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Abstract 
Rice is the staple food for more than half of the global population, yet its cultivation faces 

unprecedented threats from climate change. Rising temperatures, irregular rainfall, salinity intrusion, 

and pest-disease surges undermine productivity and increase vulnerability in both irrigated and rainfed 

systems. Conventional responses such as breeding and chemical inputs are insufficient in isolation. 

Horticultural techniques—broadly understood as agronomic practices that manipulate soil, water, 

canopy, and ecological interactions—offer pragmatic and locally adaptable pathways for resilience. 

This paper examines a range of interventions including alternate wetting and drying (AWD), direct-

seeded rice (DSR), the System of Rice Intensification (SRI), mulching, soil organic matter enrichment, 

biochar application, silicon and potassium nutrition, ecological engineering, rice-fish-duck integration, 

raised beds, and laser land leveling. Evidence indicates that these practices not only stabilize yields 

under climate stress but also generate co-benefits such as water savings, reduced methane emissions, 

improved soil health, and enhanced biodiversity [1-4]. Socio-economic considerations such as labor 

dynamics, gender roles, and service ecosystems strongly influence adoption [5, 6]. Policy reforms in 

water governance, subsidy realignment, and integration with climate finance are necessary to scale 

these innovations [7, 8]. By synthesizing agronomic research and field evidence, this paper positions 

horticultural techniques as central components of climate-smart rice cultivation strategies. 
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Introduction 
Rice (Oryza sativa L.) occupies about 165 million hectares globally and is vital for food 

security across Asia, Africa, and Latin America [9]. However, climate change has introduced 

multiple stressors that threaten this central role. Temperature increases shorten crop duration 

and increase spikelet sterility, particularly when flowering coincides with heat waves [10]. 

High night temperatures exacerbate respiration, reducing biomass partitioning to grain [11]. 

Erratic rainfall creates both droughts and floods, complicating transplanting and water 

management [12]. Coastal regions are increasingly affected by salinity intrusion due to sea-

level rise and cyclonic events [13]. At the same time, pest and disease complexes such as blast 

(Magnaporthe oryzae) and bacterial blight (Xanthomonas oryzae) are intensifying under 

warmer and more humid conditions [14]. 

The urgency of adaptation is compounded by rice’s contribution to greenhouse gas 

emissions. Continuously flooded paddy fields account for nearly 10% of global 

anthropogenic methane emissions [15]. This dual challenge—being both a victim and 

contributor to climate change—makes rice cultivation a priority for sustainable interventions. 

While genetic improvement provides longer-term solutions, horticultural techniques offer 

immediate, low-cost, and adaptable practices that can mitigate climatic stresses at the farm 

level. Practices such as AWD, mulching, organic amendments, and ecological engineering 

function by improving microclimatic conditions, enhancing soil resilience, and conserving 

scarce resources [16, 17]. 

This paper aims to (i) identify the major climate-induced challenges in rice production, (ii) 

review horticultural techniques that mitigate these challenges, and (iii) discuss socio-

economic and policy enablers for scaling adoption. By integrating agronomic evidence with 

socio-economic insights, it provides a comprehensive framework for climate-smart rice 
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cultivation.  

Climate Change Challenges in Rice Cultivation 

Rainfed lowlands and uplands are highly vulnerable to 

rainfall variability. Delayed monsoon onset disrupts nursery 

establishment and transplanting schedules, while sudden 

downpours lead to erosion and nutrient leaching [18]. 

Prolonged droughts during tillering or panicle initiation 

severely reduce yield [19]. In irrigated systems, 

overextraction of groundwater intensifies vulnerability 

during dry years, particularly in the Indo-Gangetic Plains 
[20]. 

Thermal stress is equally damaging. Exposure to 

temperatures above 35°C during anthesis drastically reduces 

pollen viability and spikelet fertility [21]. Studies show that 

each 1°C rise in minimum night temperature can reduce 

yields by up to 10% [11]. This trend is now evident in 

tropical Asia, where yields have stagnated despite 

technological inputs. 

Coastal rice faces unique challenges of salinity and 

submergence. Sea-level rise and storm surges push saline 

water into deltas, degrading soils and impairing nutrient 

uptake [22]. Cyclonic floods not only destroy standing crops 

but also leave saline residues that persist across seasons [23]. 

Submergence-tolerant varieties such as ‘Swarna-Sub1’ offer 

partial relief, but require complementary management 

practices for full effectiveness [24]. 

Pest and disease pressures are shifting with climate. Warmer 

winters allow insect populations such as brown planthopper 

(Nilaparvata lugens) to survive and reproduce rapidly [25]. 

Higher humidity promotes fungal pathogens like blast, 

while excessive nitrogen fertilization exacerbates 

susceptibility [26]. 

These multiple stressors illustrate that climate change 

affects rice not through a single pathway but through 

interacting pressures. Hence, adaptation requires integrated 

horticultural practices that buffer crops against this complex 

risk environment. 

 

Horticultural Techniques for Climate Resilience 

Water and Microclimate Management 

AWD is among the most researched techniques for climate-

smart rice. Meta-analyses show that AWD reduces irrigation 

water use by 15-30% while maintaining yields [1]. It also 

cuts methane emissions by up to 48% compared to 

continuous flooding [2]. Farmers monitor water levels using 

perforated tubes and irrigate only when the water table falls 

12-15 cm below the surface. 

