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ABSTRACT 

  This study examines the evolution of agricultural cost, allocative and technical efficiency in India from 

2000 to 2021, a period marked by significant technological and structural changes shaped by successive agricultural 

revolutions and policy shifts. While past decades saw remarkable gains in crop output and productivity, recent trends 

highlight growing concerns over input inefficiencies, rising production costs, and sustainability challenges. Utilizing 
Farrell’s efficiency framework and Data Envelopment Analysis (DEA), I estimate and decompose cost, allocative, 

and technical efficiencies for 16 major crops across 15 Indian states. The analysis reveals notable crop-level 

variations, offering critical insights into whether inefficiencies arise from suboptimal input allocation or technical 

constraints. By providing a comprehensive assessment of production and cost efficiency in Indian agriculture, the 

findings aim to inform policy, guide resource allocation, and support strategies for long-term equitable agricultural 
growth. 
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I 

INTRODUCTION 

 India’s agricultural sector has undergone significant structural and 

technological transformations since independence in 1947. Initially characterized by 

subsistence-level productivity, the sector transitioned through various phases marked 

by substantial gains in food grain production and diversification into high-value 

crops. Innovations and institutional support across different agricultural revolutions 

such as the Green Revolution for food grains, Yellow Revolution for oilseeds, White 

Revolution for dairy, Blue Revolution for fisheries, and Golden Revolution for 

horticulture have collectively enhanced output levels (Fan et al., 2000). These shifts 

underscore the critical role of technology adoption and policy frameworks in driving 

agricultural growth. 

 Structural changes including widespread adoption of high-yielding varieties, 

mechanization, irrigation expansion, and intensified use of chemical fertilizers and 

pesticides have contributed to improvements in total factor productivity (Yotopoulos 

and Lau, 1973; Fan, Hazell, and Thorat, 2000). These developments unfolded within 

the broader planning framework of the Five-Year Plans and, more recently, strategic 

visions such as the NITI Aayog’s Three- Year Action Agenda and the Fifteen-Year 

Vision2. However, these gains have often been accompanied by increased input 

 
1Branch Chief of Agricultural Policy and Models, Economic Research Service, U.S. Department of Agriculture  
2Initially, agricultural policies and Five-Year Plans focused on ensuring food security and reducing poverty. In recent 

years, India has shifted away from the centralized Five-Year Plan model that guided its economic development since 
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intensities, raising important questions about production costs and the sustainability 

of prevailing practices. 

 Since the 1990s, inefficiencies in input use have become more apparent, with 

challenges such as groundwater depletion, excessive fertilizer application, and 

cropping system imbalances particularly the dominance of rice-wheat monoculture in 

northern India highlighting the limits of past strategies (Adamopoulos and Restuccia, 

2014). This shift in discourse from output maximization to resource-use efficiency 

signals a more nuanced understanding of agricultural performance, especially given 

agriculture’s continuing importance for rural employment and income in India’s 

lagging regions (Sinha and Sharma, 2020). 

 Despite the critical importance of these issues, empirical studies on Indian 

agriculture tend to emphasize output and input intensities, with limited attention to 

cost, allocative, and technical (CAT) efficiency across crops (Bhattacharyya, et al., 

2017). These studies often lack insight into whether producers operate close to the 

cost and production frontier, masking spatial variations and the rationale behind input 

use decisions. 

 To address this gap, I apply Farrell’s (1957) efficiency framework using Data 

Envelopment Analysis (DEA), a nonparametric method that avoids imposing 

functional form assumptions (Banker et al., 1984; Shaik, 2013; Shaik, 2015). This 

approach allows estimation of cost efficiency (CE), allocative efficiency (AE), and 

technical efficiency (TE) for 16 major crops across 15 Indian states from 2000 to 

2021. By decomposing CE into AE and TE, I identify whether inefficiencies stem 

from suboptimal input allocation or technical limitations, offering a more complete 

understanding of production behavior and economic decision-making. 

 The study’s primary objective is to estimate and compare variations in cost, 

allocative, and technical efficiency across major agricultural crops in India. This 

comprehensive analysis aims to enhance understanding of agricultural efficiency in 

India and provide evidence-based insights to guide policy and resource allocation 

decisions.  

II 

THEORY OF PRODUCTION, COST, AND EFFICIENCY MEASUREMENT 

  The concept of technical efficiency is rooted in the input distance function, 

which is based on production theory (Fuss and McFadden, 1978). This function 

establishes a relationship between a vector of outputs, denoted as 𝑦 =

 
1951. The 12th Five-Year Plan (2012–2017) was the last, and in 2015, the Planning Commission was replaced by the 

NITI Aayog (National Institution for Transforming India). NITI Aayog introduced a more flexible and adaptive 

planning framework, including the Three-Year Action Agenda (2017–2020), a Seven-Year Strategy (2017–2024), 
and a Fifteen-Year Vision Document. These changes reflect a broader shift toward decentralized, innovation-driven, 

and outcome-based economic planning. 
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(𝑦1, 𝑦2, … , 𝑦𝑀) 𝜖 𝑅𝑀, and a vector of non-allocable inputs, denoted as 𝑥 =
(𝑥1, 𝑥2, … , 𝑥𝑁) 𝜖 𝑅𝑁. 

