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Empirical analysis on resource use efficiency of potato cultivators in Coochbehar district of West Bengal, India
Abstract 
           	Potato crop is widely considered as highly capital-intensive crop and very often the potato growers were unable to meet the large expenses for cultivation. Efficient use of resources is of much concern from economic point of view to increase the production level and maximize return. To meet the objective, primary data were collected from the 200 respondents in the selected villages from the Coochbehar district using pre-tested structured schedule through personal interview of the respondents. The resource use efficiency of the inputs used by the potato cultivators in Coochbehar District were estimated using Cobb Douglas production function. The estimated coefficients of significant independent variables were used to compute the marginal value product (MVP) and the resource use efficiency (r). The relative percentage change in MVP of each resource was required to obtain optimal resource allocation. From the study it was observed that the major resources used in the process of potato production were human labour (hired and family), machinery usage, seeds, Urea, MOP, DAP/SSP, farm yard manure (FYM), plant protection chemicals and irrigation. The ratio of MVP to MFC of seeds (1.04), MOP (2.31), DAP/SSP (1.59), plant protection chemicals (3.97) and irrigation (2.08) were found more than one in each case. It clearly indicates that these resources are being used at sub-optimum level and there exists the possibility of enhancing the yield of potato by increasing their use. The level of adjustments required for various resources to earn optimum yield were recorded as seeds (3.61 per cent), MOP (56.72 per cent), DAP/SSP (36.95 per cent), plant protection chemicals (74.82 per cent) and irrigation (51.90 per cent), respectively. It is highly recommendable to enrich the farmers with appropriate technical information, exchange of ideas and exposure, so that they could be able to obtain optimum price for their resources for increasing production and return from potato cultivation. 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.
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	INTRODUCTION
	“Potato  (Solanum  tuberosum  L.,) is  an  annual plant  belonging  to  the  Solanaceae  family.  It is highly regarded as the most significant  food  crop  in India and revered as a source of power worldwide, with a 54.23 million tone fresh weight production  from  2.25  million  hectares,  it  is the third-most significant food  crop in the  world after rice  and  wheat  during 2020–2021. Economical  and  according  to  source  of  energy, potatoes  are  a  popular  food  for  human  diet composed of 20.6%    carbohydrates,    2.1% protein, 0.3% fat, 1.1%  crude  fiber,  and  0.9% ash. The important amino acids Lucien, tryptophan, isoleucine etc. are also present in good amounts in potatoes” (Agricultural Statistics at a Glance, 2021). “The  potato  produces  significantly  more  edible energy  protein  and  dry  matter  per  unit  area  and time  than  many  other  crops  due  to  its  high protein  calories  and  short  vegetable  cycle” ( Kamlesh et al., 2024). “Potato crop is widely considered as highly capital-intensive crop and very often the potato growers were unable to meet the large expenses for cultivation” (Arun et al., 2007). Efficient use of resources is of much concern from economic point of view to increase the production level and maximize return. 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 study    was conducted    with    the    objective to  examine  the  resource  use  efficiency  of potato cultivators.

METHODOLOGY
Primary data were collected from the 200 respondents in the selected villages from the Coochbehar district using pre-tested structured schedule through personal interview of the respondents during the calendar year 2020-21.The resource use efficiency of the inputs used by the potato cultivators in Coochbehar District 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 estimated using the following equation 


	Where, D is the absolute value of percentage change in MVP of each resource (Mijindadi, 1980).

