
Potential Role of Maize-Legume Intercropping 

Systems to Improve Soil Fertility Status under 

Smallholder Farming Systems for Sustainable 

Agriculture in India 
 

Ashish Dwivedi
1
, Ista Dev

1
, Vineet Kumar

1
, Rajveer Singh Yadav

2
, Mohit Yadav

3
, Dileep Gupta

4
, Adesh 

Singh
1
, and S. S. Tomar

1
 

1 
Department of Agronomy, Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut (U.P.), India 
2 
Department of Agronomy, Mahatma Gandhi Chitrakoot Gramodaya Vishwa Vidyaliya, Chitrakoot, Santa (M.P.), 

India 
3 
Department of Biochemical Engineering and Food Chemical, Harcourt Butler Technological Institute, Kanpur, (U.P.), 

India 
4 
Department of Agriculture extension, Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut 

(U.P.), India 

Email: ashishdwivedi842@gmail.com 

 

 

 
Abstract—The Indian population is growing rapidly (1.25 

billion) and it has to fulfill its food and nutrition 

requirement. A collaborative strategy should be adopted for 

increasing productivity by intensifying available land use 

system. Intercropping is advanced management practices of 

soil fertility status, consisting of cultivating two or more 

crops in the same space at the same time, which have been 

practiced in past decades and achieved the goals of 

agriculture. The most common advantage of intercropping 

is the production of greater yield on a given piece of land by 

making more efficient use of the available resources using a 

mixture of crops of different rooting ability, canopy 

structure, height, and nutrient requirements based on the 

complementary utilization of growth resources by the 

component crops. Moreover, intercropping improves soil 

fertility through atmosphere nitrogen fixation from 

atmosphere (150 tons/year) with the use of legumes, 

increases soil conservation through greater ground cover 

than sole cropping. Also, intercropping systems are 

beneficial to the smallholder farmers in the low-input 

and/or high-risk environment of the sub-tropic, where 

intercropping of maize and legumes is widespread among 

smallholder farmers due to the ability of the legume to 

contribute to addressing the problem of declining levels of 

soil fertility. The principal reasons for smallholder farmers 

to intercrop are flexibility, profit maximization, risk 

minimization, soil conservation, improvement of soil 

fertility, weed, pests and diseases minimizing and balanced 

nutrition. However, intercropping has some disadvantages 

such as the selection of the appropriate crop species, 

including extra work in preparing and planting the seed 

mixture and also extra work during crop management 

practices, including harvest. This is a review paper covering 

the role of maize legume intercropping systems to improved 

soil fertility status under smallholder farms of semi-arid 

area of India. The intercropping systems are useful in terms 
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of increasing productivity and profitability, water and 

radiation use efficiency, control of weeds, pests and diseases. 

The critical role of atmosphere nitrogen fixation and the 

amounts of N transferred to associated non-leguminous 

crops determines the extent of benefits. In intercropping, 

land equivalent ratio (LER), benefit cost ratio (B:C) and 

monetary advantage index (MAI) are used to assess the 

system productivity and its economic benefits. In this study, 

the work carried out by researchers about different 

intercropping system is discussed, and it would be beneficial 

to the researchers who are involved in this field. 

 

Index Terms—maize-legume, intercropping, improving soil 

fertility status, smallholder farmers, sustainable agriculture, 

LER, efficient utilization of resources 

 

I. INTRODUCTION 

Maize (Zea mays L.) remains at third position among 

the cereals after rice and wheat across the globe. Maize is 

widely grown as cereal crop in many developing 

countries including India. Maize is considered as a staple 

food besides its other uses such as energy, etc. Even as, 

maize has a high yield potential and is suited to various 

climatic zones of India. Moreover, India is the fourth 

largest producer of maize which produces about 22.5 

million tons from an area of 8.7 million hectares with an 

average productivity of 2586 kg/ha in 2012-13. 

Karnataka, Andhra Pradesh, Maharashtra, Tamil Nadu, 

Rajasthan and Uttar Pradesh together contribute about 60 

per cent of area and 70 per cent of maize production in 

India [1]. 

Intercropping is a type of mixed cropping and defined 

as the agricultural practice of cultivating two or more 

crops in the same space at the same time [2]. The 

important reasons to grow two or more crops together are 
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the increase in productivity per unit of land. In 

intercropping system, all the environmental resources 

utilized to maximize crop production per unit area per 

unit time. Risk may be minimized in intercropping [3]. 

Biological efficiency of intercropping gets improved due 

to exploration of large soil mass compared to 

monocropping [4]. This advanced agriculture techniques 

has been practiced in past decades and achieved the goal 

of agriculture. There are some socio economic, biological 

and ecological advantages [5], [6] in intercropping over 

monocropping. Intercropping can also referred to as 

mixed cropping or polyculture is the agricultural practice 

of cultivating two or more crops in the same space at the 

same time [2], [7], [8]. The component crops of an 

intercropping system neither necessarily have to be sown 

at the same time nor they have to be harvested at the 

same time, but they should be grown simultaneously for 

a great part of their growth periods. In intercropping, 

there is normally one main crop and one or more added 

crops, with the main crop being of primary importance 

for economic or food production reasons. 

This practice is an attractive strategy to smallholder 

farmers for increasing productivity and land labour 

utilization per unit of area of available land though 

intensification of land use [9]. Furthermore, 

intercropping cereals with legumes have huge capacity to 

replenish soil mineral nitrogen through its ability to 

biologically fix atmospheric nitrogen [10]. 

II. INTERCROPPING: GLOBAL PROSPECTIVE 

Various types of intercropping were known and 

presumably employed in ancient Greece about 300 B.C. 

