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Abstract 

The strong links between agriculture and the global economy, human civilization and biodiversity make 

it one of the world's most important environmental frontiers. The demand of food goods is increasing 

steadily as the population of the world rises. Agricultural activities can conserve and rehabilitate essential 

environments, protect water sheds, and increase soil and water quality when handle it in a sustainable 

manner. Hence, there is an increasingly urgent need for sustainable management of resources. However, 

unsustainable practices make difficult implications for human being and the ecosystem. The use of 

legumes in sustainable agriculture is one of the most powerful ways to conserve the soil property as it 

fixes atmospheric nitrogen in the soil through root nodules. The nitrogen-fixing properties of legume 

crops have a beneficial influence on the ecosystem by increasing soil fertility and reducing the use of 

inorganic fertilizer requirements. The incorporation of legumes in crop rotations also helps pests and 

diseases to be mitigated in subsequent crops, helping to minimize farmers' costs and protect the 

environment. 
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Introduction 

Sustainable agriculture is a type of agriculture that focuses primarily on the long-term 

cultivation of crops, with least environmental effects. It also refers to the conservation and 

expansion of crop growing conditions. In today's agricultural scenario, food pollution of 

hazardous chemicals linked to fertilizers, herbicides and pesticides is a major concern. Hence, 

the global community has also been sensitive to the protection of the environment and food 

quality over the past two decades. The use of chemical fertilizers is becoming more 

troublesome as the natural nutrients present in the soil will ultimately move towards complete 

depletion. The beneficial role of legumes in cropping systems, can be increase by increasing 

biological nitrogen fixation, lowering energy costs, enhancing soil physical conditions and 

biodiversity, as more needed at present agricultural scenario (Curty et al., 2014; Peix et al., 

2014) [9]. Legumes crops fix freely available atmospheric nitrogen into the soil through their 

root nodules as it has a beneficial effect on the ecosystem by improve soil fertility and 

decrease inorganic fertilizer requirements. The nitrogen-fixing property of legumes may play a 

complementary or substitute function as sources of organic fertilizer. Nitrogen is one of the 

key nutrients needed for proper crop development. Legumes have certain characteristics that 

are especially ideal for sustainable cropping and conservation agriculture systems, rendering 

them usable either as crops or as residues of crops. Legume-based cropping systems not only 

increase yields of grains but also enhance soil fertility by BNF of legumes. Legume residues 

have a comparatively low C: N ratio and are readily decomposed compared to cereals and 

grasses (Siddique et al., 2012; Johnson et al., 2007; Wang et al., 2015) [12, 5, 15], it can also 

useful as a green manures as well as it also help in minimizing greenhouse gas pollution 

 

Soil fertility management 

Intensive farming and their activities contribute to soil aggregate depletion, which ultimately 

leads to soil erosion and soil organic matter reduction. While, legumes are considered a good 

strategy for sustainable land conservation because it prevents soil degradation, increases the 

water holding capacity and helps preserve the biodiversity of soils. Pulses have been 

documented to boost the soil aggregates, bulk density, organic carbon, pH, and soil biota  
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population (Mousavi et al., 2019) [7]. Legume-based 

processes, including soil organic carbon (SOC) and humus 

material, N and P availability, boost many attributes of soil 

fertility (Jensen ES et al., 2012) [3]. Legumes in the form of 

mulch or crop residue serve as soil conditioner because they 

provide a beneficial effect on microbial populations of the soil 

by supplying them with a substrate, increasing the 

deterioration of plant wastes or residues and contributing 

significant amounts of organic matter to the soil. The 

cultivation of legumes has a profoundly beneficial impact on 

soil chemistry as well. The soil pH decreased due to the 

production of organic acids and the oxidation of CO2 in soils. 

Thus legumes-based crop residue incorporation often serves 

as a buffer for the soil by maintaining its pH and also 

increases the availability of macro or micronutrients. 

Therefore, practice of intercropping with legumes tends to 

establish nitrogen-fixing process.  

Biological nitrogen fixation (BNF)  

BNF is a natural process of nitrogen fixation that can be 

readily accessible and used by plants mediated by 

microorganisms, such as certain eubacteria, cyanobacteria, 

antinomies, and a few archaebacteria, commonly called 

diazotrophs. Plants must enter into a "symbiotic" or mutually 

beneficial relationship with such bacteria called rhizobia for 

the fixation process. Not only the legumes themselves, but 

even any intercropped or subsequent crops will benefit from 

this, thereby minimizing or eliminating the need to add N 

fertilizers. In the next growing season, nearly two thirds of the 

nitrogen fixed by a legume crop is normally available. N-

fixation of grain legumes is about 1.0 kg ha-1 day-1 within a 

cropping season. While an average amount of N fixed by 

gram, pigeon pea, mung bean and lentil are 26-63, 68-200, 

50-55 and 35-100 Kg ha-1. 

