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ntensive cereal-cereal rotations and unutilized summer fallows have steadily degraded soil 

fertility and restricted India’s average cropping intensity to just 151%. Reversing this trend 

requires sustainable crop intensification. Integrating short-duration summer Legumes such as 

mung bean (Vigna radiata L.), urd bean (Vigna mungo L.) and cowpea (Vigna unguiculata 

L.) into the cropping system offers a highly viable solution. These legumes possess rapid 

growth cycles and deep root systems. Crucially, through rhizobial symbiosis and biological 

nitrogen fixation, they act as active soil restorers, replenishing depleted nitrogen reserves and 

boosting soil organic carbon. Utilizing the vacant summer window enables farmers to elevate 

cropping intensity towards 300% without disrupting primary seasonal crops. Furthermore, 

breaking cereal monoculture suppresses persistent weed and disease cycles. Ultimately, 

mainstreaming summer legumes is a vital strategy that simultaneously restores soil fertility, 

maximizes economic profitability, and ensures agricultural sustainability. 

Introduction 
Since the Green Revolution, the intensive Rice-Wheat cultivation has been the backbone of 

Indian agriculture. However, this continuous cereal-cereal rotation has severely exhausted the 

soil health, dropping vital soil organic carbon to critical levels (less than 0.5%) (Pingali, 

2012). Decades of heavy machinery use and imbalanced chemical applications have 

compromised the soil's physical architecture, leading to compaction and a drastic decline in 

fertilizer response rates (Chaudhari et al., 2015). Consequently, the effectiveness of synthetic 

inputs has been steadily declining, making farming less sustainable. The effectiveness of 

chemical fertilizers has been steadily declining. To address this situation and boost overall 

productivity, we urgently need a more sustainable approach that restores the soil's biological 

life. The most effective and practical solution is to cultivate short-duration summer legumes, 

such as mung bean (Vigna radiata L.), urd bean (Vigna mungo L.) and cowpea (Vigna 

unguiculata L.) during the 60-75 days of vacant window (summer fallow) between the rabi 

and kharif seasons (Lal, 2015). Integrating these Legumes not only utilizes the vacant land 

but also provides a much-needed biological break to the exhausted ecosystem (Ghosh et al., 

2019). 

Importance of legumes in modern agriculture 
Summer legumes grown during the zaid season act as a vital bridge between the rabi and 

kharif harvests. Integrating them into the traditional cropping system offers major benefits: 

 Nutritional Security: They actively combat hidden hunger by providing essential quality 

proteins and vital micronutrients (zinc and iron). 

 Biological Break: Introducing these legumes naturally disrupts the persistent pest, weed, 

and disease cycles caused by continuous cereal-cereal farming. 
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 Atmospheric Nitrogen Fixation: Through symbiotic Rhizobium bacteria, legume fixes 

free atmospheric nitrogen in the soil, significantly reducing the dependency on expensive 

synthetic urea (Gomiero et al., 2011). 

 Soil Organic Matter Enhancement: Post-harvest, the incorporation of pulse residues 

acts as high-quality green manure, rapidly increasing soil organic carbon and feeding the 

vital soil microbiome. 

 Climate Resilience: Most summer legumes are naturally drought-tolerant and have low 

water footprints, making them ideal for maintaining productivity during the harsh, water-

scarce summer months. 

 Resource Optimization: Strategically utilizing the vacant 60-75 day summer window 

maximizes land-use efficiency and provides farmers with an additional source of liquidity 

before the monsoon season. 

Concept of crop intensification 

Crop intensification is fundamentally the strategic increase of agricultural productivity per 

unit of land and time. Rather than expanding the physical farm area, it focuses on maximizing 

the output of existing fields through these core scientific principles: 

 Maximizing Land Use Efficiency (LUE): It involves transforming traditional two-crop 

cycles into intensive three-crop models by eliminating unproductive gaps throughout the 

farming calendar. 

 Utilizing Ecological Niches: This principle utilizes the high solar radiation and specific 

environmental conditions of the 60-75 days summer window that is traditionally left as 

barren fallow. 

