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Abstract
Farmer indebtedness in water-scarce regions poses a critical challenge to rural livelihoods and credit sustainability. This study examines 90 farm households in Bikaner district, Rajasthan—where 67.8% of households carry outstanding debt averaging ₹181.8 thousand each—to identify the key determinants of borrowing levels, default risk, and repayment constraints. Multiple linear regression explains 54.1% of variation in total loans, revealing that access to irrigated land (b = 0.495, p < 0.01), higher education (b = 0.234, p < 0.05), and greater reliance on non-institutional credit (b = 0.252, p < 0.01) significantly increase borrowing, while demographic and socio-economic factors such as age and non-farm income exert weaker effects. Logistic regression shows that older farmers (β = 0.779, p < 0.05) and those borrowing informally (β = 0.803, p < 0.05) face higher default risk, whereas larger landholdings (β = –0.140, p < 0.05) and off-farm income (β = –1.331, p < 0.10) enhance repayment capacity. The foremost barriers to loan servicing are low farmgate prices (64.8%), inadequate income (64.1%), and natural calamities (64.0%), compounded by crop failures, loan diversion, and excessive farm expenditure. 
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Introduction
Agriculture remains the backbone of the Indian economy, contributing approximately 17.4% to the national income and providing employment to nearly 50% of the country's working population (Economic Survey, 2018). Despite consistent growth in agricultural credit flow, with disbursements exceeding targets in recent years, the paradox of increasing farmer indebtedness continues to plague rural India. The all-India average outstanding loan per agricultural household stands at ₹74,121, with significant regional variations highlighting the complexity of rural debt dynamics. The magnitude of agricultural indebtedness has reached alarming proportions, with over 52% of farmer households reported as indebted according to recent surveys Divakar et al. (2013). This financial burden has transformed from a productive asset into a catastrophic liability, particularly when credit is diverted to non-productive purposes. The escalation of Non-Performing Assets (NPAs) from ₹2.25 lakh crores in 2013 to ₹9.0 lakh crores by 2017-18 underscores the severity of repayment challenges facing the agricultural sector. Rajasthan, being one of India's largest agricultural states, presents a unique case study for understanding farmer indebtedness patterns (ministry of Agricultural & Farmers Welfare, Gol, Annual Report ,2018). The state's average outstanding debt of ₹1,13,865 per agricultural household exceeds the national average, reflecting significant financial stress among farming communities. Bikaner district, characterized by its arid climate and predominantly rainfed agriculture, exemplifies the challenges faced by farmers in water-scarce regions where crop uncertainties compound financial vulnerabilities. Contemporary research reveals that farmer indebtedness is no longer merely a consequence of production failures but stems from complex interactions between institutional inadequacies, socio-economic pressures, and structural deficiencies in credit delivery systems. The dependence on informal credit sources, with their exorbitant interest rates, perpetuates cycles of debt that trap farmers in financial distress. Recent studies indicate that informal sources still account for nearly 40% of outstanding loans, despite decades of institutional credit expansion. The determinants of indebtedness have evolved beyond traditional factors like crop failure and natural calamities to include rising input costs, stagnant productivity, inadequate access to remunerative markets, and diversification of household expenditure patterns (Mitra et al.1986). Educational expenses, medical emergencies, and social obligations now constitute significant portions of rural borrowing, often diverting productive credit to consumption purposes. Repayment constraints have similarly multiplied, with farmers facing challenges ranging from inadequate loan amounts and rigid repayment schedules to limited financial literacy and poor institutional support mechanisms Chandar, S. (2014). Problem of debt among farmers of rural Haryana. Annals of Agri. Bio Research, 19(3), 534–541.The mismatch between agricultural income cycles and loan repayment structures creates systematic stress, forcing farmers into repeated borrowing cycles. This study focuses on Bikaner district to examine the intricate relationship between indebtedness determinants and repayment constraints in an arid agricultural setting Kumawat et. al (2015). By analysing both institutional and socio-economic factors contributing to farmer debt, this research aims to provide insights essential for policy formulation and institutional reforms targeting sustainable agricultural credit systems. The findings will contribute to understanding regional variations in debt patterns and inform targeted interventions for debt-stressed farming communities in similar agro-ecological zones Kishore, N. T. (2012).
Materials & Methods
The study was conducted in Bikaner district, located in north western Rajasthan (27°11' to 29°3' N and 71°54' to 74°22' E), which covers 30,247.90 sq km representing 8.8% of the state's total area and ranks second largest after Jaisalmer district. The district was selected due to its diverse agricultural conditions encompassing canal-irrigated, tubewell-irrigated, and rainfed farming systems, and its location within the SKRAU Bikaner jurisdiction area. Through purposive sampling, three tehsils were selected from the eight tehsils based on irrigation patterns and higher loan disbursement data obtained from the lead bank: Bikaner tehsil (canal irrigated), Nokha tehsil (rainfed/unirrigated), and Dungargarh tehsil (tubewell irrigated). One village was subsequently selected from each tehsil in consultation with the lead bank, prioritizing areas with substantial loan disbursement - Khara village from Bikaner tehsil (₹1,896.03 lakh loan disbursed), Deshnok village from Nokha tehsil (₹3,573.16 lakh), and Momasar village from Dungargarh tehsil (₹6,716.01 lakh) as of December 2017. From each selected village, 30 farmers were randomly chosen from Patwari records, totaling 90 farmers who were subsequently categorized based on landholding size using mean and standard deviation calculations into small farmers (<8.5 ha, n=60), medium farmers (8.5-15 ha, n=18), and large farmers (>15 ha, n=12), ensuring adequate representation across different farm size categories for comprehensive analysis of indebtedness patterns and repayment constraints.
In order to fulfilled the objectives of the study, both primary as well as  secondary data were collected for the present study.
Statistical analysis
Analysis of determinates of indebtedness
Multiple linear regression analysis was employed to examine the factors influencing farmer indebtedness levels. The independent variables were identified through extensive literature review, expert validation of the survey schedule, and pilot testing in the field to ensure comprehensive coverage of relevant determinants. The multiple linear regression model was specified as:
Y = b0 + b1x1 +b2x2+ b3x3+b4x4+…….+b7x7 + U
Where,
Y= Dependent factor i.e. Indebtedness (Total loan amount)
 xi – Independent factors explained in table 1
U = Random term with usual properties
Explanatory variables for linear regression technique
	Table 1. Dependent factor (Y) - Total loan amount

