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Impact of Solar Water Pumps Adoption on Crop Productivity and Farm Profitability in Rain fed Areas of Northeast Karnataka, India  


ABSTRACT


	In Northeast Karnataka, energy constraints often hinder irrigation and limit crop productivity. To address this, solar-powered irrigation pump units were introduced to improve water accessibility for marginal and medium farmers in the Yadgir district. This study evaluates the impact of these pumps on productivity and profitability across three intervention blocks. Data was collected from 25 purposively selected beneficiaries through personal interviews, comparing pre-intervention (2021-2022) and post-intervention (November 2024) outcomes. Key metrics included changes in irrigation methods, energy sources, irrigated land holdings, crop cycles, yields, and income. The results show a significant shift from traditional methods; the number of farmers using flood irrigation dropped from 15 to 6, while adoption of sprinkler systems increased. Overall, land utilization grew by 47%, yields by 84%, and income per acre by 136%. These findings demonstrate that solar powered irrigation pumps serve as a sustainable, superior alternative to fossil fuel and electric sets, enabling farmers to cultivate high-value crops and significantly boost their net income. 
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1. INTRODUCTION 

India, an agrarian country, has the second-largest farm output in the world. About 54.6 percent of the total workforce in India is still engaged in agriculture for their livelihood and contributes 18% to the country’s GDP (Kumar et al., 2024; Supe et al., 2023). With about half (55%) of the cultivated land irrigated, reliable irrigation, therefore, is a critical requirement for India. However, erratic grid supply and high cost of diesel pumping continue to remain problem areas for the farmers. Poor irrigation as a result of these issues results in significant yield losses. Although there has been no scientific assessment on yield loss due to inadequate irrigation, a high-level sample survey of farmers reveals that the crop yield could easily improve by 10% if the required volume of water is available when required (Shakti Foundation, 2018).
In rural India, the opportunity cost of the land is minimal, and the connectivity to the electrical grid is very poor. As a result farmers struggle to meet the on-demand power supply for timely irrigation, resulting in low yields for their crops. Moreover, the cost of purchase and maintenance of diesel-run pump sets is not feasible for the poor rainfed farmers as prices of fossil fuels have skyrocketed in recent days. Agricultural output is therefore heavily reliant on rainwater. Erratic climate change, combined with a lack of suitable technologies to adapt to the changing environment has negatively impacted crop yields. Additionally, inefficient distribution of available water resources has further hindered the use of the available water resources for irrigation (Naik et al., 2022).  
With more than 19 million agricultural electricity connections, irrigation accounts for more than a fifth of the country’s total power sales (Agrawal & Jain, 2016). Further, on account of the unavailability of electricity connection or inadequacy of power supply, more than 9 million diesel pumps are also being used for irrigation, which are expensive to run as well as hazardous to human health and the environment (Agrawal & Jain, 2015; Raghavan et al., 2010). Millions of farmers still lack access to irrigation and rely solely on rainfall for farming (Ministry of Agriculture, 2015; Task Force on Agriculture Development, 2015). The crop yield improvement of 10 per cent can be made possible if an essential volume of water for irrigation is available as to when required (Pavel & Rajagopal, 2017; International Energy Agency, 2013; Sudha, 2011; Chen, 2001). This further highlight that ensuring an adequate water supply for agriculture is essential. These conditions, in addition to the looming water scarcity, make the need for prudent and efficient use of the land and water resources paramount. Agriculture, therefore, needs more efficient irrigation methods, particularly in a climate variability context.
Hence, irrigation through a solar-powered irrigation pump (SWIP) is a suitable alternative to electrical and fossil fuel-based irrigation pumps. Apart from being energy efficient, solar pumps are cost-effective, environmentally friendly and a reliable source of energy for the future. Solar pumps provide an emission-free power supply and are available to farmers during the daytime too, which helps in ensuring timely irrigation for the crops (Kishore et al., 2017; Kumar & Kandpal, 2007). Irrigation through solar pumps not only improves crop productivity but also has the potential to mitigate the ill effects of a changing climate and is a profitable venture in the long run (Naik et al., 2022). Furthermore, solar-powered irrigation systems prove to be advantageous for the consumer as he is the owner of his power production. Solar energy is suitable for all geographical locations, generating employment opportunities and reducing environmental degradation, which are the added benefits of using solar energy (Kumar et al., 2020). Several studies have estimated that solar-powered pumps have near-zero operational costs, have a long life and their use could raise the productivity of crops, increase farmers’ income, and they can also provide higher resilience to drought (Kishore et al., 2015; Kishore, 2004; Pramod et al., 2022).
Yadgir is an agricultural district in the northern plains of Karnataka with a semi-arid climate. The southwest monsoon begins in mid-June and lasts until September, contributing over 77% of the annual rainfall, which normally totals 636 mm (Hallad et al., 2023). The northeast monsoon contributes significantly to the remaining rainfall, particularly during the Rabi season. Overall, groundwater levels remain within the safe limit, supporting the sustainability of solar pumps. However, a large portion of the net sown area remains unirrigated, limiting cultivation to the two conventional seasons. Replacing inefficient electric pumps, which suffer from erratic power supply and frequent motor burnouts, with solar power can improve cropping intensity and help double farmers' income.

