DEA-Based Comparison of Seed and Grain Production Efficiency of JAKI-9218 Variety of Chickpea in Amravati District of Maharashtra, India
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ABSTRACT
This study investigated the production efficiencies; technical, economic, and allocative of chickpea cultivation in Amravati district using Data Envelopment Analysis (DEA). Chickpea is one of the major pulse crop, cultivated in Amravati. Chickpea cultivation in India covered approximately 960.84 thousand hectares, yielding 11.34 million tonnes with an average productivity of 1180 kg/ha. The Data Envelopment Analysis (DEA) was employed to assess the comparative production efficiency of chickpea seed and grain producers based on key inputs and outputs. The results revealed that seed producers were more technically efficient than grain producers under both CRS (0.953 vs. 0.780) and VRS (0.965 vs. 0.916) models, with a larger proportion achieving full efficiency. Allocative efficiency was also higher among seed producers (0.958) compared to grain producers (0.916), indicating better resource utilization. Similarly, economic efficiency favored seed producers (0.842) over grain producers (0.773), reflecting their superior cost management and productivity.
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1. INTRODUCTION
“Chickpea is the most important pulse crop, which is commonly known as “Gram” or ‘Bengal gram, its, play an important role in food security, nutritional security, income security and environmental sustainability, besides of their nutritional value, it’s enhanced the fertility of soil in terms of yield of subsequent crops” (Srivastava et al. 2010). “India is the major producer and consumer of pulses globally. Chickpea is a self-pollinated true diploid (2n=2x=16) cool season leguminous crop. It is also known with different common names viz., Bengal gram, gram, garbenzo bean and Chana. Chickpea is a legume which is being cultivated for its edible seed and sprouts across Asia. Chickpea is an important food legume commodity and have a diverse use with specific consumer preference in the global market” (Chavan et al. 2024). “Chickpea is most important pulse crop of India contributing about 30% of total pulses acreage and about 48% of total pulses production of the nation. Chickpea is widely consumed in the country as it is the most affordable source of nutritional protein for vegetarians” (Kaur and Prasad, 2021).
“The global production for Chickpea was dominated by India in year 2024-25, which was the clear leader, producing 13.5 million tonnes. The International Grains Council (IGC) forecast a 2% increase in global chickpea production for the 2024-25 season, reaching approximately 17.1 million MT. In year 2024-25, Chickpea cultivation in India covered approximately 960.84 thousand hectares, yielding 11.34 million tonnes with an average productivity of 1180 kg/ha” (worldpopulationreview.com).
Within India, production was highly concentrated, led by Maharashtra at 30.60 Lakh Tonnes, followed by Madhya Pradesh (24.58 Lakh Tonnes), Rajasthan (19.75 Lakh Tonnes), Gujarat with 14.79 Lakh Tonnes and Uttar Pradesh at 6.88 Lakh Tonnes. (upag.gov.in). 
The average productivity of Maharashtra was increased by 5.29% as compared to year 2023-24 (1071.68 kg/ha). Within Maharashtra, the Vidarbha region demonstrated remarkable efficiency, producing 1129.86 thousand tonnes from 95 thousand hectares, with a productivity of 1169.73 kg/ha. Amravati district, a key contributor within Vidarbha, covered 67.88 thousand hectares and produced 824.98 thousand tonnes, achieving a productivity of 1215.22 kg/ha surpassing both state and national averages. (3rd Advance estimates 2024-25).
1.1 Objective
To work out the technical, economic and allocative efficiency of production of JAKI-9218.
2. METHODOLOGY
The technical, economic, and allocative efficiency was estimated using the Data Envelopment Analysis (DEA) Approach. 
2.1. Technical Efficiency  
a. Input-Oriented DEA Model 
i. With Constant Returns to Scale: 
Technical efficiency was estimated as the ratio of the sum of weighted outputs to the sum of weighted inputs (Cooper et al., 2006) The primal of the model has been presented below:
Max.  =  
Subject to,
  = 1
  -   
Where, ,  
i 	= number of inputs (1 to m) 
p 	= number of outputs (there is only one output in 
              present study)
j 	= number of farms (1 to n)
	= vector of level of the ith input being used by the farm ‘0’ 
	= level of use of ith input on jth farm 
 	= weight attached to input ‘i
 	= weight attached to output ‘p’
 	= quantity of output ‘p’ for unit ‘j’
e  	= efficiency score
In order to solve the above LP problem, it has been converted to its duality as follows:
Min. θ  = 
Subject to,
		- +     0
  -     0
Where,   0;   0;   0
		 	= technical efficiency of farm ‘0’
			= weights in LP analysis 
		,   0	
ii.   With Variable Returns to Scale:
“Pure technical or physical efficiency was estimated through input oriented VRS model” as proposed by Banker, Charnes and Cooper, 1978; known as the BCC model and has been presented below:
		Min. θ  = 
Subject to, 	
- +     0
  -    0
  = 1
  0;    0;    0
The model resembles CCR, but it is assumed that the total weights equal one, reflecting the convexity constraint that defines the model as having varying returns to scale (VRS)

