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Abstract

Introduction: Environmental crises and resource degradation have
significantly impacted global food security. One critical phase in
agricultural production is the application of chemical pesticides. In
conventional agriculture, fixed-rate sprayers are typically used, which
apply pesticides uniformly regardless of crop density. This method incurs
substantial economic and environmental costs. To enhance productivity,
reduce environmental impact, and lower costs, it is essential to improve
spraying operations. One key factor in this improvement is the adoption of
variable rate technology (VRT).

Materials and Methods: In this research, after calculating the amount of
saving of chemical pesticides and checking the cost of spraying in two cases
of using variable rate and fixed rate sprayers, as well as calculating the
amount of environmental impacts in these two scenarios, estimating the
willingness to pay by farmers in using variable rate technology and also,
the benefit-to-cost ratio was calculated using the additional investment
method. In this research, conditional valuation method was used to estimate
the willingness to pay for using variable rate spraying in order to protect
the environment.

Findings: The results showed that the variable rate sprayer was able to save
46% in pesticide consumption. The rate of chemical pesticide consumption
was 8.23 liters per hectare with fixed rate spraying and 4.44 liters per
hectare with variable rate spraying. The final value of willingness to pay
for the use of variable rate sprayers was estimated at 159.38 million Rials.
Conclusion: The benefit-to-cost ratio, calculated using the additional
investment method, indicated that VRT sprayers are more economical for
orchard spraying.
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Extended Abstract

Introduction

Environmental crises and resource degradation
have significantly impacted global food
security. One critical phase in agricultural
production is the application of chemical
pesticides. In conventional agriculture, fixed-
rate sprayers are typically used, which apply
pesticides uniformly regardless of crop density.
This method incurs substantial economic and
environmental costs. To enhance productivity,
reduce environmental impact, and lower costs,
it is essential to improve spraying operations.
One key factor in this improvement is the
adoption of variable rate technology (VRT).
The development and application of VRT in
spraying not only involve technical
considerations but also require strong economic
justification. A study by Fathi et al. focused on
the development, application, and technical
evaluation of VRT in orchard spraying.
Building on this work, the primary objective of
the current study is to investigate farmers'
willingness to pay for VRT in orchard spraying
and to conduct an economic and environmental
comparison of VRT versus fixed-rate sprayers.
It is suggested that the implementation of the
variable rate technology system in orchard
sprayers should be placed on the agenda of the
sprayer manufacturing companies.

Materials and Methods

In this research, after calculating the amount of
saving of chemical pesticides and checking the
cost of spraying in two cases of using variable
rate and fixed rate sprayers, as well as
calculating the amount of environmental
impacts in these two scenarios, estimating the
willingness to pay by farmers in using variable
rate technology and also, the benefit-to-cost
ratio was calculated using the additional
investment method. Considering that one of the
the main objectives of this research was to
reduce the consumption of chemical pesticide
and consequently to reduce the environmental
impacts and then to estimate the willingness of
farmers to pay for the use of variable rate
sprayers in order to protect the environment,
therefore the results of the environmental
assessment resulting from the application of
variable rate spraying was compared to fixed
rate spraying in the process of producing one
ton of oranges using the life cycle assessment
method. The purpose of life cycle assessment
in this research was to compare the

environmental Impacts and interpret the input
and output resulting from spraying operations
in two scenarios including the use of variable
rate sprayer system and fixed rate sprayer in the
process of producing one ton of oranges. In this
research, conditional valuation method was
used to estimate the willingness to pay for
using variable rate spraying in order to protect
the environment.

Findings

The results showed that the variable rate
sprayer was able to save 46% in pesticide
consumption. The rate of chemical pesticide
consumption was 8.23 liters per hectare with
fixed rate spraying and 4.44 liters per hectare
with variable rate spraying. The evaluation of
environmental impacts revealed that, in the
process of producing one ton of oranges, the
global warming potential was 422.86 kg of
carbon dioxide with fixed rate spraying and
407.57 kg with variable rate spraying. The
environmental impacts on human health for the
production of one ton of oranges were
estimated at 0.063 DALY with fixed rate
sprayers and 0.049 DALY with variable rate
sprayers. The results also indicated that
farmers' preference for using variable rate
sprayers increased with higher levels of
education and decreased with the age of the
respondents. The final value of willingness to
pay for the use of variable rate sprayers was
estimated at 159.38 million Rials. The benefit-
to-cost ratio, calculated using the additional
investment method, was greater than one,
demonstrating that the use of variable rate
sprayers is more economical than fixed rate
sprayers in orchard spraying.

Discussion and Conclusion

This research evaluated the economic and
environmental aspects of orchard sprayers
equipped with variable rate technology (VRT)
compared to fixed rate sprayers. The
investigation of environmental indicators in the
production of one ton of oranges showed that
VRT sprayers reduced chemical pesticide
consumption by 46%, leading to a reduction in
environmental impacts across most effect
categories. Specifically, the global warming
potential was reduced by 15.29 kg of carbon
dioxide per ton of oranges when using VRT
sprayers compared to fixed rate sprayers. The
benefit-to-cost ratio, calculated using the
additional investment method, indicated that
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VRT sprayers are more economical for orchard
spraying. Future research should investigate
different systems used to vary orchard sprayers
and compare these technologies from an
economic perspective.
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