1.1 The Intervention
The farmers in the study cluster of Yadgir district were unable to maximize their crop productivity as they faced several obstacles in utilizing the land to its full potential. The groundwater is generally available within shallow depths, often around 10 meters, though deeper borewells also exist. The farm’s energy needs are partially supported by public distributed electricity (GESCOM), but farmers commonly face challenges from low adoption of electric pumps, frequent power cuts, and erratic supply with dangerous voltage fluctuations that often burn out and damage motors. Even when they have enough groundwater, often unable to irrigate their entire land, owing to irregular power supplies. These issues, combined with a lack of awareness of new technologies and profitable farm management. To address electricity-related constraints and improve water access, the programme “Inclusion of Sustainable Energy through Livelihoods in Yadgir Block” introduced Solar Powered Irrigation Pump (SPIP) units. The intervention aims to delink irrigation from unreliable grid electricity, ensure a consistent water supply, enhance crop diversity, and improve productivity and economic profitability among marginal farmers.

SPIP operates on a structured financial inclusion model in which 5% of the unit cost is contributed upfront by the farmer, 45% is financed through a bank loan, and 50% is covered through a program grant. This blended financing approach lowers the capital burden while integrating farmers into formal banking systems.

A defined Standard Operating Procedure governs farmer selection, loan sanction, and installation of pumps. Eligible farmers must have a borewell with at least   2-inch water throughout the year, reside in the same village with agriculture as their primary livelihood, have no outstanding or unpaid bank loans, minimum qualifying CIBIL score required for financial assistance, and avoid cultivating water-intensive crops such as paddy and sugarcane. After selection, the  technical team conducts a detailed site survey assessing borewell parameters (depth, water strike depth, water table depth, water quality, discharge rate, seasonal fluctuations), land characteristics (slope, dimensions, elevation, shade-free area, soil type, crops grown), irrigation methods (flood, sprinkler, drip or others), and season-wise cropping patterns and plans. Fig 1. Illustrates the process from the farmer selection to the loan sanction and training after the successful installation of SPIP.

Fig. 1. Schematic Representation of the Process

The SPIP technical configuration includes a 5 HP solar pump set (pump and motor), and a solar controller with a variable frequency drive integrated with an Android mobile application for motor control as represented in Fig.2The system includes a manually tracked solar structure to maximize radiation capture, a copper-bonded low-carbon steel earthing kit with connectors, a bonded copper lightning arrestor mounted on a 60 mm diameter, 5-meter-high GI pole, a 100-meter UPVC delivery pipe with fittings, a 70-meter 4 Sqm2 3 core PVC AC cable, and an enclosure box for controller safety. Moreover, insurance coverage against natural calamities provided for five years and warranty includes five years for the pump, motor, and VFD, and a 25-year performance warranty for the solar panels.


[image: ]Fig. 2. Solar-Powered Irrigation Model Illustration

The present study explores the impact of the adoption of these solar-powered irrigation pumps on crop productivity and economic profitability among marginal farmers of Yadgir, Karnataka State, India. 