b. Output-Oriented DEA Model
In the case of the Constant Return to Scale or CCR model, the values of technical efficiency are identical for both input-oriented and output-oriented DEA. The output-oriented BCC model with Variable Return to Scale yields different outcomes than the CCR model.
The output-oriented DEA model for technical efficient measure of output is presented below: 
Max.  
   -   0
  = 1
Where,   0
	 	= output maximizing vector of output quantities for farm ‘0’
	 	= amount of output ‘r’ of farm ‘j’
			= amount of input ‘i’ used by farm ‘j’
		 	= weight factors in LP analysis 
 =  = 


2.2. Economic Efficiency
The economic efficiency was calculated as the ratio of minimum              cost to observed cost, mentioned below:
EE= 
Where,
   = vector of input prices for farm ‘0’
   = cost minimizing vector of input quantities for farm ‘0’
2.3. Allocative Efficiency 
[bookmark: _GoBack]Allocative efficiency indicates the utilization of inputs in appropriate ratios that correspond to their marginal costs. It emphasizes the capacity of an economic entity to reduce production costs for a specific set of input prices through input substitution or reallocation and is defined as the ratio of cost efficiency to technical efficiency. The economic efficiency has been assessed using cost minimization Data Envelopment Analysis (DEA) along with the prices of inputs. The linear programming form of this model has been presented below: 
Min.  
Subject to,
- +     0
 -     0
  0
Where,
   = cost minimizing vector of input quantities for farm ‘0’
   = vector of input prices for farm ‘0’
The DEAP Version 2.1 of “The University of New England” was used to estimate technical, allocative, and economic efficiencies by conducting Data Envelopment Analysis.
3. Result and Discussion
The results of technical, economic and allocative efficiency of chickpea seed and grain producers were determined by using the data envelopment analysis approach has been determined in this section. The technical efficiency was calculated based on input and output-oriented DEA models.  
3.1. Technical Efficiency of chickpea Production
3.1.1. Input-Oriented Technical Efficiency of chickpea Production
An analysis of the input-oriented technical efficiency of chickpea seed production under both Constant Returns to Scale (CRS) and Variable Returns to Scale (VRS) models.
Under the CRS model, the highest efficiency score and the majority of producers of seed fall in 1.000, achieved by 25 farms of chickpea seed producers, accounting for 41.67% of sample. The producers of seed fall into the 0.901-0.999 range, with 23 producers (38.33%), followed by 0.801–0.900 with 9 producers (15.00%), and 0.701-0.800 with 3 producers (5.00%).
The mean efficiency score under CRS is 0.953 with minimum score of 0.760. As compared to seed producers, the highest efficiency score is 1.000, achieved by 7 farms of chickpea grain producers, accounting for 11.67% of sample. The majority of producers of grain fall into the 0.701-0.800 range, with 22 producers (36.67%), followed by 0.601–0.700 and 0.801-0.900 with 11 producers (18.33%) each. Also 0.901–0.999 and 0.501-0.600 range with 7 (11.67%) and 2 (3.33%) producers respectively. The mean efficiency score under CRS is 0.780 with minimum score of 0.580.
Under the VRS model, the efficiency of chickpea seed producers was found to be comparatively higher than under the CRS model, as this approach accounts for variations in the scale of operations. Out of the total chickpea seed producers was 30 producers (50.00%) achieved the maximum efficiency score of 1.000, while 21 producers (35.00 %) were observed in the 0.901–0.999 range. Further, 7 producers (11.67%) recorded efficiency scores between 0.801–0.900, and 2 producers (3.33%) fell within the 0.701–0.800 category. The mean efficiency score under VRS is 0.965 with minimum score of 0.754. As compared to seed producers, the efficiency of chickpea grain producers was found a total of 20 producers (33.33%) achieved the maximum efficiency score of 1.000, while 17 producers (28.33%) were observed in the 0.901–0.999 range. Further, 15 producers (25.00%) recorded efficiency scores between 0.701–0.800, and 8 producers (13.33%) fell within the 0.701–0.800 category. The mean efficiency score under VRS is 0.916 with minimum score of 0.733.







