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NlTR(OGEN FIXATION BY LEGUMES IN TlE TROIPICS

Cultivated plants continuously require nitrogen. Thi; nitrogen is

ordinarily supplied by mineralization of native soil nitrogen, but in some-

times supplemented by fertilizer nitrogen in the case of non-legumes or by

these two sources plus dinitrogen fixation in the case of legumes. Legumes

haive 'ee .. .. in building and conserving soil fertility since the

heg i n loIg ofI agritultumre and there have been mimernomts invest igat ions

centered ;irounid the itI rogen economy of legmi n u s plants. Rh izo)iuill

bacteria in asocitation with the host plant are able to fix dinitrogen from

the atmosphere. Thin symbiosis process is es,;timnated to aI-cotIOt for

approximately 2(0% of the 'initrogen fixed annually in the world (I)azzo &

Hlubbel, 1974). Even in the cases where the native soil nitrogen is very

low, effectively nodulated legumes can fix enough dinitrogen for acceptable

yields.

In addition to its incorporation in the legume crop, the fixed

nit rogen may make s'igni f icant cont ribit ions to succeeding non-l egume crops.

This residual effect is mainly dependent upon the amount of nitrogen in

legume residues which remain after the legume crop is removed. Another way

legumes may supply nitrogen to non-lUgumes is by growing the two crops

together, when some benefits in nitrogen nutrition are realized 
by the

non-legume.

The objective of this review is to summarize he estimated amounts of

nitrogen fixed by legumes and the conditions which maximize benefits from

the legume-Rhizobium symbiosis.

1. potent i al benelfits from legumes

Conslmption of fertilizer nitrogen has increased by a factor of about

10 in the last 25 years and in 1978-79 it approached 52 x 10 tons. From
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th"ie f igures, Hardy and Havelka (1975) predict that 25 years from no , 200

x 10 etric tons of fertilizer N will be required annually in the absence

of alternative techniques for producing fixed nitrogen. Furthermore, most

of this fertilizer is used in developed countries. Unfortunately, even

though N fertilizers may he available, their cost, and the difficulcies in

transportation and distribution to farmers makes them uneconomic or itn-

p ractical in many areas of the world. Latel.y, the situation has been

accentuated by increased energy costs and/or unavailability of foreign

exchange.

In vic- of these facts, the Rhizobium-legume based symbiosis offers

great opportunities for increasing inputs of nitrogen in food production.

Although other organisms fix dinitrogen, including free-living organisms

such as Clostr idium Azotobacter, and many algae, their contribution to

total biological nitrogen fixation is not as great as the Rhizobhiun-legimuie

symhiosis (Ilardy & Havel ka, 1975). Hardy and Ilevelka estimated the

Rhizohiiim-lcgume symbios;is contributes 40 x 10 tons of nitrogen antuil ly

to grain legumes, and for global overall estimates, (;rah am and HIubbell

(1975) gave an estimate of biological nitrogen fixation varying from 100 to

500 x 10 tons year 1 , with the Rhizobium-legume symbiosis estimates

varying from less than .00 kg ha - 1 year to more than 600 kg ha - I -

lb. Concepts for managing symbictic fixation

Conditions essential for optimum symbiotic 
dinitrogen fixation are as

follows: a) the host plant and Rhizobium strain 
must be compatible, b) the

soil and environmentil conditions must be favorable for survival of the

Rhizobiurn, and c) nitrogen content, and usually symbiotic fixation, wil I

increase with increasing yield of the host plant; therefore, management

practices which insure high yields of the host plant will insure high
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s bi o tic f ixat ion or, at least, high Yields Of the host plant arc all

essential condition for high svnbiotic fixaticn. Basically, managing

symnbka.ic f ixation is reduced to iosuring proper infection with rhizobium

and high yields of the host plant.

de Souza (1969), in nodulation studies carried out in Kenya, conpared

sever:al legumes and found that the introduced legumes (Trifolium senipilosum

and Glycie max.) were not able to nodulate effectively without the aid of

inoculation by an appropriate rhizohial strain. On the other hand, indi-

genous legumes such a, (,ro talaria spp. and Dolichos spp. need not he ino-

clanted. As Vincent (1974) pointed out later, inoculation is necessary in

so 1.ls where the rhizoia are ineffective, or where they are absent or

sparse. There is also a requirement to utilize a rhizobial strain which

has the ability to persist in the soil.

The influence of specific soil conditions on plant growth and/or

nitrogen fixation varies among legumes, 
and anong the enviromnental condi-

tions under which the legumes are grown. 
The basic idea which we wish to

emphasize is that adding required nutrients or 
eliminating toxic effects

will increase the yield potential of the legumes and thereby the need for N

eithaL from, the soil or by fixation. Given an effective Rhizobium-legume

asscciation, most of the nitrogen for high yields can be 
obtained by

fixation. Thus we wish to manipulate the soil amendments so that biolo-

gical systems supply most or all of the nitrogen rather than fertilizer

nitrogen fixed with fossil fuel. These conditions will be dealt with 
in

some detail in the second section.

2. Nitrogen fixation by legumes

Legumes f x nitrogen only if insufficient nitrogen is supplied by the

soil. Inorganic nitrogen in the soil or mineral 
ized during the course of
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the growing season wil I be utilized to the extent that such nitrogen is.

available to the roots. The remainder of the crop nitrogen will be derived

from atmospheric N 2 . Thus the legumes generally conserve what soil

nitrogen is available and add to it in direct proportion to the size of the

"Qink" created by the yield potential of the crop. In soils low in

Ivn lable nitrogen, most of the legume nitrogen will he derived from

atmlospheric N,.. In soils high in availahi, nitrogen most or all of the

lgme n itroge n may be derived from the soil. As a corollary, the net

increase in total nitrogen in the soil-plant system nay be fairly large if

the available soil nitrogen is relatively luw, hut not much net increase in

total nitrogen wil l he realized if the available soil nitrogen is high. In

the case of grain legumes, there is often a net depletion of soil organic

nitrogen (.Jun and Ial, 1977; Wetselaar, ,1akobsen, and Chaplin, 1973).

