i

dies out within tive to eiphit months, and al-
though 1t mav repencrate self-sown, its main
function is to reduce weed competition during
establishment of s companion legumes.
When (.
Chinchinensis under rubber
Pucruriwy, the latter was <haded oat o the
fourth vear. Calopoconiver caceulewom per-
sisted and provided o feal litter turnover ot
about 1 NMu/bha (25 ky/ha N between the
48th and o0th months (RRIN 198O,
pared with the traditional cover species for
rubber, C. cacrulenn is said to have greater
vigor, less susceptibilite to insect damage,
greater drought tolerance, and two to three
times greater N obenefit to the soil (Push-
parajah 1982).

cacrileim was sown with AL o
CGerth oo wrthiond

Come-

Stands of irailing legumoes are occaston-
allv intersown with feguminous shrubs, in oil
palm interrows, mivtures of trailing spuecies
with Tephrosia spp., Fleminyia
and Crotalaria anagyretdes did not difter
greatly from conventional (Pueraria-Cafo
pogonium) covers in oencfiting the palmes
(Broughton 1976). Wycherlev (1963) dis-
cussed such “richer” mixtures, pointing, out
that allowing the trailing species to climb
promotes seeding and that diversity of

coneesta,

species offers resilience under pest attack.
Flemingia congesta was cited as particularly
useful, providing large amounts of mulch and
tolerating shade, but it established cover
unless  combined with  trailing
legumes. Ditferent patterns of root exploita-
tion of soil horizons may be another advan-
tige of mixing legumes of diverse growth

stowly

forms.

Pueraric phuscoleides. “Puero”  or
“tropical kudzu” is a vigorous, pioneer,
twining plant adapted o hot, humid, low-
atttude tropical environments where water
veonot imdating. Tt needs 120001500 mm rain-
fall per annum to persist, is not very drought
tolerant, but will stand perods of waterlog-
sing and briet periods ot Hlooding, Tt is said
to prefer Ticavy solls and o tolerate soil
actdity but not soil satinity, Duerariu does
not I certain localitios. i is a
short dav plant. Seeding may be attected by
vartions in humidity at time ot flowering

seed well
:
FEAO 1901) and is enhanced it the plants are
Aloswed to climb. Fland harvesting is neces-
sary because of uneven =eed maturation. Seed
is hardeoated and reguires scarification for
prompt, uniform germination. [tmey beinoc-
ulated with cowpea Rigzolion. Pueraria is
often propayated from rooted cuttings.,

Preerarin 15 slow to establish but once
cstablished will compete vigorously with
weeds, Time to full cover has varied from
three to four months broadeast ot 5 kg /ha in
burned-over forest land (5101, no date) to one
to one-and-a-halt vears under coconut palms
(halgado T930); six to nine months may be
reasonable average. It is often mixed with
faster-growing species to achieve more rapid
COVET,

Once well established, this vigorous
COVET reduires management torestrain its
growth; cutting rings around palms is a com-
mon estate practice, and judicious applica-
tons of glyphosate are also used. In Tanza-
nia, marginal rainfall for this species (as
little as 800 mm/year) was thought to reduce
its aggressiveness when grown swith sisal
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Table 1. Cassava root yields when grown with several green manwe legumes at

two sites.!
————— Quilichao----- ----Carimagua----
Legume Legume
Grain Cassava Grain Cassava
Legume Yield Yicld Yicld Yield
kg/ha Mg/ha kg/ha Mg/ha
None 0 38 0 18
Beans 104 37 262 17
Peanuts 609 36 — --
Soybeans 21 31 — —
Kudzu 2.1 30 7.1* 2
Stylosanthes 4.7* 25 3.6% 20
Cowpea 338 23 595 11
Rice — — 5.44 15
Desmodium — —_ 14** 15
ovalijolium
Indigofera — — 20** 9

TSource: CIAT (1978). Sites are in Colombia.

Mg /ha dry weight; no grain estimate.
“Mg/ha fresh weight.