Theophrastus, among the greatest early Greek 

philosophers and natural scientists, notes that wheat, 

barley, millets and certain pulses could be planted at 

various times during the growing season often integrated 

with vines and olives, indicating knowledge of the use of 

intercropping [11]. Traditional agriculture, as practiced 

through the centuries all around the world, has always 

included different forms of intercropping. In fact, many 

crops have been grown in association with one another 

for hundred years and crop mixtures probably represent 

some of the first farming systems practiced [12]. Now a 

day, intercropping is commonly used in many temperate, 

tropical and subtropical parts of the world particularly by 

small-scale traditional farmers [13]. Traditional multiple 

cropping systems are estimated to still provide as much 

as 16-22% of the world’s food supply [14]. In Latin 

America, farmers grow 70-90% of their beans with maize, 

potatoes, and other crops, whereas maize is intercropped 

on 60% of the maize-growing areas of the region [15]. 

III. MEANING AND SCOPE OF INTERCROPPING 

SYSTEMS 

The cropping system is defined as the combination of 

crops grown on a given area and time [16]. Intercropping 

system is a type of mixed cropping and defined as the 

agricultural practice of cultivating two or more than two 

crops in the same space at the same time [2], [17]. The 

common crop combinations in intercropping systems of 

this region are cereal+legume, particularly 

maize+cowpea, maize+soybean, maize+pigeonpea, 

maize+groundnuts, maize+beans, sorghum+cowpea, 

millet+groundnuts, and rice+pulses [18], [19]. This is a 

common practice in India, and it is mostly practiced by 

smallholder famers. The features of an intercropping 

system differ with soil, climatic condition, economic 

situation and preferences of the local community [20]. 

Several scientists have been working with cereal- 

legume intercropping systems [21]-[29] and proved its 

success compared to the monocrops. One of the most 

important reasons for smallholder farmers to intercrop is 

to minimizing the risk against total crop failures and to 

get different produces to take for his family’s food and 

income [7], [20], [30]. Moreover, intercropping systems 

more efficiently used the growth factors because they 

capture more radiation and make better use of the 

available water and nutrients, reduce pests, diseases 

incidence and suppress weeds and favour soil-physical 

conditions, particularly intercropping cereal and legume 

crops which also maintain and improve soil fertility [7] 

[31]-[34]. 

IV. BASIC PRINCIPLES AND PRACTICE OF MAIZE-

LEGUME INTERCROPPING 

The success of intercropping system have achieved by 

various aspects which are need to be taken into 

consideration before and during the cultivation process  

[9]. Singh et al. [35] Reported that intercropping of 

legume, particularly black gram with maize has been 

efficiently utilized the growth resources besides 

maintaining the soil health. The biggest complementary 

effects and biggest yield advantages occur when the 

component crops have different growing periods so make 

their major demands on resources at different times [7]. 

Therefore, crops which mature at different times thus 

separating their periods of maximum demand to nutrients 

and moisture aerial space and light could be suitably 

intercropped [36]. For instance, Reddy and Reddi [37] 

reported that, in maize-green gram intercropping system, 

peak light demand for maize was around 60 days after 

planting, while greengram was ready to harvest. 

A. Suitable Crops 

Selection of the right crop combination is more 
important in intercropping systems due to the reason that 
competition of plant could be minimized not only by 
spatial arrangement, but also by combining those crops 
which have best able to exploit soil nutrients [38]. 
Intercropping of cereals and legumes would be valuable 
because the component crops can utilize different sources 
of N [39]-[41]. The cereal may be more competitive than 
the legume for soil mineral N, but the legume can fix N 
symbiotically if effective strains of Rhizobium are present 
in the soil. However, some combinations have negative 
effects on the yield of the components under 
intercropping system. For example, Mucuna (Mucuna 
utilis) when intercropped with maize was found lowering 
down the maize yields, while cowpeas (Vigna 
sinensis)and greengram (Phaseolus aureus) had much 
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less effect on maize and where themselves tolerant to 
maize shade [42]. maize-bean intercrop is predominant in 
eastern Africa, and whilst in southern Africa maize is 
intercropped with cowpeas, groundnuts and bamabara 
nuts. 

B. Time of Sowing 

Several findings have proved the effects of the 

planting time on the performance of the components 

under intercrop. For instance, Mongi, Uriyo, and Singh 

[43] reported that planting cowpea simultaneously with 

maize gave batter yield. Barbosa, Lima, Oliveira and 

Sousa [44] reported that intercropping corn with cowpea, 

especially when done early, provides intermediate results, 

indicating that cowpea controls weeds to a certain extent. 

Addo-Quaye, Darkwa and Ocloo [45] found that maize 

planted simultaneously with soybean or before soybean 

recorded significantly higher values of leaf area index 

(LAI), crop growth rate (CGR) and net assimilation rate 

(NAR), compared to when it was later. 

