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1- Conventional deficit irrigation
2- Regulated deficit irrigation
3- Partial Root Drying
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1- Water productivity
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- Root Mean Square Errof

- Normalized Root Mean Square Errof
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- Coefficient of Residual Mass®
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Improving Water Productivity Through Deficit Irrigation Using the
SALTMED Model

Abstract
Increasing water demand due to population growth and climate change has led to the depletion
of agricultural water resources in water-scarce regions. Accordingly, a field experiment was
conducted over two consecutive seasons (2022 and 2023) at the Medicinal Plants Research
Center, Islamic Azad University, Shahr-e Qods Branch. The objective of this study was to
evaluate the effects of surface drip irrigation (SDI) and partial root zone drying (PRD),
combined with three irrigation treatments (100%, 75%, and 55% of crop evapotranspiration),
on lentil yield, and to assess the SALTMED model's performance in simulating soil moisture,
total dry matter, and yield. Although the highest yields were obtained under full irrigation
(100% ETc), no significant difference was observed between the 100% an treatments.
This suggests that a 25% reduction in water use can be achieved withouggom
Yield and water productivity under PRD were slightly higher than those

stress. The SALTMED maodel accurately simulated soil mois d, and
water use efficiency. Therefore, it can serve as a valuable to , water, and land
management under Iran's climatic conditions. ()

Keywords: Deficit irrigation, Partial root- ter productivity,

one drgng, SALT
yield \“]




EXTENDED ABSTRACT

Introduction

Water scarcity is one of the major challenges facing agriculture today. This study evaluated
the effects of surface drip irrigation (SDI) and partial root-zone drying (PRD) under different
irrigation levels (100%, 75%, and 55% of crop evapotranspiration) on lentil growth, yield, and
water productivity. The SALTMED model was used to simulate soil moisture, dry matter, and
yield. Results aimed to identify a water-saving, cost-effective irrigation strategy suitable for
drought-prone regions.
Material and methods

Field experiments were conducted during the 2022 and 2023 growing seasons at the
research farm of Islamic Azad University, Shahre Ghods Branch, under a hot and dry climate.
Soil samples were collected to 60 cm depth, and irrigation treatments were applied using
surface drip and partial root-zone drying methods with three irrigation levels , 5%, and
55% of crop water requirement) in a randomized complete block design. M = pgical data

moisture was measured using calibrated EnviroSCAN se 3
productivity were assessed. Irrigation scheduling was based on val using climatic
Il leaching
requwements The SALTMED model was calibrated usmg ob i e, dry matter,
and yield under full irrigation, then validat [
was evaluated using R2, RMSE, NRMSE,
conducted using SPSS and Duncan's test.
Result and Discussion
A strong correlation was observ
0.00-0.25 m and 0.25-0.50 m layers
with simulated values closely matchi
between measured andggimulated s

surface drip and partial rootgzone dr

attributed to frequgnt

Statistical perforrur%y confirmed the model's accuracy and calibration quality,
indicating its suitabi on and application in soil water dynamics modeling under
different irriggtion stratggi leld and total dry matter were successfully calibrated in both
surface drip an j i
between observe
accura ith go

easured and simulated soil moisture in both
ation with surface drip and PRD methods,
data. A high agreement was observed
h 0-25 cm and 25-50 cm layers under
e minimal variation in soil moisture was

gnment between simulated and measured soil moisture, yield, and
biomass. re was lower in the upper layer due to surface evaporation, and PRD
maintained\gigler moisture levels than surface drip across both seasons, likely due to reduced
wetted area afftl lower evaporation losses. Statistical indices confirmed a strong correlation
between observed and simulated soil moisture across all irrigation treatments and soil layers
under both surface drip and PRD systems. The validation results demonstrated the model’s
reliability and effectiveness in simulating soil water content under different irrigation methods.
The irrigation system and water treatment levels had consistent effects on lentil yield and total
dry matter in both seasons. The highest values were observed under full irrigation, while the
lowest occurred under severe deficit irrigation in both surface drip and PRD systems. Yield
and biomass reductions were mainly due to soil moisture deficiency, which limited
photosynthesis and overall plant performance. In the 2022 and 2023 growing seasons, the
model showed a strong correlation between observed and simulated yield and total dry matter
under full irrigation for both surface drip and PRD systems, with minimal deviations. Across
all irrigation treatments, simulated values closely matched observed data, indicating high



model accuracy. Statistical indicators confirmed excellent agreement and low error rates,
placing the model's performance in yield and biomass simulation within a highly reliable range.
Water productivity, defined as crop yield per unit of irrigation water, showed similar trends
across two seasons. The highest water productivity occurred under deficit irrigation treatments,
with the partial root-zone drying method outperforming surface drip irrigation. Statistical
analyses confirmed a strong correlation between observed and simulated water productivity,
with low error margins and good model efficiency. Overall, the SALTMED model accurately
simulated soil moisture, yield, dry matter, and water productivity for lentil under different
irrigation levels in both irrigation systems.
Conclusion

The highest yield was obtained under the 100% crop water requirement treatment.
However, the difference in yield between the 100% and 75% treatments was not statistically
significant, indicating that irrigation with 75% of the plant’s water requireme s not impose
significant water stress on lentil. Therefore, a 25% reduction in irrigation wate achieved
without a notable decline in yield. In the 2022—-2023 growing season, pa e drying
(PRD) irrigation increased yield by 11.743%, 13.76%, an8y15.55% compargl to surf@ce drip

moisture stress and enhancing yield. In the roductivity in PRD improved
by 11.59%, 13.74%, and 15.59% for the 100%, treatments, respectively, with a
mean increase of 13.75%. In the second season, it i d by 10.49%, 13.65%, and 15.61%,
respectively, with an average impro .61%. Over both years, water productivity
under PRD was 13.68% higher tharlgunder surfage drip irrigation. Although PRD slightly
outperformed surface drip in yield and odu®vity, the main benefit lies in saving 25%
of irrigation water by gaplying 75 r requirement. The SALTMED model
accurately simulated soil mgisture, ion, and yield under all three treatments
and both irrigatiorgsystems. for predicting crop growth, yield, and water
productivity unde minimal differences between observed and
simulated data. The Myhegt roductivity occurred under the 55% treatment, followed by
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