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

USLE OF LEGUME COVERS AND GREEN
MANURES WITH PLANTATION AND
PERENNIAL CROPS

The use of legime 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 Huat 1979). In contrast to
the additional labor required by the use of
legumes in annual cropping systems, legume
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covers provide a labor-saving method of
controiling weeds and rainfail-induced soil
erosion in perennial crops where weed
control, crosion control, and uniform
understory growth are major concerns. By
plantng cither one or a group of legume
species, a relatively uniform cover is
provided throughout the initial years of the
plantation. Such uniformity greatly faci-
litates management and control of the
plantation crop. Vigorous legumes that
quickly dominate the understory and sup-
press weeds play a highly uscful role (Teoh
ct 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 reportedly



Table 2. Obscrved rates of nitrogen fixation in tropical creeping legumes.!

Nitrogen

Legume Habitat Excess”  References

Glycine javanica cover crop 200 Jones (1942)
Henzell and Norris
(1962)

Centrosema pubescens pot 235 Watson (1957)

C. pubescens mixed with pasture 260 Moore (1962)

Cynodon plectostachyus

Pucraria  phaseoloides cover crop 650 Jaivebo and Moore
(1963)

Calopogonitm mucunoides COVET Crop 170 Watson (19¢3)

plus Centrosema pubescens

and . phaseoloides

C. pubescens pasture 100 Bruce (1965)

with Panicum maxinim

Desmodinm wuncinatum pasture 125 Henzell et al. (1966)

Phaseolus atropurpureus pasture 20-290 Henzell (1968)

or Stylosanthes humilis

P.atropurpurens pasturc 44-81 Vallis (1972)

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

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

Legume covers contribute to  the
improvement of physical properties. of soils,
according to studies on rubber plantations in
Malaysia. Soong and Yap (1975) reported
that the influences of legume covers were
primarily thought to occur via changes in
soil surface (0-15 ¢m) cortent of organic
matter. These workers found increased
aggregation of finer soil particles, increased
average size of soil aggregates, increased
total porosity, and increased permeabiiity 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 suggested that scil
impedance o root extension would be less on
soils with lTower bulk densitics. Regression
analyses indicated that soil organic carbon
was the primary factor in improvement of
the various measures of soil physical
properiics, with soil texture accounting for
somw effects. These workers suggested that
while grasses could provide seil physical
mmprovements, the intluence of the added N
from legumes gave legume covers a distinct
superiority to grass covers ir the plantations.
Legume covers have a role in cither
maintaining or improving soil physical
conditions, which may otherwise deterio-
rate with clean cultivation.
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Table 3. Residual effects of various soil covers on soil physical conditions.!

Porc-
Soil? Cover 0.C3 Agy. MWD BD Perm. sity
% % mm g/ can/h 0
Munchong grasst 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
Haplorthox)
Malacca grass® 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® 1.43 73.8 3.39 1.13 132 123
series clean 1.09 66.2 0.95 1.21 8.4 16.4
(Typic legume 1.39 69.4 1.98 1.13 124 12.3
Paleudult) natural 1.28 724 2.20 1.16 2.0 11.5
LSD g5 — 3.6 0.24 0.08 7.0 —

FSource: Soong and Yap (1976).

3 - E N ‘

- Munchong: sandy clay loam. Malacca: sandy clay loam. Rengam: sandy clay.

*0O.C. = organic carbon (Walkley-Black); Apg. = 7% of soil aggregated; MWD = mean weight
diameter; BD = bulk density; Perm. = permeability or soil cover to water; Porosity = air-

filled porosity.

4 Planted to rubber in 1957, but iepume cover plants had died by 1964, and by 1972 the plots
had been overrun with Nephrolepsis and grasses. Legume covers at all sites were Pueraric
praseoloides, Centrosema pubescens, and Calopogonium mucunoides; grasses were Axonopus

compressus and Paspalion conjugatum,

? Legumes dind off by 1964 and were overrun with grass.
6 Legumes were beginning i thin by 1944, and grass was invading.

The significance of the carly presence of
legume covers in the rubber ecosystem may be
greater than that suggested by simple mea-
surcs of N content of legume tops or even of
the total N fixed by the legume. The rubber
ccosystem is efficient in nutrient recycling,
suggesting that carly N input may accum-
ulate in the organic and inorganic N pools of
the svstem.

