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[bookmark: abstract]ABSTRACT
Coastal agricultural systems in Odisha face significant challenges from soil salinity, water scarcity and climate variability. This study evaluated integrated climate-resilient agricultural practices for enhancing yield, water productivity and economic returns in rainfed saline-affected coastal rice ecosystems. A two-year study (2023-2024) was conducted in Achyutdaspur village, Erasama Block, Jagatsinghpur district, Odisha, under the NICRA-TDC project. The experiment compared traditional practices with various combinations of interventions including deep ploughing, green manuring with Sesbania rostrata, salt-tolerant rice variety and integrated water management with farm ponds. Data on yield, water productivity, soil health parameters and economic indicators were collected and analyzed. The full integrated package (T₅) significantly increased rice yield from 30.5 q/ha (T₁) to 43.5 q/ha (42.6% increase) and net returns from Rs 28,550/ha to Rs 46,430/ha. The benefit-cost ratio improved from 1.80 to 2.03. Irrigation water productivity reached 3.95 kg/m³, while total water productivity improved from 0.29 kg/m³ to 0.38 kg/m³. Economic water productivity increased by 47.3%, from Rs 2.73/m³ to Rs 4.02/m³. The farm pond infrastructure demonstrated a payback period of 3.5 years with an internal rate of return of 26.5%. Soil health parameters showed remarkable improvement, with the integrated package reducing soil EC by 25% and increasing organic carbon by 26.3% compared to traditional practice. The integration of soil health management, salt-tolerant varieties and water harvesting structures significantly enhances rice-based ecosystem resilience in coastal saline environments. This approach effectively addresses dual challenges of soil salinity and water scarcity while improving farmers' livelihoods, offering a replicable model for similar coastal regions. This experiment has been conducted in the farmers’ field; it can also be studied in the research plots to have better control on the treatments. 
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[bookmark: introduction]1. INTRODUCTION
Coastal agricultural systems are facing escalated challenges from climate change-induced sea-level rise, saltwater intrusion and increasing soil salinity (Masto et al., 2008, Ray et al., 2024). In India, coastal regions supporting intensive agriculture are particularly vulnerable, with approximately 6.73 million hectares affected by salinity and alkalinity. The state of Odisha has a 574.7 km coastline that is increasingly threatened by climatic stresses, threatening regional food security and livelihoods. The state has been identified as highly vulnerable to climatic extremes like cyclones, flood, drought, dry spells etc., making agricultural resilience a critical priority (Prem, 2024). 
The Jagatsinghpur district, situated on the east coastline of the state, represents a typical case where climate change impacts are manifested through increased soil salinity, frequent cyclones and erratic rainfall patterns. The district is identified as vulnerable to floods and cyclones (Prem, 2024). Studies indicate that sea water intrusion in this region has intensified due to storm surges, tidal inundation, prawn culture and over-pumping of fresh groundwater. The capillary rise of saline groundwater further increases soil salinity, creating unfavorable conditions for traditional rice-greengram cropping system. This has resulted in declining productivity, reduced cropping intensity and diminishing economic returns for small and marginal farmers in the coastline areas of the district. The salinity ingression is also causing damage to the saline sensitive greengram crop in rabi in rice-fallow areas (Das et al., 2022).    
The National Innovations in Climate Resilient Agriculture-Technology Demonstration Component (NICRA-TDC) project was launched in Jagatsinghpur district by the Indian Council of Agricultural Research (ICAR) and Odisha University of Agriculture and Technology in a collaborative manner during the year 2021 to address these challenges through targeted research and implementation of context-specific resilient technologies (Prem, 2024). The regional climate change assessment and respective adoptive measures demonstration is the major objectives of the project (Ray et al., 2023). The project aims to enhance the resilience of the existing cropping system, livestock and fisheries to climatic variability through strategic research, technology demonstration and capacity building. In the coastal saline rice belt of Jagatsinghpur, NICRA-TDC interventions have focused on integrating agronomic, engineering and integrated farming system-based solutions to build system resilience for enhancing productivity and profitability of farmers.
Water productivity remains a critical concern in rainfed coastal ecosystems where freshwater availability is increasingly constrained. Crop water productivity (CWP), defined as the ratio of crop yield to the amount of water consumed, provides a crucial metric for evaluating agricultural efficiency with respect to water application (El Bilali & Ben Hassen, 2024). In semi-arid and saline regions, crop yield is primarily limited by water availability and quality, making efficient water management fundamental to climate resilience. Crop water requirement or the actual crop evapotranspiration plays a crucial role for estimation of water productivity (Das et al., 2023). Previous studies on saline soil reclamation have emphasized individual components such as salt-tolerant varieties or drainage management, but integrated approaches combining soil, water and crop management strategies remain inadequately explored, particularly in rainfed coastal ecosystems. 
This study addresses this research gap by evaluating a holistic package of practices including deep ploughing, green manuring, salt-tolerant varieties and use of water harvesting structures for supplemental irrigation. This is a systematically testing of all the climate resilient methods to develop resilience against rainfed-saline affected coastal rice ecosystem. 
The specific objectives of this study were to: (1) evaluate the impact of individual and integrated climate-resilient practices on rice productivity in saline-affected coastal areas; (2) assess water productivity indicators under different management scenarios; (3) analyze the economic viability and investment returns of resilience interventions, particularly farm ponds; and (4) establish scalable models for sustainable agricultural intensification in coastal saline region of the study area. This manuscript is important for the scientific community as it addresses the critical challenge of enhancing rice yield and water productivity in rainfed, saline-affected coastal areas. By evaluating integrated climate-resilient practices, it offers practical solutions for sustainable rice cultivation in vulnerable ecosystems like coastal Odisha, with potential applicability in similar regions globally.
[bookmark: materials-and-methods]2. MATERIALS AND METHODS
[bookmark: study-area]2.1 Study Area
The study was conducted during 2023 and 2024 in Achyutdaspur village, Erasama Block, Jagatsinghpur district, Odisha during kharif seaon. The location of the study area is presented in Fig. 1. The region experiences a subtropical climate with an average annual rainfall of 1472 mm, 70-75% of which is received during the southwest monsoon (June-September). The average maximum temperature ranges from 32°C to 42°C, while the minimum temperature varies between 10°C and 25°C. The coastal location makes the area prone to cyclonic storms and tidal surges, which exacerbate soil salinity issues. The initial soil characteristics of the experimental site are presented in Table 1.
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Fig.1. a) India, b) Odisha, c) Jagatsighpur with Location of the study area Achhutdaspur
The soils are characterized by sandy clay loam texture with poor infiltration and drainage, leading to waterlogging during monsoon and rapid drying during post-monsoon periods. The presence of a hard pan at 15-20 cm depth restricts root growth and natural drainage, exacerbating salinity stress. The hard pan development is enhanced by the long-term inadequate ploughing practices without the use of deep tillage implements like mould board plough and disc plough.
Table 1. Initial soil characteristics of the experimental site (0-15 cm depth)
	Parameter
	Value
	Interpretation