The basis for the supposition that legumes utilize the available soil

N is based on several kinds of observations. First, the amount of in-

organic nLtrOgen which is found in the soil under legumes or leached froO.

soil growing legumes is smail (Wetselaar, 1967a; Lyon and Bizzell, 1921;

Stewart, Viets, and Kenper, 1967; Schwartz 
and Miller, 1972).

Second, the presence of inorganic nitrogen has been found to reduce

the volume of nodules, and reduce the amount of nitrogen derived from the

atmosphere (Hiardy et al., 1968; Hardy, Burns, and Holsten, 1973; Thornton,

1956; Allos and Bartholomew, 1955; Allos and Bptholomew, 1959; Bhangoo and

Albritton, 1976; Weber, 1966; Rennie, Paul, 
ar's Johns, 1976).

The amount of nitrogen accumulated in the soil-plant system by fixation

is as follows:

NFV NS + N + NR - NA
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where N S is the change in total nitrogen in the soil during the experi-

i:lental period, N is the nitrogen removed in the harvest, NR is the ni.tro-

gen in the plan residues at the end of the experiment, and N, are the

additions from the precipitation, fertilizer, seed, etc.

n this equation the basis for comparison is the change i.n nitrogen in

the soil-plant system. Other bases might be comparison with Fallow plts;

or comparison with plots cropped to a non-legume without fertilizer

nitrogen. Whi Le thiere are advantages and disadvantages to these alter-

native mt'od:l, we tLhink the above is an acedptahle approximation.

The alOve o(qlUIation is not always use'ful htcatise the soil imaty coltain

several fthnllsialn kg of organic nitrogen per hectare and estimation of

ch'nges in tihe size of the so 1l nitrogen pool ( N S) is not experimentally

fHasiMe except over several years. Other techniques for measuring

fixation include comparison of nitroge n content of legumes and non-lv eglrles

g r,,l.on , h pots of the sam1e field, use of isotopes of nitrogen, acetylene

reduction, or accumulation of nitrogen by plants when grown on media not

containing nitrogen.

The amount of nitrogen fixed (that is, net accretion of nitrogen in

the soil-plant system) by several legumes each year is presented in table.4

1, 2, and 3. They do not always include nitrogen contained in the roots or

nitrogen in the roots and tops which are produced during the growing season

but are sloughed off before harvest. For the most part, these results were

obtained under experimental conditions and hence are often higher than

could be expected even under good management in farmers' fields.

The emphasis in tables 1, 2, and 3 is on legumes grown in the tropics,

althoughl the data are not exclusively tropical. The important point is

that nitrogen fixation obtained in the tropics with tropical legumes is



comparable in (iliantity to that obtained in temperate regions with temperate

legumes. Hence there can be little doubt that the potential exists fur

utilizing legumes to supply nitrogen for food production in the tropics.

In relation to this potential, deliberate utilization of legume nitrogen in

the tropics is not very extensive at the present. Utilization of more of

this potential will not he a simple matter because a whole array of

vr,"pping systems and associated management must he developed.

C(oiparison of the results in table 3 with various estimates of

nitrogen accretion under fallow systems in the tropics aIlso indicates that

some legumets may accumulate nitrogen at a much more ra '-d rate than na tur;l

systems. 'liii s sggests the possibility that a :;hort fal low with a le, ie

green manure may he substituted for a much longer natural fallow, at least

so far as nitrogen accumulation is concerned.

A study of average yields of grain legumes in various areas ol the

world clearly il lustrates the vast gulf hetween the potential yield and the

yield farmers actually obtain. Traditional cropping systems In developli,

countries sel(h) include leguminmos green manures, although they may

include several years of native fallzav in which legumes play a role. Many

animal production systems are based on low yielding and low quality forage

grasses. Thus the present extent of legume-Rhizohium nitrogen fixation in

food production in the tropics seems to be only a small fraction of its

demonstrated potential.

3. Benefits of legume nitrogen to non-legumes

Legumes contribute ntirogen to non-legumes in two ways. First, they

may be associated with an intercropped non-legume (that is, a non-legume

and legumes are grown together). Second, legumes and non-legumes may be

gr mown in rolations where the legm' residuell1,s ftruik:h nitrogen to the

.sie'O i in g noln- I c'gilll crop.
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Table I. EST[MATES 017 NI-FIXA'riotN BY GRAIN LECLA.IES

Estimated N, - F ixed

Legume kgha/annum u

Soveans 29 Nomlan, 1943

33-40 Hardy et al., 1971

42-63 Bear, 1942

114 Lyon & Bizzell, 1934

40-i40 Sund ara Rao, 1971

70 Erd:an, 1959

56 Shrader & Voss, 1972

Beans (lPhascolus) 64 Lyon & Buzzell, 1914

Peas 30-140 Nutman, 1965

52 Lyon & Bizzell, 1934

88 Reisenauer, 1963(??)

148 Erdman, 1959

Pigeon peas 98 (control) Sen, 1958

133 (with P) Sen, 1958

Cowpeas 96 Erdman, 1959

90 Wetselaar (±t al., 1973

Peanuts 41 Wetselaar et al., 1973



Table 2. ESTIMATES OF N2 -FIXATION BY HAY AND/OR PASTURE LEGUMES

Estimate N_

Legumes fixed kg/ha Source

Clovers 50-200 ,Nutman, 1965

112 Walker et a!., 1950

604 Sears & Evans, 1953

100-200 Erdman, 1959

28-170 Williams, 1970

Lucerne 248 on Gila clay
loam Smith, 1944

822 on Mohave
clay Smith, 1944

300-333 Lyon & Bizzell, 1933
and 1934

56 (120 days) de Souza, 1969

40-350 Nutman, 1965

Tropical kudzu 189 Abruna & Figarela,
1957

150-196 Vicente-Chandler et al.,
1953

336 Smith et al., 1951

Centrosema pubescens 269 Whitney et al., 1967

Stylosanthes guyanensis 100 Henzell & Norris, 1962

Desmodium intortum 381 Whitney et al., 1967

Desmodium canum 95 Whitney et al., 1967

Medicago sativa 90-220 Bell & Nutman, 1971

112 Erdman, 1959

Tropicals 40-80 Wetselaar, 1967b

20-260 Henzell, 1968

tyilos,ar.thes humilis 70 Wetselaar, 1973



Table 3. THE NITROGEN YIELD OF *ROPICAL GREEN-MANURE LEGUIIES

Period N f ixed

Legume (months) Sample kg/ha Place

Cassia leschenaultiana 3.5 Tops + roots 86 Philippines

Phaseolus calcaratus 2.5 Tops + roots 226 Philippines

Desimodium intortum (Mill) Urb. 12.0 Tops only 123 Philippines

Calopogonium mucunoides Desv. 6.0 Tops + roots 370 Philippines

Crotalaria usaramoensis Ba k.f. 6.0 Tops + roots 535 Philippines

Indigofera hendecaphylla Jacq. 6.0 Tops + roots 331 Philippines

Mucuna deringiana (Bort)

