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Abstract

Introduction: Climate change and resulting in water resources limitation
make the need to use low-quality water resources inevitable in Iran. In this
regard, quinoa is important due to its high nutritional value and its ability

© to be cultivated in saline areas and irrigated with saline water. Thus, the

aim of this study is to evaluate the externality effects of quinoa production
under the influence of saline irrigation.

Materials and Methods: The environmental production function in the
Cobb-Douglas form was used to estimate the effect of salinity and the
volume of water consumed on the quinoa yield. To evaluate the
externality effects of quinoa production under saline irrigation conditions,
the effect of salinity and water volume on income, cost, and profit was
examined.

Findings: The results of this study in the Sadouq Salinity Research Farm
located in Ashkezar County, Yazd Province indicate that the externality
effects of quinoa cultivation under saline irrigation conditions are faced
with a loss of 40,823,100 Iranian Rials per hectare. Thus, it is
recommended that the cost of water input be determined based on the
economic value of this input to be used properly.

Conclusion: Raising farmers’ awareness about the use of water-saving
technologies can be effective in achieving the goal of improving
agricultural sustainability in the long term.
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Extended Abstract

Introduction

Climate change is a global phenomenon that
has led to water scarcity and increased water
and soil salinity (1). A large part of the
country's lands and waters are becoming
salinized due to climate change problems. The
limited freshwater resources in Iran make it
inevitable to use plants that can tolerate
salinity and may replace common agricultural
crops. Quinoa has special characteristics to
survive against salinity stress and adapt to the
saline environment throughout its growth
stages (5, 6). Quinoa has attracted global
attention due to its nutritional value, tolerance
to abiotic stresses, and extensive genetic
diversity (7). Considering the climatic
characteristics and water scarcity in the
country, as well as the necessity of developing
the cultivation of this halophyte, it is of
particular importance to pay attention to
evaluating the externality effects of quinoa
(Chenopodium Quinoa Willd.) production
under saline irrigation conditions. Thus, the
main objective of the current study is to
investigate the externality effects of quinoa
(Chenopodium Quinoa Willd.) production
under saline irrigation conditions.

Materials and Methods

The experiment was conducted as a factorial
in a randomized complete block design with
two levels of irrigation water salinity at the
Sadouqg Salinity Research Farm located in
Ashkezar County, Yazd Province, during the
period of September to November 2022. The
volume of water consumed at a salinity level
of 5 dS/m and four irrigation levels was 2832,
3712, 4385, and 5472 cubic meters/hectare,
respectively, and at a salinity level of 12 dS/m
and four irrigation levels was 2499, 3426,
4048, and 4822 cubic meters/hectare,
respectively.

To evaluate the externality effects of quinoa
production under saline irrigation conditions,
the relationship between quinoa plant yield
and water in terms of salinity and volume
consumed was first estimated through an
appropriate production function as follows:

Where, Y is the quinoa plant production
(kg/ha), Xec is the water salinity level (dS/m),
and xw is the volume of water used (cubic

meters/ha). i represents the number of
replicates in the experiment. Considering that
in this study, the Cobb-Douglas functional
form was identified as the appropriate
functional form, the profit function is as
follows:

Thus, Py is the product price, Cs is the fixed
production costs (Iranian Rials), r1 is the price
of water used for soil leaching (Iranian Rials
per cubic meter), and r is the price of water
used to meet the plant’s water needs (lranian
Rials per cubic meter).

In the next step, the partial derivative of the
profit function with respect to water salinity
and water volume consumed was taken and set
equal to zero.

Findings

Based on the results of the Cobb-Douglas
function, the partial elasticity of production
with respect to water salinity and water
consumption was calculated to be -0.16 and
0.36, respectively. In other words, a one
percent increase in water salinity and water
consumption reduces quinoa yield by an
average of 16% and increases it by 36%,
respectively.

The change in income, cost, and economic
profit of quinoa production resulting from a
one-unit increase in water salinity was found
to be -41,025,000, -300, and -41,025,300
Iranian Rials per hectare, respectively. In other
words, an increase in water salinity of one unit
above the average of 85 dS/m leads to a
decrease in income (equivalent to 41 million
Iranian Rials per hectare), an increase in cost
(equivalent to 300 Iranian Rials per hectare),
and a decrease in economic profit (equivalent
to a loss of 41 million Iranian Rials per
hectare). In addition, the change in income,
cost, and economic profit of quinoa production
resulting from a one-unit increase in water
consumption was found to be 202,500, -300,
and 202,200 Iranian Rials per hectare,
respectively. In other words, an increase in
water consumption by one unit above the
average of 3,899 cubic meters per hectare
leads to an increase in income (equivalent to
202,000 Iranian Rials per hectare), an increase
in cost (equivalent to 300 Iranian Rials per
hectare), and an increase in economic profit



(equivalent to a profit of 202,000 Iranian Rials
per hectare).

Discussion and Conclusion

The results of this study indicate that the
Cobb-Douglas production function form is the
best form of environmental production
function for quinoa under saline irrigation
conditions, based on the coefficient of
determination, F-statistic, Durbin-Watson, and
the significance of all estimated coefficients.
The environmental production function of
quinoa, based on the partial elasticity of water
salinity and water consumption volume, is in
the third and second production zones,
respectively. This means that to improve
quinoa plant performance, it is recommended
to reduce water salinity and increase water
consumption volume. Finally, the results of
this study recommend that irrigation of quinoa
crop under average salinity conditions of 5.8
dS/m and above is not economically viable. In
addition, increasing the volume of water used
should be done by increasing the water
available to the plant using water harvesting

methods that have high irrigation efficiency.
In this context, providing low-interest
facilities and encouraging farmers to use tip
irrigation methods can be effective in
increasing irrigation efficiency.
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