 RESULTs and Discussion
Estimates of Cost of Cultivation 
	Estimation of economics of production is necessary to compare the production as well as financial performances of different selected crops for each category of farmers. It will help the farmers to assess various inputs expenditure and their profitability on investment on specific crop. Here, costs of cultivation for selected crop under each category of farmers were estimated. For this purpose, standard norms of cost concepts (Directorate of Economics and Statistics, Govt. of India) were followed.
Cost of Cultivation for Potato in Cooch Behar District	
	Detail estimates of cost of cultivation for potato in Cooch Behar district has been presented in Table.1 Operational costs (Cost A1) are Rs 1,39,703.96/ha and Rs. 1,43,981.47/ha for marginal and small farmers respectively. Within the cost components, Seed cost has incurred major share of operational costs and this is followed by cost of fertilizers and manures and hired labour respectively. Overall average figure of total operational cost of cultivation (Cost A1) is Rs 1,39,452.90/ha. Total cost of cultivation i.e. Cost C3 (operational cost + fixed cost) for marginal farmers comes to Rs. 2,08,498.74/ha and for small farmers, it is Rs 2,13,664.39/ha. At aggregate level, the total cost of cultivation stands at Rs. 2,08,287.80 /ha. Thus, per unit cost of cultivation was found higher for small farmers in comparison to marginal farmers. However, as per Govt. record the estimated cost of cultivation of Potato in West Bengal (2018-19) is Rs. 1,47,423.40/ha. Thus, total cost of cultivation (Cost C2) of potato 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 and small farmers was Rs 2,71,634.00 and Rs 2,91,217.10 respectively. Net return over operational cost or Cost A1 for marginal farmers is estimated at Rs 1,31,930.04/ha and for small farmers, the value comes to Rs.147235.63/ha. While considering Cost C2, the respective figures appear to be Rs. 82,089.69/ha and Rs. 96,976.74 /ha. Return-cost estimation based on Cost A1 shows that the values are at 1.94 and 2.02 for marginal and small farmers, respectively. On the other hand, the estimated values of return-cost ratios with respect to Cost C2 stand at 1.43 and 1.50 respectively for marginal and small farmers. Thus, potato cultivation is remunerative to some extent for both categories of farmers when both operational cost (Cost A1) and Cost C2 are considered. The ratio measures show that investment of one rupee has the capacity to give a return of Rs.1.94 and Rs.2.02 respectively for marginal and small farmers in the area under study. Net profit over Cost A1 and Cost C2 imply positive return for both categories of farmers. However, the value of net farm income is less for marginal farms compared to small farms. The results of return-cost analysis show that farmers continue cultivation of potato since total return covers the operational cost and Cost C3 and it would have been a slightly risky business if total cost i.e. Cost C3 is considered.
Table 1: Cost of cultivation for potato in Cooch Behar District. (Rs/ha)
	Particulars
	Marginal
	Small
	Overall 