 
Figure 1:  Schematic comparison between a conventional cereal-cereal rotation and an 

intensified cropping system incorporating a summer legume. 

 The "Catch Crop" Strategy: Short-duration summer legumes effectively "catch" and 

utilize residual soil moisture and leftover nutrients from the preceding rabi harvest before 

they are lost. 
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 Resource Recovery and Vertical Optimization: Legumes use deep taproots to 

biologically recycle subsoil nutrients back to the topsoil, balancing the nutrient profile 

and improving soil architecture (Cassman and Grassini, 2020). 

Mechanism of soil fertility restoration 
The integration of short-duration summer legumes into the intensive cereal-cereal sequence 

acts as a powerful catalyst for soil rejuvenation. This biological restoration is governed by 

four primary, interconnected mechanisms: 

 The Natural Nitrogen Factory: Through a symbiotic association with Rhizobium 

bacteria, legume roots actively fix atmospheric nitrogen, leaving behind a massive 50-70 

kg of residual nitrogen per hectare for the succeeding kharif crop. 

 Smart Root Chemistry: Legume roots act like natural chemists, releasing specific 

organic acids that unlock trapped, unavailable nutrients in the soil. This engineered root 

zone attracts beneficial microbes while actively suppressing crop diseases. 

 The 'Biological Plough' Effect: Unlike the shallow roots of wheat and rice, the deep, 

aggressive taproots of legumes naturally drill through compacted hardpans. They act as a 

"biological pump" pulling hidden deep-seated nutrients (like P, K, Zn and Fe) up to the 

surface layer. 

 Labile Carbon Addition: The continuous shedding of protein-rich leaves acts as an in-

situ green manure. This rapid addition of active organic carbon triggers an explosion of 

beneficial earthworms and microbes, bringing dormant summer soil rapidly back to life 

(Singh and Kumar, 2021). 

Strategic agronomic management for sustainable fertility and productivity 
To practically bring these ecological benefits to the field and ensure maximum crop yield 

during the harsh summer window, it requires a highly precise scientific approach. Farmers 

must adopt the following strategic agronomic practices: 

 Varietal Selection: Select genetically superior, short-duration cultivars (60-75 days) with 

robust thermo-tolerance and inherent resistance to the Yellow Mosaic Virus (YMV). 

 Biological Inoculation: Systematic seed treatment with a crop-specific microbial bio-

consortium and a broad-spectrum fungicide is mandatory to neutralize pathogens and 

ensure optimum early root nodulation. 

 Temporal Optimization: Execute sowing immediately post-rabi harvest (mid-March to 

early April) to perfectly align the crop's growth phases with the available summer agro-

climatic window. 

 Strategic Nutrient Application: Applying a basal starter dose of nitrogen (15-20 kg/ha) 

and phosphorus (40 kg/ha) is vital to support initial root proliferation before active 

symbiotic nodulation commences. 

 Resource Management: Strategically utilize residual soil moisture for establishment and 

maintain a strict weed-free environment for the first 30 days to prevent critical resource 

competition.  

 Post-Harvest Residue Incorporation: Harvesting at precise physiological maturity 

allows the immediate incorporation of the remaining green biomass into the soil, 

maximizing in-situ organic carbon addition. 

Conclusion 
Cultivating short-duration summer legumes during the vacant 60-75 day window is no longer 

just a simple crop diversification strategy; it has become an absolute ecological necessity for 

the future of Indian agriculture. Decades of continuous cereal-cereal farming have severely 

drained the natural vitality of our soils. However, by strategically integrating legumes like 

mung bean, urd bean, or cowpea, we can actively reverse this degradation. This smart 

agronomic shift transforms a dormant, sun-baked summer fallow into a powerful phase of 

biological healing. It naturally replenishes vital nitrogen reserves, rapidly boosts soil organic 

carbon, and breaks persistent pest cycles without demanding expensive chemical inputs. 
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Ultimately, mainstreaming summer legumes enables a sustainable increase in cropping 

intensity towards 300%, ensuring both long-term ecological resilience and maximized 

economic viability for modern agricultural systems. 
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