V. ADVANTAGES OF INTERCROPPING 

A. Efficient Utilization of Resource and Yield 

Advantage 

The principal advantage of intercropping is the more 

efficient utilization of the all available resources and the 

increased productivity compared with each sole crop of 

the mixture [46]-[56]. An alternative to yield for 

assessing the advantages of intercropping is to use units 

such as monetary units or nutritional values which may 

be equally applied to component crops [57]. Yield 

advantage occurs because growth resources such as light, 

water, and nutrients are more efficiently absorbed and 

converted into crop biomass by the intercrop over time 

and space as a result of differences in competitive ability 

for growth resources between the component crops, 

which exploit the variation of the mixed crops in 

characteristics such as rates of canopy development, final 

canopy size (width and height), photosynthetic adaptation 

of canopies to irradiance conditions, and rooting depth 

[58, 59, 60]. Regularly intercropped pigeonpea or cowpea 

can help to maintain maize yield to some extent when 

maize is grown without mineral fertilizer on sandy soils 

in sub-humid zones of Zimbabwe [24]. Intercropping 

maize with cowpea has been reported to increase light 

interception in the intercrops, reduce water evaporation, 

and improve conservation of the soil moisture compared 

with maize grown alone [61]. In ecological terms, 

resource complementarity minimizes the niche overlap 

and the competition between crop species, and allow to 

crops to capture a greater range of resources than the sole 

crops. Improved resource use gives in most cases a 

significant yield advantage, increases the uptake of other 

nutrients such as N, P, K, and micronutrients, and 

provides better rooting ability and better cover-up ground 

as well as higher water use efficiency [58], [59]. Shivay 

and Singh [62] assumed that grain yield significantly 

increased due to intercropping and the highest grain yield 

(32.48 q/ha) was recorded in maize+urdbean 

intercropping system. Pandey et al. [63]  studied the 

effect of rainfed maize (Zea mays L.) based intercropping 

systems on maize yield and observed that intercropping 

systems reduced the values of grain yield of maize than 

sole cropping of maize, but significant reduction in grain 

yield was recorded only with sesame, turmeric, and 

forage intercropping systems. However all intercropping 

systems resulted into significantly higher productivity. 

However, Pathak and Singh [64] observed that the grain 

yield of maize was not significantly influenced by the 

different intercropping treatments at Pantnagar. Thus, 

selection of crops that differ in competitive ability in time 

or space is essential for an efficient intercropping system 

as well as decisions on when to plant and at what density. 

Several researches have shown that intercrops are most 

productive when component crops differ greatly in 

growth duration [65]-[67]. For example, when a long-

duration pigeonpea cultivar was grown in mixture with 

three cereal crops of different growth durations, i.e. 

setaria, pearl millet, and sorghum, the Land Equivalent 

Ratio was highest with the quick-maturing setaria and 

lowest with the slow-maturing sorghum (Rao and Willey, 

1980) [68]. It must be noted here that Land Equivalent 

Ratio shows the efficiency of intercropping for using the 

environmental resources compared with monocropping 

with the value of unity to be the critical value. When the 

Land Equivalent Ratio is greater than one (unity) the 

intercropping favours the growth and yield of the species, 

whereas when the Land Equivalent Ratio is lower than 

one the intercropping negatively affects the growth and 

yield of the plants grown in mixtures [46]. Asynchrony in 

resource demand ensures that the late- maturing crop can 

recover from possible damage caused by a quick-

maturing crop component and the available resources, e.g. 

radiation capture over time, are used thoroughly until the 

end of the growing season [67]. Moreover, when the 

component crops have similar growth durations their 

peak requirements for growth factor normally occur 

about the same time and the competition for 

environments where water stress occurs. Combinations 

involving crops with slightly differing growth duration, 

e.g. millet and sorghum or mixtures of early and late 

maturing variety of the same species are used in areas 

with growing seasons of variable-length to exploit the 

occasional favorable season yet insure against total 

failure in unfavorable seasons [69]. Differing growing 

seasons may thus lead to reversals of success in such 

intercrops, giving more stable yield in intercropping 

when measured over a run of seasons. If the growing 

season is long, the late-maturing benefit by abundant 

resources, whereas if the growing season is short, the 

early-maturing type can provide a reasonable yield. 

B. Insurance Against Crop Failure 

One important reason for which intercropping is 

popular in the developing world is that it is more stable 

than monocropping [33]. From this point of view, 

intercropping provides high insurance against crop failure, 

especially in areas subject to extreme weather conditions 
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such as frost, drought, flood, and overall provides greater 

financial stability for farmers, making the system 

particularly suitable for labor-intensive small farms. Thus, 

if a single crop may often fail because of adverse 

conditions such as frost, drought, flood, or even pest 

attack, farmers reduce their risk for total crop failure by 

growing more than one crop in their small farm [70]. 

Consequently, intercropping is much less risky than 

monocropping considering that if one crop of a mixture 

fails, the component crops may still be harvested. Data 

from 94 experiments on mixed cropping 

sorghum/pigeonpea showed that for a particular ‘disaster’ 

level quoted, sole pigeonpea crop would fail 1 year in 5, 

sole sorghum crop would fail 1 year in 8, but 

intercropping would fail only 1year in 36 [68]. The 

stability under intercropping can be attributed to the 

partial restoration of diversity that is lost under 

monocropping. Moreover, small farmers may be better 

able to cope with seasonal price variability of 

commodities which often can destabilize their income. 

For example, if the market price may be low favorable 

for one crop than for others, farmers may be able to 

benefit from good prices and may suffer less due to poor 

prices for particular crops, if they grow more crops. 

Intercropping maize with beans reduced nutrient decline 

and raised household incomes compared with 

monocropping of either of the two crops [71]. In semi-

arid environments, yield increases from intercropping 

have been reported in several studies during the past 20 

year. On the basis of these studies, intercropping has 

been found to increase crop yield and improve yield 

stability in environments where water stress are more 

common. Combinations involving crops with slightly 

differing growth duration, e.g. millet and sorghum or 

mixtures of early- and late-maturing cultivars of the same 

species are used in areas with growing seasons of 

variable-length to exploit the occasional favourable 

season yet insure against total failure in unfavourable 

seasons [69] . On an average, late-maturing variety of 

groundnut and sorghum gave higher dry pod and grain 

yield, respectively, when intercropped with early- 

maturing cultivars of the associated crops [72]. 

