Resource Use Efficiency Under Rice Cultivation in Old Alluvial Zone of West Bengal: An Empirical Assessment of beneficiary and non-beneficiary farmers
Abstract
[bookmark: _GoBack][bookmark: _Hlk212542067]Efficient use of resources is of much concern from economic point of view to increase the production level and maximize return. The present study analyzed the resource use efficiency under rice cultivation in old alluvial zone of West Bengal. A sample of 100 beneficiaries and 100 non-beneficiaries were purposively selected from Balurghat block of Dakshin Dinajpur district of West Bengal. Cost of Cultivation, resource use efficiency and the relative percentage change in marginal value product were estimated. The estimated R2 value for beneficiary farmers was 0.63 which clearly indicates that 63 per cent of the variations in rice yield are explained by the explanatory variables considered in the model. The elasticity coefficients of hired labour (0.15), seeds (0.08), DAP/SSP (0.14), farm yard manure (0.16) and irrigation (0.15) were found positive and statistically significant. The level of adjustments estimated for various resources to earn optimum returns were seeds (75.37 per cent), DAP/SSP (81.88 per cent), farm yard manures (51.14 per cent) and irrigation (79.72 per cent), respectively. Similarly, the estimated R2 value for non-beneficiary farmers was 0.53 indicates that 53 per cent of the variations were explained by the explanatory variables.The elasticity coefficients of family labour (0.16), Urea (0.04), farm yard manure (0.12) and irrigation (0.07) were found positive and statistically significant. The level of adjustments estimated for various resources to earn optimum returns were Urea (65.10 per cent), farm yard manures (32.61per cent) and irrigation (69.56 per cent), respectively. The efficiency ratios which are more than one in each case clearly indicates that these resources are being used at sub-optimum level and therefore, farmers could improve economic efficiency and productivity if they use more of these resources. The level of adjustments estimated for various resources to earn optimum returns were analyzed. 
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1. INTRODUCTION
	Rice is the considered as the prominent food crop of India and is likely to continue to its dominance in the agricultural economy of the country because of its largest consumption (70 per cent of total population). In India, rice is cultivated in an area of about 50 million hectares with an annual production of about 145 million metric tonnes and the average productivity of 4.35 tons per hectare during 2024-25.West Bengal, the leading rice producing state has 5.6 million hectares area under rice cultivation covering both irrigated and rainfed areas, with an annual production of 164.91 lakh tonnes and having average productivity of 2.9tonnes/ha during 2024-25 (www.indiastats.com).In developing economies like India where resources are meager and opportunity for adopting capital intensive new technologies are limited, the best option to enhance productivity is by adopting efficient use of the production resources (Kaur et al. 2010). Resource use efficiency analysis will pave ways for increasing output per unit of input and attaining desirable inter - farm, intra-farm and inter-sector transfer of production resources in order to provide the means of raising our economic level in the region. Also, there is lesser study regarding resource use efficiency under rice cultivation which have wide physiological adaptability. Considering the above points, the present study was undertaken to estimate the resource use efficiency under kharif rice cultivation in the old alluvial zone of West Bengal, so as to further improve the production/productivity of this crop in this region. Level of adjustments estimated for various resources will serve as a bench-mark for a grass root agricultural planning for cultivators, government agricultural agencies and related bodies such as agricultural companies in the study area.With this background the present study was conducted with the objective to analyze the resource use efficiency underrice cultivation in old alluvial zone of West Bengal.
2. METHODOLOGY
To meet the prime objective of the study, primary data were collected purposively from 100 beneficiary farmers(institutional borrowers) and 100 non-beneficiary farmers (non-institutional borrowers) randomly from 10 villages under Balurghat block of Daksin Dinajpur district of West Bengal using pre-tested structured schedule through personal interview of the respondents for the calendar year 2020-21.Cost of Cultivation, resource use efficiency of the inputs used by rice cultivators using Cobb Douglas production function and the relative percentage change in MVP of each resource to obtain optimal resource allocation were estimated. The resource use efficiency of the inputs used by rice cultivators were estimated using Cobb Douglas production function as stated below


