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Extended Abstract

Introduction

Determining the appropriate amount of water for potato cultivation has been studied by numerous researchers
worldwide, and based on various factors such as irrigation methods, available technology, local climate, and other
management practices, different qualifies have been proposed. Based on these studies, the optimal amount of
irrigation water for each region should be determined by field experiments, but doing so requires significant time
and money. On the other hand, Iran is facing drought conditions in the coming decades, and the need to optimize
water consumption in the agricultural sector underscores the optimal amount of irrigation water for potato
production. To address this issue and accelerate decision-making, crop simulation models have been developed.
The WOFOST model is one such simulation model, introduced by Wageningen University in the Netherlands to
simulate the growth and yield of agricultural crops. Although the WOFOST model has been widely used by
researchers to simulate crop growth, its application to potatoes has been less common. On the other hand, the
optimal amount of potato irrigation water has been suggested by researchers around the world in a wide range, and
it is necessary to determine and optimize these amounts in each region. Given this importance, the present study
was conducted to determine the optimal thresholds for potato cultivation to achieve maximum yield and high-
water productivity. The WOFOST model was employed to simulate various irrigation scenarios.

Materials and Methods

This study was conducted over two cropping seasons on a research farm in
Kermanshah City using a completely randomized block design. The evaluated treatments included irrigation
water applications of 100% (T1), 75% (T2), and 50% (T3) of the potato plant's water requirement using a T-Tape
drip irrigation system. Irrigation treatments were uniform until the 5-leaf stage, after which they were
implemented. To measure the irrigation water amount for each treatment, volumetric meters were used. Readily
available water and residual soil moisture (W-) as well as the percentage of usable water depletion (Re) in the root
zone, were calculated. The WOFOST model is a comprehensive crop growth simulation model based on the carbon
cycle. It simulates growth under three scenarios: no limiting factor, water limitation, and nutrient limitation. The
WOFOST model simulates crop development based on eco-physiological processes. Before recalibration and
validation, a sensitivity analysis was performed. In this analysis, S.represents the dimensionless sensitivity
coefficient, Py, is the estimated value of the target parameter using adjusted input data, and Py is the estimated
value using the baseline input data. Following the sensitivity analysis, the model was recalibrated using the first-
year data and validated using data from the second cropping season.

Results and Discussion

The WOFOST model demonstrated strong agreement between observed and simulated values during calibration.
For yield, MBE was -0.5 ton/ha, RMSE 1.6 ton/ha, NRMSE 6%, EF 0.93, and D 0.99. For water productivity,
MBE was -0.06 kg/m*, RMSE 0.17 kg/m3, and NRMSE 4%, with EF and D values of 0.96 and 0.99, respectively,
confirming the model’s high accuracy. According to these results, in the calibration phase, the WOFOST model
exhibited a minor underestimation error. According to NRMSE, model accuracy fell within the excellent range.
The error rates of the WOFOST model for determining yield and water productivity were 1.6 tons per hectare and
0.17 kg/m?, respectively. Based on the EF and D statistics, model performance for simulating yield was slightly
better than for water productivity. During validation, the WOFOST model again showed strong agreement between
observed and simulated data. For yield, the model slightly overestimated results (MBE = 0.1 ton/ha) with high
accuracy (RMSE = 0.93, NRMSE = 3%) and strong performance (EF = 0.97, D = 0.99). For water productivity, it
showed a minor underestimation (MBE = —0.04 kg/m?) with low error (RMSE = 0.14, NRMSE = 3%). Despite
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the low EF (-0.40) for water productivity, the high D value (0.99) indicated good overall agreement. According
to MBE, the model overestimated yield and underestimated water productivity. According to NRMSE, the model’s
accuracy was excellent for both variables. Similar to calibration, the model’s efficiency was slightly higher for
yield than for water productivity. To determine the optimal irrigation level, it is important to note that the difference
in potato yield between 634 mm and 487 mm irrigation depths was more significant than between other depths,
while the difference in water productivity between these two depths was only 5%. Therefore, 634 mm irrigation
depth was selected as the optimal irrigation depth. These results are consistent with recommendations by
Doorenbos and Kassam (1979) in FAO Publication No. 33.