C. Conservation of Soil 

Intercropping of cereal with legumes is an excellent 

practice for reducing soil erosion and sustaining crop 

production. Where rainfall is excessive, cropping 

management systems that leave the soil bare for great 

part of the season may permit excessive soil erosion and 

runoff, resulting in infertile soils with poor characteristics 

for crop production. Moreover, deep roots penetrate more 

breaking up hardpans into the soil and utilize moisture 

and nutrients from deeper down in the soil. Shallow roots 

bind the soil particle at the surface and thereby help to 

reduce erosion. Also, shallow roots help to aerate the soil 

which increase water holding. Reduced runoff and soil 

loss were observed in intercrops of legumes with cassava  

[73]. Intercropping systems control soil erosion by 

preventing rain drops from hitting the bare soil where 

they tend to seal surface pores, prevent water from 

entering the soil and increase surface runoff [9]. Kariaga 

[74] mention that in maize + cowpea intercropping 

system, cowpea act as best cover crop and reduced soil 

erosion than maize-bean system. Reddy and Reddi [37] 

found that tall crops act as wind barrier for short crops, in 

intercrops of tall cereals with short legume crops. 

Similarly, sorghum-cowpea intercropping reduced runoff 

by 20-30% compared with sorghum sole crop and by 45-

55% compared with cowpea monoculture. Moreover, soil 

loss was reduced with intercropping by more than 50% 

compared with sorghum and cowpea monocropping. 

TABLE I. TOTAL LOSSES OF THE SOIL AS TRANSPORTATION, 
DEPOSITION AND LOST INTO THE SEA 

Parameter Erosion (MT) Per cent 

Total soil loss 5334 100 

Transported from one place 3282 61 

Deposited in the reservoirs 480 10 

Lost into the sea 1572 29 

Source: Lemlem [75] 

D. Improvement of Soil Fertility 

Legumes enrich soil by fixing the atmospheric 

nitrogen converting it from an inorganic form to forms 

that are available for plants uptake. Biological fixation of 

atmospheric nitrogen can replace nitrogen fertilization 

wholly or in part. Biological nitrogen fixation is the 

major source of nitrogen in legume-cereal mixed 

cropping systems when nitrogen fertilizer is limited [76]. 

Moreover, because inorganic fertilizers have much 

environmental damage such as nitrate pollution, legumes 

grown in intercropping are regarded as a sustainable and 

alternative way of introducing N into lower input agro 

ecosystems [77]. In addition, roots of the legume 

component can decompose and release nitrogen into the 

soil where it made available to subsequent crops. [78]. 

Intercropping corn with legumes was far more effective 

than corn sole to produce higher dry matter yield and 

roughage for silage with better quality [79]. Also, 

intercropping common bean with corn in 2 row-

replacements improved silage yield and protein content 

of forage compared with sole crops [80]. The dry matter 

yield, crude protein yield, and ash content of maize 

forage increased by intercropping with legumes 

compared with maize monoculture [81]. Furthermore, 

intercropping legumes with maize significantly reduced 

neutral detergent fiber and acid detergent fiber content, 

increasing digestibility of the forage. It is evident from 

the above that intercrops of maize with legumes can 

substantially increase forage quantity and quality and 

decrease the requirements for protein supplements 

compared with maize sole crops [81]. Maize and cowpea 

intercrops gave higher total forage dry matter 

digestibility than maize or cowpea sole crops and led to 

increased forage quality (crude protein and dry matter 

digestibility concentration) than maize monoculture and 

higher water-soluble carbohydrate concentrations than 

sole cowpea [82]. 
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E. Atmospheric Nitrogen Fixation (ANF) and Transfer 

of Nitrogen to Main Crop 

ANF, which enables legumes to depend on 

atmospheric nitrogen, is important in legume-based 

cropping systems when fertilizer-Nitrogen is limited [83], 

where nitrogen annual depletion was recorded at all 

levels at rates of 22 kg/ha [84] and mineral-Nitrogen 

fertilization is neither available nor affordable to 

smallholder farmers [85], [86]. ANF contributes Nitrogen 

for legume growth and grain production under different 

environmental and soil conditions. In addition, the soil 

may be replenished with Nitrogen by decomposition of 

legume residues [83]. Legumes species commonly used 

for provision of grain and green manure have potential to 

fix between 100 and 300 kg Nitrogen/ha from the 

atmosphere. Osunde, Tsado, Bala, and Sanginga, [87] 

observed that the proportion of Nitrogen derived from 

atmosphere fixation was about 40 percent in the 

intercropped soybean and 30 percent in the sole crop 

without the addition of fertilizer. Sanginga et al. [88] 

Reported that Mucuna accumulated in 12 weeks about 

160 kg Nitrogen ha when intercropped with maize. 

Eaglesham, Ayanaba, Ranga Rao, and Eskew [89] 

reported that the fixed-N by component cowpea was 

about 41 kg Nitrogen ha, in maize- cowpea intercropping 

system. 

According to Ofori and Stern [7] the amount of 

Nitrogen fixed by the legume component in cereal- 

legume intercropping systems depends on several factors, 

such as species, plant morphology, density of component 

crops, rooting ability, type of management, and 

competitive abilities of the component crops. Nambiar et 

al. [90] found that shading did not affect Nitrogen 

fixation by the component groundnut crop although 

incoming light reaching the legume was reduced 33.3 

percent. While, when 50.0 kg Nitrogen ha
 
was applied, 

ANF was reduced 55.2 percent, although light reaching 

the groundnut was 54.5 percent of incoming radiation. 