This relationship is represented by the production function as follows: 

(1) 𝑦 = 𝑓(𝑥) 

  This production function defining the relationship between input and output 

quantities based on production theory, is modelled using the Data Envelopment 

Analysis (DEA) framework. In DEA, the technology that transforms inputs into 

outputs is represented by an input, output, or graph set. Here, the relationship 

between output and input is defined by the input set, 𝐿(𝑦, 𝑥). The technical efficiency 

measure is computed either using Shephard’s concept or Farrell’s concept of 

efficiency, both of which are defined by the distance function. The input set is: 

(2) 𝐿(𝑦, 𝑥) = {𝑥: 𝑦 is produced by 𝑥; } 

  The set follows the properties of strong disposability assumptions of outputs 

and inputs, and constant returns to scale (CRS) or variable returns to scale (VRS) as 

in Fare et.al., (1994). 

  The input distance function, represented by the input set defined in equation 

(1), is used in the estimation of efficiency. The input distance function captures the 

scalar shrinkage of inputs. The reference technology, denoted as T, defined by all the 

DMUs, forms the basis in the estimation of each DMU’s efficiency. The input 

distance function with strong disposability assumption is represented as: 

(3) 𝐿(𝑦, 𝑥) = {𝑥: 𝑦 is produced by 𝑥; } 
𝑜𝑟 

𝑚𝑖𝑛
𝜆,𝑧

𝜆  𝑠. 𝑡.      𝑦 ≤ 𝑌𝑧      where    𝑌 = (𝑦1, 𝑦2, . . . , 𝑦𝑇) 

         𝜆𝑥 ≥ 𝑋𝑧                    𝑋 = (𝑥1 , 𝑥2, . . . , 𝑥𝑇) 

           𝑧 = 1 

  Cost and allocative efficiency are estimated based on the cost theory 

(Shephard, 1953 and Shephard, 1970), which establishes the relationship between a 

vector of non-allocable inputs, denoted as 𝑥 = (𝑥1, 𝑥2, … , 𝑥𝑁) 𝜖 𝑅𝑁, given a vector of 

output, 𝑦 = (𝑦1, 𝑦2, … , 𝑦𝑀) 𝜖 𝑅𝑀, and dependent on a vector of input prices, denoted 

as 𝑤 = (𝑤1, 𝑤2, … , 𝑤𝑁) 𝜖 𝑅𝑁. 

  The cost function based on cost theory is represented as: 

(4) 𝑐 = 𝑓(𝑤, 𝑦) 

  Here, c is the cost and computed as the product of input quantity, x, and input 

price, w. 
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  Following Fare et al (1994) and the cost function defined above, consider the 

cost minimization set that transforms inputs into outputs and is provided with input 

prices. In DEA, the cost minimization set is defined by the minimum cost piece-wise 

technology required to produce an output vector. Relative to the input set, the cost 

minimization, denoted as 𝑐𝑚(𝑤, 𝑦), with known x and w is: 

(5) 𝑐𝑚(𝑤, 𝑦) = 𝑚𝑖𝑛 
𝑧,𝑥

{𝑤𝑥: 𝑥 𝜖 𝐿(𝑦, 𝑥)} 

𝑜𝑟 
𝑚𝑖𝑛 

𝑧,𝑥
𝑤𝑥  𝑠. 𝑡.     𝑦 ≤ 𝑌𝑧      where    𝑌 = (𝑦1, 𝑦2, . . . , 𝑦𝑇) 

            𝜆𝑥 ≥ 𝑋𝑧                    𝑋 = (𝑥1 , 𝑥2, . . . , 𝑥𝑇) 

             𝑧 = 1 

  The input cost efficiency is estimated as the ratio of cost minimization, 
𝑐𝑚(𝑤, 𝑦), to observed cost and is defined as: 

(6) 𝐶𝑇(𝑤, 𝑥, 𝑦) =
𝑐𝑚(𝑤,𝑦)

𝑤𝑥  

  This input cost efficiency, denoted as 𝐶𝑇(𝑤, 𝑥, 𝑦), is decomposed into 1) 

scalar reduction in inputs defined by technical efficiency, denoted as, 𝐿𝑇(𝑦, 𝑥) and 2) 

using inputs in a wrong mix attributed to input allocative efficiency, denoted as 
𝐴𝑇(𝑤, 𝑥, 𝑦). The input allocative efficiency is defined as: 

(7) 𝐴𝑇(𝑤, 𝑥, 𝑦) =
𝐶𝑇(𝑤,𝑥,𝑦)

𝐿𝑇(𝑦,𝑥)  

  Equations (3, 6 and 7) are estimated separately by crop and every year from 

2001 to 2021. 

