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The increasing demand for water due to population growth and climate change
has caused a decrease in agricultural water resources in areas that are facing
water shortages. Therefore, a field experiment was conducted in an arid region
of Iran (Medicinal research center of Islamic Azad University of Shahr-e-Qods
branch) to evaluate the effects of two irrigation systems [conventional drip
irrigation (DI) and partial root drying (PRD)] and three irrigation levels
[100%, 75%, and 55% of crop evapotranspiration (lyg, I75, and lIss,
respectively)] on the growth traits, tuber yield, and water productivity (WP) of
potato (Solanum tuberosum L.) during the 2023 and 2024 growing seasons.
Soil moisture (6,) was lower under the DI system than under the PRD system.
The fresh and dry tuber yields were higher under the PRD system than under
the DI system. By contrast, WP was highest with the |55 treatment (6.60 and
7.55 kg m®) and lowest with the I;o0 treatment (5.53 and 6.23 kg m™) under
the DI and PRD systems, respectively. These findings indicate that full
irrigation (lyo0) with the PRD system maximizes potato yield but decreases
water productivity, whereas integration of the PRD system with deficit
irrigation is effective in improving water productivity due to less water being
consumed, allowing these practices to be used under scarce water conditions
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Figure 1. Ten-day averages of temperature, relative humidity, reference evapotranspiration, and precipitation during the 2023 and
2024 growing seasons
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Table 1. Soil physical properties at the experimental site

Depth Particle size (%) ] FC PWP K Pb
(cm) Clay Silt Sand Soil texture %) %) (mm/hr) (kg/m?®)
0-20 102 215 683 Sandy loam 203 107 345 1.55
20-40 142 181 67.6 Sandy loam 2.2 123 22.4 1.55
40-60 13.1 18.3 68.6 Sandy loam 24.4 14.9 16.1 1.55

FC, PWP, Ks and pb are Field capacity, Permanent Wilting Point, saturated hydraulic conductivity and bulk density, respectively.
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Figure 2. Schematic diagram of the experimental fields. DI surface drip irrigation, PRD Partial Root Drying technique, l10o 100% of
crop evapotranspiration (ETc), lzs 75% ETc, lss 55% ETc
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Table 2. Dates and crop-coefficient (Kc) values for each potato growth stage and the total irrigation water applied during the study period

Date Irrigation water® (mm)
Growth stage (number of days at that stage) 1401 1402 (K.)adj? K. !
2023 2024 1100 I75 Iss 1100 175 Iss
Planting 28 January 25 January
Initial stage 21 Febraury 18 Febraury
(until the begining of stem elongation) (25) (25) 18 18 18 17 17 17 0.20 050
Growth and development stage 25 March 22 March
(until tuber formation) @3) 33) 123 92 71 12 9 71
Intermediate stage 24 April 27 April
(until tuber enlargement) (30) (30) 226 169 130 225 167 131 1.25 1.15
Final stage 24 May 20 May
(maturity) (30) (30) 235 175 136 234 174 136 0.87 0.75
Total (118) (118) 602 454 355 598 448 354

1100 100% of crop evapotranspiration (ETc), 1,5 75% ETc, lss 55% ETc

1. Extracted from FAO-56 table (Allen et al., 1988)

2. Adjusted from the FAO-56 (Allen et al. 1998) based on the percentage of soil surface wetted, wind speed at 2-m height and minimum relative humidity
3. Irrigation plus rainfall
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Contined figure 3. Volumetric soil water content (%) of the average of five points at depths of 10, 20, 30, 40, and 50 cm under
different irrigation systems and with different irrigation levels in the 2023 and 2024 growing seasons.
(DI drip irrigation, PRD partial root drying, l100 100% of crop evapotranspiration (ETc), I-s 75% ETc, Iss 55% ETc, FC field
capacity, PWP permanent wilting point)
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Table 3. Fresh and dry weights of potato vegetative parts under different irrigation systems and irrigation levels during the 2023 and 2024