	S. No.
	Independent factors (xi)
	Explanation

	1
	Village condition based on infrastructural facilities (researcher’s observation)
	1= Khara; 2=Deshnok; 3=Momasar

	2
	Family size
	Number of family members in home

	3
	Age of decision maker
	Age of decision maker in years

	4
	Ratio
	Ratio of credit from non-institutional
sources to that from institutional sources

	5
	Non-farm income
	Income from subsidiary occupations other than the main occupation

	6
	Un-productive loan
	Expenditure on unproductive purposes
of borrowed fund.

	7
	Education level of the  decision-maker of the family
	1=Illitracy; 2=Primary; 3=Secondary; 4=Under graduation

	8
	Landholding
	Farm-size (hectares)


Model fit were tested using coefficient of multiple determination (R2) and significance of variable was tested using ‘t’ value
Determinants of non – repayment of loan
Logit regression model was used to work out contribution of independent factors on proper or improper repayment of loan as dependent factor taken as Yes/No as it was very difficult to understand how much loan is not repayed.
Logit regression model
Logistic regression is the appropriate regression analysis to conduct when the dependent variable is dichotomous (binary). It is similar to two group discriminant analysis Logistic regression is used to describe data and to explain the relationship between one dependent binary variable and one or more nominal, ordinal, interval or ratio-level independent variables. As we have taken the binary dependent variable, the logistic regression model was used.
For logistic regression, a model of the following form is used to predict the value of a response variable y using the values of a number of explanatory variables:
D= β0 + β1x1 + β2x2 +	+ βqxq
Where -
D = discriminant score (Yes/No)
βi = discriminant coefficients
Xi = independent variables 
For running the equation wherever possible independent factors were give ordinal scale.
	Table 2. Dependent Variable- Farmer paying the loan amount properly (Yes/No)

	S.N.
	Independent Variable
	Explanation

	1
	Village condition
	1=Khara; 2=Deshnok; 3=Momasar

	2
	Education of farmer’s
	1=Illitracy;2=Primary;3=Secondary;
4=Under graduation

	3
	Non-farm income
	Other sources of income except farm income.

	4
	Family size
	Number of family member in home

	5
	Age of decision maker
	Age of respondent in years

	6
	Ratio
	Non-institutional and institutional loan

	7
	Size of Landholding
	Farm size
1=Small; 2=Middle; 3=Large

	8
	Un-productive loan
	Amount used for unproductive purpose

	9
	Land type
	Irrigated land


The regression process finds the coefficients which minimize the squared differences between the observed and expected values of y (the residuals).
As the outcome of logistic regression is binary, y needs to be transformed so that the regression process can be used. The logit transformation gives the following:
ln

if probabilities of the event of interest happening for individuals are needed, the logistic regression equation can be written as:

