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Recent Advancements in Pulses Cultivation: Challenges, Innovations, and Future Directions
Abstract
Pulses are vital for global food and nutritional security, offering high-quality plant protein, essential micronutrients, and environmental benefits through nitrogen fixation and soil improvement. Despite their significance, productivity remains constrained by abiotic and biotic stresses, limited genetic gains, and socio-economic barriers. Recent advancements in breeding, biotechnology, agronomic practices, and value chain innovations are addressing these challenges, with emerging opportunities in digital agriculture, climate-smart systems, and biofortification. This review synthesises current global trends, identifies persistent constraints, highlights technological and policy innovations, and outlines future research priorities. Strengthening the integration of scientific advances with supportive policies and market systems will be essential to position pulses as a cornerstone of sustainable and resilient agri-food systems.
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1. Introduction
1.1 Importance of Pulses in Global Food Security
Pulses—grain legumes such as chickpea (Cicer arietinum), lentil (Lens culinaris), pigeon pea (Cajanuscajan), mung bean (Vigna radiata), and cowpea (Vigna unguiculata)—are a cornerstone of global food and nutrition security. They are rich in high-quality plant protein (18–25%), complex carbohydrates, dietary fibre, and essential micronutrients such as iron, zinc, folate, and B-vitamins(1,5). In regions where access to animal-based proteins is limited, particularly in South Asia and Sub-Saharan Africa, pulses serve as an affordable and culturally integral source of nutrition. According to FAO (2023), global pulse production exceeded 96 million tonnes, with India, Canada, Myanmar, China, and Australia among the leading producers(2,3).
Beyond their nutritional value, pulses contribute to dietary diversity, reduce reliance on animal proteins, and align with growing consumer demand for sustainable and plant-based diets. The UN General Assembly declared 2016 the International Year of Pulses, recognising their role in eradicating hunger, improving food security, and promoting sustainable agriculture(4,6).
1.2 Agro-Ecological Importance
Pulses play a vital role in maintaining soil health and enhancing the sustainability of farming systems. Through symbiotic nitrogen fixation, mediated by Rhizobium and Bradyrhizobium bacteria, they can fix 50–300 kg N/ha annually, reducing the need for synthetic nitrogen fertilisers. This not only lowers input costs for farmers but also mitigates greenhouse gas emissions associated with fertiliser production and application(7,8).
Additionally, pulses improve soil structure, enhance water infiltration, and increase organic matter content. When integrated into crop rotations with cereals or oilseeds, they break pest and disease cycles, improve subsequent crop yields, and diversify farm income streams. Their adaptability to marginal lands and low-input conditions makes them an important crop for climate-resilient agriculture(9,13).
2. Global Status and Trends in Pulses Cultivation
2.1 Major Pulse Crops
Pulses encompass a diverse group of grain legumes, with chickpea (Cicer arietinum), lentil (Lens culinaris), dry beans (Phaseolus vulgaris), pigeon pea (Cajanuscajan), cowpea (Vignaunguiculata), mung bean (Vigna radiata), and faba bean (Vicia faba) representing the most widely cultivated species. Each species has distinct agro-climatic requirements, nutritional profiles, and market uses. For instance, chickpea and lentil dominate in temperate and semi-arid regions, while pigeon pea and cowpea are more prevalent in tropical and sub-tropical zones(10,12).
2.2 Global Production Patterns
According to FAOSTAT (2023), global pulse production has steadily increased from approximately 72 million tonnes in 2000 to over 96 million tonnes in 2021, driven largely by yield improvements and area expansion in certain countries.
· Top producers: India (over 25% of global output), Canada, Myanmar, China, Australia, and Nigeria.
· Regional patterns: South Asia remains the largest consumer and producer, whereas Canada and Australia are leading exporters due to large-scale mechanised production systems.
· Yield variability: Global average yields for pulses (≈ 1 tonne/ha) lag significantly behind those for cereals such as wheat and maize, reflecting persistent yield gaps due to environmental stresses and limited genetic gains(11,14).