growing seasons
Factor Vegetative parts fresh weight (ton/ha) Vegetative parts dry weight (ton/ha)
2023" 2024° Mean 2023* 2024° Mean
Irrigation system
DI 10.568° 11.670° 11.120° 1.19° 1.4° 1.29°
PRD 13.679% 15.500° 14.600° 172 1.89° 1.8
p-value 0.007"" 0.003™ <0.001™" 0.006™" 0.009” <0.001™"
LSD 0.05 2.18 2.20 1.45 0.34 0.35
Irrigation Level
l100 14.89° 18.32° 16.6° 1.86° 2.09° 1.97°
I7s 10.70° 11.48° 11.09° 1.28° 1.48° 1.38°
Iss 10.79° 10.67° 10.88° 1.21° 1.36° 1.29°
p-value <0.004" <0.001™" <0.001™" 0.014" <0.007™ <0.001™"
LSD0.05 2.67 2.7 1.76 0.34 0.43 0.33
Irrigation systemx Irrigation level
DI
l100 13.18+0.04 16.14+0.06 14.66+1.62 1.54+0.09 1.90+0.02 1.72+0.21
I75 8.79+0.27 9.6420.09 9.21+0.49 0.98+0.02 1.08+0.1 1.03+0.08
Iss 9.72+0.45 9.24+0.13 9.48+0.40 1.00+0.13 1.21+0.05 1.13+0.21
PRD
1100 16.18+1.16 20.510.23 18.552.26 2.19+0.13 2.27+0.06 2.23+0.10
Iz 12.79+0.18 13.33+0.07 12.97+0.41 1.58+0.04 1.87+0.11 1.73+0.17
Iss 11.7240.37 12.68+0.05 12.27+0.50 1.38+0.04 1.52+0.10 1.45+0.10
p-value 0.652™ 0.987™ 0.688™ 0.637™ 0.343™ 0.425"
LSDoos - -

Different lower-case letters within each column and different upper-case letters within the header row for planting season for each characteristic indicate significant differences
at the 0.05 level. Values are presented as means (+SE)
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Table 4. Physical characteristics of potato plants under different irrigation systems and irrigation levels during the 2023 and 2024
growing seasons

Factor Plant height (cm) Number of branches LAI

2023 2024 Mean 2023 2024 Mean 2023" 20248 Mean
Irrigation system
DI 424 38.68° 40.54° 5.68° 5.11° 5.22° 3.15 3.37 3.26
PRD 445 42.717 42.712 7.71° 6.55° 7.00° 3.12 3.23 3.18
p-value 0.47 ns 0.021 0.0417 0.018" 0.043" 0.001" 0.30™ 0.26™ 0.135™
LSD 0.05 -- 3.19 2.33 1.77 1.33 0.87 -- -- --
Irrigation Level
1100 42.4 42.58a 44.71a 6.5 8.4 6.16 3.46° 3.61° 353
Iz 424 37.60b 39.72ab 6.16 6.4 6.08 3.03° 3.20° 3.12°
Iss 445 39.91b 42.10b 6.50 55 6.08 2.93° 3.08° 3.00°
p-value 0.67ns 0.007** 0.027* 0.92" 0.42™ 0.93™ <0.001"" 0.014" <0.001™"
LSD0.05 -- 3.91 3.11 -- -- -- 0.13 0.34 0.11
Irrigation systemx Irrigation level
DI
1100 45.18+0.70  46.10+0.06° 45.70£0.80°  6.00£0.57  5.00#0.61  5.00+0.54  3.40+0.03  3.60+0.04  3.50+0.11
Iz 39.60£3.00  35.50+0.80° 36.50+3.9° 4.00£1.00  5.00+0.91  5.00£0.63  3.00£0.08  3.20£0.05  3.100.11
lss 42.10+0.55  36.40+0.65°  39.20+3.10°c  6.00+1.30  5.00+0.43  5.00+0.75  2.90+0.03  3.20+0.05  3.00+0.14
PRD
1100 42.30+1.58  43.00+0.45° 43.00£1.04°  7.00£1.20  6.00£0.60  6.00+0.32  3.40+0.10  3.50+0.16  3.50+0.13
175 44.60+0.45  41.7020.90°  42.70+1.44®  8.00+#0.57  7.00+0.85  8.00£0.26  3.00£0.05  3.10£0.08  3.00%0.10
Iss 46.50+1.80  43.40+1.11° 44.90#2.16°  7.00£0.63  6.00£0.33  7.00+0.64  2.90+0.02  2.96+0.14  2.90+0.09
p-value 0.437™ 0.023™ 0.018" 0.230™ 0.860™ 0.830™ 0.93" 0.730" 0.730™
LSDo s - 5.53 411 - -