Conclusion

The results showed that the WOFOST model achieved satisfactory accuracy (NRMSE < 0.1) and efficiency (d >
0.99) in simulating potato yield and water productivity under Kermanshah conditions. Based on these findings,
multiple irrigation scenarios were evaluated for their impacts on yield and water productivity. The yield difference
between irrigation depths of 634 mm and 487 mm was greater than for other ranges, justifying a focused analysis
on this range. Considering all results, 634 mm was identified as the optimal irrigation depth for potato cultivation.
At this level, yield reached approximately 25 tons/ha, and water productivity was 2.4 kg/m*. Compared to full
irrigation (975 mm), yield decreased by 7.3 tons/ha, but water productivity improved by 0.8 kg/m?.
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Figure 1- Meteorological characteristics of the studied area
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Table 1- Physical and Chemical Properties of Soil

. Clay oo o Organic FC PWP Bulk density EC
Soil Texture (%) Silt (%) Sand (%) Matter (%) (%V) (%V) (g/em?) (umho/cm)
Silty Clay 45 423 3.7 1.38 42.5 25.9 1.29 1.2
gi dlﬁ"'ﬁ‘“" ul.’»,.ogm -y Jg.\é
Table 2- Chemical properties of water
Total . " 2 Total > _ _ .
SAR (%) Cations Na Ca**+ Mg Anions SO« Cl HCO: CO: DS EC
meq/L (mg/L) (pmho/cm)
9.23 1.08 8.15 9.23 1.18 1.9 6.15 0 7.1 640 1000
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Table 3- Sensitivity coefficient of some input factors of WOFOST plant growth model for simulating potato yield

Parameter Sc=-725 Sc=4/25 Sensitiyity
coefficient
Temperature from Tuber Initiation to Maturity 23 3.5 Average
Leaf Area Index (LAI) at Early Germination 0.4 0.9 Average
Light Use Efficiency (LUE) of a Single Leaf 3.1 6.4 Average
Maximum Carbon Dioxide Assimilation Rate 4.5 8.2 Average
Assimilate Partitioning Efficiency to Leaves 3.1 39 Average
Assimilate Partitioning Efficiency to Storage 55 27 Average
Organs
Assimilate Partitioning Efficiency to Stems 1.1 0.7 Average
Maximum Rooting Depth 34 9.5 Average
WOFOST Jaw ;3 03lakw! 3590 (2S5 Jolge jdlie —€ Jgun
Table 4- Values of plant factors used in the WOFOST model
Factor explanation Value Unit Explanation
Minimum temperature threshold for germination 3 °C Default
Maximum temperature threshold for germination 18 °C Default
Growing degree days (GDD) from planting to 170 °C/day Default
emergence
GDD from emergence to tuber initiation 150 °C/day Default
GDD from tuber initiation to maturity
Growth Parameters 1700 °C/day Calibration
Leaf area index (LAI) at emergence 0.065 ha/ha Calibration
Single-leaf light use efficiency 0-0,0-48  ka/ha.h.day Calibration
Maximum leaf area expansion rate 0.0150 ha/ha.day Calibration
Calibration
0,30
Leaf CO: assimilation rate 1.57,32 kg/hah Calibration
2/0,0
Calibration
Assimilate partitioning coefficient to leaves 0.70 kg/kg Calibration
Assimilate partitioning coefficient to storage organs 0.88 kg/kg Calibration
Assimilate partitioning coefficient to roots 0.72 kg/kg Default
Assimilate partitioning coefficient to stems 0.70 kg/kg Calibration
Transpiration correction factor 1.0 - Default
Root biomass at early growth stage 10 cm Default
Primary root system 10 cm Default
Maximum root depth 150 cm Calibration

Ewly A 5o ;3 WOFOST Juto b 00wl (6 5bwdund g (Slslive &1 (5590540 9 3,5os (g o] gl —0 Jgu
Table S- Statistical results of observed and simulated yield and water productivity by the WOFOST model in the calibration stage

Parameter Unit d EF NRMSE RMSE MBE
Yield ton/ha 0.99 0.93 0.06 1.6 -0.5
Water productivity kg/m3 0.99 -0.04 0.04 0.17 -0.06
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Figure 4- The results of the observed yield of potatoes compared to the simulated values by the WOFOST model in the calibration
phase
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Table 6- Statistical results of observed and simulated yield and water productivity by the WOFOST model in the validation stage

Parameter Unit d EF NRMSE RMSE MBE
Yield ton/ha 0.99 0.97 0.03 0.93 0.1
Water productivity ~ kg/m®* 99  —0.40 0.03 0.14 ~0.04
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Figure 7- The results of observed yields of potatoes compared to the simulated values by the WOFOST model in the validation stage
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Figure 10- Comparison of potato yield for different depths and percentages of irrigation water
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