Where, Y= yield of the crop (kg/ha)
X1= quantity of hired labour (mandays/ha)
X2= quantity of family labour (mandays/ha)
X3= machinery usage (no. of ploughings/ha)
X4= quantity of seeds (kg/ha)
X5= quantity of urea (kg/ha)
X6= quantity of MOP (kg/ha)
X7= quantity of DSP/SSP (kg/ha)
X8= quantity of FYM (kg/ha)
X9= dosage of PPM (kg/ha)
X10= irrigation (no. of hours /ha)
Ut= error term
	 The estimated coefficients of significant independent variables were used to compute the marginal value product (MVP) and the resource use efficiency (r) was worked out using the equation (Rahman and Lawal, 2003)



Where, 

= marginal value product of the ith input.

 = Geometrical mean of the value of output.

= geometric mean of the ith input.

= estimated coefficient or elasticity of the ith input

= price of output
	 The relative percentage change in MVP of each resource was required to obtain optimal resource allocation is estimated using the following equation 


	Where, D is the absolute value of percentage change in MVP of each resource (Mijindadi, 1980).
3. RESULTS AND DISCUSSION
3.1 Cost of Cultivation for Rice in Dakshin Dinajpur District
	Detail estimates of cost of cultivation for kharif paddy (beneficiary farmers) in Dakshin Dinajpur district has been presented in Table-1.Operational costs (Cost A1) are Rs. 55,612.31/ha, Rs 58,044.70/ha and Rs. 61083.21/ha for marginal farmers, small farmer and large farmers, respectively. Within the cost components, hired labour has incurred major share of costs and this is followed by machinery charges and manure. The pattern of distribution of cost components remains same for all categories of farmers. Overall average figure of total operational cost of cultivation is Rs. 58,044.98/ha. The total cost of cultivation i.e. Cost C3 (operational cost + fixed cost) for marginal farmer stands at Rs 1,06,740.216 /ha, for small farmers Rs. 1,08,334.30 /ha and for large farmers, it is Rs. 1,09,739.50 /ha. At aggregate level, the total cost of cultivation stands at Rs.1,08,840.80/ha. Thus, cost of cultivation is higher for large farmers compared to marginal and small farmers. Similarly, Govt. record the estimated cost of cultivation of paddy in West Bengal is Rs. 60753/ha and also TNAU (www.agritech.tnau.ac.in) shows Rs.83,683/ha towards this cost, Thus, total cost of cultivation (Cost C3) of paddy is seemed to be on higher side for the sample farmers compared to govt. estimates. Farmers usually consider the operational cost (Cost A1) only to judge the economic efficiency of the farming.The gross income per hectare for marginal farmers is Rs 79,065.91, for small farmers is Rs 83,111.66 and for large farmers is Rs 89,716.03 respectively. Net return over operational cost or Cost A1 for marginal farmers is estimated at Rs. 23,453.60/ha, for small farmers is Rs 25,066.96 /ha and for large farmers the value comes to Rs. 28,632.82/ha. Overall average estimate was Rs 25,751.71/ ha. While considering Cost C2, the net return was Rs. (-) 17,970.65/ha for marginal farmers, Rs (-) 15,374.00/ha for small farmers and Rs. (-) 10,047.20/ha for large farmers. Return-cost estimation based on Cost A1 shows that the values are at 1.42 for marginal farmers, 1.44 for small farmers and 1.47 for large farmers respectively. On the other hand, the estimated values of return- cost ratios over C2 stand at 0.81, 0.84 and 0.90 respectively for marginal, small and large farmers. Thus, paddy cultivation is remunerative to some extent for the categories of farmers when only operational cost (Cost A1) is considered. The ratio measures show that investment of one rupee has the capacity to give a return of Rs.1.42, 1.44 and Rs.1.66 respectively for marginal small and large farmers in the area under study respectively. In case of estimates based on Cost C2, negative net returns have been found for both types of farms. The results of return-cost analysis show that farmers continue cultivation of kharif paddy since total return covers the operational cost only. Otherwise, it would have been a risky business if total cost i.e. Cost C2 is considered. Farmers in general pay more importance on operational cost (Cost A1) to assess their profitability on investment on specific crop.