III 

DATA CURATION, SOURCES, AND CONSTRUCTION OF VARIABLES 

  For this analysis, I utilized data from the Comprehensive Scheme for 

Studying the Cost of Cultivation of Principal Crops in India (Government of India, 

2020), which offers detailed estimates of cultivation costs and production across 

multiple states and crops. The scheme follows a three-stage stratified random 

sampling design, as outlined by the Directorate of Economics and Statistics. In the 

first stage, tehsils (administrative units) are selected; this is followed by the selection 

of clusters of villages in the second stage, and finally, operational holdings within 

these clusters are sampled in the third stage. The sampling framework also 

incorporates agro-climatic zoning based on factors such as soil type, climate, and 

prevailing cropping patterns to ensure representativeness across diverse agricultural 

conditions. 
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The data are collected from approximately 8,100 sample operational holdings 

across nineteen states, using the Cost Accounting Method. This method involves 

maintaining continuous debit and credit entries to capture daily expenditures and 

receipts, enabling a comprehensive computation of total cultivation costs and farm-

level net returns. The scheme is implemented in collaboration with sixteen State 

Implementing Agencies, which include agricultural universities and affiliated 

research institutions. 

For the purposes of this study, I curated plot-level panel data covering the 

years 2001 to 2021. The dataset includes information on nineteen crops cultivated 

across eighteen Indian states, although not all crops are grown in every state or in 

every year. The crops analyzed include - cereals: Bajra, Barley, Jowar, Maize, Paddy 

(Rice), and Wheat; pulses: Arhar (redgram), Gram (Bengalgram), Masur (Lentil), 

Moong (Greengram), and Urad (Blackgram); oilseeds: Groundnut, Rapeseed & 

Mustard, Sesamum, and Soybean; fibres: Cotton and Jute; and commercial crops: 

Sugarcane and Potato. The states included in the analysis are Andhra Pradesh, 

Assam, Bihar, Chhattisgarh, Gujarat, Haryana, Himachal Pradesh, Jharkhand, Kerala, 

Madhya Pradesh, Maharashtra, Odisha, Punjab, Rajasthan, Tamil Nadu, Uttarakhand, 

Uttar Pradesh, and West Bengal. 

To facilitate model estimation, I aggregated the plot-level data to the tehsil 

level. I focused exclusively on observations with non-zero input and output values 

and ensured that both quantities and prices were valid. Output quantities are 

measured in quintals, and prices are reported in rupees per quintal (Rs/quintal). Input 

quantities are recorded in hectares for land, hours for labor and capital services, and 

kilograms (kg) for seeds and fertilizers. Input prices are expressed in rupees and 

correspond to their respective quantity units. The specific input-output variables for 

major crops include output measured in quintals, land use in hectares, labor input in 

hours, capital input in hours, seed usage in kilograms, and fertilizer usage in 

kilograms. 

Furthermore, cost information is provided for land (in rupees per hectare), 

labor (in rupees per hour), capital (in rupees per hour), seed (in rupees per kilogram), 

and fertilizer (in rupees per kilogram). 

This structured and multi-dimensional dataset enables a consistent and 

detailed estimation of cost, allocative and technical efficiency across both crops and 

states of Indian agriculture. 

IV 

EMPIRICAL ANALYSIS AND RESULTS 

This section presents the empirical analysis, starting with the coefficient of 

variation (CV) for key variables, including output quantity, input quantity, and input 

prices across crops and years. The CV is used as a standardized, dimensionless 
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measure of dispersion, which allows for systematic comparisons across variables with 

differing units and magnitudes. 

Following this, I estimate and compare three main efficiency measures: cost 

efficiency, allocative efficiency, and technical efficiency. These measures are 

calculated separately for each crop and year, from 2001 to 2021, providing detailed 

insights into performance trends within Indian agriculture. The cost efficiency is 

estimated using equation 6, allocative efficiency using equation 7, and technical 

efficiency using equation 3. 

The efficiency scores are assessed under two production assumptions: constant 

returns to scale (CRS) and variable returns to scale (VRS). CRS assumes proportional 

changes in output relative to inputs, reflecting an optimal scale of operation. In 

contrast, VRS allows for deviations from this proportionality, acknowledging that 

farms may operate at sub-optimal scales due to technological, resource, or size 

constraints. As a result, VRS yields higher efficiency estimates, as it accounts for the 

heterogeneity present in agricultural production environments. 

This approach facilitates a thorough and consistent estimation of efficiency 

metrics, forming the basis for the subsequent discussion of results. 

4.1.Coefficient of variation of variables used in the efficiency analysis 

To assess and compare variability across key inputs, outputs, and prices within 

Indian agriculture, I use the coefficient of variation (CV) as a central statistical 

metric. The CV, presented as a percentage, is a unitless measure of dispersion, 

allowing for comparisons between variables that differ in scale or measurement units. 