Mulching with rice straw or green manure residues reduces 

evaporation, suppresses weeds, and moderates soil 

temperature [27]. In drought-prone regions, mulching bridges 

moisture gaps during dry spells. In saline soils, it reduces 

capillary rise of salts to the root zone [28]. 

Laser land leveling ensures uniform water distribution and 

can reduce irrigation requirements by 20-25% while 

improving crop establishment [29]. Rainwater harvesting 

structures and small farm ponds further enhance resilience 

by storing excess runoff for use in dry spells [30]. 

 

Soil Health and Amendments 

Organic matter enrichment through compost, green 

manures, and farmyard manure improves water-holding 

capacity, microbial activity, and nutrient retention [31]. 

Biochar application enhances cation exchange capacity, 

sequesters carbon, and moderates salinity stress [32]. Silicon 

supplementation strengthens cell walls, improves leaf 

erectness, and enhances resistance to pests and abiotic stress 
[33]. Gypsum application in sodic soils improves structure 

and facilitates salt leaching [34]. 

 

Crop Establishment and Spacing 

DSR conserves labor and water by eliminating puddling and 

transplanting. It allows earlier sowing, enabling crops to 

avoid terminal heat stress [35]. Residue mulching and stale 

seedbed techniques are essential complements for weed 

control in DSR systems [36]. 

SRI emphasizes transplanting younger seedlings at wider 

spacing under intermittent irrigation and active soil aeration. 

Studies indicate yield increases of 20-50% under SRI 

management due to stronger root growth and enhanced 

tillering [37, 38]. Wider spacing also reduces canopy humidity, 

lowering the risk of blast and bacterial blight [39]. 

 

Nutrient Management 

Site-specific nutrient management (SSNM) aligns fertilizer 

application with soil status, crop needs, and growth stages 
[40]. Balanced potassium nutrition improves stomatal 

regulation and lodging resistance [41]. Silicon and zinc 

improve tolerance to salinity and temperature stress [33, 42]. 

Deep placement of urea briquettes reduces nitrogen losses 

and enhances efficiency under AWD conditions [43]. 

 

Ecological Engineering 

Flowering strips and bund vegetation provide resources for 

natural enemies, enhancing biological control of pests [44]. 

Rice-fish-duck systems recycle nutrients, reduce weeds and 

pests, and diversify farm income [45]. These systems improve 

resilience to climate shocks by spreading risk across 

multiple outputs. 

 

Socio-Economic and Gender Dimensions 

Adoption of horticultural techniques depends on labor 

availability, cultural practices, and access to services. AWD 

adoption is higher in regions with reliable irrigation control 

but faces barriers where canal schedules are centrally 

managed [46]. DSR appeals in labor-scarce regions but may 

be resisted where transplanting has cultural significance [47]. 

Gender dynamics influence adoption significantly. Women 

often manage transplanting and weeding. Mechanical 

weeders and transplanters reduce drudgery but may shift 

control toward men if access to equipment is unequal [48]. 

Ensuring inclusive training and financing can transform 

these technologies into opportunities for women’s 

empowerment [49]. 

Economic considerations are central. While mulching with 

crop residues is cost-effective, biochar production and laser 

land leveling require collective action or service providers 
[50]. Government-supported custom hiring centers are critical 

in enabling access to these services [51]. Market mechanisms 

such as climate-smart rice certification could further 

incentivize adoption by offering premium prices [52]. 

 

Policy Pathways 

Policy frameworks must align incentives to support 

horticultural practices. Extension systems need to adopt 

participatory approaches such as farmer field schools that 

allow experiential learning [53]. Water governance reforms 

that decentralize irrigation scheduling improve feasibility of 
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AWD [7]. Subsidy realignment toward soil health, biochar, 

and residue management rather than excessive fertilizer and 

electricity use can accelerate adoption [54]. 

Climate finance mechanisms offer new opportunities. AWD 

and biochar reduce greenhouse gas emissions, making them 

eligible for carbon credits [55]. Aggregating smallholder 

practices into verifiable units through cooperatives can 

unlock payments for ecosystem services [56]. This requires 

robust measurement and digital verification systems. 

 

Conclusion 

Climate change poses complex and interacting threats to 

rice cultivation. Rising temperatures, erratic rainfall, salinity 

intrusion, and pest-disease shifts demand integrated 

solutions. Horticultural techniques—ranging from AWD 

and mulching to ecological engineering and agroforestry—

offer a pragmatic toolbox for resilience. They enhance soil, 

water, and microclimate conditions while reducing 

greenhouse gas emissions and diversifying livelihoods. 

However, technical efficacy alone is insufficient. Adoption 

depends on labor, gender, economic incentives, and 

supportive policy environments. Extension reforms, water 

governance changes, subsidy realignment, and integration 

with carbon finance are necessary to mainstream these 

innovations. By situating horticultural techniques at the core 

of climate-smart rice cultivation, societies can safeguard 

food security, farmer livelihoods, and environmental health 

in the face of accelerating climate change. 
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