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The present study was conducted in 2025 with the aim of evaluating economic
indicators and water productivity in the production of rice, potato, and forage maize
in Lorestan Province. The required data were collected through questionnaires and
face-to-face interviews with farmers. The sample size was calculated using
Cochran’s formula, based on which 264 farmers were selected from the counties of
Kuhdasht, Azna, and Dorud. The required information was collected through
examining production systems and the costs incurred for each crop, and economic
indicators including Gross Value of Production (GVP), Gross Revenue (GR), Net
Revenue (NR), Variable Costs (VCP), Fixed Costs (FCP), Total Production Costs
(TCP), and Benefit-Cost Ratio (BCR) were calculated. In addition, the physical
water productivity (CPD) and economic water productivity (NBPD) indices were
estimated for each crop. The results showed that rice, with a Gross Value of
Production of 5527142.85 thousand Rials per hectare, a Net Revenue of 3495525.19
thousand Rials per hectare, and a Benefit-Cost Ratio of 2.72, had the highest
economic profitability. Potato also showed the best performance among the three
studied crops in terms of physical and economic water productivity, with values of
5.47 kg per cubic meter and 403.22 thousand Rials per cubic meter, respectively. In
contrast, forage maize, despite having the lowest Total Production Costs and Net
Revenue, had the lowest Benefit-Cost Ratio of 1.23 and the lowest Gross Value of
Production (1276862.74 thousand Rials per hectare), and its economic water
productivity (NBPD) was also 38.59, which was the lowest economic water
productivity among these three crops.
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Expanded Abstract

Introduction

Water scarcity and increasing competition among
different sectors for available water resources
have made efficient water management one of the
major challenges of sustainable agricultural
development. Agriculture is the largest consumer
of water resources in Iran, and improving water
productivity has become a key strategy for
maintaining  agricultural  production = while
reducing pressure on limited water resources. In
recent years, attention has shifted from increasing
water use toward improving the efficiency of
water consumption through better management
practices and more efficient production systems.
Water productivity is considered one of the most
important  indicators for evaluating the
performance of agricultural systems. It can be
assessed from both physical and economic
perspectives.  Physical ~ water  productivity
represents the quantity of crop produced per unit
of water consumed, whereas economic water
productivity reflects the economic return
generated from each unit of water used.
Simultaneous evaluation of these indicators
provides a comprehensive understanding of the
efficiency of water use and supports decision-
making regarding crop pattern optimization and
sustainable resource allocation. Several studies
conducted in Iran and other countries have shown
that water productivity is strongly influenced by
crop type, climatic conditions, irrigation methods,
management practices, and the economic value of
agricultural products. Previous research has also
demonstrated that crops with high physical water
productivity do not necessarily possess high
economic  water  productivity.  Therefore,
evaluating both indicators simultaneously is
essential for sustainable agricultural planning.
Lorestan Province is one of the important
agricultural regions of western Iran and produces
a variety of crops under different climatic
conditions. Rice, potato, and forage maize are
among the most important crops cultivated in the
province and represent different production
systems with distinct water requirements and
economic characteristics. ~Considering the
increasing importance of water resource
management and the need for economically
efficient crop production systems, this study
aimed to evaluate and compare economic
indicators, physical water productivity, and
economic water productivity of rice, potato, and

forage maize production systems in Lorestan
Province during the 2025 growing season.

Materials and Methods

This study was conducted in the counties of
Dorud, Azna, and Kuhdasht in Lorestan Province
during the 2025 agricultural year. These counties
were selected because of their different climatic
conditions and dominant cropping patterns. Rice
is the major crop in Dorud, forage maize is widely
cultivated in Kuhdasht, and potato represents one
of the most important crops in Azna. The
statistical population consisted of 850 farmers
engaged in the production of the selected crops.
The required sample size was determined using
Cochran’s formula for finite populations. Based
on the calculations, 264 farmers were selected and

interviewed. Data were collected through
structured  questionnaires and face-to-face
interviews.  The  questionnaire  included

