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Abstract
	Agriculture is known to be the backbone of the Indian economy. Agriculture significantly influences the Socio-economic and cultural aspects of people’s lives in India. In the absence of alternative livelihood opportunities in rural areas, around 47% of India's population depends on agriculture for their livelihoods. Therefore, agriculture plays a very important role in determining the quality of life of people in India, as about 64% of its population lives in rural areas. However, despite being the predominant occupation, Agriculture is the most backward and least productive sector of India. With around half of the population engaged in agriculture, it contributes only 17-18% of the national income. Unlike the manufacturing and service sectors, agriculture is seasonal; therefore, higher cropping intensity is expected to significantly influence agricultural production and productivity. The present study attempts to analyse the role of irrigation, farm mechanisation, use of chemical fertilisers, rural credit and public expenditure on agriculture in determining the level of cropping intensity across various states of India. The study seeks to develop insights into the determinants of cropping intensity in Agriculture, with a clear objective of identifying and suggesting ways to improve it in Indian agriculture. Statistical tools such as stepwise regression analysis, along with t-test, R-Squared, Adjusted R-Squared, and Correlation Coefficients have been used to achieve the objectives of the study. The study finds that the percentage of net irrigated area, disbursement of agricultural credit by institutional sources, tractor density and public expenditure on agricultural development account for 63.7% of interstate variations in cropping intensity in India.
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1. Introduction
In the words of Prof. M.P. Todaro, “If the process of economic growth is to begin and to be self-sustained, it must begin with the rural areas in general and agriculture in particular”. Agriculture is known to be the backbone of the Indian economy. Agriculture significantly influences the Socio-economic and cultural aspects of people’s lives in India. In the absence of alternative livelihood opportunities in rural areas, around 47% of India's population depends on agriculture for their livelihoods. Therefore, agriculture plays a very important role in determining the quality of life of people in India, as about 64% of its population lives in rural areas. However, despite being the predominant occupation, Agriculture is the most backward and least productive sector of India. With around half of the population engaged in agriculture, it contributes only 17-18% of the national income. It is important because, with two-thirds of India’s population living in rural areas, the problem of poverty cannot be addressed without improving agricultural production and incomes. 
Besides, with a population of more than 1.45 billion, India cannot afford to neglect its agriculture. Agriculture is extremely important for the adequate provision of wage goods. The goal of food security for all cannot be achieved without adequate attention to agriculture and the rural population. Agriculture also provides raw material for India's growing food processing industry. Because half of India’s total population earns its income from agriculture, it, therefore, 
2. Literature Survey
Rohit Kumar (2024) studied the changing pattern of cropping intensity in Haryana and the factors affecting the change during 2005-06 to 2020-21. Conversion of agricultural land for non-agricultural uses was identified as the major factor adversely affecting agricultural productivity and sustainability in rural Haryana. Access to credit and market information was suggested as the primary remedy to address the issue.
Gajraj Negi and Chandra Ballabh (2018) studied cropping and irrigation intensity in the district of Dehradun. Cropping intensity was found to be higher in areas with high irrigation intensity and lower in areas with low irrigation intensity. The study found cropping intensity to be a major determinant of farmers' adoption of modern technology in Dehradun.
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Deepak et.al. (2025) analysed cropping patterns and intensity in Chhattisgarh. The study revealed major changes in the cropping patterns and intensity in the state. The study reported a heavy shift from traditional crops to commercial crops. 
Sushma Panchal (2024) comprehensively reviewed the cropping patterns, cropping intensity and agricultural productivity in the state of Haryana. Haryana farmers preferred cereals, i.e., paddy and wheat, over other crops. Most districts reported efficient land use with multiple cropping. Intensive agricultural practices were suggested to further increase cropping intensity. 
