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Farm level efficiency of pulses production in Maharashtra: a data envelopment analysis


Abstract
			Pulses plays vital role in economical and agricultural development of India due to its export competency and protein content factor  so cultivation of the same is responsible for generation of employment, export revenue and rural development. It is important to know the relationship between inputs and output in cultivation practices of pulses crops therefore present study is designed to evaluate the efficiency of pulses production in Maharashtra. Primary data was taken from farmers belonging to major pulses producing districts of Maharashtra.  The input oriented Data Envelopment Analysis (DEA) was applied to estimate allocative efficiency of the farms. The study revealed that 101 farmers has found highly efficient who is having greater than 90 per cent efficiency where as rest of the farmers had categorized in to efficient, moderately efficient and less efficient classes along with efficiencies in accordance with conversion of inputs to outputs. The results of the study would be helpful to farming community and policy makers to to maximize pulses production by optimum use of available resources.  
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Introduction
 “Pulses play an important role to enhance the fertility of soil in terms of yield of subsequent crop to the tune of about 20-40 per cent has been recorded. Pulses are an important and relatively inexpensive source of protein for human and animal nutrition and commonly called the poor man‟s meat. Pulses are an integral part of many diets across the globe and they have great potential to improve human health, conserve soil, protect the environment and contribute to global food security, besides serving as an important source of protein for a large portion of the global population. Knowing the values of pulses, United Nations declared 2016 as the “International Year of Pulses”. The IYP 2016 aims to heighten public awareness of the nutritional benefits of pulses as part of sustainable food production aimed towards food security and nutrition. Pulses are consumed as Dal, which is a cheap source of plant protein. These are consumed because of body building properties due to presence of various amino acids. By products of pulses like leaves, pod coats and bran are fed to animals in the form of dry fodder. Some pulse crops like Gram, Black gram & Green gram are fed to animals as green fodder. Moong plants are also used as green manure which improve soil health and adds nutrient into the soil. Pulses are cultivated in all parts of the world and occupy an important place in human diet. The pulses are an important source of protein for the poor as well as for the vegetarians”. (Murthy et al. 2009)
“At triennium ending 2022-23, the total area under pulses was 723 lakh ha. This area provided about 644.08 lakh tones of pulses with a productivity of 890 kg / ha. The highest area was contributed by India (32.24 %) followed by Niger (7), Myanmar (5.33), Brazil (5.29) and Nigeria (4.44). Similarly, the contribution to total production by India was 23.46%, Canada 7.93, China 7.09, Myanmar 6.89 and Brazil 5.29. The highest productivity was of France (4219 kg /ha) followed by Canada (1936), USA (1882), Russian Federation (1643) and China (1596). There was 239 lakh ha area in India (2019-20), which was mainly contributed by Madhya Pradesh, Rajasthan, Maharashtra, Karnataka and Uttar Pradesh. From this area, 158 lakh tonnes produce of pulse was received. The major contributors of this production were Madhya Pradesh, Maharashtra, Uttar Pradesh, Rajasthan and Andhra Pradesh. During this period, productivity of pulses was recorded 661 kg / ha with highest in Punjab (905 kg/ha), Haryana (891), Bihar (839), Uttar Pradesh (823) and West Bengal (811)”. [Ministry of Agriculture, Bhopal-2022, Govt.of India.]. “Madhya Pradesh is the major pulse producing state in the country, both in terms of area (22.81%) and production (31.07%) followed by Rajasthan area (15.33%) and production 11.86%), Maharashtra (area 13.29%) and production 8.56%), Karnataka area (11.01%) and production (8.43%) and Uttar Pradesh (area 7.38% and production 7.40%). Maharashtra ranks third amongst the Indian states in terms of area and production under pulses. The productivity of pulses in the state is very low (420 kg/ha) as compared to the other leading states”. (Source: Directorate of Economics & Statistics-2022). There were many studies has been conducted on growth performance in area, production and productivity of pulses in various regions of India where as very few studies focused the input and output perspectives in cultivation of said crop. The current study aimed to throw light on input and output relationship in terms of efficiency in pulses production.  
