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Abstract 
Efficient utilization of production resources is essential for improving productivity and profitability in garlic cultivation. 
The present study was conducted in Baran district of Rajasthan to examine the resource use efficiency in garlic 
cultivation. Primary data were collected from 80 garlic growers during the agricultural year 2023-24 through personal 
interview method using a structured schedule. The collected data were analyzed using Cobb-Douglas production function 
and marginal value product to marginal factor cost ratio for estimating resource use efficiency of major inputs in garlic 
cultivation. The results revealed that the coefficient of multiple determination (R²) was 0.41, indicating that 41 per cent 
variation in gross returns from garlic cultivation was explained by the selected independent variables included in the 
model. The regression analysis showed that fertilizer, human labour and plant protection chemicals had positive 
association with gross returns, whereas machine labour, seed, manure and irrigation showed negative association. 
Resource use efficiency analysis indicated that human labour, machine labour, seed, manure and irrigation were 
overutilized, whereas fertilizer and plant protection chemicals were underutilized in garlic cultivation. This implies that 
profitability in garlic cultivation can be improved by reducing the use of overutilized inputs and increasing the use of 
underutilized inputs to attain optimum resource allocation. The study concluded that rational allocation of production 
resources can significantly enhance efficiency and profitability of garlic cultivation in the study area.  

 
Key words: Garlic, Resource use efficiency, Cobb-Douglas production function, Marginal value product 

 
Agriculture stands as a cornerstone of India's economy, 

crucially employing a significant portion of the population and 

making substantial contribution to the nation's economy. 

Agriculture plays a key role in the Indian economy, contributing 

about 16 per cent to the Gross Domestic Product (GDP) and 

supporting nearly 46 per cent of the population [1-2]. Within 

agriculture, horticulture has emerged as a significant domain, 

offering avenues for diversification, increased income, and 

optimized land and water usage. This sector encompasses a 

wide array of crops, including fruits, vegetables, flowers, 

spices, and medicinal plants, nurturing opportunities for multi-

layer cropping and minimizing the risk of crop failure for 

farmers. Notably, horticulture contributed 33 per cent to India's 

agricultural GDP and occupies 18 per cent of the total cropped 

area during 2020-21 [3]. 

Spices constitute an important group of horticultural 

crops and defined as vegetable products or mixture. Thereof, 

free from extraneous matter, seasoning and imparting aroma in 

foods used for flavoring. India is known as home of spices due 

to wide variety of spices like black pepper, cardamom (small 

and large), garlic, turmeric, and ginger a large variety of tree 

and seed spices. Garlic (Allium sativum L.) is one of the most 

important commercial spice crops cultivated in India due to its 

high economic value, wide domestic consumption and export 

potential [4]. It is widely used in culinary preparations, food 

processing and traditional medicine, which makes it an 

important cash crop for farmers. 

India, although holds second place in area and 

production, but the productivity of garlic is very low due to 

genetic and environmental factors affecting its productivity and 

its related traits [5]. in India, total area under Garlic cultivation 

was 386.83 thousand hectares with which production of 

3239.45 thousand tonnes with productivity were 8.37 tonnes per 

hectare during 2022-23. In India, Madhya Pradesh secured first 

position in term of area and production of garlic which has area 

of 202.20 thousand hectares with production of 2085.50 

thousand tonnes in 2022-23. Rajasthan has an important 

position in garlic production and area but the productivity is low 

than other states like Madhya Pradesh, Uttar Pradesh, Punjab, 

Gujarat, Maharashtra [6]. In Rajasthan state, area under garlic 
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cultivation was 62,135 hectares with a production of 385482 

tonnes with productivity of 6,203 Kg/ha during the year 2022-

23. Major garlic producing districts in Rajasthan are Baran, 

Jhalawar, Kota, Pratapgarh, Chittorgarh, Bundi etc. Baran is the 

largest garlic producing district with an area of 20452 hectares 

with a production of 116131 tonnes and productivity of 5678 

during the year 2022-23 [7]. Garlic is an input-intensive crop 

requiring substantial use of labour, seed, irrigation, fertilizers 

and plant protection chemicals. The productivity and 

profitability of garlic largely depend upon efficient allocation 

and utilization of these resources. In commercial crop 

cultivation, merely increasing the use of inputs does not always 

ensure higher returns; rather, optimum use of resources is 

essential for maximizing output and profit. Therefore, 

improving resource use efficiency has become an important 

concern in garlic cultivation, particularly under conditions of 

rising input costs and limited resource availability [8]. Resource 

use efficiency refers to the extent to which production inputs 

are optimally utilized to obtain maximum possible output. In 

agricultural production, efficient use of resources not only 

improves farm profitability but also helps in reducing wastage 

of costly inputs and ensures sustainable production. In the case 

of garlic cultivation, inefficient use of resources may increase 

cost of production and reduce net returns, thereby affecting the 

economic viability of the crop [9-12]. Hence, an assessment of 

resource use efficiency is essential to identify whether the 

available resources are being utilized optimally or not. 