Model fit: Nagelkerke R square value is used to check model fit which is similar to coefficient of multiple determination (R2). If the estimated probability is greater than 0.5, then the predicted values of Y is set to 1 and if less than one, then the predicted value if Y is set to 0. Significance testing: The testing of individual tested coefficient was tested based on Wald’s statistic ‘t’ test.
Constraints faced in repayment of loan by farmers
To find out the important constraints which influence the respondent, Garret ranking technique was used. As per this method, respondents were asked to assign the rank for all constraints and the outcome of such ranking was converted into score value with the help of the following formula:
Percent Position = 100 × (Rᵢⱼ - 0.5) / Nⱼ
Where:
Rᵢⱼ = Rank assigned to ith constraint by jth respondent
Nⱼ = Total number of constraints ranked by jth respondent
i = 1, 2, ...,n
j = 1, 2, ..., n
The constraints were identified through expert consultation and validated during the pilot survey to ensure relevance to local conditions.
Chart 1. Major repayment constraints faced by farmers
	S.No.
	Repayment Constraints
	Description

	1
	Diversion for non-productive use
	Utilization of borrowed funds for consumption and social expenses

	2
	Crop failure
	Production loss due to pest attacks, diseases, or poor weather

	3
	Inadequate farm income
	Insufficient returns from agricultural operations

	4
	Additional farm expenditure
	Unexpected costs for inputs, labor, or equipment

	5
	Natural calamities
	Losses due to drought, floods, hailstorms, or other disasters

	6
	Low produce prices
	Unfavorable market conditions affecting farm gate prices


The Garrett scores were calculated and ranked to identify the most critical constraints, with higher scores indicating greater severity of the constraint in affecting loan repayment capacity.
Determinants of indebtedness and non – repayment among farmers
Although, the state has achieved from time to time very high levels of productivity from all crops but still the farmers are reeling under heavy debt. The factors affecting indebtedness namely, level of education, non-farm income, farm size, share of non-institutional loan in total loan etc. were identified during the study which are discussed below.
Result and Discussions
The determinants of indebtedness
The results of simple multiple linear regression to find out determinants of indebtedness are presented in table 3. The results show that factors irrigated land, village, family, land holding, ratio of institutional and non - institutional and education were found affecting indebtedness positively whereas age and non – farm income affected indebtedness negatively. The dependent factor consists of total loan amount and the independent factors consists of village, family size, age of respondent, non-farm income, education of farmer, size of land holding, irrigated land, ratio of institutional and non –institutional sources. Abate, et. al (2002). Table 3 presents a multiple linear regression explaining 54.1% of the variation in total loan amounts (R² = 0.541; adjusted R² = 0.496). Access to irrigated land has the largest positive effect on borrowing (b = 0.495, p < 0.01), followed by the share of non-institutional credit (b = 0.252, p < 0.01) and the farmer’s education level (b = 0.234, p < 0.05). Village infrastructure also encourages higher loan uptake (b = 0.136, p < 0.10). In contrast, age (b = –0.064, p = 0.490) and non-farm income (b = –0.045, p = 0.620) show negative but non-significant associations, while family size (b = 0.074, p = 0.407) and landholding size (b = 0.116, p = 0.417) are positive yet not statistically significant.
	Table 3. Dependent variable - total loan amount

	S. No.
	Independent Factors (significant factors)
	b value
	Probability of Significance

	1
	Village (condition)
	.136*
	.084

	2
	Family size
	.074
	.407

	3
	Age of decision maker
	-064
	.490

	4
	Non- farm income
	-045
	.620

	5
	Education of farmer
	.234**
	.026

	6
	Size of landholding
	.116
	.417

	7
	Irrigated land
	.495***
	.000

	8
	Ratio of loan from institutional and non – institutional sources
	.252***
	.002

	Adjusted R Square                                                                                                                         0.496
R Square                                                                                                                                         0.541


Single, double and triple asterisks indicate statistical significance at the 1 percent, 5 percent and 10 percent level of probability respectively.
Factors affecting non - repayment of the loan amount
The logistic regression was used to find out the factors responsible for non- repayment of loan which are shown in table 4 The results show that age and ratio of non-institutional to institutional loan were affecting non-repayment positively while land holding size and non-farm income affected non- repayment negatively Baranawal, S. (2017). The independent variables consisted of the farmers not paying the loan amount. In the independent factors first of all dummy variables were taken and binary data were taken. The factors that came out to be significant after the application of the logistic regression were age of respondent, non-farm income, size of landholding and ratio of institutional and non-institutional loans. Table 4 reports reveled a logistic regression on default likelihood, explaining 21.9% of variation (Nagelkerke R² = 0.219). Older farmers are more prone to non-repayment (β = 0.779, p < 0.05), while greater non-farm income (β = –1.331, p < 0.10) and larger landholdings (β = –0.140, p < 0.05) significantly reduce default risk. Reliance on non-institutional credit markedly increases default odds (β = 0.803, p < 0.05). The model, based on 90 observations (–2LL = 91.537), highlights key financial and demographic drivers of repayment behavior.
 Factors affecting non - repayment of the loan amount