The cffect of the larger N pool may last
for much longer in a highly efficient recyc-
ling system as opposed to one in which such
buildup of N pools would be lost from the
system. During the plantation establish-
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ment, legume and grass covers recycle
nutrients that would otherwise be lost by
lcaching, runoff, and crosion before the tree
roots are extensive. Watson et al. (1964b)
studied soil profile content of nitrate, am-
monium, 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 phaseo-
loides, Calopogonium — mucunoides, and
Certrosema pubescens. The soil, Rengam
scries, was a Typic Paleudult with soil pH
4.7, probably a sandy clay loam. Mecasure-
ments began after clearing and continwed for
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four yecars. Nitrogen contents varied with
cover and nitrogen ionic species. Total soil N
was greater under legumes than under
grasses, which in turn vielded greater N
content than did bare soil (Figure 6).
Ammonium-N content was greater under
logumcs than under grass, whose content was
greater than bare soil’s. Nitrate-N was
present in much greater quantities in bare
soil than under the various covers. Nitrate
level in bare soil peaked during the fol-
lowing wet secason. After the fourth year,
nitrale conteni at about 1 meter depth was 40
my/kg nitrate-N in bare soil, compared with
34 mg/kg in soil with covers.

The decrease in total N and the sharp
increase in nitrate-N in bare plots suggests
rapid mincralization to N forms susceptible
to teaching. The high level of nitrate at 1

Years
Figure 6. Influence of covers on nitrogen maintenance or depletion in soil.
(Frorn Watson et al. 1964b)

meter depth in bare plots further supports
this suggestion. Tagether, these data suggest
organic N was more rapidly mineralized and
leached into and through the subsoil of the
bare plots than in plots with legume covers
Agamuthu and Broughton (1981) cstimated
that as much as 100 kg/ha/ycar N was
leached from bare soil under oil palms and
that these losses were reduced by about 60
percent when a legume cover was main-
tained.

The contents and distributions of calcium,
magnesium, and potassium also varied witn
cover, wilh the greatest difference occurring
between treatiments with bare soil and those
with plant covers (Table 4). Contents of Ca,
Mg, and K in the surface horizon were higher
in the soil with covers than in the bare soil,
At about 1 meter, nutrient content was greater
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in the bare soil than in soil with covers,
suggesting that K and probably Mg were
leached from the topsoil and throagh the
subsoil. These static measurements probably
underestimate Teaching Toss, Nevertheless,
these results and some approsddmations
suggzest covers plav a signiiicant role i
o nulrient soil of
humid troprcal rainforests Clakles 5, 7).

reduc lows n L‘\}‘\l‘w\'d

Table 4.

years after clearing.!

systems contain low-activity clays that do
not have the necessary charge to retain the
cativns and have virtually no ability to
retain nonadsorbed anions such as nitrate
untess they are so weathered that there is
posilive charge.

These results support the sugeestion of
Broughton (1977) that the beneficial effects
of Tepume covers can continue long after they

Influence of Tegume and grass covers on nutrient siatus in a Pateudult <oil four

Grass

Depth Bare Girass Legume LSD y5  Bare Legume  ESD 5
tem) s Cae e e e Ny -
————————————————————————————————————————— Mg/ 00
0-15 0.18 0.56 0.32 0.25 0.04 0.19 0.5 0.12
15-30 0.07 0. 14 0.12 0.10 0.04 (.06 0.06 0.06
e QR - ~eeee— Total N eer
---------------- meq/ 100 gemmeeeemmaaeee e G
0-15 (.04 0.10 0.1 - 0.05 0.10 0.12 0.14 0.02
15-30 (.04 0.05 0.05 0.02 (.06 0.07 .07 0.02

I'Source: Watson et al. (1964b).

Table 5. Influence of legumes and grass
covers on nutrient status in a I-m soil profile

four years after clmring.‘

Nutrient Cover
Bare Grass Legume
----------- | A
Ca 140 260 200
Mg 33 52 47
K 99 117 124
NO3-N 180 5 10

1Source: Watson ct al. (1964b).

