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Accepted: 2021/09/25 or a decrease in harvest for the plant’s consumed water
(evaporation-respiration). To assess production functions of wheat
and barley products, linear and second-order methods are used in
numerous researches. On the other hand, since the mentioned
relationships for some products may not have an acceptable
correlation, third-order, logarithmic, and polynomial functions are
used in various deficit irrigation treatments of 50, 60, 70, 80, and 90
percent.

Methods: Farm data were evaluated and validated with resulted
data from discussed equations. In order to study the proposed
functions, statistical indices such as root mean square error (RMSE),
normalized root mean square error (NRMSE), mean absolute error
(MAE), Wilmott index (d), and F-test were used via measurement
data in every scenario.

Findings: All statistic values of both winter wheat and barley were
in permissible range, indicating properness and acceptance of the
equations. All functions were acceptable at a significance level of 5
percent for both products. According to the results of studying
irrigation depth in terms of winter wheat and barley yield, it can be
argued that third-order functions provide more accurate prediction
in comparison with logarithmic and polynomial functions in both
winter wheat and barley crops, and therefore, third-order function is
prioritized over other functions.
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Extended Abstract

Introduction

The production function is a physical
concept that simply shows the relationship
between production inputs and outputs.
This function indicates the maximum
amount of products obtained from
combining different production inputs. In
this definition, both the production level and
inputs are stated physically.

Defining the exact form of this function
mostly depends on production conditions.
Nevertheless, most agricultural engineers
use the selected form of function as the
criterion for statistical justification.

To analyze the advantages of irrigation in
agriculture, first, the amount of product
increase resulted from dewatering is
evaluated quantitatively; in other words, the
relationship between irrigation and the
amount of product is examined. Such
relationships, which are explained in
mathematical formulas or curves, are called
the crop-water production function.
Consider a plant that is not constrained in
terms of fertilizer and plant food with no
diseases; this plant reacts in accordance with
the watering level; as irrigation level raises,
so does the production level. Experiences
suggest that different amounts of product
can be obtained for various irrigation levels,
which can be investigated in terms of crop-
water production functions. Overall, two
methods have been proposed to assess
irrigation-yield production function. The
first method shows the irrigation-yield
relationship  quantitatively based on
theoretical and experimental models. In the
second method, production functions are
examined in different quantitative and
qualitative irrigation levels based on farm
observations using statistical analyses. Most
studies in the second method examine the
linear relationship between irrigation and
yield. Estimation of production function
based on statistical method is preferred over
theoretical and experimental methods since
it determines the direct relationship
between irrigation and yield. This approach
is based on various assumptions.

Materials and Methods

In this research, the measurement data of
the year 2018-19 for a farm in Dehloran
plain located in Doiraj irrigation and
drainage network is used for both wheat and
barley crops. Also, deficit irrigation is
applied to the farm by adjusting input
irrigation depth by 50, 60, 70, 80, and 90
percent of the required amount of water. To
obtain different deficit irrigation scenarios,
evaporation and respiration relative values
(ETa/ETm) were achieved using (Vayos and
Prewitt, 1983) equation, the relative yield
was measured in terms of kilogram per
hectare for the entire growing period, and
the production function curve was plotted
for different irrigation scenarios of 50, 60,
70, 80, and 90 percent for deficit irrigation.
Aggregate data resulted from this research
was depicted in a yield (Y)-irrigation (AW)
coordinate system and a curve is fitted from
obtained points. Using production data, a
third-order function, logarithmic function,
and a polynomial function were obtained by
excel software. In new equations, AW data
were placed in the equation and after solving
the equations in various irrigation regimes,
new product yield data were obtained.

In the validation phase, the farm data were
checked against data resulted from
discussed equations. For evaluation,
assessment statistic indices such as linear
regression fitting between simulated and
observed data were used and they were
compared with 1:1-line, coefficient of
determination (R2), root mean square error
(RMSE), normalized root mean square error
(NRMSE), efficiency factor (EF), and Wilmott
index (d).

Findings

After obtaining the production functions,
statistic indices for assessment were
determined. Each production function was
examined individually and based on
obtained results, they were ranked first to
third. According to F-test analysis, in which
the absolute value of F-statistic must be
lower than the absolute value of critical
point, results from farm data and production
functions were acceptable at a significance
level of 5 percent. Overall, by considering the
final ranks of different production functions
in predicting the irrigation and yield of
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winter wheat and barley, it can be stated that
the third-order function can be introduced
as the most proper function in regional
conditions.

Discussion

With the lowest mean statistic indices of root
mean square error (RMSE=6.387),
normalized root mean square error
(NRMES=12.029), mean absolute error
(MAE=4.267), and highest Wilmott index
(d=0.963) for the third-order function of
winter wheat product and lowest statistic
indices of root mean square error
(RMSE=1.622), normalized root mean
square error (NRMES=3.903), mean
absolute error (MAE=1.099), and highest
Wilmott index (d=0.990), for third-order
barley product, it is shown that third-order
function provides a more accurate
prediction as compared with logarithmic
and polynomial functions.

After performing F-test, all examined
functions could be used at a significance
level of 5 percent. According to the rankings
of functions based on the F-test, third-order
function, logarithmic  function, and
polynomial function, respectively, showed
an acceptable performance.

Conclusion

In ranking functions using F-test, third-order
function, logarithmic function, and
polynomial function, respectively, showed
acceptable performance. The third-order
function had higher coefficients and output
results compared to the second-order
function and was able to assess and interpret
most of the output data. Therefore, this
function is preferred over the second-order
function.

It suggested that further studies be
conducted for other major plants in the area
so that proper guidance is prepared for yield
of different products in a farming period.
Moreover, in other farms under cultivation
and for the specific crop in that region, the
production functions can be examined by
considering other production inputs and in
this field of study, comprehensive use
planning can be achieved in other plains
with high cultivating capacity.
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C B A Cc B A c B A
F-Test Two-Samp F-Test Two-Samg F-Test Two-Samg
Variable 2 Variable 1 Variable 2 Variable 1 Variable 2 Variable 1
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