Prince Kumar and David Chella Baskar (2020) studied cropping patterns and cropping intensity with respect to mustard cultivation in the Meerut district of West UP. Cropping intensity was found to be highest on the marginal farms, followed by small and medium farms. 
3. Objectives and Methodology
The present study runs with the following objectives;
1. To analyse the role of irrigation, farm mechanisation, use of chemical fertilisers, rural credit and public expenditure on agriculture in determining the level of cropping intensity across states of India. 
2. To suggest ways to improve the cropping intensity in Indian agriculture.   
The study uses secondary data for 15 states of India from 2018-19 to 2023-24. Only the states with more than 1% of India’s population have been selected for this purpose. To address multicollinearity, stepwise regression model is used. Variables in the stepwise regression model are entered in the descending order of their t-values from the simple regression model. The study uses t-tests, R-squared, and adjusted R-squared to achieve its objectives. Cropping intensity has been calculated in the following manner;
Cropping Intensity = (Gross Cropped Area ÷ Net Sown Area) x 100
The study makes use of the following variables as dependent factors in the regression analysis;
1. Use of NPK fertilisers per thousand hectares of agricultural area (NPKF), Source: Ministry of Chemicals and Fertilisers, Department of Fertilisers, Government of India
2. Net irrigated area as a percentage of net sown are (NIRG), Source: Directorate of Economics and Statistics, GOI
3. Tractor density per thousand hectares of area (TRAD) used as a proxy indicator for farm mechanisation, Source: https:/tnagrisnet.gov.in
4. Disbursement of agricultural loan per thousand hectares of agricultural land (AGCR), Source: NABARD
5. Public expenditure on agricultural development per thousand hectares of agricultural land (PXAG), Source: RBI: State Finances, A Study of Budgets and Handbook of Statistics on Indian States
Nitrogen (N), Phosphorus (P) and Potassium (K) are very important nutrients for soil health and fertility. Rational use of NPK fertilisers can greatly improve agricultural production and productivity. Greater production helps farmers earn higher incomes and invest more in agriculture, thereby boosting cropping intensity. 
Without adequate irrigation facilities, multiple cropping can not be encouraged. Irrigation facilities help to improve cropping intensity. High-yielding variety seeds require more water than indigenous seeds; therefore, the importance of artificial irrigation facilities has increased tremendously. 
Mechanisation of farms can improve crop production by speeding up processes and reducing overall costs. It can increase the efficiency of Indian agriculture sector by enhancing land use efficiency through multiple cropping in a year. 
Finance is the key to every economic activity. Since more than 80% of Indian farmers hold small and marginal landholdings, it is extremely important to provide them with agricultural credit through institutional sources. In the absence of institutional sources of credit, farmers seek loans from moneylenders, commission agents, etc., who charge exorbitant interest rates and exploit them.
In India, where a large share of the population depends on agriculture, public expenditure on agricultural development becomes crucial. Public spending on agricultural infrastructure, irrigation facilities, agricultural research and extension and the creation of rural support systems can play a vital role in improving cropping intensity by encouraging multiple cropping and increasing agricultural incomes. 
4. Results and Discussion
To assess the intercorrelation between the variables, Pearson’s correlation coefficient has been used. The t-test has been used to test for the significance of correlation coefficients at 95% confidence level (5% significance level i.e., α = 0.05). Values of correlation between the variables have been reported in the form of a matrix given in table 1.
Table 1 shows that cropping intensity shares a significant positive relationship with net irrigated area per 000’ hectares of agricultural land, tractor density, agricultural credit per 000’ hectares of agricultural land and public expenditure on agriculture per 000’ hectares of agricultural land. Tractor density is recorded to share significantly positive correlation with agricultural credit per 000’ hectares of agricultural land.
The study uses stepwise regression to identify the role of various explanatory variables in determining cropping intensity across states. The variables have been added to the regression model in descending order of their t-values as observed in Table 1. 
Table 1: Inter Correlation between the variables (Correlation Matrix)
	