	Soil texture
	Sandy clay loam
	Medium

	pH
	6.02
	Moderately alkaline

	EC (dS/m)
	1.5
	Moderately saline

	Organic Carbon (%)
	0.42
	Low

	Available N (kg/ha)
	211.0
	Low

	Available P (kg/ha)
	13.8
	Medium

	Available K (kg/ha)
	139.0
	Medium


[bookmark: experimental-design-and-treatments]2.2 Experimental Design and Treatments
The study employed a multi-treatment randomized block design with five distinct treatments which are described in Table 2.
Table 2. Treatment details
	Sl. No.
	Treatments
	Description

	1
	T₁: Farmers' Practice (FP)
	Traditional practices including conventional tillage, local rice varieties under rainfed condition without soil amendment and supplemental irrigation.

	2
	T₂: Green manuring with Sesbania aculeata + Traditional rice variety
	Inclusion of green manuring with 25 kg/ha Sesbania seed sowing during pre-kharif with incorporation at 25-30 days after sowing, along with traditional rice varieties

	3
	T₃: Introduction of salt-tolerant rice variety 'Luna Suvarna' (CR LC2096-71-2), developed by ICAR-CRRI, Cuttack.
	Varietal replacement with salt-tolerant rice variety with recommended nutrient management (80:40:40 kg/ha N:P₂O₅:K₂O) but without other interventions.

	4
	T₄: Green manuring + Salt-tolerant rice variety
	Combination of Sesbania for green manuring and 'Luna Suvarna' rice variety.

	5
	T₅: Full integrated package (Green manuring + Salt-tolerant variety + Supplemental irrigation)
	Comprehensive approach including Sesbania green manuring, 'Luna Suvarna' rice variety and supplemental irrigation from farm ponds during dry spell periods.


