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Introduction

Scarcity of water resources in the entire country is more serious in the northern provinces like
Golestan. Therefore, farmers have to use saline water or waste waters. One way to adapt to this
condition is to use unconventional water such as Caspian Sea water, with lower salinity as compared
with water from free seas, for common crops like soybean. Thus feasibility of using Caspian Sea
water that has integrated with narrow common water and the calibration of Aquacrop model under
the effect of salinity and water stress for soybean crop in Golestan province are more important. The
Aquacrop model assumes a linear relationship between the biomass yield (BY) and crop transpiration
one one hand and water productivity (WP) value on the other (Steduto and Albrizio, 2005). This
model, as compared to other crop models, requires minimal input data and its new version 4.0 (June,
2012) has a salinity module which was used in this research to simulate the grain yield (GY) and WP
of soybean under deficit and saline water irrigation. Furthermore, the AquaCrop model has not often
been tested to simulate the yield of soybean under saline conditions in the semi-arid climate of
Golestan province. This study aims at evaluating the efficiency of AquaCrop model in soybean yield
simulation. The results are to be used for optimizing water consumption under water and saline
stress. To this end, an experiment was carried out at the research farm of Gorgan University of
Agricultural Sciences and Natural Resources.

Methodology
Site description

The experimental area for this study was the research farm of Gorgan University of Agricultural
sciences and Natural Resources. The study was conducted in summer. The experimental farm is
located between 54° 27’ 06" E longitude and 36° 58’ 25” N latitude at an average elevation of 13 m
above sea level.
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Field managements

The experiment was laid in randomized complete block design (RCBD) in split plots.. Three
irrigation levels of 75 %, 100 % and 125 % of crop water requirement and three salinity levels of 0.6
dS/m, 5 dS/m (salinity threshold tolerated by soybean) and 8dS/m (over the threshold)were
considered in three replications in basins with 3 x 3 meters surface and totally 27 plots with an area 9
m? each. The spacing between plants in each row was 35-40 cm and the spacing between the rows
was 7 cm. The Caspian Sea water (ECw: 31.2 dS/m ) was mixed with an appropriate proportion of
well water (ECw: 0.86 dS/m ) to prepare the water with desired salinity (5 and 8 dS/m ).

The AquaCrop model

The Aquacrop model needs different input parameters including the data regarding climate, crop,
soil, and field management. Using data of full irrigation level and no salinity, the AquaCrop model
was calibrated for soybean in Gorgan. The model simulation results of soybean GY, BY and WP
were compared with the actual data from the field experiment during the calibration process. The
goodness of fit between the simulated and actual data was confirmed using the coefficient of
determination statistics. The coefficient of determination (R?), mean absolute error (MAE), root
mean square error (RMSE), and model efficiency (E) were applied as the model evaluation for the
calibration process. The R* and E were applied to achieve the predictive power of the model while
the MAE and RMSE indicated the error in model estimation.

Results and Discussion

Irrigation water depth, crop water use, grain yield, above Aerial biomass, (WP) and
irrigation water use efficiency (IWUE) under different irrigation levels (75, 100 and 125
percent) are shown in Table (1). The lowest grain yield and biomass were observed to be
2.03 and 2.63 (ton/ha) in 13S3 treatment and the highest were 8.14 and 13.4 (ton/ha) under
1,S; treatment, respectively. Water productivity (WP) ranged from a minimum of 6.06
(Kg/m®) to a maximum of 29.82 (Kg/m®) . Water productivity for full irrigation with no
salinity (1,S;) was the highest, whereas this parameter for 13S; treatment was the lowest.

Table 1- Grain yield and above ground biomass, water productivity (WP), irrigation water use efficiency
(IWUE) under different irrigation levels and salinity

Irrigation Crop Grain

Parameters water water use yield Biomass Wp IWUE
irrigation Tevel 75%(1) (mm) (mm) ton/ha ton/ha Kg/m® Kg/m®
S, 187 210 6.01 7.87 28.62 32.14
S, 187 210 3.84 457 18.29 20.53
S3 187 210 3.25 3.71 15.48 17.38

Irrigation level 100%(1,)
S 250 273 8.14 13.4 29.82 32.56
S, 250 273 6.82 11.15 24.98 27.28
S; 250 273 6.15 10.02 22.53 24.60

Irrigation level 125%(13)
S 312 335 6.07 7.13 18.12 19.46
S, 312 335 4.47 5.01 13.34 14.33

Ss 312 335 2.03 2.63 6.06 6.51
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Table 2- Evaluation of the Aguacrop model for biomass simulation
Biomass  Biomass

Treatment ~ Observed Simulated  RMSE E MAE R?
(Ton/ha)  (Ton/ha)

