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Abstract 
The study explores wheat cultivation resource efficiency in Karnal and Kaithal districts of Haryana 
during 2021-22. These districts, chosen for their resource conservation techniques, used the Cobb-
Douglas function for analysis. Seed and fertilizer costs significantly boost wheat production, while 
human labour, though influential, lacks statistical significance. Irrigation has a significant negative 
impact, while machine labour and plant protection, although influential, lack statistical significance. The 
coefficient of determination (R2) is 59%, showing a moderate relationship. For super seeder technology, 
machine labour and plant protection positively impact wheat yield, despite the negative effects of seed 
costs. Output elasticity shows resource underutilization. Human labour significantly reduces yield, while 
fertilizer costs and irrigation, though non-significant, boost it. In this context, R2 rises to 73%, indicating 
a stronger relationship. This research sheds light on wheat resource utilization and super seeder 
technology's potential for regional optimization. 
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Introduction 
The term "efficiency" invokes minimizing energy, effort, money, and time while achieving 
desired outcomes. In agriculture, "resource use efficiency" pertains to the yield of a crop 
relative to the resources applied, considering specific soil and climatic conditions (Bera, 2021) 
[1]. This concept encompasses technical, allocative, and environmental efficiency. Forward-
thinking farmers strategically allocate land, labor, water, and resources to maximize income 
while conserving resources at an optimal cost. However, research has highlighted suboptimal 
resource utilization by some farmers, with varying priorities, such as maximizing physical 
yield or profits per unit of resources, often overlooking adverse environmental impacts. 
For instance, in Punjab, India, the prevalent practice of burning rice stubble stems from the 
lack of suitable machinery to incorporate rice residues into the soil for wheat cultivation. 
While burning offers a quick turnover, it has severe consequences, including air pollution, soil 
fertility loss, and greenhouse gas emissions. The introduction of the Super Seeder addresses 
these challenges, and this study aims to assess its economic pros and cons compared to straw 
burning and traditional tillage. 
Sustainable intensification, which optimizes resource utilization for enhanced food production, 
holds promise (West et al., 2010; Ghasemi Mobtaker et al., 2020; Tilman et al., 2011; Bhatt et 
al., 2021) [12, 5, 10, 2]. With improved seeds, fertilizers, and irrigation, India's Green Revolution 
significantly boosted food grain production. However, future challenges, such as a 70% rise in 
global wheat demand by 2050, necessitate further innovation. The rice-wheat cropping system 
in India faces sustainability issues, including yield stagnation, groundwater depletion, soil 
degradation, pest outbreaks, and environmental impacts. 
The coexistence of groundwater contamination and greenhouse gas emissions is linked to 

lower nutrient use efficiency (Bhatt et al., 2016; Tilman et al., 2002; Singh et al., 2020) [2, 10, 7], 

increasing fertilizer-N and P requirements. Improving nutrient use efficiency depends on 

precise timing and fertilizer application rates to optimize crop yields while minimizing 

environmental risks (Singh et al., 2020) [7]. The coexistence of groundwater contamination and 

greenhouse gas emissions is linked to lower nutrient use efficiency (Bhatt et al., 2016; Tilman 

et al., 2002; Singh et al., 2020) [2, 11, 7], leading to increased fertilizer-N and P requirements.  
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Improving nutrient use efficiency depends on precise timing 

and rates of fertilizer application to optimize crop yields while 

minimizing environmental risks (Singh et al., 2020) [7]. 

 

Materials and Methods 

In the current study, the resource use efficiency of wheat was 

determined by using production function analysis. For this 

investigation, the Cobb-Douglas production function of the 

following form was fitted: 

 

Y = a X1. b1 X2. b2 X3. b3 X4. b4 X5.b5 X6
b6 

 

Where:  

Y = Gross returns (Rs/ha). 

X1 = Human labour (Rs/ha). 

X2 = Machine hours (Rs/ha). 

X3 = Seed (Rs/ha). 

X4 = Fertilizer (Rs/ha). 

X5 = Plant protection (Rs/ha). 

X6 = Irrigation (Rs/ha). 

‘A’ is the constant term  

bi’s are the regression coefficients to be estimated.  

 

In the above functional form, output (Y) and inputs (Xi's) 

should ideally be measured in physical units. However, this 

research chose monetary values of inputs and outputs above 

physical quantities. Cobb-Douglas production function was 

used to determine the return to scale from wheat, and a 

formula was used to compute it. 