Different lower-case letters within each column and different upper-case letters within the header row for planting season for each characteristic indicate significant differences
at the 0.05 level. Values are presented as means (+SE)
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Table 5. Fresh and dry tuber yields of potato under different irrigation systems and irrigation levels during the 2023 and 2024
growing seasons

Factor Fresh tuber yield (ton/ha) Dry tuber yield (ton/ha)

2023* 2024° Mean 2023 2024 Mean
Irrigation system
DI 26.12° 29.89" 28.00° 5.19 4.93 5.07
PRD 28.32° 31.85° 30.08° 5.72 5.05 5.27
p-value 0.004™" 0.002™ <0.01™" 0.255"™ 0.781" 0.361"
LSD 0.05 1.32 0.93 0.73 -
Irrigation Level
l10o 32.42 36.46° 34.42 6.60* 6.81% 6.75%
I7s 26.8° 30.36° 28.8° 517 4.71° 4.95°
Iss 22.4° 25.78° 24.09° 4.28° 3.44° 3.86°
p-value <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001***
LSDO0.05 1.53 1.11 0.86 0.71 1.36 0.76
Irrigation systemx Irrigation level
Dl
1100 31.50+0.69 35.50+0.61 33.55+0.96 6.46+0.41 6.62+0.76 6.54+0.53
175 25.60£0.73 29.50+0.34 27.35+0.91 4.92+0.21 4.75+0.46 4.83+0.20
Is5 21.30+0.73 24.50+0.31 23.08+0.87 4.22+0.16 3.44+0.31 3.44+0.27
PRD
l100 33.30+0.68 37.50+0.52 35.20+0.87 6.73+0.36 6.99+0.52 6.86+0.31
I75 28.20+0.76 31.50+0.23 29.87+0.73 5.41+0.41 4.73+0.63 4.07+0.42
Iss 23.40+0.53 26.50+0.71 25.10+0.64 4.34+0.26 3.44+0.26 3.89+0.36
p-value 0.811™ 0.726™ 0.623™ 0.761™ 0.876™ 0.911™
LSDo.s - - - -

Different lower-case letters within each column and different upper-case letters within the header row for planting season for each characteristic
indicate significant differences at the 0.05 level. Values are presented as means (+SE).
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Table 6. Fresh tuber weight per plant, mean tuber weight, and number of tubers per plant in potato under different irrigation systems
and irrigation levels during the 2023 and 2024 growing seasons

Fresh tuber weight (g/plant)