2.3 Consumption Patterns and Market Demand
Consumption trends are shaped by dietary habits, income levels, and urbanisation.
· High per capita consumption occurs in India, Bangladesh, Ethiopia, and several Middle Eastern countries where pulses are dietary staples.
· Global trade is expanding, with Canada, Australia, and Myanmar supplying pulses to import-dependent markets in South Asia, the Middle East, and North Africa.
· Market segmentation: Beyond traditional consumption, pulses are increasingly used in processed foods, gluten-free products, plant-based protein powders, and snack industries(12,15).
2.4 Impact of Climate Change and Population Growth
Rising global temperatures, erratic rainfall patterns, and the increased frequency of extreme weather events are impacting pulse productivity. Many pulse crops are grown under rainfed conditions, making them vulnerable to drought, heat stress, and flooding. Simultaneously, the projected global population growth to 9.7 billion by 2050 will escalate demand for plant-based protein sources, positioning pulses as a key component in addressing future food security challenges(16,17).
2.5 Shifts in Research and Policy Priorities
Several national and international initiatives have emerged to boost pulse production and productivity:
· International Year of Pulses (2016) heightened awareness of their benefits.
· National Food Security Missions (e.g., India) provide subsidies for quality seed, irrigation, and mechanisation.
· International research consortia like ICRISAT, ICARDA, and CGIAR’s grain legume programs focus on breeding climate-resilient varieties and improving production systems(18,25).
3. Key Challenges in Pulses Cultivation
3.1 Abiotic Stresses
A major constraint in pulse production is their susceptibility to environmental extremes:
· Drought stress: Many pulse-growing regions rely on rainfed agriculture. Irregular rainfall, especially during flowering and pod-filling stages, can cause severe yield losses.
· Heat stress: High temperatures during reproductive stages accelerate senescence, reduce pollen viability, and limit seed filling(56,57).
· Waterlogging: Excess rainfall or poor drainage leads to root rot and poor nodulation.
· Soil constraints: Salinity, acidity, and nutrient-deficient soils limit root growth, nodulation, and nutrient uptake, particularly in marginal lands where pulses are often cultivated(19,24).
3.2 Biotic Stresses
Pulses face a diverse range of pests and diseases, many of which are region-specific but collectively cause significant production losses:
· Insect pests: Helicoverpa armigera (pod borer), aphids (Aphis craccivora), thrips, bruchids (storage pests)
· Diseases: Fusarium wilt, Ascochyta blight, rusts, powdery mildew, and anthracnose
· Emerging threats: Climate change has altered pest and pathogen dynamics, leading to new outbreaks and geographical shifts in pest occurrence. For example, warm winters in temperate zones are expanding the range of certain fungal pathogens(20,23).
3.3 Low Yield Potential Compared to Cereals
While cereals like wheat and maize often yield 3–5 tonnes/ha, most pulses average around 1 tonne/ha globally. Reasons include:
· Limited genetic improvement relative to cereals
· Strong genotype × environment interactions, making breeding for wide adaptation more comple(51,53).
· Physiological constraints, such as indeterminate growth habits that reduce harvest index(21,22).
3.4 Post-Harvest and Market Issues
Post-harvest losses in pulses can reach 10–25% in developing countries:
· Storage losses: Bruchid beetles and fungal contamination
· Quality degradation: Poor handling leads to discoloration, reduced germination potential, and nutrient loss
· Market volatility: Price fluctuations, often due to seasonal gluts and inadequate storage, discourage farmers from expanding production(26,35).
3.5 Socio-Economic and Policy Barriers
· Smallholder-dominated production: Limited access to improved seeds, credit, and extension services.
· Mechanisation gaps: Many pulse crops are still sown and harvested manually, leading to labour bottlenecks.
· Low research investment: Historically, pulses have received less breeding and technological attention compared to cereals.
· Policy disincentives: Import policies and procurement structures in some countries favour cereals, reducing the comparative profitability of pulses(27,34).