Table-2 depicts the detailed estimates of cost of cultivation for kharif paddy (Rs/ha) for non-beneficiary farmers of Dakshin Dinajpur district. Operational costs (Cost A1) are Rs. 43271.81/ha and Rs. 45195.94/ha for marginal farmers and small farmers respectively. Within the cost components, hired labour has incurred major share of costs and this is followed by machinery charges and manure. Overall average figure of total operational cost of cultivation is Rs. 43,629.89/ha. The total cost of cultivation i.e. Cost C3 (operational cost + fixed cost) for marginal farmer stands at Rs 93,055.90/ha and for small farmers, it is Rs. 95,736.78/ha. At aggregate level, the total cost of cultivation stands at Rs. 93,477.33 /ha. Thus, cost of cultivation is higher for small farmers compared to marginal farmers. Gross income per hectare for marginal farmers is Rs 58,685.70and for small farmers is Rs 62,267.30 respectively. Net return over operational cost or Cost A1 for marginal farmers is estimated at Rs. 15413.88 /ha and for small farmers the value comes to Rs. 17,071.36 /ha. Overall average estimate was Rs 15,693.51/ ha. While considering Cost C2, the net return was Rs. (-) 25,910.57 /ha for marginal farmers and Rs. (-) 24,766.10/ha for large farmers. Return-cost estimation based on Cost A1 shows that the values are at 1.36 for marginal farmers and 1.38 for small farmers respectively. On the other hand, the estimated values of return- cost ratios over C2 stand at 0.69 and 0.72 respectively for marginal and small farmers. Thus, paddy cultivation is remunerative to some extent for the categories of farmers when only operational cost (Cost A1) is considered. The ratio measures show that investment of one rupee has the capacity to give a return of Rs.1.36 and Rs.1.38 respectively for marginal and small farmers in the area under study respectively.
3.2. Resource use efficiency of sample farmers
 Resource use efficiency for beneficiary farmers cultivating rice in Dakshin Dinajpur district
	Results of the Cobb Douglas production function analysis used to assess the resource use efficiency of inputs use in rice cultivation were presented under Table-3. The major inputs used in the process of rice production were human labour (hired and family), machinery usage, seeds, Urea, MOP, DAP/SSP, farm yard manure (FYM), plant protection chemicals and irrigation. The estimated regression coefficients of various inputs in rice production are furnished in table 3. The estimated R2 value was 0.63 which clearly indicates that 63 per cent of the variations in rice yield are explained by the explanatory variables considered in the model. It is evident from the Table-3, that the elasticity coefficients of hired labour (0.15), seeds (0.08), DAP/SSP (0.14), farm yard manure (0.16) and irrigation (0.15) were found positive and statistically significant.
The economic efficiency of inputs used was computed using marginal value productivity (MVP) and marginal factor cost (MFC) and is presented in Table-3. It was observed that the efficiency ratio of seeds, DAP, farm yard manures and irrigation were more than one in each case. It clearly indicates that these resources are being used at sub-optimum level and therefore, farmers could improve economic efficiency and productivity if they use more of these resources. On the other hand, the cost of hired labour (0.77) had to be reduced from the existing mean level since the ratio has been found to be less than one. This clearly indicates that the input is being over utilized. In similar lines, Ghimire and Dhakal (2014) revealed that the expenditure on human labor in cauliflower and cabbage production was overused. The level of adjustments estimated for various resources to earn optimum returns were seeds (75.37 per cent), DAP/SSP (81.88 per cent), farm yard manures (51.14 per cent) and irrigation (79.72 per cent), respectively. 
Table-1:Cost of cultivation for rice (Beneficiary farmers) in Dakshin DinajpurDistrict.                                   (Rs/ha)
	Particulars
	Marginal
	Small
	Large
	Overall