Factor Mean tuber weight (g) Number of tubers

2023 2024 Mean 2023F 20247 Mean 2023° 20247 Mean
Irrigation system
DI 653.89° 696.01° 674.91° 62.21° 66.60 64.41° 10° 11° 10°
PRD 756.87% 797.97° 771.42° 50.62° 63.23 56.92° 15° 13 14°
p-value 0.0016™ 0.024™ <0.001™" 0.004™ 0.116™ <0.001™" <0.001™"  <0.001™"  <0.001""
LSD 0.05 53.64 81.16 61.72 7.36 - 7.33 1.73 0.71 1.01
Irrigation Level
1100 910.49* 836.60° 887.04* 65.66° 71.40° 68.53° 14° 12 13*
I75 685.00° 753.50° 719.25° 54.65° 70.33° 62.49° 13° 11° 12°
Iss 520.55° 628.88° 572.21° 48.93° 53.05° 50.99° 11° 11° 11°
p-value <0.001™" 0.0024™" <0.001™" 0.006™" 0.026" <0.001™" 0.008™ 0.008™ <0.001™"
LSDO0.05 68.23 110.73 64.19 9.43 11.73 7.32 2.31 1.32 1.18
Irrigation systemx Irrigation level
DI
1100 882.40+70.1"  825.10+31.3  853.80+28.3"  74.10#5.1  76.10+4.1  75.60+28.3" 12+0.93° 11+0.34° 11+0.61°
I75 564.30+83.6°  671.40+44.1  617.80+41.7° 62.20+4.7  76.30+5.1  69.20+37.7% 9+0.58° 9+0.57° 9+0.33°
Iss 514.70+67.2°  591.40+34.2  553.70+36.7°  49.50+2.7  47.20+3.1  48.30+31.7°  10+0.83" 10+0.52° 10+0.42"
PRD
l100 938.50+47.5°  902.00+26.8  920.50+26.3"  56.40+1.1  66.50+3.9 61.40+2.7° 17+0.53* 14+0.63* 15+0.75°
I75 805.70+50.2°  835.50+24.1  820.70+24.1°  47.10+1.6  64.30£3.4 55.70+3.1° 17+0.46° 13+0.47% 15+1.21°
Iss 526.40+23.3°  656.30+41.3  591.40+33.7°  48.30+1.1  58.80+3.8 53.40+2.9° 11+0.72° 11+0.36° 11+0.24°
p-value 0.003™ 0.671™ 0.031" 0.263™ 0.411™ 0.041" 0.009™ 0.016* <0.001™"
LSDo.0s 81.46 - 91.16 -- 9.53 2.89 1.73 1.63

Different lower-case letters within each column and different upper-case letters with

at the 0.05 level. Values are presented as means (+SE).
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Figure 4. Proportion of tubers in different diameter classes (<50 mm, 50-80 mm, and > 80 mm) under different irrigation systems
and irrigation levels in the 2024 growing season.
D1 surface drip irrigation, PRD partial root drying, 1100100% of crop evapotranspiration (ETc), ls 75% ETc, lss 55% ETc. Bars
represent meanst S (n=3)
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Table 7. Irrigation water use efficiency (IWUE) of potato plants under different irrigation systems and irrigation levels during 2023
and 2024 growing seasons

Eactor Yield (ton/ha) Water applied (m%ha) Water use efficiency (kg/m°)
2023 2024 Mean 2023 2024 Mean 2023 2024 Mean
DI
l100 31.50 35.67 33.58 6020 5980 6000 5.23 5.96 5.59
l75 25.60 29.20 27.40 4540 4480 4510 5.63 6.51 6.07
lss 21.37 24.80 23.08 3550 3540 3545 6.01 7.00 6.51
PRD
l100 33.30 37.26 35.28 6020 5980 6000 5.53 6.23 5.88
l75 28.20 31.52 29.86 4540 4480 4510 6.21 7.03 6.62
lss 23.43 26.76 25.09 3550 3540 3545 6.60 7.55 7.07
p-value 0.811™ 0.726ns 0.623ns -- - - <0.017 <0.017 <0.017"
LSDo,05 - - - -- - - 0.185 0.278 0.263
p- value= 0,083 p- value=0.017 P- value<0.01 p- value< 0.01
LSD0.05=0.126 LSD0.05=0.216 LSDO0.05=0.364
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Figure 7. Irrigation water use efficiency (IWUE) of potato plants under different irrigation systems and irrigation levels during 2023
and 2024 growing seasons.

Bars represent means+SE (n= 3). Different lower-case letters directly above the bars for each irrigation system and season represent
significant differences among irrigation levels, while different lower-case letters in parentheses for each season represent significant
differences between the irrigation systems and different upper-case letters in parentheses represent significant differences between
the seasons (LSD test, p < 0.05).
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Figure 7. Relationship between relative evapotranspiration and both the relative tuber yield and relative dry biomass for potato under surface
drip irrigation (DI) and partial root drying (PRD) based on pooled data collected during the 2023 and 2024 growing seasons
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