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INTRODUCTION

 
The world population has increased and has now reached 8.25 billion.

We need to produce food with minimal environmental impact.

Rainfed wheat is one of the main crops feeding populations worldwide in various 
forms.

To increase wheat or any other crop production, fertilizer like N and P application 
is necessary.

However, increasing fertilizer use without considering losses and low efficiency 
can be harmful to the environment. 

Therefore, it is essential to identify fertilizer use efficiency and determine the 
optimum range of fertilizer application for sustainable crop production.



Materials and Methods





2.3. DATA ENVELOPMENT ANALYSIS (DEA)

DEA introduced by Charnes et al. [18], is a nonparametric linear programming technique employed to estimate 

production functions and assess the efficiency of multiple DMUs [19]. Its primary objective is to optimize efficiency 

by achieving maximum output with minimum input, either by enhancing output while maintaining input constant or 

obtaining a specific output with minimal input. The choice between these options depends on the particular DMUs 

under consideration. This study adopts an input-oriented approach with multiple inputs and outputs. DEA is utilized 

to evaluate DMUs' efficiency [20][21].

The DEA was conducted using the deaR 
package [22] in R (version 4.3.2). 

The analysis was based on the annual 
precipitation, and the application of N and 

P fertilizers in each climate zone of each 
country, to achieve the actual yield, as 

well as 50%, 70%, and 80% of the water-
limited potential yield as input and crop 

yield, crop production, water productivity, 
N use efficiency, P use efficiency were as 

output in CCR model. 



A specific equation was used in the DEA to estimate the efficiency value in each country and climate zone. The 

CCR model is a specific variant of DEA used to evaluate the relative efficiency of DMUs in converting inputs into 

outputs. In the CCR model, the efficiency of each DMU is assessed under the assumption of Variable Returns to 

Scale (VRS), allowing for scale efficiency to be considered.

Considering j = 1, 2, 3, m DMUs using Xi| i = 1, 2, 3, ., n inputs to produce Yr | r = 1, 2, 3, ., outputs and Ya or 

Yw (multipliers) Vi and Ur associated with those inputs and outputs, we can also formalize the efficiency 

expression in (1) as the ratio of weighted outputs to weighted inputs:

Following the analysis, we obtained efficiency scores ranging from 0 to 1, which reflect the relative 

efficiency of each Decision-Making Unit (DMU), such as countries or specific climate zones within 

countries. 

An efficiency score close to 1 indicates that a DMU is performing efficiently, while scores 

below 1 suggest varying levels of inefficiency. 



Results





CONCLUSION AND FUTURE WORK

The findings of this investigation provide a comprehensive assessment of the efficiency of N and P fertilizer 

application in rainfed wheat producers globally. The analysis revealed significant disparities in efficiency, with 

the highest levels observed in countries including Sweden, Ukraine, Ireland, Finland and Belgium which they 

attained the maximum efficiency (1.0), whereas other countries demonstrated lower levels of efficiency, these 

countries include India, Iran, the Dominican Republic, Guyana, Brazil, and Burundi demonstrated efficiency 

scores within the range of 0.18 to 0.37.  The results indicate the necessity of optimizing N and P applications to 

achieve specific yield targets, such as those of 50%, 70%, and 80% YW, with the objective of optimizing 

overall productivity while minimizing the environmental impact. in the other classification, European countries 

demonstrated an average efficiency of 0.61 under current conditions, which improved to 0.74, 0.75, and 0.76 for 

the 50%Yw, 70%Yw, and 80%Yw scenarios, respectively. Similarly, African nations enhanced their efficiencies 

from 0.57 to 0.78, 0.79, and 0.79 across the same scenarios, while Asian countries showed notable 

improvements from 0.36 to 0.66, 0.68, and 0.68. American countries and Australia also experienced efficiency 

gains, increasing from 0.47 to 0.71, 0.75, and 0.76. 
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