Holland --- Tops only 134 Nigeria

Cajanus cajan (L.) Mill 5.5 Tops + roots 248 Hawaii
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4a. Benefits of legumes in polycropping

Grain legumes are an integral part of many polycroppiLib systems for

food grain production throughout the world (Papendick, 1976; ICRISAT, i975

contain examples). The advantages of polycropping under a variety of

conditions have been described (Papendick, 1976, for example). In

addition, many forage production systems utilize legume and grass-legume

mixtures. An obvious question pertinent to this SOTA is the effect of the

legume on the nitrogen economy of the cropping system.

Any attempt to isolate the effect of the legume on the nitrogen

economy of the cropping system is likely to result in ambiguous answers

since the basis for comparison cannot be defined clearly. Considering

forage systems firL, te common measure is either forage production or

production of an animal product. The comparisons are often between

grass-legume mixtures vs. grass plus fertilizer nitrogen. These

comparisons are relatively easy. With respect to food grain production,

the basis of comparison is not so simple because stability of yield, human

nutrition and economic yield are all of overriding importance; the net

effect of these other considerations make the effect of the legume on the

nitrogen economy of the soil primarily of academic concern only. For the

purposes of this SOTA, we consider the following question of more than

academ.c interest: Is the nitrogen accretion in the soil-plant system

limited by inadequacy of the legume-Rhizobium association? That is, would

nitrogen accretion be enhanced by infection of the legumes with an

effective Rhizobium? Would some soil amendment enhance the nitrogen

accretion potential of the crop-soil system and hence the food yield or

economic yield? Would a superior variety of the host crop enhance nitrogen

accretion?
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Unfortunatoly these questions have received little attention in field

e periments. Most polycropping experiments have been concerned with the

mtiltitude of management variables other than effectiveness of the legume-

Rhizohium association and its contribution to the overall nitrogen accre-

t ion of the sys tem.

The suIbst;ince of the preceding discu:sion is the following: The

influence of grain legumes on nitrogen accretion in polycropped food grain

production systems is an academic question because usually the legume is

included in polycropping systems for reasons which overshadow their

importance as nitrogen fixers; little experimental attention has been given

to the more pertinent queston of whether or not relatively simple things

like inoculation with Rhizobium will improve nitrogen accretion. We are

left then with the relatively unsatisfactory comparison of nitrogen accu-

mulation in monoculture vs. nitrogen accumulation in legume-non-legume

polycrops.

The direct transfer of nitrogen between the legume and non-legume

appears to be relatively unimportant, at least based on laboratory and

greenhouse cultures (Wilson, 1940; Seager, 1961; Agboola and Fayemi, 1972;

Whitney and Kanehiro, 1967). The decomposition of sloughed nodules, root

tissue, and foliar residues are probably more important to the nitrogen

nutrition of the non-legume (Wilson, 1940; Seager, 1961; Agboola and

Fayeme, 1972; Whitney and Kanehiro, 1967; Whitney et al., 1967; Thairu,

1972; Jones, 1967a; Simpson, 1976; Oki, 1966). This probably means that in

a polycropping system the influenze of legumes on the nitrogen content of

the soil and the non-legume is likely to be measurable only over a long

pleriod of time, or at least after mitch more than one cropping season.



In a polycrop system containing both a legume and a non-legume each

crop competes for whatever inorganic soil nitrogen there may be present in

the system. The legume componert however, has the potential to obtain

nitrogen via symbiotic fixation. The net result, as will be shown later,

is tlhat the total nitrogen content of both crops usual ly is greater than

that of the non-legume when grown in a monoculture.

In the Following paragraphs, some of tihe more interesting experiments

on polycropping of grain legumes and non-legumes are reviewed with the

objective of analyzing the nitrogen. content (and indirectly protein yield)

of the grain and the influence of fertilizer nitrogen on yields of both

components.

Dalal (1974) grew niaize and pigeon peas separately, planted together

in the same rows, and planted in alternate rows. The maize was harvested

a Fter 16 weeks and the pigeon peas after 24 weeks. The rest.Its tabulated

below illustrate that the intercropping increased accumulation of nitrogen

markedly on a uinit area basis. Note that a hectare of maize alone accu-

mulated more nitrogen than did maize interplanted with pigeon peas;

presumably some of this nitrogen was taken up by the pigeon peas and hence

remained in the soil-crcp system. However, the accumulation of nitrogen in

the crop was much higher when pigeon peas and corn were intercropped

relative to eitbpr monoculture.



Grain kg/hia Nitr!,,;..

Mai ze Peas f'R I  Ma I, 'e YI'.-li l't '" d

Maize + pigeon peas 2025 1710 1.56 4,3 1 W) 141
in same row

lize + pigon peaS 20 1354 1.2 54 1-27 L I
in .i ternate rows

1 11 maize ;ilole 3120 -- 66 --

1 ha ')e, al ole .. -- -- 120 12u

I ER = Rel at ve I and a rea reuirid to ob tan siame yield in ionn(:,il t 1ir.
as obtained with I unit of area in intercrop.

