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Abstract: Agriculture is one of the most important environmental factors influencing the
growth and development of plants, especially in the arid and semi-arid regions of Iran.
However, due to the rising cost of water consumption and the decreasing availability of water
in these areas, considerable attention has been paid to water scarcity stress and its effects on
plants. This highlights the necessity of managing water resources with a comprehensive and
precise approach. Therefore, this study aimed to investigate the effects of surface and
subsurface irrigation methods at different irrigation levels (100%, 90%, and 80%) on potato
yield, land productivity, and water use efficiency at the research station of the South Kerman
Agricultural Research Center in Jiroft.
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Introduction: Agriculture is an activity that consumes a very large amount of water. Considering the ongoing
climate changes, the water needs of crops may increase (Bocchiola et al., 2013) and food security may decrease
(Palazzol et al., 2015). In addition, agricultural activity has significant impacts on both the quantity and quality of
water. Consequently, various indicators have been examined and used to assess the environmental effects of water
consumption in agricultural production systems(Herath et al., 2014). Considering the shortage of water resources
in the country, the high water requirement of potato plants, and the climatic conditions of Jiroft — located in one
of the arid regions of Iran — planning for the optimal use of water resources in this area is both necessary and
inevitable. The production and consumption of potatoes, which today is recognized as an important human food
product and ranks fourth among agricultural products after wheat, corn, and rice, does not have a long history
compared to other plant-based food sources. However, it has quickly found its place among other products, and in
Iran, the last century has been a period of rapid growth for the role of this product in household food baskets
(Vojdani, 2022). Furthermore, due to the limited number of studies on subsurface drip irrigation in potato
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cultivation in Iran, the implementation of appropriate irrigation systems, along with targeted planning, can
contribute significantly to sustainable agriculture. Therefore, this study was conducted to evaluate potato
cultivation under different irrigation methods and levels in the climatic conditions of Jiroft. The results of this
research can serve as a useful reference for future irrigation planning and design.

Methodology: Considering the shortage of water resources in the country, the high water requirement of potato
plants, and the climatic conditions of Jiroft — located in one of the arid regions of Iran — planning for the optimal
use of water resources in this area is both necessary and inevitable. Furthermore, due to the limited number of
studies on subsurface drip irrigation in potato cultivation in Iran, the implementation of appropriate irrigation
systems, along with targeted planning, can contribute significantly to sustainable agriculture. This research was
conducted with the aim of studying the effect of irrigation methods and different irrigation levels on yield, land
value, and water use efficiency in potato crops at the South Kerman Agricultural and Natural Resources Research
and Education Center station located in Jiroft. The experiment was arranged in split plots within a randomized
complete block design with two factors: irrigation levels at three levels of full irrigation (100 percent of water
requirement IL1), 90 percent irrigation (IL2), and 80 percent irrigation (IL3), and irrigation methods at two levels
of surface drip (IM1) and subsurface drip (IM2) (Fig. 1). The calculated variables included tuber yield, water use
efficiency, and land value The results of this research can serve as a useful reference for future irrigation planning
and design.

Results and Discussion: Based on the resultsInvestigating the Effects of Different Irrigation Levels and Surface
and Subsurface Irrigation Methods on Three Indicators—Yield, Land Value, and Water Use Efficiency in Potato
(Table 6), the subsurface irrigation method at 90% water requirement (IL2IM2) was identified as the optimal
treatment, achieving the highest values for tuber yield (30.46 t/ha), water use efficiency (6.55 kg/m?), and land
economic value (4.3 thousand USD/ha), which aligns with findings by Mattar et al. (2021) and Niu et al. (2025)
on the benefits of moderate deficit irrigation. This treatment resulted in water savings of 354 m3/ha compared to
full irrigation (100%), without a significant reduction in yield, consistent with water conservation strategies
highlighted by Lamm (2005). The simple effects of both irrigation levels and methods were significant on yield
and land value, while their interaction was significant for water use efficiency and land value. The 90% irrigation
level consistently performed optimally, indicating that a 10% reduction in water application does not significantly
reduce yield but enhances water productivity, supporting the concept of regulated deficit irrigation as discussed by
Onder et al. (2005). Based on existing studies, it is recommended that under similar conditions, farmers use 90
percent irrigation levels along with efficient irrigation systems such as subsurface drip irrigation to achieve optimal
yield and water use efficiency. This comparison can help better understand the interactive effects of irrigation
methods and irrigation levels on water use efficiency and land economic value, and can lead to improvements in
agricultural management practices.It is concluded that adopting subsurface drip irrigation at 90% of crop water
requirement is recommended for sustainable potato production in the water-scarce region of Jiroft. Given the
increasing challenges of water scarcity in many regions of the world, including the Jiroft area, optimizing water
management in agriculture is considered a strategic necessity. The findings of this research clearly demonstrate
how integrating modern irrigation methods (such as subsurface drip irrigation) with managed irrigation levels can
simultaneously achieve economic and environmental objectives.