Methodology
Multi stage sampling technique was adapted for selection of sample farmers. The 10 farmers from each selected villages for pulses crops were selected separately by simple random sampling technique. Thus, the total 240 sample farmers from twenty-four villages for the same crops were selected. The primary data was collected through personal interview method with the help of pre-tested comprehensive schedule from sample farmers for the study pertaining to agriculture year 2021-22. 
Data Envelopment Analysis (DEA)
Technical efficiency is the ratio of output to input and it stands for the ability of a farm to produce maximal output from the given resources available in the farm. The Data Envelopment Analysis was used to examine the technical and scale efficiency of different crop enterprises under irrigated and dry farm situations. The DEA method is a frontier method that does not require specification of a functional or distributional form, and can accommodate scale issues. This approach was first used by Farrell (1957) as a piecewise linear convex hull approach to frontier estimation and later by Bolen (1966) and Afriat (1972). This approach did not receive wide attention till the publication of the paper by Charnes et al. (1978), which coined the term data envelope analysis. A large number of papers have extended and applied the DEA technology in the western world. Very few studies have used this approach in India, specially in agriculture or 58 horticulture for measuring efficiency. DEA method has the disadvantage that it does not explicitly accommodate the effect of data noise. In the present case the DEA method was preferred because data noise was less of an issue as most of the variables in the production were included and because of its ability to readily produce rich information on technical efficiency, scale efficiency.
Briefly, DEA uses mathematical programming to construct a production frontier comprising a set of linear segments. The Frontier relates to the best performance at a point of time and technical efficiency of a DMU (Decision Making Unit) is measured in terms of distance from the frontier. 
Mathematically the problem DEA is expressed as,
Max ϕ,λ ϕ,
Subject to,
-ϕ yi + Y λ ≥ 0,
xi – X λ ≥ 0,
N1′ λ = 1
λ ≥ 0
In the above mathematical model, ϕ can take any value between one and infinity. The proportional increase in output that could be achieved by the ith pulses producing farm or decision making unit (DMU) with input quantities held constant is indicated by (ϕ-1). Y is (1 × N) the output matrix, λ is (N × 1) vector of intensity variables, X is (K × N) the input matrix, yi is the output of ith farm, xi is the input of i th farm, N1 ′ is a vector of (N×1) and convexity restriction. The ratio of 1/ϕ defines a technical efficiency score between zero and one (Coelli et al. 1998). One output and eight inputs were used in the model. The output is the per hectare yield of pulses production in Maharashtra. Pulses (qtls./ha) was used as an output (Y) in the present case and seeds (kg), farm yard manure (tons), human labour (Man days), bullock labour (pair days), machine labour (hours),  fertilizer's (kg) and plant protection chemicals are the input (X). Input orientation data envelopment analyses were carried out by using the R-software to obtain the efficiency level. Similar methodology was adopted by Murthy Sreenivasa D. et al. (2009) and Rede, G.D. & Bhattacharyya, K. (2020) to estimate efficiencies in their study.
Results And Discussion 
Distribution of Pulses growers according to their efficiency level
Input-oriented DEA model used at different production scales under the assumption of constant returns to scale (CRS) to estimate efficiencies. Corresponding farm level efficiencies were obtained as decided by the physical inputs (quantities) by these CRS models are depicted in table 1.  The present study is based on criterion used by Ferreira (2005) was used to decide the cut-off score for efficient farms. Farms that operated at 90 percent or more score were considered as ‘efficient farms’. The explanation for this flexibility, according to Ferreira (2005), is to avoid compromising the analysis through a farm that stands out as being an outlier rather than for its true relative efficiency.
Table 1. Distribution of Pulses growers according to their efficiency level
	Sr.no
	Efficiency level (%)
	Frequency distribution
	Per cent