Legume cover provides one of the foy
mechanisms to retain nutrients mineralized
from organic pools of rainforest ecosystems
after clearing. Maay of the soils under such
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have been shaded out. This may occur if the
legume covers prevent nutrient loss by
leaching or runoff atter clearing and before
full development ot the rubber tree canopy.
Nutrients thus retained, together with the
svmbioticallv fined N, accumulate in the
organic nutrient pools.

Cover degumes in Malaysian and other
Southeast Asian conditions usually must be
tolerant ot soil acidity and low nutrient
avatlability. Because rubber and oil palm
grow well in the highlv weathered soils of
the humid tropics, Tegumes for use in such
svstems must grow well i such situations,
For such perennial crops, legumes that Brow
stowly or initiallv have Jow germination
may be of use. For example, a rotation of
legumes has been devised in plantation
systems. The legumes used include species
with rapid initial growth (e.g., Mucuna and



Calopogonium), species  that are siow
starting but capable of sustained growth
(such as Centrosema and Stylesanthes), and
other species with shade tolerance (such as
Calopogonium  cacrulerm) thal provide N to
the plantation longer then those that are
shade sensitive.

Another successful use of legumes in plan-
tation crops is in conjunction with managing,
cattle under coconuts (Mucknett 1979), Given
the large arca of coconut in the tropics, the
potential benefit of improved manayement of
lepume covers for multiple purposes under
coconut is zonsiderable. Cattie legume pas-
ture, and the coconnt plantotion form a
mutually complementary cropping svstem in
which a preat deal of svmbioss oceurs,
Generally, cover crops in coconut plantations
should be (1) somewhat tolerant of =hade,
(2) capable of being grazed to within 8 40 10
cm of the soil surface to facilitate nat col-
lection, 3) capable of enduring, trampling by
grazing animals, (1) perennial, and (5) pal-
atable for grazing animals.

The legumes should not have nutrient
requirements in preat excess of those of coco-
nut, and theyv should not compete heavily for
nutrients and water. This mav require
mowing or grazing, particularly during carlyv
growth of the coconut, when the cover Crops
may compete {oo well and reduce coconet
yield. After this initial period, soil moisture
content may be greater i plantations with
cover plants because of increased infiltration
rate and less runott (Silva 1951). Creeping or
prostrate legumes are probably best for
control of soil loss and of weeds. Pueraria,
Centrosema, and Calopogonium are among
the most successful species under coconuts.
Unfortunately, comparison of long-term
yield benefits or the amount by which N fer-
tilization can be reduced when coconuts are
cover-cropped is not known. It is likely that
many plantations are not fertilized. In such
cases, additions of N by the cover legume are
probably quite significant.

LEGUMES AND THEIR RHIZOBIA

Rhizobia are soil bacteria characterized
by their unique ability to infect root hairs of
fegumes and induce effective nitrogen-fixing
nodules on the roots. In the family Legu-
ninosae, most ot the species examined in the
subfamilies Papilionoideae and Mimoso-
ideae are known 1o nodulate, but very few
species inthe subfamily Caesalpinoideae
do. Rhizobia commonly oceur in soils but
often fail to produce ceffective nodulation
cither because too few are present or because
those present only work effectively with a
particular legume. Rhizobia associated with
A particular legume are sometimes absent in
the soit and need to be introduced together
with the intended ltegume. An oxtreme
example s the pasture fegume Lotononis
Painesit, which requires a highlv specific
Ridzobium onlv found in the cooler parts of
castern atd southern Africa. Successful intro-
Jduction of Lotononis into a new arca requires
also introducing its associated Rhdzobium.

Types of Rhizobia

Two tvpes of thizobia (slow growing and
fart growing) are recognized according to
their growth rates and growth reaction
observable on veast mannitol agar (YMA)
medium containing bromthymol blue indi-
cator at plta.s.

Slow-growing (7 10 davs to forn visible
colonics on YMA) cowpea rhizobia produce
an alkaline reaction on this medium. These
bacteria nodulate most of the tropical
legumes so far examined. The majority of
slow-growing rhizobia are promiscuous or
unspecialized because of their wide host
range or cross-inoculation abilities.