	Hired Labour
	18960.76
	19155.00
	20842.50
	18860.22

	Machinery Charges
	8515.38
	8640.00
	8775.00
	8715.00

	Seeds  
	1635.00
	1738.50
	1747.50
	1672.12

	Manures
	7921.00
	8176.50
	8265.00
	8142.37

	Fertilizers
	4459.03
	4689.30
	4822.12
	4550.96

	Plant Protection chemicals
	2737.69
	2886.00
	3112.50
	2913.75

	Irrigation charges
	1500.00
	2250.00
	2700.00
	2655.00

	Miscellaneous Charges
	7000.00
	7200.00
	7500.00
	7250.00

	Interest @12 % per annum
	2883.45
	3309.40
	3318.59
	3285.56

	COST A1
	55612.31
	58044.70
	61083.21
	58044.98

	COST A2
	55612.31
	58044.70
	61083.21
	58044.98

	Interest on fixed cost@10
	2100.00
	2200.00
	2500.00
	2250.00

	COST B1
	57712.31
	60244.70
	63583.21
	60294.98

	Rental value(owned land)
	15000.00
	15000.00
	15000.00
	15000.00

	COST B2
	72712.31
	75244.70
	78583.21
	75294.98

	Imputed value of family labour
	24324.25
	23241.00
	21180.00
	23651.22

	COST C1
	82036.56
	83485.70
	84763.21
	83946.20

	COST C2
	97036.56
	98485.70
	99763.21
	98946.20

	10% C2
	9703.656
	9848.57
	9976.321
	9894.62

	COST C3
	106740.216
	108334.30
	109739.50
	108840.80

	Output Estimates 
	
	
	
	

	Main product
	70165.91
	72311.66
	77716.03
	72396.69

	By product
	8900.00
	10800.00
	12000.00
	11400.00

	Gross Income
	79065.91
	83111.66
	89716.03
	83796.69

	Net profit (over A1)
	23453.60
	25066.96
	28632.82
	25751.71

	Net profit (over C2)
	-17970.65
	-15374.00
	-10047.20
	-15149.50

	Return-cost ratio (over A1)
	1.42
	1.44
	1.47
	1.44

	Return-cost ratio (over C2)
	0.81
	0.84
	0.90
	0.85



	The economic efficiency of inputs used was computed using marginal value productivity (MVP) and marginal factor cost (MFC) and is presented in Table 4. It could be seen from Table 4, that the efficiency ratio of seeds, DAP, farm yard manures and irrigation were more than one in each case. This finding shows similarity with Mahatha (2012) where seed, irrigation, Di-ammonium phosphates (DAP) were underused resources. It clearly indicates that these resources are being used at sub-optimum level and therefore, farmers could improve economic efficiency and productivity if they use more of these resources. On the other hand, the cost of hired labour (0.77) had to be reduced from the existing mean level since the ratio has been found to be less than one. This clearly indicates that the input is being over utilized. In similar lines Ghimire and Dhakal (2014) revealed that the expenditure on human labor in cauliflower and cabbage production was overused. The level of adjustments estimated for various resources to earn optimum returns were seeds (75.37 per cent), DAP/SSP (81.88 per cent), farm yard manures (51.14 per cent) and irrigation (79.72 per cent), respectively. Percent adjustment required (D- value) will serve as a bench-mark for the rice growers in the study area, government, agricultural agencies and agro-based companies.
Table-2: Cost of cultivation for rice (Non-beneficiary farmers) in Dakshin DinajpurDistrict. (Rs/ha)
	Particulars
	Marginal
	Small
	Overall 

	Hired Labour
	11232.00
	12553.13
	11338.50

	Machinery Charges
	7471.46
	7453.12
	7470.00

	Seeds  
	1295.38
	1263.28
	1292.81

	Manures
	5055.97
	5257.12
	5073.75

	Fertilizers
	4351.87
	4372.50
	4346.47

	Plant Protection Chemicals
	2902.17
	3275.00
	3138.75

	Irrigation charges
	1500.00
	1500.00
	1500.00

	Miscellaneous Charges
	7000.00
	7000.00
	7000.00

	Interest @12 % per annum
	2462.96
	2521.78
	2469.61

	COST A1
	43271.81
	45195.94
	43629.89

	COST A2
	43271.81
	45195.94
	43629.89

	Interest on fixed cost@10
	2000.00
	2200.00
	2000.00

	COST B1
	45271.815
	47395.94
	45629.89

	Rental value (owned land)
	15000.00
	15000.00
	15000.00

	COST B2
	60271.81
	62395.94
	60629.89

	Imputed value of family labour
	24324.46
	24637.50
	24349.50

	COST C1
	69596.27
	72033.44
	69979.39

	COST C2
	84596.27
	87033.44
	84979.39

	10% C2
	8459.62
	8703.34
	8497.93

	COST C3
	93055.90
	95736.78
	93477.33

	Output Estimates 
	
	
	