	1
	100
	53
	22.08

	2
	91-99
	48
	20.00

	3
	81-90
	57
	23.75

	4
	71-80
	49
	20.42

	5
	61-70
	28
	11.67

	6
	>50-60
	5
	2.08

	
	Total
	240
	100



The result of efficiency analysis Table 1.clearly indicates that near about 42 per cent pulses farms were to be economically efficient having efficiency range 91 to 100 percent and rest were found to be relatively less efficient. As regards to the scale efficiency, 22 per cent of Pulses farms (53 out of 240 farms) adopted proper utilization of input resources to achieve output maxima at the optimum scale (farms having efficiency level 100 Percent). It is also revealed that there are 158 farms contributing near about 66 per cent of total pulses farms  were acquired efficiency level more than 80 percent where as rest of the 36 per cent Pulses farms  were found  less efficient who had efficiency level less than or equal to 80 per cent. 
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                         Fig 1.Efficient and non -efficient  DMU distribution of Pulses farms
Input slacks and inputs uses in pulses farms
The present study also throws light on mean input slacks, mean input usage and the excess utilized inputs in pulses farm were presented in the Table 2.
Table 2. Input slacks and inputs uses in pulses farms
	Sr.no 
	Inputs
	Units
	Mean input Slacks
	Mean input used
	Excess input 
( per cent)

	1
	Seed rate
	per hectare,
	6.08
	74.61
	8.14

	2
	Total human labour
	pays/per hectare
	2.08
	31.90
	6.52

	3
	Bullock labour
	days/per hectare
	0.15
	3.68
	4.07

	4
	Machine
	hours/ per hectare
	0.37
	13.23
	2.79

	5
	Manures
	tonnes/ per hectare,
	0.1
	2.03
	4.92

	6
	Total fertilizers
	kg/ per hectare
	6.98
	81.47
	8.56

	7
	Plant protection chemicals
	lit/per hectare.
	0.60
	1.14
	5.26



A slack indicates excess use of an available input in a farm, so that the pulses farm could reduce its expenditure on excessive input by the amount of slack without reducing its output. The greatest mean input slack (8.56 per cent) was found in utilization of total fertilizer followed by seed rate (8.14 per cent), human labour (6.52 per cent), plant protection (3.50 per cent) , bullock (3.80 per cent), and machine (2.79 per cent)  in the farms. The above results indicated that a farm could minimize its expenditure on these inputs by the amount of slack without disturbing its output.
Distribution of Pulses farms according to type of returns
             In addition to knowing about the number of efficient farms, extent of inefficiency and optimum scale of operation, it is also important to understand the distribution of farms according to three regions of production frontier, i.e. increasing, decreasing or constant returns to scale is presented in Table 3. 
Table 3.Distribution of Pulses farms according to type of returns
	Sr. no
	Types of returns
	Frequency
	Per cent

	1
	Increasing  returns
	181
	75.41

	2
	Constant  returns
	55
	22.91

	3
	Decreasing  returns
	4
	1.66

	
	Total
	240
	100



It is observed that nearly 75 per cent (181 out of 240) of the Pulses farms were operated under increasing returns. The production scale of these farms could be increased by decreasing the costs, since they were performing below the optimum production scale. Nearly 2 per cent ( 4 out of 120 ) of Pulses farms in  category, who were in the decreasing returns, could increase their technical efficiency by reducing their production levels. Around 23 per cent (55 out of 120) of the farms operated under constant returns which need to be increase.

Fig 2. Scale of Operations in pulses farms
Conclusions
The present study concluded that the adequate use of input resources is responsible for efficient pulses production along with cost reduction in over utilization of inputs. This study would also used to trace the benchmark value for input usage in order to get optimum pulses production which will enhance the economic benefits to pulses growers. The current investigation is also helpful for Policy makers, Govt. and non govt. agencies, Agriculture research institutes and State Agriculture universities to make prescription regarding target usage of input resources in pulses production so farmer could reduce their spending on a particular input in accordance with prescribed target, without dropping its production level.
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