Sastprowing (2-3 davs to form visible
colonies on YMA) rhizobia show an acid
growth reaction on the agar medium. These
rhizobia are relatively more specialized or
specific in their legume host requirements for
effectis ¢ nodulation and N fixation.
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Table 6. Green manures and legume covers and their associated rhizobia.

Legume Species

Type of Rhizobium and Nodulation Group

Acacia auriculaeformis
Aeschyromene  fulcata
Arachis prostrata
Cajanus cajun
Calopogonivm cacrulewm
C. mucunoides

Canavalin gladiata
Cenfrosema pubescens
Clitorie ternatea
Crotéluria anagyroides
. uncea

C. pallida
C.ospectabilis A
Cyamopsis tetragonoloba
Desmodivm ovalifolitm
D. triflerim

Dolichos biflorus
Lrythrina ithosperma
Fleminyin congesta
Glycine juvanica
[ndigofera spicata
Macroptilivm atropurpureum
M. latiyroides
Muacrotgloma waiflorion
Mucuna cochinchinensiz
Neonotonia wightii
Phascolus calcaratus
Psophocarpus palustris
P. tetragonolobus
Pucraria phaseoloides
Stylosanthes spp.
Tephrosia spp.

Vigna spp.

Gliricidia sepium
Leucaenn leucocephala
Melilotus spp.

Mimosa pigra

Sesbania bispinesa

S. grandiflora

S. macrocarpa

S. rostrata

Trifolivm alexandrinum

Vicia spp.

— Slow-growing, cowpca-type
promiscuons Rhizobium

— Fast-growing, specific nodulation
group Rhizohium
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proposed system. The potential of green
manuring in its present or altered form can
bust be evaluated or developed under such an
approach, which actively includes the
farmer in deveioping cropping alternatives
that incorporate the growing of legumes for
the nitrogen they provide,
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APPENDIX A

Questionnaire Results

Questionnaires returned frorn 33 countrics indicated that green manuring and cover-
cropping in the tropics as a whole have received iimited acceptance. In some plantation
systems, such as rubber and oil palm, cover-cropping with legumes is common practice, has
received more research attentien, and is better understood than green manuring /cover-
cropping (GM/CC) in annual farming systems. The questionnaire resnlts indicated that green
manuring i not highly correlated with cover-cropping. For example, green manuring appears
to De far more common in Asia than in Africa, tropical America, or Oceania, where the
practice is rare. Cover-cropping was more frequently practiced in Oceania and Africa than in
tropicar America. For incidence ot both GM ana cover-cropping, the response rating was 1.2 on
a scale or 0-3, where 0 = not practiced at all, T = rarely practiced, 2 = moderately, and 3 =
commaonly practiced. The response rating was somewhat higher for cover-cropping, (1.27)
than for green manuring (1.15), probably because in Atrica GM crops were rarely used (0.6)
and cover crops were somewhat more frequent (1.4).

Economic Asniects

The causes of infrequent use of GMs or cover crops in annual cropping svstems are hard to
determine. A common response to our questionnaire was that cconomic factors were the main
reasons for cither not adopting green manuring and cover-cropping or discontinuing their use
in countries with a green manuring tradition (India, Sri Lanka, Taiwan). In general, farmers,
extension werkers, and researchers have had trouble in translating or evakuating agronomic
benefits into dollars and cents. These cconomic factors have often retlected the competition
between Ghis and food crops for land, rainfall, and labor. They may also have reflected
competition between the tarms and off-farm income sources. In some situations, the low price
of N fertilizer also scems te wave been important.

The majority of the cited advantages of green manuring were agronomic, whereas most
disadvantages were cconomic. The nse of GAMs 3¢ g NHTOTEeN SOUFes L U roguipe maras
management skill on the farmer’s part and noy add to the uncertainty of vield of the
following crop because of either competition for inadequate rainfall or the harbouring of
discase or pest organisms. These potential ditficultios can be compounded by the uncertainty
of having an adequate amount of N produced by the GM crop. Such uncertainty could be
alleviated to some extent by planting arcas of the form to legumes for the sole purpasce of
producing nitrogen for GLM to supplement production by the in-situ GM crop. Greater N
production and cfficiency may result from innovatiens in technigues of GM crop management
and incerporation methods. Henee, the inclusion ¢ a GM crop in a farming system requires
increased maragement skills and perhaps increased effort and some additional resources,
compared with systems relying exclusively on N fertilizer.