Dal-al (1977) stitdied the effect of potycropping of naizkie ard soybeari.

on yields. These results illu,- trate the increase in nitrogen in i gr i

associated with the polycropping; presumably smine of this result- f r u

dinitrogen fixation by the legumes. Note that the yield of maize grain :ind

1resumab 1 y accmilat on of nitrogen by tle maize is reduced by puly-

cropping. The results are shown in the following table:
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No fertilizer nitrogen 100 kg N/ha fertilizer

Grain mT/ha LER1 N2  Grain mT/ha LER 1  N2

Maize Beans kg/ha Maize Beans kg/ha

Polycrop,
maize + beans
in same row 4.3 0.2 .99 74 4.6 0.2 .93 81

Polycrop,
maize + beans
in qiternate

rows 4,9 0.5 1.31 104 5.4 0.4 1.24 ill

Pol ycrop,
maize + beans
in alternate
pairs of rows 4.8 0.3 1.49 90 5.3 0.3 1.11 98

Monoculture,
maize 5.0 -- -- 75 5.6 -- -- 84

Monoculture,
beans 1-- 1.5 -- 90 -- 1.8 -- 108

IRelative area of monoculture to obtain same yield as 1 ha of poly-

crop.

2Nitrogen content of grain assuming 1.5% and 6.0Z N in maize and

soyb2an grain, respectively.

Agboola and Fayemi (1971) measured the yields of maize polycropped

with 3 legunies over 4 cropping seasons. Cowpeas (Vigna sinensis), Calopo

(Calopogonium mucunoides), and green gram (Phaseolus aureus) were tle

legumeF. The plots were split and 50 pounds/A of nitrogen, 9 pounds/A of P'

and 50 pounds/A of K were added to one split and no fertilizer to the second

split. Average yields of maize grain without fertilizer were increased

from 1.400 to about 1800 pounds/A by polycropping with the leguo.es while

maize yields were 2300 when fertilizer was added without a polycropped

legume. Yields of the grain legumes were 400 to 700 pounds/A, and were

increased by fertilizer addition in 2 out of 3 cases.
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CIMMYT (1974) reported the results of several fertilizer treatments at

3 locations in Mexico on yields of grain and protein with beans, maize, and

polycrops of these 2 crops. Selected results are presented below:

Yield of Grain N Content of Grain
T/ha kg/ha

Maize Beans LER 4  Maize Beans Total

Polycropped maize
beans, average of

L[ treatments, wI th
fertilizer N + 1 3.2 1.4 1.9 44 50 94

Polycropped maize +
beans + 10 toni/ha
chicken manure 4.0 2.4 2.9 61 97 158

I ha maize 2  4.6 -- 64 -- 64

I ha beans 2  - 1.2 -- 40 40

1 Average of 135 kg N/ha; 60 kg P2 05 /ha as fertilizer.

2120 kg N/ha + 40 kg P2 0 5/ha on maize; 60 kg N/ha + 60 kg P2 05 /ha on beans

alone as fertilizer.

350 kg N/ha + 40 kg P2 0 /ha as fertilizer.

4 LER - relative land area required to obtain same yield in monoculture as
obtained with 1 unit of area in polycrop.

These data illustrate the advantages of intercropping on yields of

proteir relative to a monoculture of the two crops. Perhaps the most

interesting aspect of the data is the very large increase in yields of

grain and protein obtained when 10 tons of chicken manure was applied (in

addition to 150 kg N/ha + 40 kg P 2 05 ha) ; the yields of beans in one ha of

the polycrop were double the yields of beans on one ha in bean mono-

culture!! A number of speculative hypotheses could be made about the

reason for the latter observation, but perhaps the most important point is



16

that the soil fertility management of the beans in monoculture may have

been deficient.

Oelslighle, et al. (1976) cite a similar study in Costa Rica. The

yields of nitrogen in grain are given below:

N in grain, kg/ha

0 Fertilizer 100 kg/ha 300 kg/ha

Nitrogen Fertilizer nitrogen Fertilizer nitrogen

1Polycrop corn and
beans 45 75 113

I ha beans 36 66 109

1 ha corn 45 55 56

The remarkable aspect of these data is the response of the beans alone

to fertilizer nitrogen; this is excellent evidence that the legume-RhLzobiut,)

system was not operating properly.

Sabena and Yodav (1974) report results of polycropping of barley,

wheat, linseed, and 3 safflowers with chickpea at 4 locations. Usually

mixed cropping reduced yields of both components. They also report restilts

of polycropping of pigeon peas with other crops. Generally, profits were

increased by polycropping, but no data on nitrogen uptake were given so the

effect on the nitrogen economy is unclear.

Eryi J973) working in Tanzania found sizeable reductions in yield of

both maize and sorghum when they were interolanted with beans (Phaseolus

vulgaris), cowpeas, or pigeon peas. In all cases, 80 kg/ha of fertilizer N

was added. Probably only in the case of pigeon peas was total N in grain

increased relative to a monoculture of cereal, although no data on nitrogen

contents are giver.
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With respect to legume-grass pastures, Thomas (1973) reviewed data

from Africa and referred to much of the work in Australia and the temperate,

regions. He concluded that the African data demonstrate that the results

with tropical pasture legumes under good management fall within the range

of the results obtained in Australia and the temperate regions. Thus

yields of grass-legume mixtures are considerobly higher than those of pure

grass without fertilizer nitrogen. Tiowever, there are relatively little

data which demonstrates that the yields with grass-legume mixtures are as

high as those obtained with grass with adequate fertilizer nitrogen.

Vicente-Chandler (1967) reports that grass-legume mixtures in Puerto Rico

are less productive than grass with adequate fertilizer nitrogen. Thus, it

appears that sizeable increases in forage production can be obtained when

grass without fertilizer nitrogen is compared with a gras.-legume mixture

(without fertilizer nitrogen), while the yield of the grass-legume mixture

(without fertilizer nitrogen) is less than yields of grass with adequate

fertilizer nitrogen.

The results of the preceding studies illustrate rather clearly that

polycropping of a grain legume with a non-legume grain will usually result

in larger yields of protein relative to a monoculture of the non-legume

grain. However, yields of total glrain in an intercropping situation are

often not increased much and they may even be decreased relative to a

cereal monoculture. In several cases, the legume responded to fertilizer

nitrogen, which probably indicates the legume-Rhizobium symbiosis was not

properly managed.