This suggests that heavy application of combined N 

significantly reduces BNF, which was confirmed by 

Ofori and Stern [7] who evaluated the Nitrogen economy 

of a maize+cowpea intercropping system and considered 

that Nitrogen fertilizer applications reduced Nitrogen 

fixation. Fujita et al. [76] On the other hand, reported that 

the soil with a relatively high Nitrogen content (high 

organic carbon) the mixed cropping yield increased by 

25.0 percent due to enhanced soil Nitrogen uptake by the 

sorghum component, while the soybean component 

depended mostly on ANF. Still according Fujita et al. [76] 

the plant density has little effect on quantity of Nitrogen 

derived from the nitrogen fixation and the ANF of the 

legume is not always reduced, but is dependent on the 

legume's ability to intercept light. Mandimba [91] 

revealed that groundnut nitrogen contribution to the 

growth of Zea mays in intercropping systems is 

equivalent to the application of 96.0 kg of Nitrogen 

fertilizer/ha
 
at a ratio of plant population densities of four 

groundnut plants to one maize plant. Despite the fact that 

annual fixation rates of 300 kg Nitrogen/ha, the amount 

measured on farmer’s fields are still very low (6 kg 

Nitrogen/ha
 
to 80 kg Nitrogen/ha), except soybean which 

fixed between 100 and 260 kg Nitrogen/ha within periods 

of three months [92]. Beside this, it has been reported 

that seeds of component crops are the major source of 

Nitrogen loss from the intercropping system and can 

range from 50 to 150 kg Nitrogen/ha.. This Nitrogen 

transfer is considered to occur through root excretion, 

Nitrogen leached from leaves, leaf fall, and animal 

excreta if present in the system [76]. The benefits of a 

legume intercrop with respect to nitrogen are direct 

transfer of nitrogen from (Pisum sativum ssp. arvense) 

resulted in values of Land Equivalent Ratio ranging from 

1.05 to 1.24 on a biomass basis and from 1.05 to 1.26 on 

a protein basis indicating a production advantage of 

intercropping [93], known as direct Nitrogen transfer 

Eaglesham et al. [89]. He also showed that 24.9 percent 

of Nitrogen fixed by cowpea was transferred to maize. 

Despite claims for substantial Nitrogen transfer from 

grain legumes to the associated cereal crops, the evidence 

indicate that benefits are limited [94]. Benefits are more 

likely to occur to subsequent crops as the main transfer 

path-way is due to root and nodule senescence and fallen 

leaves [95]. However, Ofori and Stern [7] and Danso, 

Hardarson, and Zapata [96] reported that there is little or 

no current Nitrogen transfer in cereal-legume 

intercropping system. In addition, Fujita et al. [76] 

reported that benefits to associated non-leguminous crop 

in intercropping systems is influenced by component 

crop densities, which determine the closeness of legume 

and non-legume crops, and legume growth stages. 

 

Figure 1. Distribution of 139 million tonnes of N2 estimated to be 
biologically fixed in various terrestrial systems. 

 

Figure 2. Nitrogen cycle under the atmospheric nitrogen fixation 
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Figure 3. Observation recording in the Maize + legume trial carryout 

in S.V.P.U.A & T Meerut Uttar Pradesh  

 

Figure 4. Nodulation study in the Maize + legume trial carryout in 
S.V.P.U.A & T Meerut Uttar Pradesh 

 

Figure 5. Weed and Pest problem in the Maize + legume trial carryout 
in S.V.P.U.A & T Meerut Uttar Pradesh 

TABLE II. EXAMPLES OF ESTIMATES RANGE OF NITROGEN FIXATION 

BY SOME LEGUMES 

Crop Nitrogen fixation kg/ha 

Alfalfa 100-300 

Black gram 119-140 

Clover ' 100-150 

Chickpea 23-97 

Cluster bean 37-196 

Common bean Nill 

Cowpea 9-125 

Groundnut 27-206 

Lentle 35-100 

Greengram 50-56 

Pigeonpea 4-200 

Rice bean 32-97 

Soybean 49-450 

Peas 46 

Fenugreek 44 

Sources:  Mugwe et al. [85] 

F. Promotion of Biodiversity 

Intercropping of compatible plants promotes 

biodiversity by providing a habitat for a variety of insects 

and soil organisms that would not be present in a single 

crop environment. Stable natural systems are typically 

diverse, containing numerous different kinds of plant 

species, arthropods, mammals, birds, and 

microorganisms. As a result, in stable systems, serious 

pest outbreaks are rare because natural pest control can 

automatically bring populations back into balance [97]. 

Therefore, on-farm biodiversity can lead to 

agroecosystems capable of maintaining their own soil 

fertility, regulating natural protection against pests, and 

sustaining productivity [98, 99], from this point of view, 

crop mixtures which increase farmscape biodiversity can 

make crop ecosystems more stable and thereby reduce 

pest incidence problems. Increasing the complexity of the 

crop environment through intercropping also limits the 

places where pests can find optimal foraging or 

reproductive conditions. Intercropping is one way of 

introducing more biodiversity into agro ecosystems and 

results from intercropping studies indicate that increased 

crop diversity may increase the number of ecosystem 

services provided. Higher species richness may be 

associated with nutrient cycling characteristics that often 

can regulate soil fertility [100], limit nutrient leaching 

losses [101], and significantly reduce the negative 

impacts of pests (Bannon and Cooke, [102]; Boudreau 

and Mundt, [103] also including that of weeds [104], 

[105]. 

G. Weed Control 

It is often believed that traditional intercropping 

systems are better in weeds control compared to the 

modern monocrops, but it must be known that 

intercropping is an almost often infinitely complex, and 

variable system in which adverse effects can also occur. 

Weed growth basically depends on the competitive 

ability of the entire crop community, which in 

intercropping largely depends on the competitive abilities 

of the component crops and their respective plant 

populations [34]. Weed control is an important view in 

intercropping because chemical control is difficult when 

the crops have emerged. This is also because normally in 

intercropping a dicotyledonous crop species is combined 

with a monocotyledonous crop species and therefore the 

use of herbicides is harmful. In general, intercrops may 

show weed control advantages over sole crops in two 

ways. First, suppressing the growth of weeds through 

allelopathy or greater crop yield and less weed growth 

may be achieved if intercrops are more effective than 

sole crops in usurping resources from weeds [106]. 