All treatments except T₁ included deep ploughing (mould board plough to 25-30 cm depth during summer) to break hard pan and improve soil permeability. The experiment was replicated across 6 farmer fields of the location (6 replications per treatment) covering approximately 1.0 ha area in each case to accommodate all the treatments. The salt-tolerant variety 'Luna Suvarna' (CR LC2096-71-2) developed by ICAR-CRRI, Cuttack was selected based on its documented performance in saline conditions. Water management interventions included farm ponds (20×10×4 m) for rainwater harvesting and supplemental irrigation during the dry spell periods.
[bookmark: data-collection-and-analysis]2.3 Data Collection and Analysis
[bookmark: crop-and-soil-parameters]2.3.1 Crop and soil parameters:
Rice yield and yield attributes were recorded at physiological maturity from sampled areas of 25 m² in each replication. Other crop phonological data were collected during various crop growth stages. Soil samples at 0-15 cm depth were collected before planting and after harvest for analysis of pH, EC, organic carbon and available nutrients.
[bookmark: water-productivity-assessment]2.3.2 Water productivity assessment
[bookmark: economic-analysis]The following formulas (Eq. 1, 2,3) were used to evaluate water productivity of rice:
Irrigation Water Productivity (IWP)
									(1)
Total Water Productivity (TWP)
									(2)
Economic Water Productivity (EWP)
									(3)
Where:  = Grain Yield,  = Total Irrigation Water Applied,  = Rainfall,  = Soil Water Contribution,  = Net Income,  = Total Water Used ()
2.3.2 Economic analysis
Comprehensive cost-benefit analysis was conducted considering all inputs, labor and infrastructure costs. For the farm pond, initial investment cost, annual maintenance cost and benefits from irrigation and aquaculture were quantified. Payback period and internal rate of return (IRR) were calculated using standard financial formulas.
[bookmark: statistical-analysis]2.3.3 Statistical analysis
Data were subjected to analysis of variance (ANOVA) and treatment means were compared using least significant difference (LSD) at 5% probability level using SPSS software.
[bookmark: results]3. RESULTS AND DISCUSSION
[bookmark: crop-parameters]3.1 Crop Parameters
The implementation of different treatment combinations revealed significant and progressive improvements in rice productivity compared to traditional farmers' practice (Table 3). The incremental addition of climate-resilient components showed cumulative benefits on all yield parameters, underscoring the synergistic value of integrated approaches (Briggs et al., 2025). The salt-tolerant variety 'Luna Suvarna' demonstrated remarkable adaptation to saline conditions, exhibiting better crop establishment, tillering, and panicle formation even as a standalone intervention (T₃).

Table 3. Effect of climate-resilient practices on crop parameters
	Treatment
	Plant height (cm)
	Tillers/m²
	Panicles/m²
	Grains/Panicle
	Test Weight (g)
	Grain Yield (q/ha)