4. Recent Technological and Agronomic Innovations
In recent years, pulse production has benefited from a wave of technological and agronomic advancements aimed at overcoming persistent yield gaps and environmental vulnerabilities. In the field of breeding and genetics, conventional approaches have continued to deliver high-yielding varieties with improved resistance to major diseases such as Fusarium wilt, Ascochyta blight, and pod borers. At the same time, modern molecular tools, particularly marker-assisted selection (MAS), have accelerated the introgression of genes conferring tolerance to both biotic and abiotic stresses. The availability of complete genome sequences for crops such as chickpea, pigeon pea, and mung bean has enabled genome-wide association studies (GWAS) and genomic selection, significantly improving breeding efficiency. The development of short-duration varieties has also allowed farmers to integrate pulses into tighter crop rotations and avoid yield losses due to terminal drought(28,33).
Biotechnology applications are also emerging as a powerful driver of innovation in pulses cultivation. CRISPR-Cas genome editing is being explored to modify key genes associated with stress tolerance and nutritional enhancement, while RNA interference (RNAi) strategies are under research for targeted pest control, particularly against pod borers. Biofortification efforts are underway to increase iron, zinc, and folate concentrations in pulse grains, addressing micronutrient deficiencies in populations that rely heavily on plant-based diets(29,32).
Integrated pest and disease management (IPM) has evolved to incorporate environmentally friendly solutions such as the use of biocontrol agents, including Trichodermaharzianum and Bacillus subtilis, for seed treatment and soil health improvement. Pheromone and light traps are now used for pest monitoring and suppression, while precision application technologies help reduce pesticide overuse without compromising effectiveness(30,33).
Nutrient management practices have also advanced. Enhanced strains of Rhizobium are improving nodulation and nitrogen fixation, while mycorrhizal fungi are being employed to improve phosphorus uptake in nutrient-deficient soils. Site-specific nutrient management (SSNM), often supported by GIS mapping and soil health cards, is allowing for more precise and locally adapted fertiliser recommendations(31,32).
Water and crop management techniques are increasingly geared toward conservation and efficiency. Micro-irrigation systems, such as drip and sprinkler irrigation, are helping pulse growers optimise water use in arid and semi-arid environments. Conservation agriculture practices, including zero tillage and residue retention, are being adopted to conserve soil moisture and enhance organic matter. Intercropping systems, such as pigeon pea with maize or chickpea with mustard, are diversifying farm income while reducing pest pressure(37,38).
Mechanisation and digital farming tools are playing a growing role, especially in regions facing labour shortages. The introduction of small-scale seed drills, planters, and harvesters designed specifically for pulses is improving planting precision and reducing reliance on manual labour. Remote sensing technologies and drones are enabling real-time crop health monitoring, while AI-driven decision support systems are providing tailored recommendations on sowing dates, pest management, and irrigation scheduling(36,45).
Post-harvest innovations are addressing one of the most persistent challenges in the pulse sector: storage and quality preservation. Hermetic storage solutions, such as Purdue Improved Crop Storage (PICS) bags, are effectively preventing insect damage without chemical treatments. Mobile processing units are bringing cleaning, grading, and packaging capabilities directly to rural areas, allowing farmers to capture greater value at the farm gate. In some markets, blockchain-based traceability systems are emerging to assure buyers of product quality, origin, and sustainability credentials(37,44).
Together, these technological and agronomic innovations are transforming pulses cultivation from a low-input, risk-prone enterprise into a more productive, resilient, and market-oriented sector, capable of meeting the growing global demand for plant-based proteins(53,56).
5. Sustainability and Climate Resilience
Pulses occupy a central role in sustainable agriculture due to their ability to enhance soil fertility, reduce dependence on synthetic nitrogen fertilisers, and support diversified cropping systems. Their unique capacity for symbiotic nitrogen fixation not only lowers production costs but also mitigates greenhouse gas emissions associated with fertiliser manufacture and application. By contributing organic matter to the soil and improving its physical structure, pulses foster long-term soil health, which is essential for sustaining productivity in both smallholder and commercial farming systems.(51,53).