 

RTS = ∑bi 

 

Where, 

bi = regression coefficient of i th variable.  

 

Returns to Scale  
Returns to scale can be categorized as increasing, constant, or 

decreasing based on the outcome of simultaneously increasing 

input factors. When a proportional increase in inputs leads to 

a more significant increase in output, it is considered 

increasing returns to scale. If the increase in output is 

proportional to the increase in inputs, it is a constant return to 

scale. Conversely, if the increase in output is less than the 

increase in inputs, it is decreasing returns to scale. To 

calculate this, one sums the production elasticities. However, 

it is essential to assess the significance of this value to 

determine whether returns to scale are increasing, decreasing, 

or constant. This determination is made by examining the sum 

of the bi coefficients derived from the Cobb-Douglas 

production function. These coefficients provide valuable 

insights into the nature of returns to scale in a more nuanced 

manner than a simple mathematical number can convey. The 

following is the return-to-scale decision rules: 

RTS < 1: Decreasing return to scale (Over-utilization of 

resources)  

RTS = 1: Constant return to scale (Efficient utilization of 

resources) 

RTS > 1: Increasing return to scale (Under-utilization of 

resources)  

The coefficient of multiple determination at t-test was used to 

test the analysis results.  

Level of Significance  

The regression coefficients (bi) were tested for their 

significance using the 't-test at the chosen level of 

significance.  

t= bistandard error of bi 

 

Marginal Value Product  

The ratio of Marginal Value Product (MVP) to Marginal 

Factor Cost is one approach to estimating the amount of 

resource usage efficiency in agricultural production (MFC). 

When using this methodology, the decision rules are as 

follows: 

MVP/MFC >1, the degree of resource consumption is less 

than optimal, signifying resource underutilization. 

MVP/MFC<1, the degree of resource usage is more than the 

optimum level, signifying resource overuse. 

MVP/MFC =1, the optimal resource consumption degree 

reflects effective resource utilization. 

 

Where,  

MVP = value of change in output resulting from a unit change 

in variable input.  

MFC = price paid for the unit of variable input.  

In the Cobb-Douglas production function, the marginal value 

product (MVP) of Xi, the i th input factor, is given by the 

following formula. 

 

MVP of Xi = YX 

 

Where, 

Y = Geometric mean of yield (Y i)  

X = Geometric mean of input xi  

bi = production elasticity of xi  

 

After calculating each input's marginal value product, it must 

be compared against its marginal fixed cost. The marginal 

value of a product's fixed cost in monetary terms is one rupee. 

If the marginal value of the product is measured in a physical 

quantity, the marginal fixed cost will equal the cost of one 

unit of input. 

 

Result and Discussion 

Resource use efficiency of wheat under super seeder 

techniques (SST) and conventional technique (CT) of 

wheat cultivation in Haryana 

One of the most crucial measures in agricultural production 

economics is estimating resource use efficiency. This makes it 

possible to allocate resources appropriately and effectively. 

The estimated input usage has been expressed in monetary 

terms (Rs. /ha). The following results are reported for 

resource usage efficiency about several explanatory variables 

of crop costs in conventional technique and super seeder 

technology. In this section, resource use efficiency is 

calculated concerning different explanatory variables of the 

cost of cultivation in conventional technique and super seeder 

technique of wheat in Karnal and Kaithal district of Haryana. 

The input-output relationship of wheat cultivation under 

Conventional technique and Super seeder technology in 

Haryana is given in Table 1. 

In the case of conventional technology, the coefficient of 

machine labour and plant protection was observed as negative 

(-0.007 and -0.027), respectively this indicates that a 10 

percent increase in the machine usage and plant protection 

measures, keeping other inputs constant, the wheat 

productivity decreased by 0.7 percent and 2.7 percent, 

respectively, which means the excess of machine cost and 

plant protection cost. The negative coefficients and non-

significant indicate that the resources are currently used in the 

production but could be dropped out without much impact on 
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the returns. The irrigation coefficient was negative (-0.045*) 

and significant at a one percent probability level, indicating 

excess use of irrigation in conventional over the super seeder 

technology (0.030). The regression coefficient of seed cost 

(0.055*) and fertilizer cost (0.096**) was found to be positive 

and significant at one percent and five percent, respectively, 

indicating that a unit increase in any of the variable holding 

others constant will lead to a unit increase in the gross returns. 