 
2. MATERIAL AND METHODS

The study was conducted in three intervention blocks of Yadgir District. Out of 100 SPIP beneficiaries, 25 respondents were selected by convenience sampling techniques. The data was collected by personal interviews from the selected SPIP owners through a carefully constructed and pre-tested interview schedule. The before-and-after approach was followed to get information about the aspects selected for study. The pre-intervention data collected during 2021-22 during SPIP installation, and post-intervention data were collected in November to December 2024, after one year of the crop cycle. The data related to irrigated land availability, irrigation methods practiced, crop cycle and yield, input cost and gross income were collected. Information on changes in self-reliance, improving the quality of the product, water management and saving of water was collected in the post-intervention to understand the impact of the SPIP intervention. The pre- and post-data were analyzed to measure the change in socio-economic and environmental impact of SPIP intervention among beneficiary farmers. 

3. RESULTS AND DISCUSSION

Table 1 represents the energy source used to pump irrigation water before the introduction of the SPIP system in the community. 

Table 1. Source of energy used for pumps before SPIP Installation
	Source of Energy
	Numbers

	Electrical Grid
	19

	Fossil Fuel 
	6

	Total
	25



The data indicates that 19 pumps relied on grid electricity, while the remaining 6 utilized fossil fuel sources. The above energy profile is characterized by intense use of conventional non-renewable energy before SPIP adoption.

Table 2. Change in irrigated land holding after SPIP installation.
	Land Type

	Before Intervention (Acre)
	After Intervention (Acre)
	Percentage Change 

	Dry Land
	84.63
	20.56
	-76%

	Irrigated Land
	88.24
	152.31
	73%

	Total Land Holdings
	172.87
	172.87
	0%



Pre- and Post-introduction of SPIP into the study area shows land use changes for irrigation and dry land area. Before the intervention, the total dry land area of the sample was recorded at 84.63 acres, which decreased significantly to 20.56 acres post-intervention, marking a 76% reduction. Conversely, irrigated land increased substantially from 88.24 acres to 152.31 acres, representing a 73% increase (Table 2).

Table 3. Percentage increase in irrigated land holding in irrigated land after SPIP installation.
	Levels of increase in Irrigated Land (%)
	Percentage increase in Irrigated Land after SWP installation

	No increase
	11

	1-25%
	3

	26 – 50%
	2

	51-75%
	1

	75 -100%
	8

	Total
	25



The percentage increase of irrigated land among farmers after installation of SPIP shows that three farmers had an increase in 25% of irrigated land, two farmers had a 26-50% increase, one farmer had a 51-75% increase, and eight farmers had a 75-100% increase in irrigated land holding after SPIP. The data also reveal that eleven farmers had no increase in irrigated land holding, indicating a switch over to SPIP from conventional grid/fossil fuel pumps for timely critical irrigation for crops and better water management (Table 3) 

Table 4. Increase in Crop cycle after SPIP installation
	Change in crop cycle 
	Number

	Increase in crop cycle 
	15

	No increase in crop cycle 
	10

	Total 
	25



Table 4 depicts the opinions of farmers on the cropping cycle. Among the 25 farmers, the majority (15) have reported an increase in cropping cycle, indicating a positive impact, enabling the cultivation to be more frequent. While 10 farmers observed no change in their cropping cycle. 
Table 5. Details of the seasonal crop cycle and crops after SPIP installation
	Crop cycle details
	Number of Farmers
	Kharif
	Rabi
	Summer

	Single Crop cycle
	10
	Cotton
	-
	-

	Two Crop cycles
	12
	Green Gram
	Ground Nut/ Chilli
	-

	Three Crop cycles
	3
	Green Gram
	Ground Nut
	Vegetables and Fruits

	Total
	25
	
	
	



From Table 5, it is evident that among the 25 farmers, 10 cultivate a single crop per year, primarily cultivating cotton during the Kharif season, 12 farmers have adopted a two-crop cycle, cultivating green grams in Kharif and groundnut or chilli in the Rabi season. Only three farmers reported a three-crop cycle, growing green gram in Kharif, groundnut in Rabi, and vegetables or fruits during the summer.