	T₁
	78.3
	216
	189
	98
	20.1
	30.5

	T₂
	82.4
	228
	201
	105
	20.8
	34.8

	T₃
	85.7
	245
	218
	115
	21.2
	37.2

	T₄
	89.2
	268
	237
	122
	21.6
	38.6

	T₅
	92.6
	285
	251
	130
	22.0
	43.5

	SEM (±)
	1.12
	4.2
	3.8
	2.1
	0.18
	0.72

	CD (p=0.05)
	2.41
	9.0
	8.1
	4.5
	0.39
	1.54


[bookmark: economic-analysis-1]Green manuring alone with traditional varieties (T₂) provided a modest yield improvement of 14.1%, primarily by enhancing soil structure and nutrient availability through organic matter addition. The decomposition of Sesbania biomass released essential nutrients and improved soil physical properties, creating a more favorable root environment (Zhang et al., 2025). Mahata et al., 2010 has also conducted similar study in the coastal saline soils of the Mahanadi Delta in Odisha, and found that the use of Sesbania green manuring during the wet season significantly improved rice yields by 12–40% in shallow lowlands and 8–50% in intermediate lowlands. The study demonstrated that Sesbania effectively enhances soil quality and serves as a sustainable organic nutrient source, contributing to higher and more stable rice productivity in coastal saline environments. Dhanushkodi and Subrahmaniyan (2012) recommend that in coastal saline soils, sustainable rice production can be achieved through the integrated use of organic manures and inorganic fertilizers, which improves soil fertility and reclamation. The salt-tolerant variety alone (T₃) provided a more substantial 22.0% yield increase, demonstrating the critical role of genetic solutions in overcoming salinity stress. 'Luna Suvarna' likely possesses physiological mechanisms for osmotic adjustment and ion exclusion that enabled better performance under saline conditions. For coastal saline soils, Dagar and Yadav, 2017 also recommend adopting climate-resilient practices such as conservation-based smart agriculture, judicious use of poor-quality water through micro-irrigation, and integration of agroforestry systems to enhance resilience. They also emphasize developing multiple stress-tolerant crop varieties and restoring degraded soils to sustain productivity under climate change and salinity pressures.
The combination of green manuring and the salt-tolerant variety (T₄) resulted in a 26.6% yield improvement, indicating additive benefits where improved soil health complemented the genetic advantages of the salt-tolerant variety. However, the full integrated package (T₅) showed the highest yield enhancement of 42.6% over traditional practice. This superior performance can be attributed to the synergistic interplay where improved soil health from green manuring and deep ploughing created a better root environment, allowing the salt-tolerant variety to express its full genetic potential, which was further supported by supplemental irrigation during critical dry spells (Bouman, 2007). The supplemental irrigation in T₅ not only alleviated drought stress but also facilitated the leaching of salts away from the root zone, creating optimal growing conditions. All treatments showed statistically significant differences (p<0.05) from the control (T₁), confirming that the treatment effects are real and not due to random chance.
3.2 Economic Analysis
The economic analysis reveals significant financial advantages for the integrated climate-resilient practices, demonstrating clear incremental improvement across all economic parameters (Table 4). This progression highlights the cumulative financial benefits of combining multiple resilience interventions rather than implementing them in isolation.
Table 4. Economic analysis of different treatment combinations
	Treatment
	Gross Returns (Rs/ha)
	Cost of Cultivation (Rs/ha)
	Net Returns (Rs/ha)
	Benefit-Cost Ratio

	T₁
	64,050
	35,500
	28,550
	1.80

	T₂
	73,080
	38,150
	34,930
	1.92

	T₃
	78,120
	40,800
	37,320
	1.91

	T₄
	81,060
	42,450
	38,610
	1.91

	T₅
	91,350
	44,920
	46,430
	2.03


[bookmark: water-productivity-indicators]The full integrated package (T₅) generated the highest net returns of Rs 46,430/ha, representing a 62.6% increase over traditional practices (T₁). This substantial economic enhancement is particularly notable given the modest increase in cost of cultivation (26.5% higher than T₁), indicating highly efficient resource utilization. The additional investments in green manuring, improved seeds, and water management were more than compensated by the significant yield gains, demonstrating the economic efficiency of these climate-resilient technologies.
The benefit-cost ratio showed a consistent improvement from T₁ (1.80) to T₅ (2.03), confirming the economic viability of investing in these climate-resilient technologies. The 62.6% increase in net returns from the full package suggests that while individual components provide economic benefits, their combination creates synergistic effects that significantly enhance overall financial performance, a key principle in agricultural technology assessment (Briggs et al., 2025). The marginal returns from each additional intervention were positive, with the combination proving most profitable. This economic evidence is crucial for convincing risk-averse farmers in coastal regions to adopt these integrated practices.
3.3 Water Productivity 
Integrated water management through farm ponds and improved agronomic practices markedly enhanced various water productivity parameters (Table 5). The supplemental irrigation provided during critical growth stages significantly reduced moisture stress and salinity impact, which is a major constraint in rainfed coastal ecosystems (El Bilali & Ben Hassen, 2024)..






Table 5. Water productivity indicators under different management practices
	Treatment
	Seasonal Rainfall (mm)
	Supplemental Irrigation (mm)
	Grain Yield (kg/ha)
	Irrigation W.P. (kg/m³)
	Total W.P. (kg/m³)
	Economic W.P. (Rs/m³)