	Hired Labour
	17307.41
	17485.53
	17294.30

	Machinery Charges
	9615.74
	9809.21
	9588.75

	Seeds  
	45186.11
	46464.47
	45094.50

	Manures
	16694.44
	17676.32
	16739.63

	Fertilizers
	27645.28
	28310.53
	27565.91

	Plant Protection chemicals
	4449.07
	4598.68
	4428.75

	Irrigation charges
	3898.14
	3986.84
	3847.50

	Miscellaneous Charges
	7000.00
	7500.00
	7000.00

	Interest@ 12% per  annum
	7907.77
	8149.89
	7893.56

	COST A1
	139703.96
	143981.47
	139452.90

	COST A2
	139703.96
	143981.47
	139452.90

	Interest on fixed cost@10 per cent
	2650.50
	2870.75
	2735.85

	COST B1
	142354.50
	146852.20
	142188.80

	Rental value (owned land)
	15000.00
	15000.00
	15000.00

	COST B2
	157354.50
	161852.2
	157188.80

	Imputed value of family labour
	32189.81
	32388.16
	32163.80

	COST C1
	174544.31
	179240.36
	174352.60

	COST C2
	189544.31
	194240.36
	189352.60

	10% C2
	18954.43
	19424.03
	18935.26

	COST C3
	208498.74
	213664.39
	208287.80

	Output Estimates

	Gross Income
	271634.00
	291217.10
	272925.00

	Net return (over Cost A1)
	131930.04
	147235.63
	133472.10

	Net return (over Cost C2)
	82089.69
	96976.74
	83572.45

	Return-cost ratio (over  Cost A1)
	1.94
	2.02
	1.96

	Return-cost ratio (over Cost  C2)
	1.43
	1.50
	1.44



Resource use efficiency for farmers cultivating potato in Coochbehar district 
	The major resources used in the process of potato production were human labour (hired and family), machinery usage, seeds, Urea, MOP, DAP/SSP, farm yard manure (FYM), plant protection chemicals and irrigation. Cobb-Douglas production function was used to analyze the efficiency of resources used in the production process where yield from potato was taken as dependent variable and other resources involved in production process as explanatory variables. The estimated regression coefficients in potato production are furnished in Table 2. The R2 value was 0.71 which clearly indicates that 71 per cent of the variations in potato yield were explained by the explanatory variables included in the model. It is evident from the table 2, that the elasticity coefficients of seeds (0.14), MOP (0.06), DAP/SSP (0.11), plant protection chemicals (0.08) and irrigation (0.03) were found positive and statistically significant. Hence one per cent increase in inputs uses such as seeds, MOP, DAP/SSP, plant protection chemicals and irrigation would increase the yield of potato by 0.14 per cent, 0.06 per cent, 0.11 per cent, 0.08 per cent and 0.03 per cent, respectively.
Table 2: Estimated Cobb-Douglas production function for resource-use efficiency in potato production 
	Variables
	Regression Coefficients
	t- Value

	Constants
	     4.54***
	9.67

	Hired labours (mandays/ha)
	0.07
	1.21

	Family labour (mandays/ha)
	0.02
	0.28

	Machinery usage (no. of ploughing/ha)
	0.01
	0.33

	Seeds (kg/ha)
	     0.14***
	3.25

	Urea (kg/ha)
	0.00
	0.20

	MOP (kg/ha)
	     0.06***
	4.07

	DAP/SSP (kg/ha)
	     0.11***
	2.85

	Farm yard manure(tonnes/ha)
	                -0.02
	-1.27

	Plant protection chemicals(kg/ha)
	     0.08***
	4.38

	Irrigation (Hours/ha)
	 0.03*
	1.79

	R2 = 0.71
F –ratio = 21.75
N = 100


*** = Significant at 1%; ** = Significant at 5%; * = Significant at 10%; NS - Non significant
Source: Estimated from Sample Survey Data (2020-21)
	The economic efficiency of resource use was computed using marginal value product (MVP) and marginal factor cost (MFC) and is presented in Table 3. It could be seen from Table 3, that the ratio of MVP to MFC of seeds (1.04), MOP (2.31), DAP/SSP (1.59), plant protection chemicals (3.97) and irrigation (2.08) were found more than one in each case. It indicates that these resources are being used at sub-optimum level and there exists the possibility of enhancing the yield of potato by increasing their use. This finding shows similarity with the study of  Mahatha (2012) and Karthick  et al. (2013), where they stated that seed, irrigation, plant protection chemicals, potash and Di-ammonium phosphate (DAP) were underused resources. Thus, farmers could improve economic efficiency and productivity if they use more of these resources. The level of adjustments required for various resources to earn optimum yield were recorded as seeds (3.61 per cent), MOP (56.72 per cent), DAP/SSP (36.95 per cent), plant protection chemicals (74.82 per cent) and irrigation (51.90 per cent), respectively, in the study area. This might be due to lack of training exposures to farmers and insufficient extension service to farmers in study site (Sapkota and Bajrachary, 2018). 
Table 3: Estimation of economic efficiency of resource use in potato production 
	Variables
	Geometric mean
	Regression Coefficients
	MVP
	MFC
	MVP/
MFC
(r)
	Percent adjustment required

	Yield 
	30177.11
	-
	-
	-
	-
	-

	Seeds (kg/ha)
	1022.34

	0.14

	37.35
	36
	1.04
	3.61
(underutilized)

	MOP (kg/ha)
	193.21

	0.06
	78.98
	34.18
	2.31
	56.72
(underutilized)

	DAP/SSP (kg/ha)
	551.83

	0.11
	54.31
	34.24
	1.59
	36.95
(underutilized)

	Plant protection measures (kg/ha)
	4.58

	0.08
	4690.81
	1181
	3.97
	74.82
(underutilized)

	Irrigation (Hours/ha)
	18.41

	0.03
	415.82
	200
	2.08
	51.90
(underutilized)


MFC- Marginal factor cost, MVP- Marginal value product
CONCLUSION:
[bookmark: _GoBack]	Efficient use of resources is of much concern from economic point of view to increase the production level and maximize return. 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. It is highly recommendable to enrich the farmers with appropriate technical information, exchange of ideas and exposure, so that they could be able to obtain optimum price for their resources for increasing production and return from potato cultivation. 
Consent 
As per international standards or university standards, respondents’ written consent has been collected and preserved by the author(s).