	Efficiency Score
	Input-Oriented

	
	Seed producer
	Grain producer

	
	CRS
	VRS
	CRS
	VRS

	
	Frequency
	Percentage
	Frequency
	Percentage
	Frequency
	Percentage
	Frequency
	Percentage

	0.501-0.600
	0
	0
	0
	0
	2
	3.33
	0
	0

	0.601-0.700
	0
	0
	0
	0
	11
	18.33
	0
	0

	0.701-0.800
	3
	5
	2
	3.33
	22
	36.67
	8
	13.33

	0.801-0.900
	9
	15
	7
	11.67
	11
	18.33
	17
	28.33

	0.901-0.999
	23
	38.33
	21
	35
	7
	11.67
	15
	25

	1
	25
	41.67
	30
	50
	7
	11.67
	20
	33.33

	Total
	60
	100
	60
	100
	60
	100
	60
	100

	Mean
	0.953
	0.965
	0.78
	0.916

	Minimum
	0.76
	0.754
	0.58
	0.733

	Maximum
	1
	1
	1
	1


Table 1. Input-Oriented Technical Efficiency of chickpea Production



	Efficiency Score
	Output-Oriented

	
	Seed producer
	Grain producer

	
	CRS
	VRS
	CRS
	VRS

	
	Frequency
	Percentage
	Frequency
	Percentage
	Frequency
	Percentage
	Frequency
	Percentage

	0.501-0.600
	0
	0
	0
	0
	2
	3.33
	0
	0

	0.601-0.700
	0
	0
	0
	0
	11
	18.33
	0
	0

	0.701-0.800
	3
	5
	2
	3.33
	22
	36.67
	8
	13.33

	0.801-0.900
	9
	15
	9
	15
	11
	18.33
	14
	23.33

	0.901-0.999
	23
	38.33
	19
	31.67
	7
	11.67
	17
	28.33

	1
	25
	41.67
	30
	50
	7
	11.67
	21
	35

	Total
	60
	100
	60
	100
	60
	100
	60
	100

	Mean
	0.953
	0.962
	0.78
	0.964

	Minimum
	0.76
	0.763
	0.58
	0.786

	Maximum
	1
	1
	1
	1


Table 2. Output-Oriented Technical Efficiency of chickpea Production
3.1.2. Output-Oriented Technical Efficiency of Chickpea Production
An analysis of the output-oriented technical efficiency of chickpea seed and grain production under both Constant Returns to Scale (CRS) and Variable Returns to Scale (VRS) models. 
Under the CRS model, the highest efficiency score and the majority of producers of seed fall in 1.000, achieved by 25 farms of chickpea seed producers, accounting for 41.67% of sample. The producers of seed fall into the 0.901-0.999 range, with 23 producers (38.33%), followed by 0.801–0.900 with 9 producers (15.00%), and 0.701-0.800 with 3 producers (5.00%). The mean efficiency score under CRS is 0.953 with minimum score of 0.760. As compared to seed producers, the highest efficiency score is 1.000, achieved by 7 farms of chickpea grain producers, accounting for 11.67% of sample. The majority of producers of grain fall into the 0.701-0.800 range, with 22 producers (36.67%), followed by 0.601–0.700 and 0.801-0.900 with 11 producers (18.33%) each. Also 0.901–0.999 and 0.501-0.600 range with 7 (11.67%) and 2 (3.33%) producers respectively. The mean efficiency score under CRS is 0.780 with minimum score of 0.580. Under the VRS model, efficiency improves significantly. A total of 30 seed producers, representing 50.00%, achieved the maximum score of 1.000, meaning they are fully efficient when scale effects are considered. The next largest group falls in the 0.901–0.999 range, with 19 producers (31.67%) followed by 0.801–0.900 (9 producers, 15.00%) and 0.701–0.800 (2 producers, 3.33%).
The mean efficiency score under VRS is 0.962, with a minimum score of 0.763. As compared to seed producers, the efficiency of chickpea grain producers was found a total of 21 producers (35.00%) achieved the maximum efficiency score of 1.000, while 17 producers (28.33%) were observed in the 0.901–0.999 range. Further, 14 producers (23.33%) recorded efficiency scores between 0.701–0.800, and 8 producers (13.33%) fell within the 0.701–0.800 category. The mean efficiency score under VRS is 0.964 with minimum score of 0.786.
3.3. Allocative Efficiency of Chickpea Production
The allocative efficiency of chickpea seed and grain production. The results of allocative efficiency reveal that chickpea seed producers performed better than grain producers.