Conclusion: Considering the serious limitations of water resources, achieving a sustainable cropping pattern
requires the simultaneous optimization of water use and economic performance. Overall, the results indicated that
both the individual and interactive effects of irrigation level and irrigation method were significant for crop yield,
water use efficiency, and the land value index. The highest yield and land value index were observed at the 90%
irrigation level with subsurface irrigation, while the lowest values for these parameters occurred under 80%
irrigation with subsurface irrigation. Therefore, it is recommended that farmers adopt a 90% irrigation level in
combination with efficient subsurface irrigation systems to achieve optimal water use efficiency and crop
performance.
© 2024 University of Zabol, Zabol, Iran.
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Table 1 Physicochemical Properties of Soil and Water
Samples from Jiroft Research Center Farm

Water Soil sample
Characteristics sample ! P
test
test
0-
Depth 30
pH 7.40 7.60
EC
(dS/m) 0.9 1.20
(/)Total N - 0.031
Mg?"+Ca*'(meq /L) 5.2 4.00
SAR! 1.88 2.90
Na'*(meq/lit) 3.04 -
HCOs(mg/L)+COs* 274/5 -
P (mg/kg) - 9.40
K (mgkg) - 320
PWP?2 .
R - .6
BD? (g/cm3) - 1.30
(Keinath et al., 2019)
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Table 2 Mean squares obtained from analysis of variance of simple and interplay effects of irrigation levels and irrigation
method on water use efficiency in potato

Average Squares

Degree of freedom Sources of change

ELP((1000USD.ha) WUE(Kg/m3) Yield (ton /ha)

159.975%* 2.658 114.43* 2 IL
134.63* 3.16 261.06* 2 ™M
52.47%* 6.126* 111.75 4 IL*IM

25.48 0.909 17.93 36 Eror

oy Jyame ;5 8,Sles 5kl U 5 5okl it zshaw oole S Sile anslio ¥ Jgu

Table 3 Comparison of the mean effect of simple irrigation levels and irrigation method on yield in potato

Yield (ton/ha) Treatment Yield (ton/ha) Treatment
22.03a M1 25.74a IL100
27.63a M2 26.76a ILogo

21.98a ILso
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Table 4 Comparison of the average effect of simple irrigation levels and irrigation method on water use efficiency in potato

WUE (Kg/m3) Treatment WUE (Kg/m3) Treatment
5.23a M1 521a IL100
5.80a M2 5.97a ILoo

5.50a ILso

Sl oy A0 sleiel maw )5 (5o e pas sdimslid LS, By >

oy Jyame 58 ey (Bl 2 6okel Uiy 9 olal il olaw sole 1 She anylie & Jour

Table 5 Comparison of the average effect of simple irrigation levels and irrigation method on land value in potato

ELP(1000USD / ha) Treatment ELP (1000USD/ ha) Treatment
0.35a M1 9.22a IL100
0.42a M2 9.6a 1Loo

7.8b ILso
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Table 6 Mean comparison of the interaction effect between different irrigation levels and irrigation methods on water use
efficiency and land value index of potato.

ELP(1000 USD/ ha) WUE (Kg/m3) Yield (ton/ha) Treatment
4.1c 4.80c 25.07b IL1IM1
4.2¢ 5.63b 26.42b IL1IM2
2.6b 5.407b 24.07¢ IL2IM1
4.3a 6.55a 30.46a IL2IM2
2.9b 6.22a 25.95b IL3IM1
2.7d 4.79¢ 18.01d 1L3IM2
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Fig. 1 Interaction of Irrigation Levels and Methods on Yield, Water Use Efficiency and Land Value
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W
rate(ml/d)
ETecrop Actual plant evapotranspiration(ml/d)
Kce Vegetative coefficient
Ix Maximum irrigation water depth)ml)

AW Available Water (mm/m)
Dy, Root depth of plant (m)
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MAD Management Allowable Depletion

LR Leaching Requirement
Electrical Conductivity of Irrigation Water

Eciw
(dS/m)

ECe Electrical Conductivity of soil Saturation
Extract(dS/m)

Fx Maximum irrigation interval (d)

I Net irrigation requirement per irrigation

F“ cycle (mm)
Design irrigation interval (d)

T4 Daily transpiration (mm/d)

Pe ffective rainfall (mm)

L, Net leaching depth (mm)

I, Gross irrigation depth (mm)

Ea Irrigation application efficiency

G Gross water requirement per plant
(L-day!-tree™)

Sp Plant spacing within the row (m)

S; Row spacing or lateral pipe spacing (m)
Gross water volume required per irrigation

Gi
cycle (L)

ta Irrigation time (h)

Np Number of emitters

Ja Emitter flow rate (L/h)

Y yield (kg/ha)

Vw Water consumed by the crop (m3/ha)

WUE Water Use Efficiency(Kg/m3)

ELP Land value index($/ha)

NB Net benefit($/kg)
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