The integration of pulses into climate-smart agriculture frameworks is gaining recognition as an effective strategy for adapting to and mitigating climate change. Their generally low water requirements, tolerance to marginal soils, and suitability for rainfed farming make them particularly valuable in semi-arid and arid regions facing increasing climate variability. Rotating pulses with cereals or incorporating them into intercropping systems reduces pest and disease cycles, stabilises yields under stress conditions, and increases overall farm resilience. In agroforestry systems, pulses contribute to biodiversity while providing farmers with an additional source of food and income(38,43).
Research and development efforts are increasingly focused on breeding climate-resilient varieties capable of withstanding heat, drought, and salinity. These innovations are supported by advanced phenotyping platforms that allow breeders to select traits more efficiently under simulated stress conditions. At the farm level, conservation agriculture practices, such as zero tillage and residue retention, help conserve soil moisture and moderate temperature fluctuations in the root zone, thereby protecting yields during heatwaves and dry spells.
Sustainability in pulses production also extends to social and economic dimensions. Participatory breeding programs are involving farmers directly in varietal selection, ensuring that new cultivars align with local preferences and farming conditions. Community seed banks are being established to conserve and distribute locally adapted varieties, enhancing seed sovereignty and reducing dependence on commercial seed supply chains. At the market level, value chain initiatives that promote fair pricing, reduce post-harvest losses, and expand market access are essential for ensuring that sustainability gains in production translate into tangible benefits for farming communities(39,42).
Overall, the sustainability and climate resilience of pulses lie not only in their inherent biological advantages but also in the extent to which technological, ecological, and socio-economic innovations are integrated into coherent farming systems. By strengthening these linkages, pulses can serve as a cornerstone of resilient agri-food systems in the decades ahead(49,50).
6. Policy, Market, and Value Chain Innovations
The growth and modernisation of the pulses sector depend not only on advances in production technologies but also on supportive policy frameworks, efficient market structures, and integrated value chains. Many pulse-producing countries have begun to recognise the strategic importance of these crops for nutrition security, rural livelihoods, and environmental sustainability, leading to targeted policy interventions. For example, government programs such as India’s National Food Security Mission have provided subsidies for high-quality seed, irrigation facilities, and mechanisation support, directly addressing constraints faced by smallholder farmers. Similarly, trade policy adjustments in countries like Canada and Australia have facilitated export growth by ensuring compliance with phytosanitary standards and diversifying market access(40,44).
Market linkages remain a critical component of value chain development. In several regions, farmer cooperatives and producer organisations are enabling smallholders to aggregate produce, negotiate better prices, and access institutional markets such as school feeding programs and government procurement schemes. Contract farming arrangements, although still limited in pulses compared to cash crops, are emerging as a mechanism for ensuring assured markets, providing technical guidance, and reducing price uncertainty. Digital platforms are increasingly being used to connect producers directly with consumers, bypassing intermediaries and improving price realisation(41,45).
Post-harvest innovations are also reshaping value chains. Improved storage solutions, such as hermetic bags and community silos, reduce post-harvest losses and allow farmers to store their produce until market prices are more favourable. Mobile processing units are adding value at the village level by enabling cleaning, grading, and packaging close to the point of production. These innovations not only increase farmers’ share of the consumer price but also improve product quality for both domestic and export markets(42,43).
On the international stage, pulses have gained renewed prominence as a sustainable protein source in the plant-based food sector, leading to growing investment from food companies and start-ups developing pulse-based flours, protein isolates, and functional food ingredients. This diversification of demand is creating opportunities for value addition beyond traditional markets. However, realising the potential of such emerging markets requires investment in quality assurance systems, traceability mechanisms, and certification schemes. Blockchain technology is being piloted in some supply chains to provide transparent records of production practices, origin, and sustainability credentials, thereby enhancing consumer trust and facilitating premium pricing(44,45).
Ultimately, the effectiveness of policy, market, and value chain innovations in pulses depends on their integration with on-farm improvements. A holistic approach that aligns government incentives, private sector investment, and farmer participation can transform pulses cultivation from a low-margin subsistence activity into a profitable and resilient enterprise capable of contributing substantially to global food systems(31,45).