The application of production economics, particularly 

the Cobb-Douglas production function, provides a useful 

framework to analyze the relationship between inputs and 

output and to assess the efficiency of resource use in crop 

production. Estimation of marginal value product and 

comparison with marginal factor cost help in determining 

whether a specific input is underutilized, overutilized or 

efficiently utilized. Such analysis is useful for suggesting 

appropriate adjustments in resource allocation for improving 

farm efficiency and profitability. In this context, the present 

study was undertaken to examine the resource use efficiency in 

garlic cultivation in Baran district of Rajasthan. The study aims 

to identify the efficiency status of major production inputs and 

suggest suitable measures for improving resource allocation in 

garlic cultivation. 

 

MATERIALS AND METHODS 
 

Sampling design 

A multistage sampling design was employed for the 

selection of sample respondents in the study area. In the first 

stage, Baran district of Rajasthan was selected purposively 

because it is the leading garlic-producing district in the state. In 

the second stage, two tehsils having the highest area under 

garlic cultivation were selected purposively. In the third stage, 

two villages from each selected tehsil were chosen on the basis 

of higher area under garlic cultivation. In the final stage, 80 

garlic growers were selected randomly from the selected 

villages for detailed investigation. The selected garlic growers 

were classified into three farm size groups on the basis of 

operational land holding, namely small, medium and large 

farmers. This classification was made to examine variations in 

resource use efficiency across different farm size groups. The 

distribution of selected farmers was made proportionately 

among the selected villages and farm size categories to ensure 

representative sampling. 

 

Analytical framework 

Resource use efficiency 

A production function was fitted to the input-output data 

received from the entire aggregate sample farm in order to get 

a sense of the resource usage efficiency in crop production as a 

whole. The Cobb- Douglas production type of production 

function was fitted [13]. 

 

Production function model: 

 

Y = aX 1b1X2 b2X3 b3X 4b4X5 b5X 6b6 X7 b7eu 

 

Where;  

Y = Gross income (rupees) 

 a = Constant 

X1 = Value of human labour (rupees)  

X2 = Value of machine labour (rupees)  

X3 = Value of manure (rupees) 

X4 = Value of seed (rupees)  

X5 = Value of fertilizer (rupees) 

X6 = Value of Plant protection chemicals (rupees)  

X7 = Value of Irrigation (rupees) 

u = error term 

b1 to b7 are elasticity coefficient of respective inputs. 

 

The above function was transformed into logarithmic 

form for estimation: 

 

Log Y = loga + b1 log X1 + b2 log X2 + b3 log X3 + b4 log X4 + 

b5 log X5 + b6 log X6 + b7 log X7 + logeu 

 

The marginal value product (MVP) of each input was 

estimated using the regression coefficient to assess the relative 

importance of production factors. The MVP of the ith input (Xi) 

was calculated as: 

 

MVP of Xi =  bi 
Geometric mean of Y 

Geometric mean of Xi
 

 

Where; 

bi = Elasticity coefficient of ith variable  

Y = Gross income 

Xi = ith independent variable 

 

The efficiency of resource use was estimated by 

comparing Marginal Value Product (MVP) of each input with 

its Marginal Factor Cost (MFC). The ratio was computed as: 

 

𝑟
𝑀𝑉𝑃

𝑀𝐹𝐶
 

Where; 

r = Efficiency ratio 

MVP = Marginal value product of variable inputs  

MFC = Marginal factor cost, (price per unit input) 

 

The decision rule used for interpretation was: 

If r < 1; resource is excessively or over utilized  

If r > 1; resource is underutilized 

If r = 1 resource is efficiently used 

 

RESULTS AND DISCUSSION 
 

Resource use efficiency in garlic cultivation 
 

Coefficient of independent variables 

Resource use efficiency in garlic cultivation was 

analyzed by estimating the Cobb-Douglas production function 

using gross returns as the dependent variable and major 
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production inputs as independent variables. The estimated 

regression coefficients indicate the contribution of different 

inputs to gross returns from garlic cultivation. The results of the 

production function are presented in (Table 1). 