Table 6. Irrigation methods practiced by sample farmers
	Methods of irrigation
	Before SPIP Intervention
	After SPIP Intervention

	Traditional Flood Irrigation
	15
	6

	Sprinkler
	7
	14

	Drip
	3
	5



Table 6 explains that, prior to the intervention, the traditional flood irrigation method was predominant. However, following the intervention, this number decreased to 6, indicating a move away from conventional techniques. The use of sprinkler irrigation showed a significant increase, rising from 7 to 14 farmers after the implementation. Similarly, drip irrigation, which supports more efficient water use, slightly increased from 3 to 5 farmers. This can be attributed to the provision of key inputs to farmers, such as micro-irrigation equipment including drip irrigation systems and sprinkler units in convergence with the Department of Agriculture, along with crop advisory services.


Table 7. Summary of land usage, yield and income after SPIP
	Land, Yield and Income
	Before SPIP Intervention
	After SPIP Intervention
	Percentage increase

	Net sown area (In Acres)
	88.24
	152.31
	73%

	Gross sown area (In Acres)
	109.54
	185.76
	70%

	Yield from Gross sown area (In quintals)
	1071
	2779
	159%

	Expenditure (in Rupees)
	24,33,894
	41,07,582
	69%

	Gross Income (in Rupees)
	57,49,453
	1,26,59,000
	120%

	Net Income (in Rupees)
	33,15,559
	85,51,418
	158%



Table 7 summarizes the changes in land usage, yield, and income from the sample farmers. Before the intervention, the net sown area was 88.24 acres, which increased by 73% to 152.31 acres. Similarly, the gross sown area rose from 109.54 acres to 185.76 acres, reflecting a 70% increase. The yield has shown an increase of 159%, jumping from 1,071 quintals to 2,779 quintals. A similar trend is observed in the expenditure as well, expenditures rose from ₹24,33,894 to ₹41,07,582, marking a 69% increase. Gross income saw a significant increase of 120%, rising from ₹57,49,453 to ₹1,26,59,000. Notably, net income also experienced a substantial increase of 158%, from ₹33,15,559 to ₹85,51,418. The return on expenditure among the farmers before intervention was 2.36, which has increased to 3.08, suggesting that for every rupee spent, farmers earned about ₹3.08. This indicates an increase in income for the farmers due to an increase in yield, due to better access to timely irrigation. 

Table 8. Crop-wise land usage and yield after SPIP intervention.
	Crops
	Land usage
	Yield

	
	Pre intervention
	Post-intervention
	% change
	Pre-intervention
	Post-intervention
	% change

	Green gram 
	15.0
	20.37
	36%
	45
	80
	79%

	Groundnut
	39.0
	66.8
	71%
	278
	563
	102%

	Cotton 
	63.2
	99.8
	58%
	455
	828
	82%

	Jowar
	20.3
	4.87
	-76%
	156
	42
	-73%

	Red gram 
	22.4
	4.5
	-80%
	102
	22.5
	-78%

	Onion 
	3.0
	11.6
	287%
	300
	1200
	300%

	Vegetables
	3.3
	12.5
	279%
	231
	950
	311%

	Bajra
	8.0
	15
	88%
	60
	134
	123%

	Fruits
	7.8
	17.5
	126%
	60
	480
	700%

	Chilly 
	2.0
	17.09
	755%
	36
	376
	944%

	Total
	184.0
	270.0
	47%
	1724
	4676
	171%



Following the intervention, it is evident from Table 8 that there is a notable increase in land usage and yield of several crops. For instance, with respect to the green gram, the area increased by 36% while the yield increased by 79%. Similarly, for ground nuts, the area increased by 71%, and the yield grew by 102%. In terms of land size, cotton increased by 54% whilst its yield went up by 82% increase.
In contrast, jowar and red gram had considerable reductions in both areas and yield; for instance, jowar had its area reduced by 76%, and yield dropped by 73%. In the case of red gram, its coverage and yield were reduced by 80% and 78%, respectively.
On the other hand, the onion cultivation area and yield increased by 287% and 300%, respectively. Similarly, vegetable cultivation increased by 279%, and yield increased by 311%. Other crops, including bajra and fruits, for instance, also registered considerable increases in the land used and the outputs produced, while in chilli, land use and yield showed extreme change where land area under the crop grew from 2.0 to 17.09 acres increased by 755% and its yield upsurge from 36 quintals to 376 quintals which is an increase of 944% respectively. 
Generally, total area under cultivation has expanded from 184.0 to 270.0 acres, which is an increase of 47%, and total production increased from 1,724 to 4,676 quintals, which is an increase of 171%. This clearly depicts that SPIP has helped farmers in embracing diversity as well as improving their productivity. 