	Table 4. Dependent Variable – Farmers not paying the Loan Amount

	S. No.
	Independent Factors
	β Value
	Significance value

	1.
	Age of decision maker
	0.779**
	0.038

	2.
	Non- farm income
	-1.331*
	0.083

	3.
	Size of Landholding
	-0.140**
	0.042

	
4.
	Ratio of loan from institutional and non – institutional sources
	
0.803**
	
0.022

	Nagelkerke R Square
	0.219

	Cox & Snell R Square
	0.152

	-2 Log Likelihood
	        91.537

	Number of Observation
	90


 Single, double and triple asterisks indicate statistical significance at the 1 percent, 5 percent and 10      percent levels of probability respectively.
Constraints faced by farmers in repayment of loan
The different constraints faced by farmers for the repayment are presented in table 5 The results indicated that low price of farm produce was the major reason for non - repayment among the small farmers (67.33 per cent) and medium farmers (67.33 per cent) but inadequate income (75.25 per cent) was the major reason for non - repayment among the large farmers. Etukumoh et. al (2015). The second major reason for indebtedness was identified as natural calamity among the small farmers (63.22 per cent), medium farmers (63.22 per cent) and large farmers (66.75 per cent) About 61.23 per cent of the total sampled farmers considered diversion as constraint for their repayment. Further, failure of crop was found to be the reason for non-repayment of about 60.08 per cent of total sampled farmers. Also, spending on farms was reported as reason for non-repayment by about 59.5 per cent of the sampled farmers.
Table 5. Constraints faced by small, medium and large farmers in repayment of loan
	Constraints
	Small (n=60)
	Medium(n=18)
	Large(n=12)
	Total(n=90)

	
	Score
	Rank
	Score
	Rank
	Score
	Rank
	Score
	Rank

	Diversion of loan
	61.06
	5
	60.22
	5
	58.66
	5
	61.23
	4

	Failure of crops
	59.98
	4
	60.44
	4
	60.08
	4
	60.08
	5

	Inadequate income
	62.2
	3
	62.77
	3
	75.25
	1
	64.1
	2

	Other spending on farms
	59.93
	6
	59.05
	6
	55.33
	6
	59.5
	6

	Natural calamity
	63.22
	2
	63.22
	2
	66.75
	2
	64.02
	3

	Low price of farm produce
	67.33
	1
	67.33
	1
	62.58
	3
	64.82
	1



Conclusion
In Bikaner district, the majority of farmers (67.8%) carried outstanding debt averaging ₹181.8 thousand per household, with medium holders most indebted (77.8%) and large holders incurring the highest per-farmer debt of ₹370.8 thousand. Our multiple regression shows that irrigated land (b = 0.495, p < 0.01), higher education (b = 0.234, p < 0.05) and a greater share of non-institutional borrowing (b = 0.252, p < 0.01) significantly increase loan amounts (R² = 0.541), while age and non-farm income exert negative but nonsignificant effects. Logistic analysis reveals that older farmers (β = 0.779, p < 0.05) and those reliant on informal credit (β = 0.803, p < 0.05) face higher non-repayment risk, whereas larger landholdings (β = –0.140, p < 0.05) and off-farm income (β = –1.331, p < 0.10) improve repayment capacity (Nagelkerke R² = 0.219). These findings point to the necessity of expanding equitable irrigation, enhancing financial literacy for productive credit use, and fostering income diversification to reduce reliance on high-cost lenders and strengthen loan servicing among rural households. In Bikaner district, low farm gate prices emerge as the foremost barrier to loan repayment, cited by 67.3% of small and medium farmers and 62.6% overall, while inadequate income is the top concern for large holders (75.3%) and ranks second (64.1%) across all respondents. Natural calamities—notably droughts—rank second among small and medium farmers (63.2%) and large farmers (66.8%), affecting 64.0% of all borrowers. Over 60% of farmers identify loan diversion (61.2%) and crop failures (60.1%) as key constraints, with excessive farm expenditure also hindering repayment for 59.5%.
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