4b. Value of legumes to succeeding non-legumes

In a preceding section use was made of the following equation to

estimate net accumulation of fixed nitrogen in the soil-plant system:

NV = NS + N l + NiR - NA
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where NF is the fixed nitrogen, NS is the change in total nitrogen in the

soil during the experimental period, N1 is the nitrogen removed in the

harvested crop, NR is the nitrogen in the plant residues at the end of the

experiment, and NA represents nitrogen additions. The residual effects

tlhen are approximately NF - NIH = NS + NR - N A since the nitrogen in the

harvest is removed. The net effect of the residual nitrogen on the nitro-

gen supply to a succeeding non-legume may be estibaated in a simplistic way

as follows:

NI, 1 = aIN S +bIN R

where NI, is tile change in inorganic nitrogen available to i succeeding

non-legume crop and aI and b are coefficients which estimate the fraction of

the nitrogen mineralized during the first cropping season.

Since not all of the residues will decompose during the first season,

a series of equations for succeeding seasons could be visualized as

follows:

N1,2 a 2( N S)(1-a 1 ) + b2 (NR)(l-bl)

where N1,2' etc. refer now to the second crop and the quantities NS (1-a 1 ),

NR(1-bl) refer to the amount of residues remaining after the first crop,

etc. The coefficients a and b and the quantities N and N are seldom
S R

estimated, but in spite of this the equations furnish a convenient con-

ceptual framework for discussicn.

Another procedure often utilized when these parameters are noL avail-

able is to measure the amount of fertilizer nitrogen which the legume

replaces. Still a third procedure measures the amount of nitrogen mineral-

ized in an uncropped but cultivated fallow plot. All three methods of

estimation are used and the suitability depends upon the specific objective

of the experiment.
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The foregoing discussion emphasizes 2 points: a) The soil may be

enriched in organic forms of nitrogen by leguminous crops and b) these

organic forms of nitrogen mineralize over a period of more than one

cropping season. The economic value of the organic nitrogen to succeeding

non-legumes rests on its amount and on the rate of its mineralization.

Unfortunately neither factor is well known or easily estimated.

In the following sections, the discussion will be directed toward

three situations: a) green manures and legume fallows, b) pasture/forage

legumes, and c) grain legumes.

4bl. Green manures and legume fallows

Both green manures and legume fallows are grown for their contri-

butions to the nitrogen economy and to improve soil physical. conditions.

Neither is harvested. We wilt use the term "green manures" for those

legume crops grown for one cropping season or some fraction of a cropping

season while the term "legume fallow" will be used for those legume crops

grown (but not harvested) for more than one cropping season.

First with green manures the following approximatious seem reasonable:

a) The changes in soil organic nitrogen (exclusive of the green

manure itself) are not likely to be major, because green manure crops are

usually grown for only a relatively short time. What changes do occur are

likely to be negative because some of the soil organic matter will undergo

mineralization. This nitrogen is usually accumulated in the plants so it

is transferred from the soil organic matter to the plant residue.

b) The accumulation of nitrogen in plant residues both from the soil

and by fixation may be appreciable as illustrated in table 3, which lists

fixation only.
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c) The contribution of nitrogen to the first succeeding nion-legume

is likely to he large since most green manure crops unde rgo rapid decol-

position.

The principles discussed above are illustrated by data from the

temperate region utsing an experiment performed in Iowa (Stickler, Shrader

and Johnson, 1959). In this exper rient, forage legumes were seeded with a

small grain crop which was harvested during the summer. Subplots of the

clovers were harves;ted 1ate in the fal l at the end of the growirg seasont

alld tile total nitrogen content was deternined. Maize was grown the

fill lowing stnmiriner. r Te yiold of maize fol lowing legume crops was ,neasu red.

The experimental des ign included plots without l egumes; fertilizer nitrogen

was applied to these plots for tile succeed ing maize crop. FinalI y, the

fertilier nitrogen which the legume crops replaced was estimated by com-

parison of the maize yields on the plots without legumes but receiving

fertilizer -Jtrogen with the maize yields on the plots growing legumes but

which did not receive fertilizer nitrogen. The results can he summarized

as follows:

1) The legumes accuimulated about 1(0 kg N/ha during the growing

season.

2) Based on yields of maize, approximately 30% of the nitrogen in

the legumes mineralized the first year and over a two-year period approxi-

imately 70% of the nitrogen in the legumes was mineralized and recovered in

the maize crop.

During the period the above experiments were performed, maize yields

were relatively low because of dry weather. The measure of nitrogen made

available to the maize was relatively insensitive.
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Agboola and Fayemi (1972) working in Nigeria compared maize grown alone

with maize polycropped with each of the legumes Calopo (Calopogonium

mucunoides), Cowpea (Vigna sinensis), and greengram (Phaseolus aureus) at

each of 4 levels of fertilizer nitrogen (0, 45, 90 and 135 kg N/ha). The

yields of maize with no fertilizer nitrogen were increased significantly at

the 5% probability level only with the interplanted greengram. Yields with

90 and 139 kg N/ha were not influenced by the interplanted legumes. A

second maize cron was grown on these plots without further additions of

fertilizer or intercropped legume. The residual effects of the fertilizer

nitrogen increased yields in some cases, but the intercropped legumes did

not influence yields for a given fertilizer nitrogen level. Illustrated in

the figure below are the fertilizer nitrogen equivalents of the legume

treatments:

7

e 6 Ile - . Yield without

/ ' Interplanted Legume

-Ow Gr eengram
I : u-.-Calopo, Non

4
V-4 44 I" Cowpea, Non

3

I I I
2
0 45 90 135

Fertilizer Nitrogen Added

Crop 1, Kg N/Ha
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The results illustrated indicate the greengram replaced about 22 kg

fertilizer N over the 2 crops and the calopo and cowpea replaced about 15

kg fertilizer N over the 2 crops. When nitrogen fertilizer was added,

yields of 2 crops were 6.3 mt for maize alone and 5.6 mt for maize plus the

three interplanted legumes. Thus without fertilizer nitrogen the inter-

planted legumes are beneficial to yields, but in the presence of fertilizer

nitrogen, the interplanted legumes are detrimental to yields of maize.