Table 9. Crop-wise expenditure and income details.
	Crops
	Expenditure
	Gross Income 
	Net Income 
	% change in net income

	
	Pre intervention
	Post intervention
	Pre intervention
	Post intervention
	Pre intervention
	Post intervention
	

	Green gram 
	172500
	224070
	238500
	482924
	66000
	258854
	292%

	Groundnut
	624000
	1052100
	1698114
	3770207
	1074114
	2718107
	153%

	Cotton 
	1453600
	2145700
	3185280
	6212550
	1731680
	4066850
	135%

	Jowar
	274050
	63310
	680697
	223018
	406647
	159708
	-61%

	Red gram 
	313600
	60750
	641455
	159750
	327855
	99000
	-70%

	Onion 
	96000
	324800
	420000
	2160000
	324000
	1835200
	466%

	Vegetables
	52800
	168750
	646800
	3325000
	594000
	3156250
	431%

	Bajra
	96000
	165000
	138000
	348400
	42000
	183400
	337%

	Fruits
	108640
	227500
	150000
	1440000
	41360
	1212500
	2832%

	Chilly 
	36000
	290530
	324000
	3571810
	288000
	3281280
	1039%

	
	3227190
	4722510
	8122846
	21693658
	4895656
	16971148
	247%



Table 9 presents crop-wise expenditure, gross income, net income, and percentage change in net income before and after the solar-powered irrigation pump (SPIP) intervention. Notable improvements were observed in various crops. 
· For green gram, expenditure increased from ₹1,72,500 to ₹2,24,070, along with the increase in gross income from ₹2,38,500 to ₹4,82,924. Consequently, net income surged from ₹66,000 to ₹2,58,854, reflecting a 292% increase. 
· Groundnut also showed significant gains, with expenditure rising from ₹624,000 to ₹1,052,100 and gross income from ₹1,698,114 to ₹3,770,207, leading to increased net income from ₹1,074,114 to ₹2,718,107 (153%).
· Cotton's expenditure grew from ₹1,453,600 to ₹2,145,700, while gross income rose from ₹3,185,280 to ₹6,212,550, resulting in net income rising from ₹1,731,680 to ₹4,066,850 (135%).
· In contrast, jowar and red gram faced declines, with jowar's net income dropping from ₹406,647 to ₹159,708 (-61%) and red gram from ₹327,855 to ₹99,000 (-70%).
· Onion and vegetables exhibited remarkable growth, with onion's net income increasing from ₹324,000 to ₹1,835,200 (466%) and vegetables from ₹594,000 to ₹3,156,250 (431%).
· Bajra and fruits also showed positive changes, with bajra's net income rising from ₹42,000 to ₹183,400 (337%) and fruits surging from ₹41,360 to ₹1,212,500 (2832%). \
· Chili demonstrated impressive gains, with net income increasing from ₹288,000 to ₹3,281,280 (1039%).
Overall, total expenditure rose from ₹3,227,190 to ₹4,722,510, gross income increased from ₹8,122,846 to ₹21,693,658, and net income surged from ₹4,895,656 to ₹16,971,148, marking a 247% increase. This highlights the significant financial benefits of the SPIP intervention for farmers. However, the above data gives overall income increase among selected farmers. The table below gives a precise increase in yield and net income per acre of crops.