 

 
 

Fig 1: Symbiotic nitrogen fixation in legumes by rhizobia. (Source: Adopted from Kristina Lindstrom and Seyed Abdollah 

Mousavi, 2019) [7] 

 

Impact on the atmosphere 

Of the many considerable advantages that legumes offer to 

society, their role in contributing to combating climate change 

has seldom been discussed. Legumes can mitigate greenhouse 

gas (GHG) emissions such as carbon dioxide (CO2) and 

nitrous oxide (N2O) compared to mineral N fertilization-

based agricultural systems, play an important role in soil 

carbon sequestration and reduce the total fossil energy inputs 

in the method. The incorporation of legumes into crop 

rotations helps in minimize fertilizer and energy usage in 

arable systems, thus lowering emissions of GHGs (Reckling 

et al., 2016). Jeuffroy et al., (2013) [10, 4] compared the amount 

of GHG emitted by legumes and other crops and it was found 

that legumes emit about 5-7 times less GHG per unit area in 

comparison to other crops. 

 

 
 

Fig 2: Effect of legumes on soil and greenhouse gas emission (Source: Adopted from Cornelia Rumpel et al., 2017) [1] 

 

Legume in green manure 

Legumes are excellent green manure crops, as 

their decomposed plant matter after harvest can enhance soil 

water retention, minimize soil erosion and increase SOM, and 

thereby improve soil assets. Green manure can be grouped 

into two types based on the position of the manure, i.e. onsite 

and offsite. In the case of onsite green manure, legumes are 

planted and applied to the soil on the same field, while in the 
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case of offsite green manure; the waste of legumes is gathered 

at the closest spot and first applied to the soil, so the next crop 

is planted. In addition, legumes have a broad variety of 

properties against abiotic and biological stress, such as 

biological nitrogen fixation, quick period, flexibility in the 

climate, swift, quick off-farm development, etc. Better control 

of agricultural sustainability is accomplished by the 

incorporation of legumes to organic cultivation (Sofi et al., 

2018) [14]. 

 

Yield of the next harvest in cropping system 
Intercropping is carried out to accomplish multiple ecological 

objectives, such as fostering interactions between animals, 

enabling natural regulating mechanisms, increasing 

biodiversity and reducing the vulnerability of farmers against 

climate aberration. Intercropping with legumes in particular 

have high tendency to increase soil N. However, this soil N 

may not be available during the current growing season, but 

will benefit the next crop by improving soil fertility. Any of 

the surplus fixed nitrogen is entirely used by the second relay 

crop or will continue to minimize the next crop's nitrogen 

demand. The growing of Mucuna pruriens and Crotalaria 

juncea before the cultivation of maize crop has resulted in 

higher yields of the maize crop upto 4-7 mg ha-1 and this is 

without the application of additional N fertilizer in the next 

harvest (Lopez and Mundt, 2000) [8]. Crop rotation has a 

major role to play in sustainable agriculture. Accessible data 

shows that, in the case of intercropping of sorghum and red 

gramme at a ratio of 2:1 row, the yield was 70 per cent higher 

than that of the two crops. Further gain was that the nitrogen 

fixed by the red gramme could be utilized by the sorghum 

crop. In rice-wheat rotation, short duration mungbean growth 

in summer can lead to a nitrogen economy of up to 40-60 kg 

N ha-1 in succeeding rice crops.  

 

 
 

Fig 3: BNF in legumes enhance soil fertility (Source: Julie Grossman, 2019) [6] 

 

Conclusion 
In order to maintain sustainability in agricultural systems, the 

inclusion of legume crops in various farming practices proves 

to be beneficial in terms of many aspects. These include the 

maintenances and enhancement in the soil quality which is of 

great importance in the field of agriculture itself. The 

possibility of replacing the use of synthetic chemicals, 

particularly the ones containing nitrogen can be substituted by 

the incorporation of legume crops in farming systems. As we 

all know that nitrogen is one of the key nutrients that are 

essential for the proper growth of crops. 
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