Moreover, intercrops may provide yield advantages 

without suppressing the growth of weeds below levels 

observed in sole crops if intercrops use resources that are 

not exploitable by weeds or convert resources into 

harvestable materials more efficiently than sole crops. 

Intercropping may often result in reduced weed density 

and growth compared with sole crops [105]. Intercrops 

that are effective at suppressing weeds capture a greater 
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share of available resources than sole crops and can be 

more effective in pre-empting resources by weeds and 

suppressing weed growth. Intercrops of sorghum with 

fodder cowpea intercepted more light, captured greater 

quantities of macronutrients N, P, and K, produced 

higher crop yields, and contained lower weed densities 

and less weed dry matter compared with sole-cropped 

sorghum [107]. Intercropping leek and celery in a row 

replacement design considerably lowering the critical 

period for weed control in the intercrop compared with 

the leek pure stand. Also, the relative soil cover of weeds 

that emerged at the end of the critical period in the 

intercrop was reduced by 41% [108]. Pea intercrops with 

barley had greater competitive ability towards weeds as 

compare to sole crop in cropping systems under high 

weed pressures [104]. Similarly, intercropping such as 

wheat-canola-pea tended to provide maximum weed 

suppression compared to crops grown alone, indicating 

some type of synergism among crops within intercrops 

with respect to weed suppression [109]. 

Mixed cropping of peas with false flax in additive 

series had a great suppressive effect on weed coverage, 

i.e. 63% in 2003 and 52% in 2004, compared with pea 

grown alone [110]. Intercropping single, double and strip 

(3:3) rows of sorghum, soybean, and sesame with cotton 

was advantageous in chacking purple nut sedge density 

(75-90 %) and dry matter production (76-92 %) [111]. 

Farmers reported that intercropping maize with improved 

varieties of horsegram (Macrotyloma uniflorum) reduced 

labour since less weeding was required and, in most 

cases, did not have a yield-reducing impact on their 

maize crop or on the availability of fodder [112]. 

Recently, it was reported that intercropping maize with 

legumes considerably reduced weed density in the 

intercrop compared with maize pure stand due to 

decrease in the available light for weeds in the maize-

legume intercrops, which led to a reduction of weed 

density and weed dry matter compared them with sole 

crops [113]. 

Mashingaidze [114] found that maize- bean 

intercropping reduced weed biomass by 55-66 percent 

when established at a density of 222,000 plants/ha for 

beans equivalent to 33 percent of the maize density 

(37,000 plants/ha). Weed suppression in maize-

groundnut intercropping was reported by Steiner [20], for 

instance, intercropping of cereals and cowpea has been 

observed to reduce striga infestation significantly [115]. 

Similarly, finger millet (Eleusine coracana) intercropped 

with greenleaf desmodium (Desmodium intortum) 

reduced Striga hermonthica counts in the intercrops than 

in the monocrops [116]. This was attributed to the soil 

cover of cowpea that created unfavorable conditions for 

striga germination [117], [118]. Other studies where 

intercropping systems were used as an integrated weed 

management tool reported the same results [119], [120]. 

H. Role in Minimize Pest and Disease Incidence 

A review of 150 published field studies in which 198 

herbivore species were studied showed that 53% of the 

pest species were less abundant in the intercrop, 18% 

were more abundant in the intercrop, 9% showed no 

significant difference, and 20% showed a variable 

response [121]. An important role of intercropping 

systems is their ability to reduce the incidence of pests 

and diseases. However, this is a very complex aspect and 

both beneficial and detrimental impact has been observed. 

Infect, sole crops are often more damaged by various pest 

and disease organisms than when grown as, components 

of intercrops but the effectiveness of this escape from 

attack often varies unpredictably [66]. 

Crops grown as intercropping enhance the abundance 
of predators and parasites, which in turn prevent the 
build-up of pests and disease, thus minimizing the need 

of using expensive and dangerous chemical insecticides 
and fungicide. Mixed crop species can also delay the 
introduction of diseases by reducing the spread of disease 
carrying spores and by modifying environmental 
conditions so that they are less favorable to the spread of 
certain pathogens. The worsening of most insect 

problems has been associated with the expansion of 
monocropping at the expense of the natural vegetation, 
thereby decreasing local habitat diversity. Results from 
209 studies involving 287 pest species were analyzed  
[122]. Compared with monocultures, the population of 
pest insects was lower in 52% of the studies, i.e. 149 

species and higher in 15% of the studies, i.e. 44 species. 
Of the 149 pest species with lower populations in 
intercrops, 60% were zoophagous and 28% polyphagous. 
The population of natural enemies of pests and disease 
were higher in the intercrop in 53.6 % and lower in 9.0 %. 
Thus, the simplification of intercropping systems can 

affect the abundance and efficiency of the natural 
enemies or predators, which depend on habitat 
complexity for resources. Compared with a monoculture, 
adding more plant species to a cropping system can affect 
herbivores in two ways. Firstly, the environment of the 
host plants, e.g. neighboring plants and microclimatic 

conditions, is changed and secondly, the host plant 
quality, e.g. morphology and chemical content, is altered 
[123]. Changes in environment and host plant quality 
lead to direct effects on the host plant searching behavior 
of herbivorous insects as well as indirect effects on their 
developmental rates and on interactions with natural 

enemies. Mixed cropping of cowpeas with maize reduced 
significantly the population density and activity of 
legume flower bud thrips (Megalurothrips sjostedti) 
compared with sole cowpea crop [124]. Similar results 
were also reported with intercrops of beans, cowpea, and 
maize, where the reduced pest incidence was attributed to 