A low CV indicates relative stability and predictability, while a high CV suggests 

increased volatility and associated risk. 

  Table 1 provides the CV estimates for the primary crops and their respective 

input-output categories over the period from 2000 to 2021. A CV of 0.57 indicates a 

57% variation, while a CV of 1.23 suggests a 123% variation from the mean. These 

metrics are essential for evaluating the extent of variability and, by extension, 

economic risk across various crops and their corresponding inputs and outputs. The 

appendix contains A-Table 1, which provides similar statistics broken down by state 

for maize and soybean. 

Regarding output variability, potato (CV: 0.80) and pea (CV: 1.1) exhibit the 

highest volatility, reflecting substantial fluctuations in yield due to local agro-

ecological conditions and production practices. In contrast, crops such as jute (CV: 

0.47) and soybean (CV: 0.50) show more stability in output. 
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  Land use variability is significant for potato (1.53) and pea (1.23), indicating 

fluctuating land requirements and intensity of cultivation. In contrast, jute (CV: 0.47) 

and soybean (CV: 0.50) demonstrate more consistent land utilization. Labor input 

variability is notable for crops like onion (0.38) and soybean (0.48), which show 

stable labor requirements. However, pea (1.12) and potato (0.82) exhibit greater 

variability due to region-specific cultivation and post-harvest practices. Capital input 

CVs reveal significant disparities: paddy (2.25) and arhar (2.04) are capital-intensive 

crops marked by considerable fluctuations, while soybean (0.86) and wheat (0.90) 

show more stable capital needs. Seed usage also varies significantly. Potato has a 

high CV (2.25), reflecting intensive and variable seed requirements, while crops like 

soybean (0.55) and jute (0.57) require fewer variable seed inputs, which reduces 

production uncertainty. Fertilizer input variability is also notable. Potato (1.74) and 

arhar (1.53) exhibit high CVs, indicating uncertainty in fertilizer requirements, 

whereas soybean (0.56) and jute (0.59) show more predictable fertilizer needs, 

presenting less financial risk from a cost management perspective. 

When analyzing cost structure, land costs are most variable for potato (2.02) 

and pea (1.32), driven by regional pricing disparities. Labor costs for onion (0.33) 

and soybean (0.48) are stable, but for paddy (0.71) and potato (0.52), they fluctuate 

more due to labor-intensive cultivation methods. Capital costs show high variability 

for sugarcane (1.45) and potato (0.96), whereas soybean (0.64) and moong (0.54) 

demonstrate lower volatility, offering more predictable financial outcomes. Seed 

price volatility is particularly high for paddy (6.62) and sugarcane (3.93), which 

presents challenges for cost planning. Conversely, seed prices for soybean (0.43) and 

jute (0.62) remain more stable. Fertilizer price volatility is high for potato (2.48) and 

arhar (1.54), but more predictable for soybean (0.70) and jute (0.73). 

  Synthesizing these findings, crops such as potato (output CV: 0.80), pea 

(1.39), arhar (1.11), and paddy (1.00) are characterized by significant variability 

across outputs, input quantities, and prices, which increases production and financial 

risk for farmers. Potato’s high CVs for both output and major inputs (seed and 

fertilizer prices, both at 2.48) mark it as a high- risk crop. In contrast, crops like 

soybean (0.57), jute (0.52), and wheat (0.91) show consistently low variability, 

making them more stable options for producers seeking predictability in both yields 

and costs. This stability reduces economic risk and supports long-term farm 

management and financial planning. 
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4.2.Comparative cost, allocative and technical efficiency across crops 

This section systematically examines and compares cost, allocative, and 

technical efficiencies for various crops, considering different assumptions about 

production scale, including constant, variable, and scale efficiencies. The efficiency 

metrics, summarized in Table 2 and illustrated in Figure 1, describe crop performance 

over the period from 2001 to 2021. 

Figure 2 visually traces the temporal trends of cost, allocative, and technical 

(CAT) efficiency across the crops studied. For further reference, A-Table 2 in the 

appendix provides similar statistics by state for maize and soybean. Efficiency 

measures serve as key indicators of agricultural performance. Cost efficiency reflects 

how efficiently a crop’s output is produced relative to input expenditure. Allocative 

efficiency measures the optimal allocation of resources such as land, labor, and 

capital in line with prevailing market prices. Technical efficiency quantifies a crop’s 

ability to maximize output from given inputs, minimizing waste. The joint 

interpretation of these efficiency measures offers a comprehensive view of crop 

performance, highlighting the relationship between economic and technological 

factors at different scales of production. 

The analysis of efficiency patterns across selected crops shows that Arhar 

(redgram) experiences significant improvements in cost, allocative, and technical 

efficiency as production scale increases. Under constant returns to scale, the crop 

shows a cost efficiency of 0.280, allocative efficiency of 0.422, and technical 

efficiency of 0.650. At the scale efficiency frontier, these values rise to 0.705, 0.797, 

and 0.863, respectively, indicating substantial gains from economies of scale and 

more effective resource utilization. 