  

Table 1 Estimation of the Cobb-Douglas production function in garlic cultivation in Baran district of Rajasthan 

S. No. Independent variable Coefficient Standard error 

1. Intercept 11.64 12.03 

2. Human Labour 0.05 NS 0.91 

3. Machine Labour -0.0003 NS 0.07 

4. Seed -0.09 NS 0.55 

5. Manure -0.02 NS 0.39 

6. Fertilizer 0.34* 0.32 

7. Plant protection chemical 0.01 NS 0.17 

8. Irrigation -0.05* 0.21 

9. F Value 7.21 

10. Coefficient of determination (R2) 0.41 
 

Note: *Indicating significant at 1 per cent level of significant, NS Indicating non-significant 

Cobb-Douglas production function revealed that the 

coefficient of determination (R²) was 0.41, indicating that 41 

per cent variation in gross returns from garlic cultivation was 

explained by the selected production inputs. The F-value (7.21) 

showed that the overall regression model was statistically 

significant. Among the explanatory variables, fertilizer had a 

positive and significant coefficient (0.34), indicating that 

fertilizer use positively influenced gross returns from garlic 

cultivation. Human labour (0.05) and plant protection 

chemicals (0.01) also showed positive coefficients, suggesting 

their favourable contribution to output, although statistically 

non-significant. Similar positive influence of labour and 

fertilizer on crop productivity was also reported by Shelke et al. 

[14] and Karthick et al. [15]. 

The coefficients of machine labour (-0.0003), seed (-

0.09), manure (-0.02) and irrigation (-0.05) were negative, 

indicating inverse relationship with gross returns. The negative 

and significant coefficient of irrigation suggests that excessive 

irrigation reduced returns, while negative coefficients of seed 

and manure indicate inefficient use of these inputs. Similar 

findings of input inefficiency in garlic cultivation were also 

reported by Ahmed et al. [16] and Sojitra et al. [17]. Overall, 

the results indicate that fertilizer was the most productive input, 

whereas seed, manure and irrigation were not efficiently 

utilized in garlic cultivation. 

 

Efficiency ratio of independent variables  

Based on the predicted parameters in the garlic 

cultivation system, the efficiency ratios (“r” values) for human 

labour, machinery labour, seed, manure, fertilizer plant 

protection chemicals and irrigation are given in (Table 2). 

It is evident from (Table 2) that the marginal value 

product to marginal factor cost ratio (MVP / MFC), i.e., the 

efficiency ratio (r), was greater than unity for fertilizer (99.62) 

and plant protection chemicals (3.45), indicating that these 

inputs were underutilized in garlic cultivation. This implies that 

an additional expenditure of one rupee on fertilizer and plant 

protection chemicals would increase gross returns by ₹99.62 

and ₹3.45, respectively. Therefore, increased use of these inputs 

would improve economic efficiency and profitability. Similar 

findings were also reported by Ibitoye et al. [18] and Ali et al. 

[19]. 

 

Table 2 Efficiency ratio in garlic cultivation in Baran district of Rajasthan 

S. No. Independent variable Coefficient MVP MFC MVP / MFC (r) Inference 

1. Human labour (₹/ha) 0.05 0.84 1 0.84 Overutilized 

2. Machine labour (₹/ha) -0.0003 -0.01 1 -0.01 Overutilized 

3. Manure (₹/ha) -0.02 -2.37 1 -2.37 Overutilized 

4. Seed (₹/ha) -0.09 -0.55 1 -0.55 Overutilized 

5. Fertilizer (₹/ha) 0.34 99.62 1 99.62 Underutilized 

6. Plant protection chemical (₹/ha) 0.01 3.45 1 3.45 Underutilized 

7. Irrigation -0.05 -5.43 1 -5.43 Overutilized 

 

The efficiency ratio for human labour (0.84) was less 

than unity, while irrigation (-5.43), manure (-2.37), seed (-0.55) 

and machine labour (-0.01) showed negative ratios, indicating 

overutilization of these inputs. This suggests that additional 

expenditure on these resources at the existing level would 

reduce returns, implying inefficient allocation and excessive 

use. The negative efficiency ratios clearly indicate that these 

inputs exerted an adverse effect on output due to their use 

beyond optimum levels. Hence, rational adjustment in the use 

of labour, irrigation, manure, seed and machine labour is 

necessary to improve resource use efficiency in garlic 

cultivation [18-19].  

CONCLUSION 
 

From the aforementioned study it could be concluded 

that resource use efficiency in garlic cultivation was not optimal 

in the study area, as farmers were not allocating production 

inputs in the most economical manner. The estimated Cobb-

Douglas production function indicated that fertilizer, human 

labour and plant protection chemicals contributed positively to 

gross returns, whereas machine labour, seed, manure and 

irrigation showed negative contribution to gross returns from 

garlic cultivation. However, the efficiency analysis revealed 

that these inputs were used beyond their optimum level, 
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indicating overutilization. In contrast, fertilizers and plant 

protection chemicals were found to be underutilized, suggesting 

scope for increasing their use to improve productivity and 

returns. The findings clearly indicate that garlic farmers in 

Baran district can improve production efficiency and 

profitability through better resource allocation. Rational use of 

labour, seed and irrigation along with adequate application of 

fertilizers and plant protection chemicals can help in reducing 

unnecessary production costs and enhancing output. Therefore, 

improving managerial efficiency in input use is essential for 

achieving optimum resource utilization and increasing 

profitability of garlic cultivation in the study area.
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