7. Future Research and Development Directions
The future of pulses cultivation lies in combining cutting-edge science with farmer-centred innovations to create resilient, high-yielding, and market-ready production systems. One of the foremost priorities is breeding for multiple stress tolerance(48,51). Climate change is increasing the frequency of heatwaves, droughts, and salinity intrusion, while pest and disease complexes are becoming more dynamic. This calls for the development of varieties that can simultaneously withstand abiotic and biotic stresses without compromising yield or quality. Advances in genomics, transcriptomics, and genome editing provide new tools to accelerate such breeding, but their full potential will only be realised through the integration of traditional knowledge and participatory selection to ensure that new cultivars meet farmers’ agronomic and market needs(15,55).
Another promising area is the exploitation of wild relatives and underutilised pulse species, which harbour genetic diversity for traits like pest resistance, drought tolerance, and nutritional quality. Systematic characterisation of these resources, coupled with pre-breeding programs, can expand the genetic base of major pulses and reduce their vulnerability to environmental shocks. Alongside genetic improvements, there is a growing need for advanced phenotyping platforms—both field-based and automated—that allow precise measurement of complex traits under realistic environmental conditions(45,55).
Digital agriculture will play an increasingly central role in pulses research and extension. Big data analytics, machine learning models, and remote sensing can be leveraged to forecast pest outbreaks, optimise irrigation schedules, and fine-tune fertiliser applications. Coupling these tools with mobile-based advisory services can provide smallholders with timely, location-specific recommendations, reducing production risks and improving decision-making(44,54).
Scaling innovations to smallholder contexts remains a critical challenge. Many technological breakthroughs fail to reach widespread adoption due to cost, accessibility, or lack of extension support. Future research must therefore address not only technical performance but also affordability, ease of use, and compatibility with local farming systems. Strengthening seed systems, developing low-cost mechanisation suited to small plots, and building local capacity through farmer training will be essential to bridging this gap(46,53).
Finally, global collaboration will be vital in accelerating progress. Open-access breeding databases, shared germplasm repositories, and coordinated research programs between institutions such as CGIAR centres, national agricultural research systems, and private companies can reduce duplication of effort and speed up innovation. Given the rising global demand for sustainable plant proteins, a long-term strategic vision for pulses R&D—rooted in both scientific excellence and socio-economic inclusivity—will be essential for securing their place as a cornerstone of future agri-food systems(47,52).
8. Conclusion
Pulses occupy a unique position in global agriculture as a source of high-quality plant protein, an essential component of sustainable farming systems, and a vital contributor to food and nutritional security. Over the past decade, significant progress has been made in breeding, biotechnology, integrated crop management, mechanisation, and value chain development. These innovations are beginning to address the chronic yield gaps, vulnerability to climate extremes, and post-harvest losses that have historically limited the growth of the sector.
Nevertheless, persistent challenges remain. Abiotic stresses such as drought, heat, and salinity, along with an evolving spectrum of pests and diseases, continue to threaten productivity. Socio-economic barriers—including limited access to quality seed, mechanisation, and reliable markets—still hinder adoption of improved technologies, particularly among smallholder farmers. Addressing these challenges will require not only scientific innovation but also supportive policies, efficient market structures, and active farmer participation in research and decision-making processes.
The future of pulses cultivation lies in the convergence of multiple strategies: developing multi-stress-tolerant varieties through advanced genomics, harnessing digital agriculture for precision management, strengthening local seed systems, and creating resilient, inclusive value chains. Integrating these approaches within climate-smart agricultural frameworks can enhance both productivity and environmental sustainability, while also ensuring that the benefits are equitably shared across farming communities.
As global demand for plant-based proteins continues to rise, pulses are poised to play a pivotal role in meeting the dual challenge of feeding a growing population and preserving the planet’s ecological balance. Achieving this potential will require sustained investment, cross-sector collaboration, and a commitment to scaling innovations in ways that are accessible, affordable, and tailored to the diverse realities of pulse growers worldwide.
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