	Main product
	51485.70
	53767.30
	51523.40

	By product
	7200.00
	8500.00
	7800.00

	Gross Income
	58685.70
	62267.30
	59323.40

	Net return (over A1)
	15413.88
	17071.36
	15693.51

	Net return (over C2)
	-25910.57
	-24766.10
	-25656.00

	Return-cost ratio (over A1)
	1.36
	1.38
	1.36

	Return-cost ratio (over C2)
	0.69
	0.72
	0.70



	
Table -3: Estimated Cobb-Douglas production function for resource-use efficiency in rice production (Beneficiary farmers)
	Variables
	Regression Coefficients
	t- Value

	Constants
	 2.17
	4.88

	Hired labour (mandays/ha)
	      0.15***
	3.06

	Family labour (mandays/ha)
	0.04
	0.54

	Machinery usage (no. of ploughing/ha)
	-0.01
	-0.28

	Seeds (kg/ha)
	      0.08***
	2.51

	Urea (kg/ha)
	-0.01
	-0.40

	MOP (kg/ha)
	 0.00
	-0.12

	DAP/SSP (kg/ha)
	      0.14***
	3.71

	Farm yard manure(tonnes/ha)
	      0.16***
	6.59

	Plant protection measures (kg/ha)
	0.00
	0.11

	Irrigation (Hours/ha)
	     0.15***
	4.67

	R2 = 0.63
F –ratio = 15.39
N = 100



*** = Significant at 1%; ** = Significant at 5%; * = Significant at 10%; NS - Non-significant
Source: Estimated from Sample Survey Data (2020-21).
Resource use efficiency for non-beneficiary farmers cultivating rice in Dakshin Dinajpur district
	Cobb-Douglas production function was used to analyze the efficiency of resources used in the production process where total yield from rice was taken as dependent variable and other resources involved in production process as explanatory variables. Table 5, shows the estimated regression coefficients of various inputs used in rice production. The estimated R2 value was 0.53 which clearly indicates that 53 per cent of the variations in yield of rice were explained by the explanatory variables included in the model. It is evident from the Table 5, that the elasticity coefficients of family labour (0.16), Urea (0.04), farm yard manure (0.12) and irrigation (0.07) were found positive and statistically significant.
[bookmark: _Hlk212543127]The economic efficiency of inputs used was computed using marginal value productivity (MVP) and marginal factor cost (MFC) and is presented in Table 6. It was found that the efficiency ratio of Urea (2.87), farm yard manures (1.48) and irrigation (3.29) were more than one in each case. It clearly indicates that these resources are being used at sub-optimum level and therefore, farmers could improve economic efficiency and productivity if they use more of these resources. On the other hand, the cost on family labour (0.48) had to be reduced from the existing mean level since the ratio has been found to be less than one. This clearly indicates that the input is being over utilized. Comparable results were observed in the study conducted by Shehu et al. (2017) stated that hired and family labour should be reduced to optimum level for increase in output and total revenue respectively. The level of adjustments estimated for various resources to earn optimum returns were Urea (65.10 per cent), farm yard manures (32.61per cent) and irrigation (69.56 per cent), respectively. 
Table 4: Estimation of economic efficiency of resource use in rice production (Beneficiary farmers)
	Variables
	Geometric mean
	Regression Coefficients
	MVP
	MFC
	MVP/
MFC
(r)
	Percent adjustment required

	Yield 
	5117.16
	-
	-
	-
	-
	-

	Hired labour (mandays/ha)
	73.27
	0.15
	176.94
	230.23
	0.77
	130.11
(overused)

	Seeds (kg/ha)
	35.81
	0.08
	187.98
	46.30
	4.06
	75.37
(underutilized)

	DAP/SSP (kg/ha)
	182.17
	0.14
	63.99
	11.59
	5.52
	81.88
(underutilized)

	Farm yard manure(tonnes/ha)
	3.25
	0.16
	4228.94
	2066
	2.05
	51.14
(underutilized)

	Irrigation (Hours/ha)
	13.06
	0.15
	986.43
	200
	4.93
	79.72
(underutilized)


