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Evaluation of SALTMED model in estimation of wheat yield under deficit
irrigation and salinity stress in arid areas (Case study: Birjand)

Hamid Reza Kamali', Mohammad Abdolahipourz*, Mohammad Javad Nahvinia®
1. Assistant Professor, Water Engineering Department, Minab higher education center, and member of Research Group of Agro-ecology in
Dry land Areas, University of Hormozgan, Minab, LR. of Iran.
2. Assistant Professor, Department of Water Engineering, College of Aburaihan, University of Tehran, Tehran, Iran.
3. Assistant Professor, Department of Water Sciences and Engineering, Faculty of Agriculture and Environment, Arak University, Arak, Iran.
Received: September, 14, 2021 Accepted: January, 06, 2022

Abstract

The application of modeling is an appropriate alternative for field experiments that save time and cost. SALTMED is a generic model for
modeling plants response to water and salinity stress. This study was done to evaluate the performance of SALTMED model for wheat plant
in an arid area in Birjand, South Khorasan Province. The treatments include water stress (50, 75, 100 and 120 percent of water requirement)
and salinity stress (1.4, 4.5 and 9.6 dS/m) in three replications. The statistical indices of measured and predicted yield showed the normalized
root mean square error (NRMSE) less than 10 percent and the coefficient of determination (R?) equal to 0.99 and 0.96 for model calibration
and validation, respectively. The model could also simulate the temporal variation of evapotranspiration and soil salinity profile during the
growing season accurately. Therefore, according to the results, SALTMED is an accurate model to predict the yield and plant reactions of
wheat under different water and salinity stress levels in the arid areas.

Keywords: Modeling, Plant reactions, Variation of evapotranspiration, Water stress.
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Figure 1. Schematic diagram of experimental design

Table 1. Physical and chemical proporites of experimental soil

Soil depth Initial moisture ECe

Bulk density

Soil FC PWP

(cm) pH (%) (dS/m) (g/cm’) SAR texture (%) (%) Sand  Silt  Clay
0-30 7.61 9.00 2.1 1.50 7.4 C-L 35.2 19.3 29.7 34,6 357
30-60 7.72 10.75 2.7 1.45 8.6 Si-C-L 323 18.2 10.1 52,6 373
60-90 7.78 11.75 2.9 1.39 9.7 Si-C-L 333 21.3 112 53.6 352
Table 2. Van Genuchten model parameters for experimental soil
Depth (cm) n a (1/cm) Kt (cm/d) Osat (%0) Ores (%0)
0-30 1.3861 0.0127 5.84 0.4184 0.0819
30-60 1.4527 0.0096 6.53 0.4483 0.0896
60-90 1.4835 0.0090 9.52 0.4593 0.0893
Table 3. Physical and chemical proporites of applied irrigation water
Well Cations (mg/lit) Anions (mg/lit)
number EC@Sm) — pH  SAR —= 4= o K CC__ HCO® o3’ 5047
1 1.4 8.0 7.4 2.2 1.7 10.2 0.05 7.2 3.1 0 4.1
2 4.5 7.8 8.6 14.0 4.8 26.5 0.3 21.2 8.3 0 16.5
3 9.6 7.7 9.7 27.6 12.8 43.8 0.8 53.5 10.6 0 20.8
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Table 4. Time and amount of applied irrigation water
for different irrigation treatments

Time of Irrigation treatments*

irrigation IN(mm) R(@mm) I3(mm) 4 (mm)
2005-11-16 30 30 30 30
2006-02-24 35 53 70 87
2006-03-10 38 57 76 95

-

*I1, 12, I3 and 14 treatments are 50, 75, 100 and 125% of water
requirement, respectively.
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Table 5. Applied irrigation water, rainfall and plant
water use for different treatments

Irrigation Irrigation Irrigation+ Plant
water water Rainfall water use

salinity” volumes™* (mm) (mm)