Kannegieter (1969) compared the effect of a 9-month Pueraria (Pueraria

phaseloides) fallow with a weed fallow on the following maize crop at Kumasi,

Ghana. The Pueraria cover crop accumulated 250 pounds of N/A (corres-

ponding value for weed fallow not given). The Pueraria and weed fallows

were killed with a herbicide and corn was planted in the trash. Yields of

maize grain were 450 pounds/A following weed fallow and 2000 pounds/A

following Pueraria fallow. Probably the maize crop following Pueraria

contained 40-50 pounds more N pe acre than the weed fallow which indicates

15 to 25% (at least) of the nitr 'en in the legume residues was mineralized

while the maize was growing.

Shelton and Hymphreys (1975) iterplanted upland rice and Stylosanthes

guyanenis. The yields of rice were not influenced by the stylo, but the

stylo accumulated a fair amount of nitrogen, which presumably would become

available to succeeding crops. The fallowing table illustrates the accumu-

lation of nitrogen by the stylo:

N in crop, kg N/ha
Fertilizer N Rice + Stylo

Added Rice only Rice Stylo Total

0 35 35 60 95

20 50 40 50 90

80 65 65 20 85
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With respect to legume fallows, the objective primarily is to

accelerate the accumulation of nutrients and to improve soil physical

conditions relative to "natural" fallows. In the latter case, the

accumulation of organic matter (as opposed to the residues of the current

crop) is the important factor. In this review, we will discuss only the

nitrogen effects, but the non-nitrogen effects may be of equal importance

in some situations (Juo and Lal, 1977).

Because the accumulated soil organic nitrogen is iikely to be larger

than the current residues, the important issue (so far as nitrogen avail-

ability is concerned) becomes the amount of organic nitrogen accumulated

and the rate of deLOmposition of the recent organic nitrogen relative to

older more stable forms native to the soil. This is illustrated by data

from Jaiyebo and Moore (1964). Five fallow treatments were imported for 5

years on plots at Ibadan, Nigeria following clearing during which "much of

the surface soil was removed". The five fallows were: a) maintenance of a

bare soil, b) mulching at approximately monthly intervals with spear grass

(Imperata cylindrica), c) planted to giant star grass (Cynodon plectostachyas),

d) planted to Pueraria (Pueraria phaseoloides), e) allowed to revert to

bush. Following 5 years of these treatments, the soil was sampled, culti-

vated and planted to maize. The nitrogen accumulation in the maize is

shown in the next figure plotted against the organic nitrogen content of

the soil. Clearly the line drawn through the points does not extrapolate

to the origin and this can be interpreted to mean the nitrogen taken up and

accumulated by the mulch or cover plants was mineralizing more rapidly than

the "residual" organic nitrogen in the soil.
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The nitrogen content of maize plotted against the
nitrogen content of surface 10 cm of soil following 6 years
of various fallo-s(Jaiyebo and Moore, 1964).

These same workers (Moore and Jaiyebo, 1963) measured nitrate N and

nitrifiable nitro".en (nitrogen mineralized during 2 weeks inzubation in the

laboratory) at fortnightly intervals during the last year of tallow and the

change in nitrogen during the last 2 years of the fallow (Jaiyebo and

Moore, 1963). The results are shown below:

Average Nitrifiable N Change in Total N
Fallow ppm 0-16", lbs/A

Bare 16 +32
Mulch 36 +50
Stargrass 77 +57
Pueraria 84 +231
Bush 84 +193

Juo and Lal (1977) reported the results of 3 years of various fallow

and cropping systems on organic nitrogen content at Ibadan, Nigeria.

Beginning with plots cleared from forest, 4 fallow sytems and 4 cropping
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systems were maintained Lur 3 years. The organic nitrogen content of the

surface 15 cm of soil was as follows:

System %N

Initial (after clearing) 0.16

After 3 years of

Bush regrowth* 0.13
Guinea grass fallow* 0.18

Leucaena fallow* 0.15
Pigeon pea fallow* 0.16

Maize + residues** 0.14
Maize - re.;idT cs** 0.11
Maize/cassavrak* 0.11
Soybean - residue 0.09

*No remnval of residues
**Fertilizer added

These results illustrate several points. First, the decrease in

organic nitrogen under bush is the result of mineralization of organic

nitrogen; the nitrogen so mineralized probably was accumulated mostly in

the biomass, but some may have been lost. The accumulation under the

guinea grass fallow may represent non-symbiotic fixation associated with

addition of large amounts of organic carbon. The relatively stable organic

nitrogen under the leguminous fallows probably means the rates of mineral-

ization of organic nitrogen approximately balances the returns from

residues; presumably if the organic nitrogen content of the soil were

lower, nitrogen would accumulate as Jaiyebo and Moore (1963) found under

Pueraria.

The cropped plots all lost organic nitrogen during the cropping

period, although the maize plus residue plots did not lose much organic

nitrogen. In fact, the decrease in organic nitrogen could largely be

accounted for by crop removal (100-125 kg N/ha/yr). All of the cropped
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plots received adequate fertilizer to insure high yields. The loss of

organic nitrogen under the maize-residue system represents about 1000 kg

N/ha over 3 years--which exceeds the crop removal (170 to 200 kg N/ha/yr)

by an appreciable margin. Results with other cropping systems were com-

parable.

Watson and Goldsworthy (1964) concluded from their studies in Nigeria

that 3 years of fallow would not maintain "fertility" and that if no more

than 4 years of fallow were possible, then pigeon pea or gamba fallows were

better than "natural" or "bush" fallows.

Schofield (1945) in the northern, tropical region of Australia com-

pared soil nitrate-nitrogen over a 7-month period in soil maintained in a

bare fallow condition following 18 months of the fallows listed below:

Average NO -N, 0-24" Total NO -N
Fallow in 7 months, ppm 0-24" 0A

Bare 17 340
Calopogonium mucanoides 43 550
Centrosema pubescens 39 410

Pueraria phaseoloides 100 1090
Stylosanthes guinanedis 34 480

No results were given on the organic nitrogen content of the soils at

the beginning of the fallow period, but in any event, the rate of mineral-

izaton was very rapid.

The rate of decomposition of residues from some tropical legumes may

be slow. Vallis and Jones (1973) found markedly different rates of minerali-

zation of dried leaves of Desmodium intortum and Phaseolus atropurpureus.