1,S; 7.87 8.26

1S, 457 5.57

1,S; 3.71 4.88

1,S: 13.4 13.21

1,S, 11.15 11.94 0.95 0.92 0.87 0.9895
1,S; 10.02 10.63

13S; 7.13 8.4

15S, 5.01 6.47

13S; 2.63 3.56

Table 3- Evaluation of the Aquacrop model for grain yield simulation

Grain Grain
yield yield 2
Treatment Observed  Simulated RMSE E MAE R
(Ton/ha)  (Ton/ha)
1,S; 6.01 6.26
1S, 3.83 4.18
1,S; 3.25 3.31
1,5, 8.14 8.35
1,S, 6.82 7.56 0.4 0.95 0.33 0.9865
1,55 6.15 6.74
155, 6.07 6.18
1S, 4.47 4.67
15S; 2.03 2.53

AquaCrop model

The observed and simulated data of GY and BY for all treatment combinations are shown in
Tables (2,3). As observed in Tables (2) and (3), the model was calibrated for simulation of GY and
BY for all treatment levels 0.93<E<0.97, 0.4<RMSE<0.95, 0.33<MAE<0.87 (ton/ha) and
0.986<R?<0.989. Based on the results, it is clear that the simulation of grain yield has a higher
accuracy compared to biomass, Also, by increasing the applied stress level, the simulation error of
model would be higher so that the prediction error in treatment 1,Ss, 1,S; and 15S; is the greatest and,
totally, the best simulation in grain yield and biomass is for the I,S; treatment. The 13S; treatment, on
the other hand, has the most fouls. It can be concluded that the effect of salinity stress on grain yield
and biomass is more than the effect of drought stress.

Conclusions

AguaCrop model was calibrated for GY and BY under different irrigated saline levels and three
irrigation depths. The model calibration results for GY and BY were in line with the actual values as
evidenced from the prediction error statistics. However, the GY and BY for all treatments was over-
predicted by the AugaCrop model. We conclude that the accuracy of the AugaCrop model for GY
and BY simulation in water stress condition is better compared to salinity stress condition.
Nonetheless, from the comparison between the results of the experiment and modeling, it can be
concluded that the AquaCrop model can be used to estimate the soybean yield with appropriate
accuracy under varying depths and saline irrigation water.
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Table 1- Climate parameters at the Hashemabad Meteorological Station.

Average Relative Average
Average Temperature . A wind
Humidity (RH) Rain verage

Months Sunshine  speed at
Min Max Min Max (mm) daily 10

0 0 0 0 (hr) meters

(Ch) (CY) (Ch) (Ch) (m/s)
may 15.6 28.4 48 82 15 7.6 3.3
june 24 33.1 43 77 442 8.9 3.9
july 24.1 33.5 49 75 1.3 7.4 3.7
august 23.6 34.9 46 75 13.2 1.1 3.3
september 233 33.9 51 80 12 8.3 3.7
october 15 26.2 52 87 38.1 5.1 3.9

b3l 3580 S (2loud 9 (K 3 Dlasele ¥ Jyor
Table 2- Soil physical and chemical characteristics

Soil Depth (Cm) 0-30 30-60
Clay (%) 36 35
Sand (%) 6 5
Silt (%) 58 60

Physical ~ Soil Texture Si.C.L Si.C.L
FC (cm’ cm™) 44 445
PWP (cm’ cm™) 23 23.2
0s (cm® cm™) 55.3 55

Cromical ECUSM) 180G

0s: Saturated water content, FC: Field Capacity, PWP: Permanent Wilting Point, EC: Electrical Conductivity, OM:
Organic Matter, Si.C.L: Silty clay loam

o bedT 58 0uldd 5 574 5B Sb S ST 9 (Wald) 39290 T (lowd Dl 5 Lrwgio -1 Jaie>
Table 3- Chemical properties of tube well water (Control) and source of saline water (Caspian Sea

water)
Water EC PH SAR Na' Ca® Mg? K SO,/ HCO; CI
(dS/m)
meq/L
Well 0.86 7 014 027 44 28 048 07 7 1

Sea 26.6 8 36 2379 252 61.71  8.21 245 31.5 221
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Table 4- grain yield and biomass in different irrigation and salinity levels
L Grain
Irrigation  Crop yield Biomass Wp IWUE

Parameters water water use
Trrigation Tevel 73%(1) (mm) (mm) ton/ha ton/ha Kg/m® Kg/m®

S 187 210 6.01 7.87 28.62 32.14

S, 187 210 3.84 4.57 18.29 20.53

Ss 187 210 3.25 3.71 15.48 17.38
Irrigation level 100%(1,)