information regarding cultivated area, crop yield,
water consumption, production costs, and various
agricultural inputs used during planting, growing,
and harvesting operations. Economic indicators
were calculated to evaluate the profitability of
each production system. These indicators
included Gross Revenue (GR), Gross Value of
Production (GVP), Net Revenue (NR), Variable
Costs of Production (VCP), Fixed Costs of
Production (FCP), Total Costs of Production
(TCP), and Benefit-Cost Ratio (BCR). Crop
prices were estimated based on average prices
reported by farmers and official statistics. To
assess  water-use efficiency, two  water
productivity indicators were calculated. Crop
Physical Productivity (CPD) was determined as
the ratio of crop yield to the amount of water
consumed. Economic Water Productivity (NBPD)
was calculated as the ratio of net revenue to the
volume of water consumed. Furthermore, to
facilitate comparison among crops and eliminate
differences in measurement scales, standardized
Z-scores were calculated for both physical and
economic  water  productivity  indicators.
Microsoft Excel software was used for data
processing, calculations, and preparation of
tables.

Results and Discussion

The results revealed considerable differences
among the studied crops regarding economic
indicators and water productivity. Rice showed
the highest economic performance among the
three crops. The Gross Value of Production
reached 5527142.85 thousand Rials ha™', while
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Gross Revenue and Net Revenue were estimated
at 3672775.19 and 3495525.19 thousand Rials
ha™, respectively. The Benefit-Cost Ratio was
calculated as 2.72, indicating that rice production
generated the highest economic return per unit of
production cost. These findings demonstrate the
strong economic position of rice production in the
study area despite its relatively high water
requirements. Potato ranked second in terms of
economic performance. Gross Value of
Production and Net Revenue were estimated at
5397877.35 and 2649188.67 thousand Rials ha™’,
respectively. Potato production had the highest
Total Cost of Production, amounting to
2748688.67 thousand Rials ha™'. The relatively
high production costs were mainly associated with
machinery, seed, fertilizer, fuel, and irrigation
expenses. Nevertheless, the crop remained
economically profitable with a Benefit-Cost Ratio
of 1.96. Forage maize exhibited the lowest
economic performance among the selected crops.
Gross Value of Production, Gross Revenue, and
Net Revenue were estimated at 1276862.74,
327186.27, and 239313.72 thousand Rials ha™,
respectively. The Benefit-Cost Ratio was only
1.23, indicating a substantially lower profitability
compared with rice and potato. Although forage
maize had the lowest Total Cost of Production
(1037549.02 thousand Rials ha™), its relatively

low market value limited its economic
performance. The evaluation of water
productivity indicators provided additional

insights into the efficiency of water use. Potato
achieved the highest physical water productivity,
with a CPD value of 5.47 kg m™. It also recorded
the highest economic water productivity, with an
NBPD value of 403.22 thousand Rials m™. These
results indicate that potato was the most efficient
crop in converting water into both physical output
and economic return. Forage maize ranked second
in terms of physical water productivity, with a
CPD value of 5.14 kg m™. This result
demonstrates the crop’s ability to generate
relatively high biomass per unit of water
consumed. However, its economic water
productivity was only 38.59 thousand Rials m™,
representing the lowest value among the studied
crops. The discrepancy between physical and
economic performance indicates that high
physical productivity does not necessarily result
in high economic efficiency. Rice showed a
different pattern. Although it generated the
highest economic profitability, its physical water
productivity was only 0.19 kg m=, the lowest

value among all crops. This outcome reflects the
water-intensive nature of rice cultivation.
Nevertheless, rice maintained a relatively high
economic water productivity because of its higher
economic value and profitability. The
standardized Z-score analysis further confirmed
these findings. Potato was the only crop that
achieved positive values for both physical and
economic  water  productivity  indicators,
demonstrating superior overall performance. Rice
displayed positive economic water productivity
but negative physical water productivity, while
forage maize showed positive physical water
productivity but negative economic water
productivity. These results emphasize the
importance of evaluating both dimensions
simultaneously when developing agricultural and
water management policies.