Over a period of 32 weeks incubation in the laboratory, the concentration

of mineral nitrogen with Desmodium exceeded that in the control soil by an

amount equal to 3% of the nitrogen added in the plant material, in contrast

to 46% with Phaseolus. These results clearly demonstrate that plant
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materials differ in their susceptibility to mineralization. Relatively

little other work. of this na-ture see-is to have been done so that it is not

clear how important this factor may be.

At Nsukka, Nigeria, Okigho (1972) studied yields of maize supplied

with fertilizer and mulched with plastic or with residues from non-legumes

or residues from legumes. lie concluded that the favorable effect of some

of the mulches was related to "their manurial values especially in the

rainy season". In one experiment, Cassava without fertilizer was grown

following maize. The yields of Cassava roots were as follows:

Mulch on Yields
Maize Cassava, T/A

None 3.9
Plastic 4.6

Stylosanthes 9.1
Panicum 7.6

Pennisetum 6.1
Maize stover 7.8

No data was given on composition of the added organic mulches or how

much mulch was used.

Clarke (1962) reports the yields of 3 years of sorghum in Kenya

following 3 years of the following fallows: a) Cassava-weed, b) pigeon

pea-weed, c) grazed stargrass. The total yields of 3 years of sorghum was

2800, 3024 and 2128 kg/ha, respectively.

The foregoing results illustrate that legume green manures and fallows

do indeed increase the nitrogen available to a succeeding non-legume crop

by an apprecikihle ainount. The data do not furnish quantitative estimates

applicable to a wide range of conditions. Despite this deficiency, it does

seem reasonable to suppose that a) legume green manures in the tropics can

accumulate 100 .o 200 kg N/ha during a favorable growing season, provided
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t l :...r..L 11 b....ge, b) ,, the nrde of 20 to 60% of t Is acumua a ed

nitrogen will he nineralized during a suhsequent growing season under a

non-leguminotis crop, c) under some circumstances (mainly vigorous growth of

legumes), sol ,rg.nic nitrogen will accumulate at a faster rate under

legume fal lows tha,1 under other fallows, d) use of a legume fallow or

legum e green manure crop does not insure an ample supply of nitrogen to a

scc eed i ,lon-) leg ue ; the legume must have the potential to accumulate

large amounts of nitrogen (and carbon) and it must be managed so that this

pitentjal is realized.

4b2. Forage/pasture legumes

rhe following 3 general statements serve as an introduction:

1) The forage/pasture legumes (and any associated grass) will

be harvested periodically with removal of some nitrogen. 2) In the case of

grazed pastures, loss of nitrogen will likely far exceed the amount removed

in aninal prodtucts because of Loss of nitrogen by ammonia volatilization

from the manure (Wlitehead, 1970; Denmead et al., 1974; Lauer et al.,

1976). 3) Usually the pasture/forage crops will be left down for several

years so that the amount of nitrogen in the living plant tissue which is

incorporated into the soil at the end of the forage/pasture cycle is small

relative to the accumulation of organic nitrogen. This being the usual

case, two questions arise; a) How much organic nitrogen is accumulated;

and b) How rapidly does this nitrogen mineralize once cultivation begins?

Moore (1969) working in the rain forest area at Ibadan, Nigeria

(average annual rainfall 48 in, growing season April-November) compared the

organic nitrogen content of soil under giant stargrass (Cynodon

pl ivte otact, llVts) ind a m i xture of g ant stargrass and "centro" (Centro mu ia

lC4l? +;n,) . Altr Lq I' yets of grazilug the organic nit rogeltn comitent of
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the soil was 204) pounds (0-30 cm) per acre for the pure stand and 2600 for

the mixed stand; the legume thus increased the nitrogen content of the

soil approximately 250 pounds /A/yr. Grcwth rates of heifers grazed on

the two pastures were higher on the mixture by about 0.25 pounds/head/day.

The grass growth with the legume had higher nitrogen content than grass

grown without legume. During 2 weeks incubation in the laboratory, samples

of soil from the 0-5 cm depth produced 64 ppm nitrate N for the grass-

legume mixture compared with 35 for the grass plots. Thus, it appears that

the mineralization of nitrogen in the two week period was increased about

50 pounds per acre 12 inches by addition of 600 pounds of organic nitrogen

or roughly 8% of the additional organic nitrogen mineralized in 2 weeks in

the laboratory. This would indicate on the order of 30 to 60% of the

accumulated organic nitrogen would mineralize during the one cropping

season. Unfortunately no cropping was carried out in the field to verify

these estimates.

Wetseiaar et al. (1973) compared the organic nitrogen content of soil

in northern Australia following 3 years of bare fallow, Guar (Cyamopis

tetragonoloba), cowpea, peanuts, or Townsville stylo (Stylosanthes

humilis). The crops were harvested annually so removal of nitrogen was

appreciable and nitrogen fixation ranged from 40 to 90 kg N/ha/yr. The

organic nitrogen content of the soil was maintained with the stylo, but

decreased with the other 3 crops. With the cowpeas the decrease in organic

ntrogen content was almost as large as with the bare fallow (The whole of

the aboveground dry matter of the cowpea crop was removed.)

Jones, Davies, and Waite (1967) measured yields of dry matter of grass

(Pasal um 1licatulum) fertilized with nitrogen and of grass-legume mixtures

(withotut fertilizer N) in northern Queensland over a 3-year period. The
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legumes were 2 varieties of Phaseolus atropurpurins and Latonis bainesii.

Nitrogen content of the harvested portion of the legume-grass mixture was

equivalent to that obtained with about 140 kg fertilizer N/ha while the

corresponding dry matter yields were equivalent to those obtained with

about 94 kg of N/ha. Analysis of soil samples for total N (0-3") after "3

years showed that the soil nitrogen content under grass + L. bainesii was

aboit equal to that in the unfertilized control while the soil undr 1'.

atropurpurins contained about the same amount of N as that under grass

fertilized with 224 kg N/ha/yr (Jones, 1967). The net difference between

these 2 extremes was about 560 kg organic N/ha; this 560 kg organic N/ha

Increasvd the nitrogen content of the sorghum by about 13.4 kg N/ha or an

amount equivalent to 2% of the difference in organic nitrogen.