11 432 466

s 2 557 587

13 683 703

14 809 785

11 431 458

12 557 582

52 13 683 688

14 809 781

11 431 453

S3 12 557 575

13 683 686

14 809 774

* and ** S1, S2 and S3 are salinity treatments of 1.4, 4.5, and 9.6
dS/m, respectively and I1, 12, I3 and I4 are irrigation treatments of
50, 75, 100 and 125% of water requirement, respectively.
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Table 6. Total dry matter, yield dry matter, leaf area index and harvest index in calibration process

Salinity Irrigation Total dry matter Yield dry matter Harvest Leaf area index

treatment treatment (kg/ha) (kg/ha) index (HI) Initial Development End
11 11990 2765 0.23 1.0 2.7 1.8

s 12 13030 3777 0.29 1.0 32 2.1
13 14010 4586 0.33 1.0 4.0 3.0

14 14490 4592 0.32 1.0 4.0 3.0

11 9800 2151 0.21 1.0 23 1.4

3 12 10820 2942 0.27 1.0 29 1.9
13 11040 3607 0.31 1.0 34 2.4

14 11540 3559 0.30 1.0 35 2.5
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Table 7. Comparison of measured and predicted yield
(kg/h) after model calibration

Salinity Irrigation Predicted Measured yield
treatment treatment yield (kg/h) (kg/h)
11 2758.0 2765.0
s1 2 3778.0 3777.0
3 4623.0 4586.0
14 4782.0 4592.0
11 2064.0 2151.0
$3 2 2921.0 2942.0
13 3546.0 3607.5
14 3463.0 3559.0
5000
y =1.07x-257.42
5 4000 o
% NRMSE= 2.4%
)
4
E 3000
2
< 2000
2
.2
T 1000
Ay
0
0 1000 2000 3000 4000 5000
Measured yield (kg/ha)
Figure 2. Correlation of measured and predicted yield
(kg/h) (calibration)
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Figure 3. Change in total evapotranspiration (ETc), potential transpiration (t) and potential bare soil evaporation (Es)
during plant growing season for irrigation treatment of 100% ET and salinity treatment of 1.4 (dS/m)
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Figure 4. Change in salinity ratio during plant growing season for irrigation treatment of 100% ET and salinity
treatment of 1.4 (dS/m)
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Table 8. Harvest index (HI) equations as a function of
EC (dS/m) for different irrigation treatments

Irrigation treatments Equation

I1 HI=-0.0024 EC + 0.2334
12 HI=-0.0024 EC + 0.2934
I3 HI=-0.0024 EC + 0.3334
14 HI=-0.0024 EC + 0.3234
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Table 9. Leaf area index (LAI) equations as a function
of EC (dS/m) in mid-stage (LAl,;p) and end-stage
(LAIgnp) of growing season for different irrigation

treatments
LAlin Irrigation Equati
growth stage treatments quation

I LAI=-0.4880 EC +2.7683

LALup 2 LAI=-0.0366 EC +3.2512
3 LAI=-0.0732 EC +4.1024
14 LAI=-0.0610 EC +4.0854
11 LAI=-0.0488 EC + 1.8683

LAl 2 LAI=-0.0244 EC +2.1341
3 LAI=-0.0610 EC +3.0854
1 LAI=-0.0732 EC +3.1024
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Dewedar, O. M., & Hozayn, M. (2021). Field

and modelling study for deficit irrigation

strategy on roots volume and water

productivity of wheat. Journal of Water and
Land Development, 49(4-6), 129-138.
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Table 10. Indices of harvest index and leaf area index for
different irrigation treatments as model input data

Irrigation Harvest Leaf area index

treatment index Initial Development End
11 0.22 1.0 25 1.6
12 0.28 1.0 34 2.0
13 0.32 1.0 3.8 2.8
14 0.31 1.0 3.8 2.8

Table 11. Measured and predicted yield (kg/h) for
salinity treatment of 4.5 (dS/m)

-

Irrigation treatment Predicted yield Measured yield
11 23129 2284.0
12 3183.0 3405.0
13 3740.0 3894.5
14 3634.0 4154.0
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= 3000
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Figure 5. Correlation of measured and predicted yield
(kg/h) for salinity treatment of 4.5 (dS/m) (validation)
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Figure 6. Comparison of measured (points) and predicted
(lines) soil salinity (dS/m) in different soil depths
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