Conclusions

The results of this study demonstrated significant
differences among rice, potato, and forage maize
production  systems regarding  economic
performance and water-use efficiency in Lorestan
Province. Rice achieved the highest economic
profitability, recording the greatest Gross Value
of Production, Net Revenue, and Benefit-Cost
Ratio. Therefore, it can be considered the most
profitable crop from a purely economic
perspective. However, rice also exhibited the
lowest physical water productivity because of its
high water consumption requirements. Potato
showed the highest physical and economic water
productivity values and was the most efficient
crop in transforming water resources into both
agricultural output and economic returns.
Although potato production required the highest
production costs, its economic returns and water
productivity indicators justified its cultivation
under the conditions of the study area. Forage
maize recorded the lowest values for most
economic indicators and economic water
productivity. Nevertheless, its physical water
productivity was relatively high, indicating
efficient biomass production per unit of water
consumed. Overall, the findings suggest that
decisions regarding crop pattern selection should
not be based solely on economic profitability or
physical production performance. Instead, both
economic and water productivity indicators
should be considered simultaneously to achieve
sustainable agricultural development, improve
farmers’ income, and ensure efficient utilization
of limited water resources in Lorestan Province.
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Table 1- Specifications of the studied counties.

. . County
Specifications Doroud Kohdasht Azna
Average annual rainfall (mm) 600 500 450
Average annual evaporation (mm) 1800 2500 2000
Population (est. 2022) 50000 People 100000 People 60000 People
Main agricultural product Rice Forage maize Potato
Area under crop (hectares) 1000 5000 2000
Crop Yield (tons/hectare) 4 50 30
Average Annqal Temperature 152 175 14.8
(Centigrade)

Climate Classification (Kppen) CSA CSA DSA
Dominant Irrigation Method Flood Irrigation (S;:fnslf}grl/zlgfip) Basin Irrigation
Average Pumping Efficiency 55% 75% 60%
Average Groundwater Depth 2.5 4 3

Dominant soil texture

Clay texture with poor drainage

Sandy clay texture

Clay loam texture
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Table 2- Calculated economic indicators for rice, forage maize, and potato production systems

. Crop Name

Indicator Name Rice Forage maize Potato
GR 3672775.19 327186.27 2797877.35
GVP 5527142.85 1276862.74 5397877.35
NR 3495525.19 239313.72 2649188.67
TCP 2031617.66 1037549.02 2748688.67
BCR 2.72 1.23 1.96
VCP 1854367.66 949676.471 2600000
FCP 177250 87872.549 148688.67
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Table 3- Production Costs in Rice, Potato, and Forage Maize Cropping Systems.

Costs Unit Crop Name
Variable Costs Rice Forage maize Potato
Fuel 103 Rial ha! 284560 211006 560390
Machinery 103 Rial ha! 300000 165000.47 575000
Water and Power 103 Rial ha! 525000 159000 519000
Insecticides 103 Rial ha™! 125000.66 63000 150000
Seed 103 Rial ha™ 195800 100000 325610
Fertilizes 103 Rial ha™ 165500 141670 260000
Labor 103 Rial ha! 258507 110000.001 210000
Variable Costs 103 Rial ha! 1854367.66 949676.471 2600000
Fixed Costs 103 Rial ha! 177250 87872.549 148688.67
Total Costs 103 Rial ha! 2031617.66 1037549.02 2748688.67
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Table 4- Calculated Values of CPD and NBPD Indices.
Cro Crop Water
Na nf)e Yield Consumption NBPD CPD
(kgha™) (m*ha™)
. 2085.714
Rice 10500 33290 0.19
31921.57
Forage 6200 3859 5.14
maize
35985.85
Potato 6570 403.22 547
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Table 5- Standardized Values of Economic and Physical
Water Productivity Indices for the Studied Crops.

Crop Name Z (NBPD) Z (CPD)
Rice 0.385 -1.153
Forage maize -1.135 0.521
Potato 0.749 0.632
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