	T₁
	1045
	0
	3050
	0
	0.29
	2.73

	T₂
	1045
	0
	3480
	0
	0.33
	3.34

	T₃
	1045
	0
	3720
	0
	0.36
	3.57

	T₄
	1045
	0
	3860
	0
	0.37
	3.69

	T₅
	1045
	110
	4350
	3.95
	0.38
	4.02


[bookmark: soil-health-parameters]The implementation of climate-resilient interventions progressively enhanced water productivity across all treatments. Compared to traditional practice (T₁: 0.29 kg/m³), total water productivity showed significant improvements in T₂ (0.33 kg/m³, +13.8%), T₃ (0.36 kg/m³, +24.1%), and T₄ (0.37 kg/m³, +27.6%). The fact that T₂, T₃, and T₄ improved water productivity without any supplemental irrigation demonstrates that non-water interventions like green manuring and salt-tolerant varieties substantially enhance water use efficiency by creating more favorable plant-soil-water relations (Bouman, 2007). Green manuring improved soil organic matter, which enhanced water retention capacity, while salt-tolerant varieties likely had better physiological mechanisms for water utilization under stress conditions.
The full integrated package (T₅) demonstrated the highest total water productivity of 0.38 kg/m³, representing a 31.0% increase over traditional practice. Particularly noteworthy was the exceptional irrigation water productivity of 3.95 kg/m³ in T₅, indicating highly efficient utilization of the limited supplemental irrigation water. This high efficiency can be attributed to the strategic timing of irrigation during critical growth stages combined with improved soil conditions that minimized water losses through percolation and evaporation. Economic water productivity followed a similar trend, increasing progressively from Rs 2.73/m³ in T₁ to Rs 4.02/m³ in T₅ (47.3% improvement). This comprehensive enhancement in water productivity parameters can be attributed to the synergistic effects of improved varieties, better soil management, and strategic irrigation, demonstrating that integrated approaches can significantly enhance the economic value derived from each unit of water in these water-scarce coastal environments.
3.4 Soil Health Parameters
The implementation of climate-resilient practices significantly improved key soil health indicators over the two-year study period (Table 6). The treatment-wise analysis provides a clear scientific basis for the observed yield enhancements, demonstrating the benefits of integrating deep ploughing, green manuring, and supplemental irrigation in reversing salinity trends and enhancing soil fertility.

[bookmark: Xa9ef9b8bb2d08db1b8121d3986be1e97606a57b]Table 6. Treatment-wise in soil properties after two years of intervention
	Parameter
	Average Initial Status
	T₁
	T₂
	T₃
	T₄
	T₅

	pH
	6.02
	6.04
	6.23
	6.08
	6.32
	6.62

	EC (dS/m)
	1.5
	1.6
	1.3
	1.5
	1.32
	1.2

	Organic Carbon (%)
	0.42
	0.38
	0.46
	0.41
	0.45
	0.48

	Available N (kg/ha)
	211
	195
	218
	208
	225
	232

	Available P (kg/ha)
	13.8
	12.5
	14.2
	13.8
	15.1
	15.8

	Available K (kg/ha)
	139
	125
	142
	135
	148
	152

	Bulk Density (g/cm³)
	1.58
	1.55
	1.49
	1.52
	1.46
	1.42

	Infiltration Rate (mm/hr)
	7.2
	7.8
	9.5
	8.6
	11.2
	12.8


The most pronounced improvement was observed in soil electrical conductivity (EC), where the full integrated package (T₅) reduced salinity by 25% compared to traditional practice (T₁), bringing the soil from moderately saline to nearly normal conditions. This reduction can be attributed to the combined effect of deep ploughing that broke the hard pan and improved drainage (Qiao et al., 2025), green manuring that enhanced soil structure and permeability (Xing et al., 2025), and supplemental irrigation that facilitated salt leaching (Luo et al., 2025). The breakdown of the hard pan through deep ploughing allowed better drainage and prevented capillary rise of saline groundwater, while the supplemental irrigation provided the necessary water volume to leach salts below the root zone. 
The decline in soil quality under T₁, particularly the reduction in organic carbon and available nutrients, highlights the unsustainable nature of traditional practices in these fragile coastal ecosystems. In contrast, green manuring with Sesbania significantly enhanced soil organic carbon across treatments, with T₄ and T₅ showing increases of 18.4% and 26.3% respectively over T₁. The addition of organic matter improved soil aggregate stability and water retention capacity, creating favorable conditions for microbial activity and nutrient cycling, consistent with global research on organic amendments (Gupta et al., 2021; Zhang et al., 2025). The improved microbial activity likely enhanced nutrient mineralization, making essential nutrients more available to the rice plants.  
Deep ploughing alone (in T₂, T₃, T₄, T₅) substantially improved soil physical properties, reducing bulk density by 3.9-8.4% and increasing infiltration rate by 21.8-64.1% compared to T₁. This structural improvement facilitated better root proliferation and enhanced the soil's ability to drain excess salts (Qiao et al., 2025), creating a more favorable physical environment for crop growth. Notably, the pH values showed a positive trend, with T₅ demonstrating the most favorable level (6.62) for nutrient availability in saline soils, attributable to the combined effect of organic matter addition and salt leaching. 
The integrated approach in T₅ demonstrated clear synergistic effects, achieving the highest values for available nutrients (N, P, K) and the most favorable physical conditions. This holistic improvement in soil health directly explains the superior crop performance observed in this treatment and aligns with studies showing that integrated management practices foster soil health, productivity, and agroecosystem resilience (Liang et al., 2025; Luo et al., 2025). The treatment-wise improvement in soil health parameters provides compelling evidence that addressing soil constraints is fundamental to enhancing the productivity and sustainability of coastal saline agro-ecosystems.
3.5 Economic Analysis of Farm Pond 
The farm pond, a critical component of the water harvesting system in T₅, demonstrated favorable economic returns despite substantial initial investment (Table 7). The multiple uses of farm pond water (irrigation, aquaculture) enhanced its economic viability and aligns with the NICRA approach of promoting multiple modules for making farmers self-reliant (Prem, 2024).
[bookmark: discussion]Table 7. Economic analysis of farm pond infrastructure
	Parameter
	Value