Similarly, Bajra (pearl millet) also shows positive scale effects. The initial 

efficiencies in cost (0.317), allocative (0.479), and technical (0.665) rise with 

increased scale, reaching 0.780, 0.859, and 0.885, respectively. This progression 

underscores the crop’s responsiveness to larger- scale production and suggests 

significant productivity potential under expanded cultivation. 

Barley follows a similar trajectory, with cost, allocative, and technical efficiencies 

improving from 0.415, 0.542, and 0.755 under constant returns to 0.811, 0.871, and 

0.910 at the scale efficiency frontier. This consistent improvement further confirms 

the advantages of scale in realizing efficiency gains. 

Cotton, despite showing modest baseline efficiencies in cost (0.254), allocative 

(0.385), and technical (0.648), also benefits significantly from increased scale, with 

efficiencies rising to 0.748, 0.833, and 0.857, respectively. These results reflect the 

challenges faced by smaller producers and emphasize the benefits of capital- and 

input-intensive production systems at larger scales. 
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Onion presents a unique case. While allocative efficiency is notably high at the 

outset (0.767), technical efficiency (0.562) lags behind. As the scale of production 

increases, cost efficiency improves from 0.438 to 0.765, and allocative efficiency 

peaks at 0.958. However, technical efficiency remains low, rising to 0.651. This 

divergence suggests that resource allocation is highly effective, but technological or 

agronomic limitations may hinder the full realization of production potential. 

Figure 1 presents nine efficiency metrics - cost, allocative, and technical 

assessed under constant, variable, and scale assumptions as detailed in Table 2. Each 

metric is depicted with a distinct scale, where darker shades indicate higher efficiency 

values and lighter shades represent lower performance. These visualizations are 

aligned with the results in Table 2, providing further clarity to the analysis. Figure 2 

illustrates the temporal evolution of these efficiency metrics from 2001 to 2021, 

revealing upward trends in cost, allocative, and technical efficiency under both 

constant and variable returns to scale. Notably, cost efficiency at scale remains stable, 

while allocative efficiency at scale shows a downward trend, contrasted by increases 

in technical efficiency at scale over the observed period. 

The aggregated findings reveal a clear pattern in which most crops demonstrate 

improvements in cost and technical efficiency as production scales increase. Barley 

and wheat, in particular, achieve notably high technical efficiencies at larger scales, 

which aligns with their suitability for intensive, large-scale production. In contrast, 

onions stand out for their superior allocative efficiency, reflecting farmers' ability to 

align input use with market signals, even when technical performance is less optimal. 

Crops like Arhar, Bajra, and Cotton also exhibit scale-related efficiency gains, 

though the magnitude and pace of improvement vary. These differences are 

influenced by both the inherent characteristics of the crops and regional agro-

economic factors that shape the responses to scaling. 

  In general, the trend toward higher production scale is associated with better 

resource allocation, cost reduction, and increased output. However, the observation 

that allocative efficiency often outpaces technical efficiency indicates a persistent gap 

in fully optimizing output, despite effective resource allocation. 

V 

CONCLUSIONS 

This study provides a comprehensive analysis of efficiency in Indian agriculture, 

focusing on cost, allocative, and technical efficiency measures for various crops over 

the period from 2001 to 2021. The application of the coefficient of variation (CV) as 

a standardized measure of dispersion reveals significant variability in outputs, inputs, 

and prices across different crops. These findings highlight the economic risks 

associated with crop production in India. 
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  The results indicate that crops such as potato, pea, arhar, and paddy exhibit 

substantial volatility in both output and key input costs, making them high-risk crops 

for farmers. In contrast, crops like soybean, jute, and wheat show low variability in 

outputs, input quantities, and prices, marking them as more stable and less risky 

choices for farmers seeking predictability in production and cost management. 

 The analysis of efficiency metrics reveals that most crops show improvement 

in cost and technical efficiency as the scale of production increases. However, 

allocative efficiency exceeds technical efficiency, suggesting that resource allocation 

tends to align well with market prices, but there is still room to enhance output from 

available inputs. The findings also show that larger-scale production is associated 

with improved cost reduction, output maximization, and better resource utilization, 

particularly for crops such as barley and wheat.  

 In contrast, crops like onion exhibit high allocative efficiency but lag in 

technical efficiency. This highlights the gap between effective resource allocation and 

the potential for maximizing output. The study further illustrates that while scale 

efficiencies improve across many crops, the gap between allocative and technical 

efficiency persists, reflecting the challenges in fully optimizing production despite 

efficient resource allocation. 

Author Note: The findings and conclusions in this publication are those of the author 

and should not be construed to represent any official USDA or U.S. Government 

determination or policy. This research was supported [in part] by the U.S. 