Smith (1962) measured the changes in nitrogen content of several

pastures in Rhodesia after 3 years under Rhodes grass (Choris gavona) and

Rhodes grass associated with several legumes. In all cases the organic

nitrogen in the soil decreased by about 0.03%. Yields of maize grown

following the pasture were approximately doubled by inclusion of a legume

with the Rhodes grass.

In the temperate regions of Australia, several studies report

increases of soil nitrogen ranging up to 200 pounds per acre per year under

vigorous grass-legume and legume pastures (Simpson, 1976; Hengell et al.,

1966; Watson et al., 1976; Watson, 1969; Watson, 1964; Watson, 1963).

Musa and Burhan (1974) grew several legumes for forage in forage-

cotton rotations. The top growth was removed and the nitrogen content of

residual roots plus nodules was found to range between 9 and 25 kg N/ha.

There were no differences in yields of cotton without fertilizer N among

the various legumes, probably because of the rather small amount of

residual N. (There was no treatment without legume forage.)
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The divers itv of the f (?regoing data pr'ecl d1,s any .-weeping general -

izations. Perhaps the best that can be said is that temperate region

results indicate appreciable accumulation of nitrogen under postures

adequately supplied with nitrogen (either fertilizer or symbiotically

f ixed). While this 'same thing has not always been observed in the tropics,

perhaps a working hypothesis is the following: Provided that a) the rate

of mineralization of native organic nitrogen is slow, b) legi;ies having

high yield potential are managed to obtain this potential, then organic

nitrogen wilt accumulate in the soil under legume pastures/forage and the

accumulated organic nitrogen will undergo fairly rapid minerali&ation

during a subsequent cropping period.

4b3. Grain legumes

The grain legumes differ from the green manures and legume

fallows as follows: a) a major fraction of the nitrogen accumulated by the

plant is removed in the grain and b) the mineralization of soil nitrogen

under grain legumes is likely to be as high as under non-legume grain crops

and hence the potential for decline in scull organic nitrogen is fairly

high.

This latter point is illustrated by Juo and Lal (1977), referred to

earlier. They observed a decline of almost 50% in organic nitrogen content

of a soil cropped to soybeans for 3 years. Wetselaar et al. (1973) report

small losses of total soil N following 3 years of peanuts or cowpeas.

The influence of grain-legume crops on the nitrogen economy of

succeeding non-legumes is difficult to interpret because a) the effects are

usual ly fairly small, h) the experiments are seldom designed in such a way

as to isolate the nitrogen effect from other effects.
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Jones (1974) grew maize following cotton, sorghum, groundnuts, and

cowpeas. All the ahoveground dry matter from these crops was removed

before the maize was planted. The yields of maize grain were 3000, 2400,

3400 and 2700 kg/ha following cotton, sorghum, groundnats, or cowpeas,

respectively. These resu, lts indicate the effect of the legume root

res idues was not appreciably different from that of the non-legumes that

had been fertil ized with fertilizer nitrogen.

Saxona and Telak (1974) measured the effect of inoculation of soybeans

on soybean yields and yiel ds of~a following uheat crop. Inoculation of the

soybeans increased yields of soybeans from 9.5 to 17.5 Q/ha and yields of

wheat by an amount equivalent to the yield increase obtained from about 30

kg N/ha of fertilizer nitrogen.

Burhan and Mansi (1967) rotated cotton with grain legumes and found an

effect on yield of cotton, but the increase in yield cannot be attributed

to the nitrogen contributed to the cotton because of other effects.

The rather meager data set available indicates that substitution of a

grain legume for a non-legume grain in a cropping sequence is unlikely to

have any but a minor effect on either the soil organic nitrogen or nitrogen

economy of a succeeding non-legume. However, it should be recognized that

excellent yields of grain legumes catI be obtained with no fertilizer

nitrogen provided the proper Rhizobium is present and conditions 
are favor-

able for survival and infection of the host plant.

5. Summary and overview

a. Present situation

Monocultures of grain legumes and polycrops 
of grain legumes and

non-legumes are widespread throughout the world in both the tropics and

temperate regions. In tropical regions, the yields of grain legumes are

low, but evert so they are important sources of dietary protein. All of the
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evidence in chis review supports the supposition that in the tropics the

most important influence of leg-:me nitrogen fixation on the human diet is

through the proteins in grain legumes. Although the evidence is rather

sketchy, the influence of dinitrogen fixation by grain legumes on the

production of non-legume grains appears to be relatively unimportant.

There appears to he no widespread, deliberate use of legume fallows

and legume green manures in food production schemes in the tropics. The

"natural fallows" in shifting cultivation accumulate nitrogen at a rate

which is comparable to that of many legume fallows. The use of legume

green manures seems to be very limited.

There appears to be no widespread, deliberate use of legumes in forage

production in the tropics outside of northern Australia. Animal production

based on forages in the tropics is usually based on extensive use of

"natural" savannahs, which receive almost no management except perhaps an

annual burning.

b. Potential

A recurring observation throughout this review has been that

legume-Rhizobium associations in the tropics fix large amounts of dinitro-

gen under variety of conditions. Thug there can be no doubt that the

potential exists for production of high yielding legume crops without

fertilizer nitrogen and that nitrogen fixed by legumes can be substituted

for fertilizer nitrogen in the production of non-legumes. Present use of

legume nitrogen is only a fraction of the potential.

Currently grain legumes are important components in many crop pro-

duction systems. Yields of grain legumes in most tropical countries are on

the order of 700 kg grain/ha, which is low relative to yields in current

1 ' imn't ( (CRISAT, 1979). Conmcnly, fert[lizer nitrogen is recommended
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(Bazan, 1975) and, in experimental plots, responses to fertilizer nitrogen

are common. Thus, the best means of realizing some of the potential for

grain legumes is through increasing yields and provision of effective

rhizohia.

The increased use of green manures, legume fallows, 
and legume forages

requires development of economic and socially 
acceptable cropping systems

since they are seldom used in current cropping systems. Undoubtedly

interest in using legumes in this way will increase as the cost of fertil-

izer nitrogen increases. Two factors increase the utility of this: one is

the availability of herbicides which makes control of the legume easy and

the second is the need to protect the soil from erosion under intensive

cropping. Fallows and forages in cropping systems are 
likely to reduce the

erosion hazards, which are serious with many soils in the tropics under

intensive cropping.
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