the increased populations of natural enemies favoured by 
intercropping [125]. However, the simultaneous effect on 
both the environment and the quality may complicate 
comparisons between systems as several mechanisms can 
affect herbivorous insects [126]. Black aphid (Aphis 
fabae) infestation of beans was greatly reduced when 

beans intercropped with older and taller maize plants 
[127]. There was significantly lower population of 
insects on the cowpea crop when grown in mixture with 
maize at specific ratios than in monoculture [128]. 
Intercropping maize with groundnut, soybean, and 
common beans reduced significantly termite attack 
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consequent loss in grain yield of maize compared with 
maize as sole crop, whereas it increased the predatory 
ants in maize fields. Also, groundnut and soybean were 
more effective in suppressing termite attack than 
common beans, suggesting the necessity to identify 

suitable legumes for each intercropping situation [129]. 
Intercropping upland rice with groundnut at low and 
medium populations of groundnut resulted in lower stem 
borer (Chilo zacconius) and green stink bug (Nezara 
viridula) infestations in rice compared with rice 
monoculture [130]. Also, intercropping cowpea with 

cotton proved the best in suppressing the population of 
whiteflies and thrips, produced high yield, and on par 
with the intercrops of cotton with marigold and cotton 
with sorghum [131]. Intercropping sugar bean between 
the sugarcane rows reduced nematode infestation when 
compared with a standard aldicarb (nematicide) 

monocrop treatment and an untreated control [132]. 
Turnip root fly (Delia floralis) oviposition was found to 
be lower in a clover-cabbage intercrop compared with the 
monocultures and the reduction in the number of D. 
floralis pupae in intercropping could be explained by a 
disruption in the oviposition behaviour caused by the 

presence of clover because predation or parasitization 
rates did not differ between cultivation systems [133]. 
Intercropping has been shown to be an effective disease 
management tool. Also, variety mixtures provides 
functional diversity that limits pathogen and pest 
expansion due to differential adaptation, i.e. adaptation 

within races to specific host genotypic backgrounds, 
which may prevent the rapid evolution of complex 
pathotypes in mixtures [134]. Trenbath [66] proposed 
three principles to explain yield of intercrops. The 
productivity of an attacked crop component may be 
increased several-fold through intercropping. The 

influence of attack on the LER is positive where escape 
occurs, especially if two or more components each 
escape from their own specific attacker. Use of 
symptomless carriers of disease can lead to low LER 
values. Several examples have shown that intercropping 
can reduce considerably the incidence of various diseases 

by limiting the spread of carrying spores through certain 
modification of environmental conditions so that they 
become less favorable for the spread of certain pathogens. 
For example, intercropping potato with maize or haricot 
beans has been reported to reduce the incidence and the 
rate of bacterial Pseudomonas solanacearum 

development in potato crop [135]. A mixture of wheat 
and black medic (Medicago lupulina) reduced the 
incidence of take-all disease (Gaeumannomyces graminis) 
of wheat, a soilborne pathogen [136]. Common bacterial 
blight incidence levels were reduced in mixed cropping 
by an average of 23.5 % and 5.0 % than with sole 

cropping and row intercropping, respectively, whereas 
intercropping reduced rust incidence levels by an average 
of 51.0 % and 25.0 % relative to sole cropping and row 
intercropping, respectively. It was also found that when 
pea was intercropped with barley, the level of ascochyta 
blight (Ascochyta pisi) was reduced and also net blotch 

(Pyrenophora teres), brown rust (Puccinia recondita), and 
powdery mildew (Blumeria graminis), in order of 

incidence, on barley during the period between flag leaf 
emergence and heading were reduced in every intercrop 
combination than with barley monocrop [137]. Dual 
mixtures of grain legumes such as pea, faba bean, and 
lupin with barley reduced the disease incidence compared 

with the corresponding sole crops, with a general disease 
reduction in the range of 20-40% [138]. Ascochyta blight 
(Mycosphaerella pinodes) severity on pea was 
substantially reduced in pea- cereal intercrop compared 
to the pea monocrop when the epidemic was moderate to 
severe and the disease reduction was partially explained 

by a modification of the microclimate within the canopy 
of the intercrop, in particular, a reduction in leaf wetness 
duration during and after flowering [139]. Climbing 
genotypes of common beans most susceptible to angular 
leaf spot (Phaeoisariopsis griseola) had less diseased 
pods in the bean intercrop with maize than in the 

monocrop and also anthracnose (Colletotrichum 
lindemuthianum) on pods of a susceptible bean cultivar 
was less intense in the intercrop with maize than in the 
sole crop [140]. 

VI. INTERCROPPING PRODUCTIVITY 

Intercropping treatments gave higher pigeonpea 

equivalent yield than the sole crop. The 

pigeonpea+sesame gave the highest pigeon pea 

equivalent yield (1.97 t/ha) and the land equivalent ratio 

(1.89). One of the most important reasons for 

intercropping is to ensure that an increased and diverse 

productivity per unit area is obtained compared to sole 

cropping [141]. For instance, using LER in a maize-

soybean intercropping system, Kipkemoi et al., [142] 

reported that it was greater than one under intercrop. 