Department of Agriculture Economic Research Service. The research issue, concept, 

analytical framework and preliminary empirical analysis was developed by the 

corresponding author during his previous position as Professor at Land Grant 

University. I thank Pranav and Sunjeev for discussions and critical suggestions with 

grammar and flow.  

Received April 2025    Revision accepted October 2025. 

REFERENCES 

Adamopoulos, T., & Restuccia, D. (2014). The size distribution of farms and international productivity differences. 
American Economic Review, 104(6), 1667–1697. https://doi.org/10.1257/aer.104.6.1667 

Banker, R. D., Charnes, A., & Cooper, W. W. (1984). Some models for estimating technical and scale inefficiencies 

in data envelopment analysis. Management Science, 30(9), 1078–1092. 

https://doi.org/10.1287/mnsc.30.9.1078 

Bhattacharyya, P., Chatterjee, S., & Saha, S. (2017). Cost and returns of major crops in India: A comparative analysis. 
Indian Journal of Agricultural Economics, 72(2), 188–203. 

Fan, S., Hazell, P., & Thorat, S. (2000). Government spending, agricultural growth and poverty in rural India. 

American Journal of Agricultural Economics, 82(4), 1038–1051. https://doi.org/10.1111/0002-9092.00082 

Färe, R., Grosskopf, S., & Lovell, C. A. K. (1994). Production frontiers. Cambridge University Press. 

Farrell, M. J. (1957). The measurement of productive efficiency. Journal of the Royal Statistical Society: Series A 
(General), 120(3), 253–290. https://doi.org/10.2307/2343100 



AGRICULTURAL PRODUCTION AND COST EFFICIENCY IN INDIA 1449 

Fuss, M., & McFadden, D. (1978). Flexibility versus efficiency in ex ante plant design. In M. Fuss & D. McFadden 

(Eds.), Production economics: A dual approach to theory and applications (Vol. 1, pp. 311–364). North-
Holland. 

Government of India. (2020). Comprehensive scheme for studying the cost of cultivation of principal crops in India. 

Ministry of Agriculture & Farmers Welfare. 

Shaik, S. (2013). Crop insurance–adjusted panel data envelopment analysis efficiency measures. American Journal of 

Agricultural Economics, 95(5), 1155–1177. https://doi.org/10.1093/ajae/aat062 

Shaik, S. (2015). Impact of liquidity risk on variations in efficiency and productivity: A panel gamma simulated 

maximum likelihood estimation. European Journal of Operational Research, 244(1), 264–272. 

https://doi.org/10.1016/j.ejor.2015.01.019 

Shephard, R. W. (1953). Cost and production functions. Princeton University Press. 

Shephard, R. W. (1970). Theory of cost and production functions. Princeton University Press. 

Sinha, S., & Sharma, R. (2020). Economic resilience of Indian farmers: Understanding the role of agricultural 

efficiency. Agricultural Economics Research Review, 33(1), 49–60. 

Yotopoulos, P. A., & Lau, L. J. (1973). A test for relative economic efficiency: Some further results. American 

Economic Review, 63(1), 214–223. 

 

 

https://doi.org/10.1093/ajae/aat062


INDIAN JOURNAL OF AGRICULTURAL ECONOMICS 1450 

APPENDICES 

 
 

A
PP

EN
D

IX
 T

A
B

LE
 1

. M
EA

N
 O

U
TP

U
T 

A
N

D
 IN

PU
T 

Q
U

A
N

TI
TY

 A
N

D
 P

R
IC

ES
 B

Y
 S

TA
TE

 F
O

R
 M

A
IZ

E 
A

N
D

 S
O

Y
B

EA
N

, 2
00

1 
TO

 2
02

1 

St
at

e 
O

ut
pu

t 

(Q
ui

nt
al

s)
 

L
an

d 

(H
ec

ta
re

) 

L
ab

or
 

(H
ou

rs
) 

C
ap

ita
l 

(H
ou

rs
) 

Se
ed

 

(K
gs

) 

Fe
rt

ili
ze

r 

(K
gs

) 

L
an

d 

(R
s/

H
ec

) 

L
ab

or
 

(R
s/

H
ou

r)
 

C
ap

ita
l 

(R
s/

H
ou

r)
 

Se
ed

 

(R
s/

K
g)

 

Fe
rt

ili
ze

r 

(R
s/

K
g)

 

 
M

ai
ze

 

A
nd

hr
a 

Pr
ad

es
h 

43
.3

 
1.

1 
63

1.
8 

77
.6

 
22

.5
 

19
8.

6 
12

,1
59

 
23

.2
 

14
0 

96
 

3,
61

2 

B
ih

ar
 

21
.9

 
0.

6 
34

9.
5 

25
.1

 
12

.0
 

78
.3

 
3,

18
4 

10
.8

 
10

9 
68

 
1,

45
4 

G
uj

ar
at

 
13

.3
 

0.
7 

41
7.

2 
21

.8
 

15
.3

 
91

.0
 

2,
96

7 
14

.2
 

15
5 

86
 

1,
51

0 

H
im

ac
ha

l P
ra

de
sh

 
8.