A greater variety of legumes and planting combinations has been used in GM systems
with annual crops than in plantation systems, so it has been harder to identify typical
models of legumes and associated creps in annual cropping systems than in perennial systems.
The inclusion of GM/CC in annual cropping systems tends to be location-specific and depends
on times in which crops are not grown for one reason or another. Furthermore, GM crop species
sclection and management will vary with tae availability of land, rainfall, and sunlight
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during periods in which a GM can be grown. This suggests a strong case for local adaplive
rescarch on systems that may have succecded in regions of similar agroenvironments. Local
consideration of the alternatives is important, because the complex local farming systems are
best integrated by the farmers themselves.

The stated advantages of GM are numerous (Table A-1). The extent to which each of
these advantages 1s agronomically or economicallv significant must be determined and
cconomic effects assessed. This lack of assessment appears to be a major inadequacy in curient
Knowledge and vse of GNLIE the benefit that accrues from planting GM is not known, the
cost/benefit ratio cannot be determined. Legumes grown for GM may also serve, in certain
instances, as fodder, grain and vegetable food, firewood, fiber, shade, and sometimes
medicine. As suggested above, if these uses are songht as justification for committing a large
portion of the farmer’s resources, then cach of their cconomic benefits must also be assessed.

Agronomic Aspects

The competiticn for rainfall that often occurs between the GM crop and the associated
crop is a major deternainant of where the GM practice is appropriate and which GM crop is
likely to be most successtut. Classifications of climate in the tropics that use rainfall
criteria, such as that proposed by Jackson (1977), are useful in conjunction with compilations
of the climate and soil requirements rainfall criteria. A list of climatic and soil requirements
of major OGN crops such as that suggested in Duke (1981) would assist in associating these
legumes with the appropriate climatic regions. Such a grouping conld be of use to scientists
seering to compare several alternative GAM crops for use in local farming systems, Lack of
information and low availability of sced and vegetative propagation materials were
reported to hinder GMouse in many arcas. This suggests that extension perzonnel and

agribusiness people need to establishv plant materials centers.
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Table A-1. Advantages and disadvantages of green manure/cover crops in local farming systems.

TOTAL AFRICA TiE AMERICAS ASIA OEANIA
GM cC U T GM cC U4 T GM CcC U T M o U= T oM CcC [ T
ADVANTAGE S
Soil phyeical benefits 6 6 16 8 1 2 4 7 ¢ 0 4 - 5 3 6 14 ) 1 2 3
Erosion control benefits 0 12 16 28 o 3 2 S Q 2 S 7 0 [S] 2 [ N i 7 8
Nutrient benefits 10 2 15 217 1 2 3 6 0 o] 6 o 7 0 4 11 2 o z 4
Weed and pest control benefits 0 8 3 14 g 4 0 4 0 0 3 3 0 2 1 3 o] 2 2 4
Soil nitrogen oenefits 2 s S 12 0 1 0 1 c 1 1 2 2 2 1 S o] 1 2 A
Organic natter benefits 4 2 4 10 0 2 1 3 0 0 2 2 3 Q 0 3 1 O 1 2
Reclamarion benefits 5 1 2 8 ] 0 0 0 0 0 2 2 S 1 s o c ] o 0
Other berefits 1 3 4 8 0 1 0 1 0 1 2 3 1 i i 3 0 Q 1 1
Yields imprcved 0 0 4 4 0 0 0 0 0 0 0 0 v] 0 2 P o 0 2 2
Fconcomic bernefits 3 0 1 4 0 0 0 0 0 0 0 0 3 0 0 2 o 0 1 1
Total advantages 31 39 73 143 2 15 10 27 0 4 25 20 26 15 17 58 3 5 21 29
DISADVANTAGES
Lack of materials 6 1 3 20 0 0 5 5 0 1 1 2 6 0 2 8 4] o] S 5
Competiticn for land 6 1 12 19 c 0 3 3 0 0 0 0 6 1 4 11 c ¢] S 5
Use other techniques 4 0 12 16 2 0 1 3 0 o 1 1 2 0 5 7 0 0 5 5
Lack of nouney 3 0 i2 15 0 0 5 5 1 0 2 3 2 0 ! 3 Q o 4 4
No real benefits 2 1 10 13 c 1 2 3 0 [ 3 3 2 0 3 S o Q z 2
Harm/problens S 2 3 13 1 1 0 2 1 0 1 2 3 0 1 4 1 Q 4 S
Lack of "docume~tation" 1 2 8 11 1 0 1 2 0 0 3 3 0 2 1 3 o o 2 3
Climate/physical 5 1 4 10 2 0 1 3 1 0 2 3 2 1 o 3 ¢ 44 1 1
Lack of land 2 1 4 7 1 o] 0 1 0 0 1 1 1 1 2 4 o 0 1 1
Tradition/culture 1 C 6 7 1 0 2 3 0 0 2 2 [+ o] 2 2 o] 0 0 0
Lack of time 2 1 1 4 1 0 0 1 1 1 c 2 0 0 0 0o 0 ¢ 1 1
Cost of labor 0 2 2 4 0 0 1 1 0 1 0 1 0 0 0 4] o] 1 1 2
Total disadvantages 37 12 90 139 9 2 21 32 4 3 16 23 24 5 21 50 Q z 2 34
Total replies 49 12 11 15 11