Table 3.  Allocative Efficiency of Chickpea Seed and Grain Production
	Efficiency Score
	Seed
	Grain

	
	Frequency
	Percentage
	Frequency
	Percentage

	0.501-0.600
	0
	0
	0
	0

	0.601-0.700
	0
	0
	0
	0

	0.701-0.800
	0
	0
	1
	1.67

	0.801-0.900
	2
	3.33
	15
	25.00

	0.901-0.999
	57
	95.00
	43
	71.67

	1
	1
	1.67
	1
	1.67

	Total
	60
	100
	60
	100

	Mean
	0.958
	0.916

	Minimum
	0.836
	0.8

	Maximum
	1
	1


Among seed producers, the majority (95.00%) recorded efficiency scores in the range of 0.901–0.999, with only 3.33% falling in the 0.801–0.900 category, and 1.67% being fully efficient with a score of 1.000. In contrast, grain producers showed relatively lower allocative efficiency, with 71.67% in the 0.901–0.999 category, 25.00% in the 0.801–0.900 range, and only 1.67% achieving full efficiency. The mean allocative efficiency was higher for seed producers (0.958) compared to grain producers (0.916), indicating that seed producers allocated their resources closer to the optimal cost-minimizing combination.
3.4. Economic Efficiency of Chickpea Production
Seed producers achieved a higher mean efficiency score (0.842) compared to grain producers (0.773), with a majority (56.67%) concentrated in the 0.801–0.900 range. 
In contrast, grain producers were mostly clustered in the lower efficiency ranges, with 35.00% in the 0.701–0.800 group and 23.33% in the 0.601–0.700 group. Only one fully efficient producer (1.67%) was observed in both categories, highlighting limited optimal resource utilization. 
Table 4.  Economic Efficiency of Chickpea Seed and Grain Production
	Efficiency Score
	Seed
	Grain

	
	Frequency
	Percentage
	Frequency
	Percentage

	0.501-0.600
	0
	0
	1
	1.67

	0.601-0.700
	1
	1.67
	14
	23.33

	0.701-0.800
	12
	20.00
	21
	35.00

	0.801-0.900
	34
	56.67
	18
	30.00

	0.901-0.999
	12
	20.00
	5
	8.33

	1
	1
	1.67
	1
	1.67

	Total
	60
	100
	60
	100

	Mean
	0.842
	0.773

	Minimum
	0.7
	0.558

	Maximum
	1
	1



4. CONCLUSION 
The study utilized a Data Envelopment Analysis (DEA) approach, which allowed for the evaluation of production efficiency based on inputs such as labor, seeds, fertilizers, and machinery and outputs like yield and cost. 
Seed producers were more efficient than grain producers under CRS, with a higher mean score and more fully efficient farms. Under VRS, both groups improved; seed producers had a greater share of efficient farms, while grain producers recorded a slightly higher mean efficiency. Seed producers exhibited superior economic efficiency in minimizing production costs relative to grain producers.
1) Technical Efficiency (DEA Results):
Seed producers were more efficient than grain producers under both CRS and VRS models. Mean efficiency: Seed 0.953 (CRS), 0.965 (VRS) vs. Grain 0.780 (CRS), 0.916 (VRS). A higher share of seed producers achieved full efficiency (41.67% CRS; 50% VRS) compared to grain producers (11.67% CRS; 33.33% VRS). Output-oriented DEA confirmed the same pattern, with seed producers showing consistently higher efficiency scores.
2) Allocative Efficiency:
Seed producers allocated resources closer to the cost-minimizing combination, with a mean score of 0.958 compared to 0.916 for grain producers. 95% of seed producers recorded efficiency in the 0.901–0.999 range, while grain producers were more spread out, with only 71.67% in that range.
3) Economic Efficiency:
Seed producers again outperformed grain producers, with mean scores of 0.842 vs. 0.773. More than half of seed producers (56.67%) were in the 0.801–0.900 range, while grain producers clustered at lower efficiency levels (35% in 0.701–0.800; 23.33% in 0.601–0.700). Only 1.67% of producers in both categories achieved full efficiency.
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