	CRIN
	NPKF
	NIRG
	TRAD
	AGCR
	PXAG

	CRIN
	1
	0.209
(0.799)
	0.765
(4.452)*
	0.543
(2.541)*
	0.692
(3.596)*
	0.541
(2.407)*

	NPKF
	0.209
(0.799)
	1
	0.329
(1.304)
	0.263
(1.021)
	0.181
(0.689)
	0.246
(0.949)

	NIRG
	0.765
(4.452)*
	0.329
(1.304)
	1
	0.217
(0.831)
	0.361
(1.448)
	0.319
(1.254)

	TRAD
	0.543
(2.541)*
	0.263
(1.021)
	0.217
(0.831)
	1
	0.704
(3.709)*
	0.327
(1.295)

	AGCR
	0.692
(3.586)*
	0.181
(0.689)
	0.361
(1.448)
	0.704
(3.709)*
	1
	0.456
(1.917)

	PXAG
	0.541
(2.407)*
	0.246
(0.949)

	0.319
(1.254)
	0.327
(1.295)
	0.456
(1.917)
	1


Source: Author’s calculation
Table 2: Regression Model with NIRG as Cause Variable
CRIN = 72.567 + 28.451.NIRG
	Summary of Overall Fit

	R-Squared:
	0.507

	Adjusted R-Squared
	0.432

	Overall F-Statistic
	0.641 

	Overall P-value
	0.04*


Source: Author’s own calculation
Regression model 1 explains the cause-and-effect relationship between cropping intensity and the percentage of net irrigated area to net sown area, with cropping intensity as the independent/explained variable and the percentage of net irrigated area to net sown area as the dependent/explanatory variable. Model 1 shows that the percentage of net irrigated area to net sown area alone accounts for 43.2% of the variation in cropping intensity across states, which clearly suggests that adequate irrigation facilities can act as a catalyst for improving land-use efficiency in agriculture.
Regression Model 2 shows the causal relationship between cropping intensity, the percentage of net irrigated area to net sown area and disbursement of agricultural credit per 000’ hectares of agricultural land, with cropping intensity as the effect variable and the percentage of net irrigated area to net sown area and agricultural credit per 000’ hectares of agricultural land as the cause variables. Together, these variables account for 54.1% of inter-state variations in cropping intensity. The relationship is found to be statistically significant (p < 0.05).
Table 3: Regression Model with NIRG and AGCR as Cause Variables
CRIN=145.396−0.941⋅NIRG+0.002⋅AGCR
	Predictor
	Coefficient
	Estimate
	Standard Error
	t-statistic
	p-value

	Constant
	β0
	145.396
	12.004
	12.112
	0.003

	NIRG
	β1
	0.941
	0.882
	1.068
	0.024

	AGCR
	β2
	0.002
	0.002
	0.919
	0.017

	Summary of Overall Fit

	R-Squared:
	0.603

	Adjusted R-Squared
	0.541

	Overall F-Statistic
	0.881 (df. 2, 13)

	Overall P-value
	0.02*


Source: Author’s own calculation
Regression Model 3 shows a linear causal relationship between cropping intensity, as the explained variable, and the percentage of net irrigated area to net sown area, agricultural credit per 000 hectares of agricultural land, and tractor density per 000 hectares of agricultural land as explanatory variables. These three variables together account for 59.2% of the variation in cropping intensity across the states of India. The relationship is statistically significant with p < 0.05. Therefore, a clear emphasis on the accessibility of agricultural loans at concessional interest rates to support farm mechanisation can assist farmers in improving crop production. 
Table 4: Regression Model with NIRG, AGCR and TRAD as Cause Variables
CRIN=128.655+0.001⋅NIRG+0⋅AGCR+0.507⋅TRAD
	Predictor
	Coefficient
	Estimate
	Standard Error
	t-statistic
	p-value

	Constant
	β0
	128.655
	18.627
	6.907
	0.053

	NIRG
	β1
	0.701
	0.612
	0.491
	0.032

	AGCR
	β2
	0.764
	1.437
	-0.783
	0.059

	TRAD
	β3
	0.507
	0.306
	1.658
	0.013



	Summary of Overall Fit

	R-Squared:
	0.613

	Adjusted R-Squared
	0.592

	Overall F-Statistic
	1.412 (df. 3, 12)