	Initial Investment Cost (Rs)
	85,000

	Annual Maintenance Cost (Rs)
	3,500

	Irrigation Benefits (Rs/year)
	12,800

	Aquaculture Benefits (Rs/year)
	15,200

	Total Annual Benefits (Rs)
	28,000

	Net Annual Benefits (Rs)
	24,500

	Payback Period (years)
	3.5

	Internal Rate of Return (IRR)
	26.5%

	Benefit-Cost Ratio
	2.47


The farm pond infrastructure showed a payback period of 3.5 years with an impressive internal rate of return of 26.5%, making it a financially attractive investment for farmers in coastal saline regions. The benefit-cost ratio of 2.47 further confirms the economic viability of water harvesting structures as a core climate resilience intervention. This finding is significant for policy, as the accessibility of the payback period for smallholder farmers, especially through collective ownership or institutional financing, greatly enhances the scalability potential of this integrated approach.
The multiple benefits derived from farm ponds such as providing lifesaving irrigation during critical dry periods, enabling supplementary income through aquaculture, and aiding salinity management by facilitating salt leaching—make them a more attractive investment compared to single-purpose infrastructures, offering a strong business case for farmer-led climate adaptation. The dual use for irrigation and aquaculture exemplifies the multiple-use services approach that enhances the resilience of smallholder farming systems in vulnerable coastal regions. This integrated water management approach not only addresses immediate water scarcity issues but also builds long-term resilience against climate variability and salinity intrusion, making it a cornerstone technology for sustainable agricultural intensification in coastal saline ecosystems
[bookmark: conclusion]4. CONCLUSION
This study conclusively demonstrates that integrated climate-resilient practices significantly enhance productivity, water efficiency, and economic returns in coastal saline rice systems of Jagatsinghpur, Odisha. The incremental addition of soil management, genetic solutions, and water management interventions showed cumulative benefits, with the full integrated package (green manuring, salt-tolerant variety 'Luna Suvarna', and supplemental irrigation) increasing rice yield by 42.6% and net returns by 62.6% compared to traditional practices. The substantial improvements in water productivity parameters, particularly the 31.0% enhancement in total water productivity and the very high irrigation water productivity (3.95 kg/m³), highlight the potential for efficient water use in rainfed coastal ecosystems. The treatment-wise analysis of soil health parameters revealed significant improvements in soil quality, with the integrated package reducing soil EC by 25%, increasing organic carbon by 26.3%, and improving infiltration rate by 64.1% compared to traditional practice. These improvements demonstrate the scientific basis for the observed yield enhancements and underscore the importance of addressing soil health constraints in coastal saline ecosystems.
The economic viability of resilience infrastructure, evidenced by the 3.5-year payback period and 26.5% internal rate of return for farm ponds, provides a strong business case for farmer investments in climate adaptation. The findings underscore the importance of integrated approaches that simultaneously address soil, water, and genetic constraints in coastal agricultural systems, aligning with NICRA's strategy of demonstrating "site specific technology packages on farmers' fields for adapting to current climate risks". These practices offer a scalable model for enhancing climate resilience in similar coastal regions, contributing to food security and livelihood improvement in vulnerable environments. Policy support for custom hiring services for deep ploughing, seed systems for salt-tolerant varieties, and financial mechanisms for water harvesting infrastructure would accelerate the adoption of these climate-resilient technologies.
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