*UJ = unspecified
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Table A-2. Views on the use

of green manure/cover crops in local farming systems.

USE OF
COVER
CROPS
- % = 23 T 9 o
—_ “ — - wl O B
= = R E : o : 5 :, :J . 20
E 53T " & 337 E S o3 ow 7
E 9 & w £ 0T 5 oo O O -3 g . -
COUNTRIES L Sz omoZ R V- ) FAJR ADVANTAGES MAJCR DISADVANTAGES
O X o= [ LS S
THE AMERICAS
Belize X X -- X b4 lapreves soil fertility, Lack of plauting material,
improves soil structure. lack cf knowledpe.
Lrazil X X 60 X Controls soil erovsion. Houses insectr, no visible
and direct return.
Brazil X X - X X Controls weeds and pests, Lack <t tradition, lack of iong-
@maintzins scil fertility, terc exjerinentsl results con
advantazes.
Brazil X X S0 X X impreves physical and chemical L
cenditions, improves water-—
tetenticn ot scil,
Costa Rica X X 10 X X Neutralizes aluminum toxicity, The
provides mulch to rssist seed is u
serminatictn. suit
acid
Ecuador X X .. 15-20 frevents coil erosion, improves Less of crep, centinual cropping
’ physical cenditions, in rize arcas.
Guatemala X X - X X Contr.ls arcsion, low cst.  —oeo_...
Peru X X 100 X X X X Adds organic matter to soil. Lack f watc:r, time only to grow
20 food croyp.
5
Puerto Ries X X 130 X X Conditicns soil, uses waste by Costs of maragement, application, etc.,
products. lack cf experience to apply irt.
Venezuela X X 10 X X Rerews rastures. me— e
West Indies X X 60 X X Provides fodder. conserves soil. Hitrogen teleased too rapidly for use

by .crop, worker: retuse te work in
thick cover becaure of snaxes.
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Table A-2. Views on the use of green manure/cover craps

in local farming systems. (Cont.)

USE UF {SE OF
GREEN COVER
MANURE CRUPS f
~N
—~
~J -
BN — B — o
—_ —~ —~ — v & .
) ! a B X el w rY]
~ o ~ P T | >
[ o - k) 3 e o
2 ~ — kr] - — ] x = = - - =
I PP, EZE LT8R
COUNTRIE S € 3 ¢ 5 2t 32 = % £ 2 E  MAJOR ADVANTAGES
(=) b o, P = x - A~ =5 2 - -
ASIA (cont.)
Pakistan X X 90 X X X Alkaline soils become mellow and
friable, adds N thrcugh fixation.
Sri Lanka X X 90 X X X X Izproves soil physical conditions,
vrevents soil erosion,
Sri Lanka X 80 X Renovares soil, conserves soil
and moisture.
Sri Lanka X X 90-100 X X Adds nutrients, improves soil
sStructure.
Thailand X X 20 X X Restores and maintains soil
fertility.
Thailand X X 30 X X X X Conserves soil and moisture,

controls weeds.