2 
0.

6 
21

1.
5 

3.
7 

18
.0

 
37

.3
 

1,
96

9 
17

.5
 

25
0 

25
 

45
1 

Jh
ar

kh
an

d 
9.

8 
0.

4 
27

6.
3 

4.
4 

9.
1 

31
.5

 
3,

22
3 

19
.0

 
29

0 
88

 
69

3 

K
ar

na
ta

ka
 

39
.7

 
1.

3 
81

1.
1 

58
.1

 
20

.7
 

17
9.

3 
8,

37
3 

15
.9

 
13

2 
96

 
3,

43
9 

M
ad

hy
a 

Pr
ad

es
h 

18
.6

 
1.

1 
48

0.
2 

9.
0 

22
.9

 
67

.9
 

4,
77

8 
18

.5
 

26
6 

67
 

1,
22

7 

M
ah

ar
as

ht
ra

 
31

.8
 

0.
7 

38
2.

6 
35

.9
 

12
.7

 
15

2.
4 

8,
52

8 
43

.1
 

40
5 

26
0 

4,
65

7 

O
di

sh
a 

22
.2

 
0.

6 
46

8.
0 

6.
7 

12
.0

 
83

.0
 

6,
90

3 
32

.1
 

47
8 

23
3 

2,
69

2 

Pu
nj

ab
 

20
.2

 
0.

5 
16

7.
0 

16
.3

 
10

.6
 

10
5.

3 
6,

13
9 

46
.7

 
33

0 
25

2 
2,

65
9 

R
aj

as
th

an
 

7.
3 

0.
4 

23
7.

9 
8.

1 
12

.2
 

30
.8

 
1,

30
8 

15
.8

 
17

8 
29

 
46

0 

Ta
m

il 
N

ad
u 

33
.0

 
0.

8 
44

6.
7 

92
.7

 
15

.4
 

18
0.

8 
6,

36
8 

28
.4

 
99

 
16

5 
3,

29
9 

Te
la

ng
an

a 
50

.0
 

1.
0 

33
9.

5 
17

.9
 

22
.3

 
31

0.
6 

22
,6

81
 

78
.2

 
68

6 
28

2 
8,

42
3 

U
tta

r P
ra

de
sh

 
7.

3 
0.

4 
24

3.
4 

12
.4

 
8.

3 
29

.7
 

1,
93

9 
13

.5
 

14
9 

32
 

43
8 

U
tta

ra
kh

an
d 

4.
5 

0.
4 

14
2.

1 
5.

9 
8.

0 
44

.5
 

91
0 

8.
8 

10
4 

17
 

60
3 

 
21

.7
 

0.
8 

41
9.

7 
33

.4
 

15
.9

 
98

.5
 

4,
91

2 
17

.6
 

16
8 

71
 

1,
78

3 

 
So

yb
ea

n 

C
hh

at
tis

ga
rh

 
10

.8
 

1.
2 

40
0.

7 
10

.6
 

11
1.

2 
85

.6
 

5,
29

5 
12

.3
 

26
6 

23
 

1,
89

6 

M
ad

hy
a 

Pr
ad

es
h 

19
.7

 
1.

7 
55

1.
1 

18
.5

 
14

9.
4 

67
.6

 
8,

84
4 

14
.4

 
21

1 
24

 
1,

29
6 

M
ah

ar
as

ht
ra

 
12

.2
 

0.
9 

43
8.

4 
13

.6
 

68
.5

 
63

.0
 

3,
54

8 
16

.9
 

21
1 

30
 

1,
21

5 

R
aj

as
th

an
 

9.
4 

0.
9 

31
2.

5 
12

.0
 

84
.4

 
32

.1
 

3,
42

6 
17

.0
 

24
3 

28
 

68
9 

 
15

.4
 

1.
2 

48
1.

6 
15

.7
 

10
6.

8 
63

.6
 

5,
96

9 
15

.7
 

21
4 

27
 

1,
23

1 

 



AGRICULTURAL PRODUCTION AND COST EFFICIENCY IN INDIA 1451 

 

A
PP

EN
D

IX
 T

A
B

LE
 2

. M
EA

N
 C

O
ST

, A
LL

O
C

A
TI

V
E 

A
N

D
 T

EC
H

N
IC

A
L 

EF
FI

C
IE

N
C

Y
 B

Y
 S

TA
TE

 F
O

R
 M

A
IZ

E 
A

N
D

 S
O

Y
B

EA
N

, 2
00

1 
TO

 2
02

1 

  
C

on
st

an
t 

  
V

ar
ia

bl
e 

  
Sc

al
e 

St
at

e 
C

os
t 

Te
ch

ni
ca

l 
A

llo
ca

tiv
e 

  
C

os
t 

Te
ch

ni
ca

l 
A

llo
ca

tiv
e 

  
C

os
t 

Te
ch

ni
ca

l 
A

llo
ca

tiv
e 

 
M

ai
ze

 

A
nd

hr
a 

Pr
ad

es
h 

0.
26

6 
0.