Table 10. Increase in yield and net income per acre among farmers.
	Crops
	Land Usage (Acre)
	Yield (in Quintals)
	Net income (In Rupees)

	
	Pre intervention
	Post-intervention
	Pre intervention
	Post intervention
	% 
change
	Pre intervention
	Post
intervention
	%
change

	Green gram 
	15.0
	20.37
	3.0
	4.0
	33%
	4400
	12708
	189%

	Groundnut
	39.0
	66.8
	7.1
	8.4
	18%
	27541
	40690
	48%

	Cotton 
	63.2
	99.8
	7.2
	8.3
	15%
	27400
	40750
	49%

	Jowar
	20.3
	4.87
	7.7
	8.6
	12%
	20032
	32794
	64%

	Red gram 
	22.4
	4.5
	4.5
	5.0
	11%
	14636
	22000
	50%

	Onion 
	3.0
	11.6
	100.0
	103.4
	3%
	108000
	158207
	46%

	Vegetables
	3.3
	12.5
	70.0
	76.0
	9%
	180000
	252500
	40%

	Bajra
	8.0
	15
	7.5
	8.9
	19%
	5250
	12227
	133%

	Fruits
	7.8
	17.5
	7.7
	27.4
	256%
	5303
	69286
	1207%

	Chilly 
	2.0
	17.09
	18.0
	22.0
	22%
	144000
	192000
	33%

	Total
	184.0
	270.0
	9.4
	17.3
	84%
	26607
	62856
	136%



Table 10 highlights significant improvements in yield, land usage, and net income per acre for sample crops after SPIP interventions.
In the case of green gram, the cultivated area expanded by 36%, accompanied by a 33% increase in yield and a substantial 189% rise in net income. Groundnut cultivation saw a 71% increase in land use, with an 18% increase in yield and a 48% increase in income. Similarly, cotton recorded a 58% increase in cultivated area, a 15% rise in yield, and a 49% increase in income. Bajra cultivation recorded an 88% increase in land use, along with a 19% improvement in yield and a 133% increase in income.
In contrast, jowar experienced a 76% reduction in cultivated land: however, yield improved by 12%, resulting in a 64% increase in income. Red gram also showed an 80% decline in land area, yet yield increased by 11%, leading to a 50% rise in income. 
Among the horticulture crops, vegetable cultivation expanded significantly, with a 279% increase in land area, a 9% rise in yield, and a 40% increase in income. Onion demonstrated a remarkable 287% increase in yield, contributing to a 46% growth in income. Fruit crops performed exceptionally well, showing a 126% increase in cultivated area and a 256% rise in yield, resulting in an astounding 1207% increase in income. Lastly, chilli cultivation expanded by 755% in land use, with yield increasing by 22% and income by 33%.
Overall, land use grew by 47%, yield by 84%, and income per acre by 136%, showing the intervention's success in enhancing productivity and profitability across crops.
The study findings demonstrated that solar water pumps have successfully boosted agricultural productivity in rural Yadgir by increasing crop yields and improving crop quality. By providing a reliable water source, these pumps allowed farmers to move away from fossil fuels and the unreliable power grid, enabling them to grow extra crops during the summer and optimize their cropping cycles. Furthermore, when combined with training on modern farming practices, these solar units led to significantly higher yields and increased incomes for local farmers. The findings were supported by several studies in India over the last two decades that Solar Powered Irrigation Pumps increase the crop productivity and farmers' income (Kumar et al., 2024; Shirsath et al., 2020). A study from Rajasthan reported a significant increase in gross cropped area and farmers’ income (Gupta, 2019; Kishore et al., 2014). A similar study from Bihar and Uttar Pradesh, where farmers switched from diesel pumps to solar water pumps, resulted in a significant increase in annual savings, which is almost three to four times the average incomes of farmers in these states (Shakti Foundation, 2018). Evaluation and impact assessment studies of Solar Irrigation pumps program in Andhra Pradesh, Chhattisgarh, Haryana and Tamil Nadu reported that Solar powered irrigation pumps are successful in increasing the productivity of crops and income (Suman, 2018; International Institute for Energy Conservation, 2022; Narayanamoorthy, 2024). Similar findings were also reported from rainfed areas of other countries. The feasibility and adaptation of solar-powered irrigation study in Bangladesh reported superior financial performance with higher benefit-cost ratios, Gross returns, and net returns, highlighting their economic and environmental advantages (Sarker et al., 2025). Similarly, the study findings of the various studies from Namibia found that solar-powered irrigation systems are much cheaper to use than grid electricity and present a sustainable source of year-round irrigation water to increase agricultural productivity (Naukushu & Nwobodo-Anyadiegwu, 2018).   