S 250 273 8.14 13.4 29.82 32.56

S, 250 273 6.82 11.15 24.98 27.28

Ss 250 273 6.15 10.02 22.53 24.60
Irrigation level 125%(13)

S 312 335 6.07 7.13 18.12 19.46

S, 312 335 4.47 5.01 13.34 14.33

Ss 312 335 2.03 2.63 6.06 6.51

Je 50 0ud 3519 (AL S elil -0 Jou
Table 5- Plant parameters that given to the model

Parameters Default Measured Unit
Row Spacing 35 Cm
Plant Spacing 7 Cm
Planting 2014/6/11
Sprout 2014/6/20
Harvesting 2014/10/21
Maximum canopy cover 70 %
Maximum canopy cover time 72 Day
Maximum deep root 155 Cm
Maximum deep root time 92 Day

Reduce canopy cover

104 Day
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Table 6- Calibrated values of AquaCrop model

Parameters Treatment Calibrated Unit
values

Water productivity (WP") 15 gr/m3
Reference harvest index (HI,) LS, 80 %
Max. crop canopy (CCX) 66 %
Water productivity (WP") 15 gr/m’
Reference harvest index (HI,) LS, 78 %
Max. crop canopy (CCX) 57 %
Water productivity (WP") 15 gr/m’
Reference harvest index (HI,) LS; 68 %
Max. crop canopy (CCX) 56 %
Water productivity (WP") 18 gr/m’
Reference harvest index (HI,) LS, 66 %
Max. crop canopy (CCX) 98 %
Water productivity (WP") 19 gr/m’
Reference harvest index (HI,) LS, 63 %
Max. crop canopy (CCX) 69 %
Water productivity (WP") 17 gr/m’
Reference harvest index (HI,) LLS; 63 %
Max. crop canopy (CCX) 70 %
Water productivity (WP") 15 gr/m’
Reference harvest index (HI,) 1S, 74 %
Max. crop canopy (CCX) 68 %
Water productivity (WP") 15 gr/m’
Reference harvest index (HI,) 1;S, 71 %
Max. crop canopy (CCX) 57 %
Water productivity (WP") 15 gr/m’
Reference harvest index (HI,) 1S, 50 %
Max. crop canopy (CCX) 52 %
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Table 7- Comparison of measured and simulated grain yield and biomass of soybean’s

Observed data Simulated data Model
= = predicted Mg.deld
. 10mass : 10mass redicte
Treatment Grain Grain error For 2rror For
yield yield v biomass
(ton/ha) (ton/ha) ~ 8rain yield %)
(ton/ha) (ton/ha) N °
(%)
I;S, 6.01 7.87 6.26 8.26 4.16 4.96
1;S, 3.83 4.57 4.18 5.57 9.14 21.88
I;S; 3.25 371 3.31 4.88 1.85 31.54
IS, 8.14 13.4 8.35 13.21 2.58 1.42
LS, 6.82 11.15 7.56 11.94 10.85 7.09
1,S; 6.15 10.02 6.74 10.63 9.59 6.09
I;S; 6.07 7.13 6.18 8.4 1.81 17.81
I;S, 4.47 5.01 4.67 6.47 4.47 29.14
I;S; 2.03 2.63 2.53 3.56 24.63 35.36
ovloga 3 hos (S lwdmeds 53 Jo (U7 LI -A Joo
Table 8- Evaluation of the Aquacrop model for biomass simulation
Biomass Biomass
Treatment Observed Simulated RMSE E MAE R?
(Ton/ha)  (Ton/ha)
I;S; 7.87 8.26
IS, 4.57 5.57
I;S; 3.71 4.88
IS, 13.4 13.21
LS, 11.15 11.94 0.95 0.92 0.87 0.9895
1,S; 10.02 10.63
1;S,; 7.13 8.4
1;S, 5.01 6.47
1;S; 2.63 3.56
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Simulated biomass (ton/ha)
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Observed biomass (ton/ha)

® |1S1 ® 1182 ® 1S3
® 281 ® 1252 ® 12S3
® |[3S1 ® [3S2 ® |[3S3

Fig. 1- Model calibration results for biomass in all treatments
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Table 9- Evaluation of the Aquacrop model for grain yield simulation
Grain Grain

yield yield s
Treatment ) RMSE E MAE R
Observed  Simulated

(Ton/ha)  (Ton/ha)

IS, 6.01 6.26
LS, 3.83 4.18
I;S; 3.25 3.31
LS, 8.14 8.35
LS, 6.82 7.56 0.4 0.95 0.33 0.9865
LS; 6.15 6.74
IS, 6.07 6.18
IS, 4.47 4.67

I5S; 2.03 2.53
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Fig. 2- Model calibration results for grain yield in all treatments
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