MFC- Marginal factor cost, MVP- Marginal value product
Table 5:  Estimated Cobb-Douglas Production Function for resource-use efficiency in rice production (Non-Beneficiary farmers)
	Variables
	Regression Coefficients
	t- Value

	Regression constant
	        2.65***
	6.91

	Hired labour (mandays/ha)
	       -0.01
	-0.43

	Family labour (mandays/ha)
	        0.16***
	3.41

	Machinery usage (no. of ploughing/ha)
	       -0.04
	-1.37

	Seeds (kg/ha)
	        0.01
	0.22

	Urea (kg/ha)
	        0.04***
	3.00

	MOP (kg/ha)
	       -0.02
	-0.73

	DAP/SSP (kg/ha)
	        0.02
	0.39

	Farm yard manure(tonnes/ha)
	        0.12***
	3.72

	Plant protection measures (kg/ha)
	        0.01
	0.25

	Irrigation (Hours/ha)
	        0.07***
	2.97

	R2 = 0.53
F –ratio = 10.38
N = 100


*** = Significant at 1%; ** = Significant at 5%; * = Significant at 10%; 
Source: Estimated from Sample Survey Data (2020-21).	
Table-6: Estimation of economic efficiency of resource use in rice production (Non-Beneficiary farmers)
	Variables
	Geometric mean
	Regression Coefficients
	MVP
	MFC
	MVP/
MFC
(r)
	Percent adjustment required

	Yield 
	4344.26
	-
	-
	-
	-
	-

	Family labour (mandays/ha)
	92.16
	0.16
	110.66
	230.23
	0.48
	108.05
(overused)

	Urea (kg/ha)
	129.21
	0.04
	20.75
	7.24
	2.87
	65.10
(underutilized)

	Farm yard manure(tonnes/ha)
	2.40
	0.12
	3031.72
	2043.00
	1.48
	32.61
(underutilized)

	Irrigation (Hours/ha)
	7.00
	0.07
	657.18
	200.00
	3.29
	69.56
(underutilized)


MFC- Marginal factor cost, MVP- Marginal value product
CONCLUSION
Return-cost analysis show that farmers continue cultivation of kharif paddy since total return covers the operational cost only. Otherwise, it would have been a risky business if total cost i.e. Cost C2 is considered. Farmers in general pay more importance on operational cost (Cost A1) to assess their profitability on investment on specific crop. The estimated R2 value for beneficiary farmers was 0.63 which clearly indicates that 63 per cent of the variations in rice yield are explained by the explanatory variables considered in the model. The elasticity coefficients of hired labour (0.15), seeds (0.08), DAP/SSP (0.14), farm yard manure (0.16) and irrigation (0.15) were found positive and statistically significant. It was observed that the efficiency ratio of seeds, DAP, farm yard manures and irrigation were more than one in each case which clearly indicates that these resources are being used at sub-optimum level and therefore, farmers could improve economic efficiency and productivity if they use more of these resources. On the other hand, the cost of hired labour (0.77) had to be reduced from the existing mean level since the ratio has been found to be less than one. This clearly indicates that the input is being over utilized. The level of adjustments estimated for various resources to earn optimum returns were seeds (75.37 per cent), DAP/SSP (81.88 per cent), farm yard manures (51.14 per cent) and irrigation (79.72 per cent), respectively. Similarly, the estimated R2 value for non-beneficiary farmers was 0.53 which clearly indicates that 53 per cent of the variations in yield of rice were explained by the explanatory variables included in the model. The elasticity coefficients of family labour (0.16), Urea (0.04), farm yard manure (0.12) and irrigation (0.07) were found positive and statistically significant. Also, the cost on family labour (0.48) had to be reduced from the existing mean level since the ratio has been found to be less than one. This clearly indicates that the input is being over utilized. The level of adjustments estimated for various resources to earn optimum returns were Urea (65.10 per cent), farm yard manures (32.61per cent) and irrigation (69.56 per cent), respectively. It is highly recommend to enrich the farmers with appropriate technical information, exchange of ideas and exposure, so that they could obtain optimum price for their resources for increasing production and return from rice cultivation. Also,the factors responsible for inefficiencies need to be identified and addressed properly for achieving a higher production in paddy.
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