However, it was discovered that human labour had a positive 

but insignificant effect on wheat output as measured by 

regression coefficients. As a result, the production elasticity 

was declining (0.078), indicating over-utilization of these 

resources and decreasing returns to scale, meaning that if 

these resources are increased by one percent, the output will 

be increased by less than one percent. The wheat cultivation 

dependent and independent variables showed a 59 percent 

variation. According to the coefficient of determination (R2), 

it was indicated that 59 percent of the total variation in the 

dependent variable is explained by variation in the 

independent variables included in the model. Hence, results 

suggested that for optimum allocation of resources, there is a 

need to reduce the cost of machines, plant protection, and 

irrigation. The findings conformed to the findings of Kaur 

(2017) [6]. 

Machine labour and plant protection were shown to have a 

significant and positive effect on the wheat returns, and the 

coefficient were 1.32 and 0.05, respectively, and both were 

significant at a 5 percent level of probability in the case of the 

super seeder technology of the Karnal and Kaithal districts. 

This indicates that a 10 percent increase in the machine usage 

labour and plant protection, other constant inputs, increases 

wheat productivity by 132 percent and five percent, 

respectively, which means excess use of machine and plant 

protection costs. However, there are some constraints in the 

use of super seeder in the study area, such as the non-

availability of machinery at the time of sowing so the farmer 

can choose the next best alternative to super seeder because if 

he waits for the sowing then delay in wheat sowing arise 

directly affects the yield of the wheat. However, it is shown 

that seed costs were significant but negative (-0.002*). The 

output elasticity was discovered to be rising by 1.37, 

indicating the under-utilization of resources, meaning that if 

these resources are increased by one percent, the output will 

be increased by more than one percent. However, human 

labour has a significantly negative impact, but fertilizer costs 

and irrigation were observed to have a non-significant and 

positive impact on yield. The wheat cultivation dependent and 

independent variables showed a 73 percent variation, 

according to the coefficient of determination (R2), indicating 

that 73 percent of the total variation in the dependent variable 

is explained by variation in the independent variables 

included in the model. The findings conformed to the 

findings. 

 
Table 1: Regression coefficient and standard error of wheat 

cultivation in Haryana 
 

Parameters 
Conventional 

technique 
Super seeder technology 

Coefficients Karnal and Kaithal Karnal and Kaithal 

Constant 10.119 (0.916) -0.895 (1.718) 

Human Labour 0.008 (0.052) -0.071 (0.040) 

Machine Labour -0.007 (0.078) 1.322** (0.180) 

Seed cost 0.055* (0.045) -0.002** (0.037) 

Fertilizer Cost 0.096** (0.039) 0.040 (0.036) 

Plant Protection -0.027 (0.036) 0.055** (0.021) 

Irrigation -0.045* (0.038) 0.030 (0.056) 

Return to Scale 0.078 1.374 

 Decreasing Increasing 

R2 (%) 59% 73% 

*Significance at 1 percent level, **Significance at 5 percent level.  

The figure in parenthesis represents standard error. 

 

Marginal value for productivity of different inputs used in 

wheat cultivation 

As shown in Table 2 for wheat cultivation by conventional 

technique, the ratios of MVP to MFC for the cost of seed 

(0.082) and fertilizers (0.129) were statistically significant at a 

one and five percent level, respectively. MVP to MFC for 

labour (0.013) was also positive, but values were less than 

one. The positive values of MVP to MFC indicated a further 

opportunity to increase wheat production using more seed, 

fertilizers, and labour. In the case of a machine (-0.009), plant 

protection (-0.042), and irrigation (-0.065), the ratio of MVP 

to MFC was also negative. However, they were not 

statistically significant. These negative values indicated no 

further scope to increase wheat production using a machine, 

plant protection, and irrigation. The findings were similar to 

the findings. 