75
2 

0.
35

5 

 

0.
41

0 
0.

78
3 

0.
50

3 

 

0.
72

1 
0.

95
4 

0.
74

3 

B
ih

ar
 

0.
31

7 
0.

72
4 

0.
43

9 

 

0.
41

9 
0.

77
7 

0.
52

3 

 

0.
79

6 
0.

92
3 

0.
83

2 

G
uj

ar
at

 
0.

20
6 

0.
45

0 
0.

46
6 

 

0.
24

8 
0.

54
6 

0.
45

3 

 

0.
86

0 
0.

83
3 

0.
93

6 

H
im

ac
ha

l P
ra

de
sh

 
0.

35
9 

0.
61

5 
0.

61
1 

 

0.
43

5 
0.

70
9 

0.
62

6 

 

0.
83

4 
0.

86
3 

0.
92

1 

Jh
ar

kh
an

d 
0.

56
7 

0.
83

4 
0.

67
6 

 

0.
66

0 
0.

91
1 

0.
71

4 

 

0.
85

6 
0.

90
9 

0.
90

6 

K
ar

na
ta

ka
 

0.
28

8 
0.

71
1 

0.
40

2 

 

0.
41

6 
0.

73
5 

0.
54

5 

 

0.
74

1 
0.

96
3 

0.
76

0 

M
ad

hy
a 

Pr
ad

es
h 

0.
39

6 
0.

63
2 

0.
60

5 

 

0.
46

7 
0.

69
2 

0.
65

2 

 

0.
86

2 
0.

92
1 

0.
90

6 

M
ah

ar
as

ht
ra

 
0.

63
3 

0.
92

9 
0.

68
8 

 

0.
72

6 
0.

95
8 

0.
75

7 

 

0.
88

4 
0.

96
8 

0.
89

5 

O
di

sh
a 

0.
79

9 
1.

00
0 

0.
79

9 

 

0.
85

0 
1.

00
0 

0.
85

0 

 

0.
94

5 
1.

00
0 

0.
94

5 

Pu
nj

ab
 

0.
61

3 
0.

95
1 

0.
64

8 

 

0.
64

6 
0.

99
7 

0.
64

8 

 

0.
94

8 
0.

95
4 

0.
95

6 

R
aj

as
th

an
 

0.
33

4 
0.

54
9 

0.
62

4 

 

0.
44

5 
0.

66
6 

0.
65

2 

 

0.
78

9 
0.

81
8 

0.
90

7 

Ta
m

il 
N

ad
u 

0.
26

3 
0.

72
1 

0.
36

3 

 

0.
33

8 
0.

76
8 

0.
42

6 

 

0.
82

8 
0.

93
2 

0.
86

4 

Te
la

ng
an

a 
0.

51
5 

0.
92

3 
0.

55
6 

 

0.
72

2 
0.

92
3 

0.
77

4 

 

0.
74

2 
1.

00
0 

0.
74

3 

U
tta

r P
ra

de
sh

 
0.

34
2 

0.
51

7 
0.

65
9 

 

0.
44

0 
0.

65
5 

0.
65

5 

 

0.
80

6 
0.

79
3 

0.
93

8 

U
tta

ra
kh

an
d 

0.
11

9 
0.

45
6 

0.
28

6 

 

0.
14

8 
0.

59
5 

0.
24

6 

 

0.
84

5 
0.

77
4 

0.
98

7 

 
0.

32
1 

0.
65

0 
0.

50
9 

 

0.
42

2 
0.

72
2 

0.
57

2 

 

0.
79

6 
0.

89
1 

0.
85

9 

 
So

yb
ea

n 

C
hh

at
tis

ga
rh

 
0.

11
5 

0.
55

3 
0.

24
0 

 

0.
16

1 
0.

63
8 

0.
26

7 

 

0.
68

9 
0.

84
9 

0.
79

7 

M
ad

hy
a 

Pr
ad

es
h 

0.
37

5 
0.

70
6 

0.
52

9 

 

0.
45

6 
0.

74
4 

0.
60

1 

 

0.
83

3 
0.

94
6 

0.
86

6 

M
ah

ar
as

ht
ra

 
0.

27
6 

0.
69

8 
0.

38
9 

 

0.
35

9 
0.

78
9 

0.
44

4 

 

0.
77

8 
0.

88
0 

0.
86

0 

R
aj

as
th

an
 

0.
38

1 
0.

66
7 

0.
55

8 

 

0.
58

5 
0.

84
3 

0.
66

8 

 

0.
68

1 
0.

79
4 

0.
82

6 

 
0.

32
5 

0.
69

8 
0.

46
0 

 

0.
41

4 
0.

77
0 

0.
52

6 

 

0.
79

6 
0.

90
5 

0.
86

0 

 