Productivity of the intercropping system indicated yield 

advantage of 263 percent as depicted by the LER 0f 1.02-

1.63 showing efficient utilization of land resource by 

growing the crops together. Raji [143] had also reported 

of higher production efficiency in maize-soybean 

intercropping systems. Addo-Quaye, Darkwa, and Ocloo 

[21] found that LER was greater than unity, implying that 

it will be more productive to intercrop maize-soybean 

than grow them in monoculture. Allen and Obura [144] 

observed LER of 1.22 and 1.10 for maize-soybean 

intercrop in two consecutive years. Samba, Coulibay, 

Kone, Bagayoko and Kouyate [145] found that the pearl 

millet-cowpea intercropping was more productive than 

their monocrops, what was proved through the LER of 

1.2. Osman, R^bild, LERs were always larger than unity 

indicating benefits of intercropping over sole cropping of 

millet and millet. Abera, Feyissa and Yusuf [26] 

observed that the LER values ranged from 1.15 to 1.42 

indicting more productivity and land use efficiency of 

maize (Zea mays)- climbing bean (Phaseolus vulgaris) 

intercropping in terms of food production per unit area 

than separate planting Pathak and Singh [64] reported 

that the intercropping of urdbean recorded significantly 

higher land equivalent ratio (LER) Pant U 19 and NU 1 

recorded the highest LER (1.37) in 1:1 ratio, whereas 

UPU 97-10 in 2:1 ratio recorded the lowest value (1.18). 

International Journal of Life Sciences Biotechnology and Pharma Research Vol. 4, No. 3, July 2015

152©2015 Int. J. Life Sci. Biotech. Pharm. Res.



TABLE III. LER FOR SOLE MAIZE, MAIZE+LABLAB AND 

MAIZE+COWPEA INTERCROPPING 

Levels LER 

Maize-cowpea (MC) 1.71 

 

 

Maize- lablab (ML) 1.65 

 

 

Maize sole 1 

SE 0.009 

CV% 2.7 

LSD (P<0.01) 0.0.29 

Source:  Lemlem [75] 

VII. ECONOMIC BENEFITS OF CEREAL-LEGUME 

INTERCROPPING SYSTEMS 

According to Seran and Brintha [9] the intercropping 

system gave higher cash return to smallholder farmers 

than growing as the monocrops. Gunasena et al. [146] 

studying maize-soybean intercropping system, found that 

the gross economic returns were increased by the 

intercropping. Mucheru-Muna et al. [23], using benefit 

cost ratio, found that the MBILI system with beans as the 

intercrop resulted in 40.0 percent higher net benefits 

relative to the traditional system with beans, and 50-70 

percent higher benefits, relative to the MBILI system 

with cowpea or groundnut. Using the same BCR, Segun- 

Olasanmi, and Bamire [147]  mentioned that maize-

cowpea intercropping was found to be profitable than 

their sole crops. On the other hand, using monetary 

advantage index (MAI), Osman et al. [148] reported that 

intercropping with 2 rows of cowpea and 1 row of millet 

gave significantly higher economic return than mixture 

with one row of each of the crops. Using the same MAI, 

increase the income for smallholder farmers, and 

compensate losses due to uneven condition. Oseni [149] 

found that intercropping with 2 rows of sorghum and 1 

row of cowpea gave higher economic benefits compared 

to the other planting arrangements and the sole crops. 

These results suggest that intercropping could improve 

the system’s productivity, [148]. Intercropping could 

enhance total productivity of the system with low input 

investment by changing planting population and 

configuration [150]. Ullah et al. [151] found that 

soybean+maize in 90 cm spaced double row strips gave 

maximum maize grain equivalent yield and maximum 

land equivalent ratio). Similarly all intercropping systems 

gave substantially higher net income over mono-cropping 

with highest net income (Rs. 56043.50/ha) in case of 

maize+soybean followed by sole crop of maize (Rs. 

52654 /ha). Dhima et al. [50] found bean+oat (65:35) and 

bean+wheat (55:45) as the most profitable intercropping 

system with higher intercropping advantages. 

Despite the benefits of cereal-legumes intercropping 

systems in SFS, there are some limitation that need to be 

solved so as to attain progress [22], [152], [153]. For 

instance, in some of countries within the region the soils 

are acidic with limited phosphorus availability [154], 

which is harmful for ANF process and therefore lessen 

the N contribution of the legume component to system 

[10]. This is worsened by the current use of mineral 

fertilizers is still far-low among smallholder farmers 

[155], which is associated to accessibility and 

affordability of appropriate fertilizer. Lack of access to 

improved seed on time of sowing to these farmers, which 

is associated to poor market and policy are also 

contributing negatively to the successful contribution of 

these systems [152]. Moreover, legume cover crops and 

legume trees have been repeatedly demonstrated to 

improve and maintain soil fertility status under different 

environmental conditions, compared to grain legumes 

intercropping systems [152]. However, they have 

increasingly emerged as the least prioritized by 

smallholder farmers under their prevailing condition, 

which can be largely attributed to their lack of short-term 

benefits of both food and income [152], [160]. 

Furthermore, there is lack of information and knowledge 

about fertility management technologies because most of 

the research that has been done related to cereal-legumes 

intercropping system in the past decades had less 

involvement of farmers, particularly the resource-

constrained farmers [152], [160], which is worsened by 

low know how of extension services on legume-based 

ISFS technologies. Consequently, there are 

misconceptions among smallholder farmers about the 

role of legumes in the soil fertility management [161]. 

VIII. CONCLUSIONS 

Research on maize-legume intercropping systems in 

India has shown advantage in both soil fertility and crop 

yields, particularly for cereal crop which is the staple 

food crop for smallholder farmers, beside its other 

advantage for soil conservation, minimizing incidence of 

pest and disease and insurance against crop failure,. 

However, lack of participatory approaches and 

fragmentation of land under farmer’s conditions, mainly 

the inclusion of resource-less farmers, could not allow 

easy adoption by these smallholders. Moreover, most of 

the studies that have been done on maize-legume 

intercropping systems were focused on maize yields, 

which were not able to show clearly the amount of 

nitrogen was fixed by the legume component within the 

season, probably due to difficult on the measurements 

procedures. Therefore, it is necessary more research that 

involves smallholder farmers for sustainable. Also, there 

is need for proper handle of several issues of accessibility 

and affordability of improving economic status of 

smallholder farmer. 
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