3.1 Feasibility and sustainability
Studies have demonstrated that the solar powered irrigation pumps are increasingly viewed as sustainable alternatives to fossil fuel or electric pump sets in Indian agriculture. They offer multiple benefits in reducing dependence on Fossil fuel or grid electricity, lowering input costs, increasing farm incomes and cutting carbon emissions. However, the initial cost of Solar Pumps is very high, and they currently enjoy a heavy capital subsidy. Without subsidy, the capital cost of a solar Pump is around eight times higher than that of conventional pumps and with subsidy, it is around two times higher (Renjini et al., 2021). A study on the feasibility analysis of solar-powered tubewells from Rajasthan reported that the highest ranked constraint in the adoption of solar-powered pumps was found to be high initial investment, followed by small landholding, and it does not function properly round the year. Additionally, there are other constraints, such as inadequate subsidy and difficulty in getting it, delay in sanction of loan and lack of demonstration in Krishi Vigyan Kendra (KVK)/Agriculture Department (Upreti et al., 2023). In the present study, 40% of the initial installation cost was borne by the project, which helped the former get a loan through bank linkages. However, solar water pumps are economically feasible in the long run if financial linkages are established with formal credit sources with less interest rates, and farmers can earn additional income through water sharing with fellow farmers who do not have irrigation sources and are growing commercial / cash crops in some piece of land. Sharing water among neighboring farmers can make SPIP economically viable. The life cycle cost analysis study in Andhra Pradesh suggested that even without a subsidy, a solar water pump system is economically viable due to its lower operation and maintenance cost (Renjini et al., 2021).  
However, providing free, unlimited daytime solar power for irrigation threatens to accelerate groundwater depletion, especially in arid and semi-arid regions of India (Gupta, 2019). While it is beneficial for farmers’ income and emissions, the near-zero cost of pumping risks uncontrolled water extraction. Integration and mandating water-efficient, micro-irrigation systems (like sprinkler/drip irrigation) with solar pump installations to ensure sustainable, efficient water usage. Integrating the PM-KUSUM (Pradhan Mantri Kisan Urja Suraksha evem Utthan Mahabhiyan) scheme with the PMKSY (Pradhan Mantri Krishi Sinchayee Yojana) - ‘Per Drop More Crop’ (PDMC) initiative is a strategic approach to promote simultaneous adoption of energy- and water-efficient technologies (Narayanamoorthy et al., 2025). This integration addresses the water-energy-food nexus by ensuring that the deployment of solar pumps under PM-KUSUM (which provides 60% subsidy for solar pumps) is coupled with micro-irrigation systems (drip/sprinkler) under PMKSY, reducing administrative fragmentation and maximizing the impact of agricultural subsidies.

In this intervention, all SPIP beneficiaries received multiple inputs to ensure economic and environmental sustainability. Project extension staff, experts from Krishi Vigyan Kendra (KVK), and agricultural universities provided regular crop advisory services. The program introduced high-yielding seed varieties and ensured the use of micro-irrigation techniques; these tools are provided at a low cost through convergence with the Department of Agriculture. Farmers are encouraged to cultivate water-efficient crops and to adopt conservation techniques such as mulching, crop rotation, and field bunding. Additionally, priority is given to groundwater recharge through the construction of farm ponds and borewell recharge units to reduce water stress.

4. CONCLUSION

The study has demonstrated significant benefits of solar-powered irrigation pumps as a sustainable alternative to fossil fuel/ electric pump sets in Indian agriculture. The expansion of groundwater-irrigated areas through solar pumps helps farmers cultivate high-value crops, increase productivity, and increase net income from crop cultivation. There is a possibility that the increased use of solar-powered irrigation pumps by smallholders may also help them permanently escape the clutches of poverty. The adoption of a comprehensive package of practices in solar-powered irrigation systems (SPIS) is critical for transforming agriculture, reducing carbon emissions, and ensuring environmental, economic, and social sustainability. While offering a clean alternative to diesel, the low operating cost of solar pumps risks over-abstraction of groundwater. Therefore, a holistic approach combining technology, water management, and financial models is necessary to maximize benefits.
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