 
Table 2: Marginal value of productivity of various inputs in wheat cultivation in Haryana 

 

Inputs Conventional technique (Karnal and Kaithal) N=50 

 Human labour Machine labour Seed cost Fertilizer cost Plant protection Irrigation 

MVP 0.013 -0.009 0.082 0.129 -0.042 -0.065 

MFC 1.000 1.000 1.000 1.000 1.000 1.000 

Difference -0.987 -1.009 -0.918* -0.871** -1.042 -1.065* 

SE of MVP 0.052 0.078 0.045 0.039 0.036 0.038 

MVP/MFC 0.013 -0.009 0.082 0.129 -0.042 -0.065 

Super seeder technology (Karnal and Kaithal) N=50 

MVP -0.120 1.671 -0.003 0.057 0.090 0.046 

MFC 1.000 1.000 1.000 1.000 1.000 1.000 

Difference -1.120 0.671** -1.003** -0.943 -0.910** -0.954 

SE of MVP 0.040 0.180 0.037 0.036 0.021 0.056 

MVP/MFC -0.120 1.671 -0.003 0.057 0.090 0.046 

*Significance at 1 percent level, **Significance at 5 percent level. 
 

As shown in Table 2 for the wheat cultivation by super 

seeder, the ratios of MVP to MFC for the cost of the machine 

other than super seeder (1.67) and plant protection (0.090) 

were statistically significant at a five percent level. MVP to 

MFC for fertilizers (0.05) and irrigation (0.046) were also 

positive, but values were less than one. Positive values of 

MVP to MFC indicated that there was further opportunity to 

increase wheat production using more machines, fertilizer, 

irrigation, and pesticides. In the case of seed cost, the ratio of 

MVP to MFC was (-0.003), which was statistically significant 
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at a five percent level, and the ratio of labour cost (-0.012) 

was also negative; however, they were not statistically 

significant. These negative values indicated no further scope 

to increase wheat production using seed and labour inputs. 

The findings were similar to the findings. 

Further, in the case of the super seeder technology, the 

difference between MVP with its unit price for machine 

labour was observed to be significant at a five percent level 

and positive. In contrast, human labour and irrigation are 

positive but insignificant, indicating that these inputs are 

under-utilized. The difference between marginal value 

productivity and marginal factor cost for fertilizer and seed 

cost was negative and non-significant, indicating over-

utilization of these inputs. According to Singh et al., 2021 [9], 

farmers generally apply a higher seed rate than the 

recommended rate to ensure good germination and proper 

crop stand. Singh et al. also reported that ~ 28% of farmers 

were using a higher seed rate than the recommended (100 kg 

ha-1), of which ~ 35% had stored the previous year's harvest 

for use as seed. Farmers used stored grains as a seed because 

it helps reduce the cost of cultivation. The difference between 

marginal value productivity and marginal factor cost for plant 

protection was negative and significant, indicating over-

utilization of these inputs; hence, there is a need to reduce the 

uses of these inputs for further enhancement in wheat 

profitability. According to Bhatt et al., 2021 [3] in north-

western India, farmers prefer chemical measures for effective 

weed control because they compete with the primary plants 

for light, water, and plant nutrients and, in turn, decrease the 

overall land productivity of the system. Being a major biotic 

constraint to sustainable agriculture in Asia, weeds caused 

complete grain yield losses in some cases. Brar and Walia, 

2007 [4] also reported that conventional tillage for wheat 

establishment favored the germination of grassy weeds in 

wheat under a rice-wheat cropping system. Nevertheless, the 

application of insecticides and fungicides was highly site and 

situation-specific. The finding is consistent with. 
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Conclusion 

When comparing conventional and super seeder technologies 

in the districts of Karnal and Kaithal, there are noteworthy 

distinctions in resource utilization patterns. Conventional 

methods exhibit resource overuse tendencies, whereas super 

seeder technology leans towards underutilizing machinery 

resources while possibly overemphasizing other resource 

inputs. A crucial observation is that super seeder technology 

demonstrates a more favourable return to scale than 

conventional approaches. Regression analysis shows that seed 

and fertilizer costs play a pivotal role in positively influencing 

wheat production. While positively impactful, human labor 

lacks statistical significance, and irrigation shows a 

statistically significant negative impact on wheat yield. 

Conversely, in the context of conventional techniques, 

machine labour and plant protection exhibit negative effects 

on the wheat yield that are not statistically significant. 

However, in the case of super seeder technology, these inputs 

display significantly positive effects. It is intriguing to note 

that seed inputs yield a negative impact despite their 

significant costs. The observed upward trend in output 

elasticity suggests potential resource underutilization. 

Specifically, human labour significantly and negatively 

affects wheat yield, while fertilizer costs and irrigation, 

although non-significant, positively influence wheat yield. 
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