MAJCR DISADVANTAGES

Cifficule to ad
rotatren, increase
fervilizers.

sreen manure 1n
d use of chemical

Change :n pattierre
destructicn of

agricalture,

nure2

slow
SLUUICES.

Lack of plant material,

tradtzen or

availability ot

Absence i promection, easy

veap fertilizers.,

Lack of knewledge, lack of cash.

Extra cect in
season,

ilewing, short grewing






Yicld of rice was assumed to follow a response function of the form:
Yield = A, + A -tapplied N) + A, (green manure N + pulse crop N) (2)

Yiclds of GM and pulse crop were considered to be primarily of the type:
Yield = B, B P Brrain (3)

Where B, is the maximum vield of the cultivar, P, is the potential vield for the particular
growing conditions, B is the net respense (difference detween vield with no rain and the
maximum vield B)), and £ is the curvature coetticient, which represents how rapidly
maximum yicld is obtained with increasing ramn. The amount of N produced by the M crop
was calculated assuming 225 percent N, \\hllv 1itwas assumed the pulae crop contained 1
percent Non the tops. Inanitial runs, the etticiency of GM N was assuimed to be egual to that
of fertilizer N (1 Mg rice for cach 50 kg N/ha; parameters A, cqualled 4 in Equation 23 The
amaunt of GM oalso was a function of vield potential for the species and the rainfall. The
amount of N oproduced was assumed to be a constant proportion o the dev matter vield.
Values were assigned to rice and pulse crop to reflect the opportunity cost of growing the GM.
in early stages of simulation, it wos assumed that the palae crop was worth 2 times the Brain
weight of the rice. This tends to retlect the value of short-term pulse crops that are often
intercalated with the rice. This was subsequently modificd to represend the resalt of growing,
a short-term pulse instead of the GM legume.

Simutation results indicated that when GM is considered hall as effective as fertilizer
N inincreasing rice vield, A, = 054 in Fouation 20 As soon as 20 or more kg N/ha became
available for application to the rice, the GM crop was replaced by the pulse crop.

Maximum rice vield with GM awas 2.06 M /ha, When GM was considered 0.75 as
cffective as urea N, then it 30 kg of urea Noveere available, it vould be preferred over use of
GM. In this case manimum rice vield was 2.7 My /ha without fertilizer N,



Table B-1. Simulation results considering GM equivalent to fertilizer N in

increasing rice yield.!

Fertilizer N Crop 'eriod
{kg/ha N) I’ "2 P3
----------- Rainfall {(mm)-----------
339 270 92
40 Rice Yield 3.3 3.2 0.9
Legume N 65 ol 48
Pulse Crop 0.74 0.72 0.51

Best Option: Grow rice and GM during Period 1.
Yield: 3.3 Mg /ha rice.

50 Rice Yield 3.3 3.2 0.9
Legumie N 65 &4 48
Pulse Crop 0.74 0.72 0.51

Best Option: Grow rice with the 30 kg N/ha (no GM) and

grow the pulw crop instead of GM.

Yield: 3.2 Mg /ha rice and 0.74 My /ha pulse.

60 Rice Yield 33 3.2 0.9
Legume N 63 64 48
Pulse Crop 0.74 0.72 0.51

Best Option: Grow rice with the 60 ki N/ha application and the
pulse crop instead of GML
Yield: 3.5 My ha rice plus .74 M /ha pulse,

TA, = A, in Equation 2. All vields are Mg/ha.
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DISCLAIMER
Reference to o company or product name does not imply approval or recommendation by
the College of Tropical Agriculture and Human Resources. University of Hawaii. or the
United States Department of Agriculture. 1o the exclusion of others that may be suitable.