	Overall P-value
	0.03*


Source: Author’s own calculation
Regression model 4 explains the cause and effect relationship between cropping intensity and the percentage of net irrigated area to net sown area, agricultural credit per 000’ hectares of agricultural land, tractor density per 000’ hectares of agricultural land and public expenditure on agricultural development per 000’ hectares of agricultural land with cropping intensity as the explained variable and the percentage of net irrigated area to net sown area, disbursement of agricultural credit, tractor density and public expenditure on agricultural development as the explanatory variables. Regression Model 4 clearly shows that these four variables account for 63.7% of the variation in cropping intensity across Indian states.
Table 5: Regression Model with NIRG, AGCR, TRAD and PXAG as Cause Variables
CRIN=99.336+0.001⋅NIRG+0⋅AGCR+0.521⋅TRAD+0.003⋅PXAG
	Predictor
	Coefficient
	Estimate
	Standard Error
	t-statistic
	p-value

	Constant
	β0
	99.336
	24.321
	4.085
	0.002

	NIRG
	β1
	0.501
	0.002
	0.692
	0.015

	AGCR
	β2
	42.139
	16.875
	-0.113
	0.012

	TRAD
	β3
	0.521
	0.284
	1.836
	0.073

	PXAG
	β4
	0.003
	0.002
	1.714
	0.015



	Summary of Overall Fit

	R-Squared:
	0.704

	Adjusted R-Squared
	0.637

	Overall F-Statistic
	1.543 (df. 4, 11)

	Overall P-value
	0.02*


Source: Author’s own calculation
Table 6: Regression Model with NIRG, AGCR, TRAD, PXAG and NPKF as Cause Variables
CRIN=99.802+0.001⋅NIRG+0⋅AGCR+0.515⋅TRAD+0.003⋅PXAG−0.085⋅NPKF
	Predictor
	Coefficient
	Estimate
	Standard Error
	t-statistic
	p-value

	Constant
	β0
	99.802
	26.138
	3.818
	0.003

	NIRG
	β1
	0.001
	0.002
	0.662
	0.023

	AGCR
	β2
	0.674
	1.347
	23.051
	0.061

	TRAD
	β3
	0.515
	0.308
	1.672
	0.016

	PXAG
	β4
	0.003
	0.002
	1.6
	0.091

	NPKF
	β5
	-0.085
	1.05
	-0.081
	0.037



	Summary of Overall Fit

	R-Squared:
	0.674

	Adjusted R-Squared
	0.563

	Overall F-Statistic
	1.531 (df. 5, 10)

	Overall P-value
	0.08*


Source: Author’s own calculation
In Regression model 5, when the use of NPK fertilisers per 000 hectares of agricultural land was included along with other variables, the model's explanatory power decreased to 56.3%. This shows that regression model 5 is not a good fit for explaining interstate variations in cropping intensity in India. Additionally, p-value > 0.05 indicates that regression model 5 is a poor fit. 
5. Conclusion
The problem of poverty in India cannot be addressed without addressing issues in agriculture and the conditions faced by those living in rural India. As most of the Indian population depends on agriculture for its livelihood, prioritising agricultural issues and problems should be a foremost national agenda. Despite being the predominant occupation, Agriculture is the most backward and least productive sector of India. With around half of the population engaged in agriculture, it contributes only 17-18% of the national income. Unlike the manufacturing and service sectors, agriculture is a seasonal occupation and high cropping intensity can help improve the production, productivity and income generation in agriculture. The study analysed the role of irrigation, farm mechanisation, the use of chemical fertilisers, rural credit, and public expenditure on agricultural development in determining the level of cropping intensity across Indian states. The study showed that cropping intensity shares a significant positive relationship with net irrigated area, tractor density, agricultural credit and public expenditure on agriculture. Tractor density has also been found to be significantly and positively correlated with the disbursement of agricultural credit by institutional sources. The study finds that the percentage of net irrigated area to net sown area, agricultural credit per 000’ hectares of agricultural land, tractor density per 000’ hectares of agricultural land and public expenditure on agricultural development per 000’ hectares of agricultural land account for nearly 63.7% of inter-state variations in cropping intensity. The study calls for greater emphasis on improving artificial irrigation facilities, increasing the availability of agricultural credit at concessional interest rates by institutional sources, encouraging farm mechanisation, and increasing public expenditure in agriculture to raise cropping intensity in Indian states. Higher cropping intensity would improve land-use efficiency in agriculture and raise farm incomes, which would help to address poverty in rural India. 
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