Disclaimer (Artificial intelligence)
Option 1: 
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
Option 2: 
Author(s) hereby declare that generative AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology
Details of the AI usage are given below:
1.
2.
3.
REFERENCES:
Agricultural Statistics at a Glance, (2021). Government of India.
Arun P, Pandey N K, Barsati L , Chandran  K P and Rajesh K R (2007). Financing 	Agriculture: A Study of Bihar and West Bengal Potato Cultivation . Indian Journal 	of Agricultural economics, 62(3):340-349.
Kamlesh Kumar, R. R. Kushwaha, Srishti Kushwaha, Shambhu Nath Singh, Vinay Kumar 	Singh, Sandeep Gautam, and Avinash Pratap (2024). “Resource Use Efficiency and 	Constraints Faced by Potato Growers in Kannauj District of Uttar Pradesh, 	India”. Journal of Experimental Agriculture International, 46 (10):618–624. 	https://doi.org/10.9734/jeai/2024/v46i102985
Karthick V, Alagumani T and Amarnath J S (2013). Resource–use Efficiency Agricultural 	Economics 	Research Review 26(1):109-114 and Technical Efficiency of Turmeric 	Production in Tamil 	Nadu -A Stochastic Frontier Approach.                              
Kumar  A,  Singh  R,    Singh  PK,    Yadav  B, Choudhri    HPS (2022). Economic    aspects    	of potato  cultivation  in sultanpur  district  of uttar pradesh. Economic Affairs. ;   	67(01):15-18
Mahatha R K (2012). Economics of production and marketing of Potato in Saptari district of 	Nepal. Master thesis submitted to Institute of Agriculture and Animal Science, 	Tribhuvan University, Chitwan, Nepal.
Megh Raj Upadhyay (2024). Resource Use Efficiency and Productivity of Potato Production in 	Kailali. Article	.DOI:10.20944/preprints202408.1796.v1, 1-18
Mijindadi, N.B. (1980) Production efficiency on farms in northern Nigeria, PhD thesis, 	submitted to Cornell University, USA.
Rahman S.A. and Lawal A.B. (2003). Economic analysis of maize based cropping systems in 	Giwa local government area of Kaduna State, ASSET Report Series (3)
Sapkota M and Bajrachary M (2018). Resource Use Efficiency Analysis for Potato 	Production in Nepal.  Journal of Nepal Agricultural Research Council  4: 54-59.
Yadav   RS,   Kushwaha   RR,   Maurya   K, Singh  AK,  Singh  RK,  Verma  AK (2024).  A  	Study 	on    Costs    and    Returns    of    Potato   in Azamgarh     District     of     	Eastern     	Uttar Pradesh, India. Journal of   Experimental Agriculture  International.;46(5):825-	831.
Yadav  B,    Kushwaha  RR,    Choudhri  HPS, Singh    PK,    Yadav    V (2021).   	Resource Use efficiency and marginal value productivity of sugarcane cultivation   	in   Sant   Kabir Nagar   District,   India. Asian Journal of 	Agricultural 	Extension,Economics & Sociology. 39(8):64-67
oleObject3.bin

image4.wmf
i

MVP


oleObject4.bin

image5.wmf
Y


oleObject5.bin

image6.wmf
i

X


oleObject6.bin

image7.wmf
i

b


oleObject7.bin

image8.wmf
Y

P


oleObject8.bin

image9.wmf
1*100

MFC

D

MVP

ö

æ

=-

ç

÷

è

ø


oleObject9.bin

image1.wmf
12345678910

12345678910

bbbbbbbbbb

t

YaXXXXXXXXXXU

=


oleObject1.bin

image2.wmf
MVP

r

MFC

=


oleObject2.bin

image3.wmf
iY

i

i

M

Y

V

P

X

P

b

=


