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Introduction

Khuzestan plain as one of the fertile regions in Iran is suffering from some problems such as soil
salinity and water deficit. The most important irrigated crop in Khuzestan is wheat and its average
yield in the southern parts of Khuzestan reaches 2 to 3 t hal. Irrigation management and optimal
conditions, however, should be provided to reduce both water and salinity stresses in the crop yield
in the region. To introduce the best irrigation schedule for wheat in the study area, we applied the
AguaCrop model to simulate the irrigation scheduling for the crop. The aims were to (1) calibrate
and validate the model, (2) determine the appropriate irrigation scheduling for wheat to improve
water productivity and increase grain yield, and (3) also evaluate the performance of the model.

Methodology

To achieve the aims of the research, the Elhai region was selected in almost the provincial center
with the coordinates of 31° 38' N and 48° 37' E. The AquaCrop model was, then, used for simulating
grain yield and water productivity. This model required daily climate data, phonological and
agronomic data, soil characteristics, irrigation water, and groundwater data to be able to simulate the
plant and soil parameters. A field experiment was conducted in the Elhai area for collecting the data
as was mentioned above (as model inputs) during the wheat growth season (2014-2015). Two farms
with different soil characteristics were selected for this purpose. However, in order to calibrate and
validate the model, more data was needed. Therefore, two other field experiments were carried out in
the site of Veys. Consequently, one farm was used for calibration and three farms were, in turn, used
for the validation of the model. Sampling from soil profile (1.2 m) was carried out in the growing
season. Water and ground water samples were, then, taken in each irrigation event. In order to be
able to assess the irrigation scheduling scenarios accurately, it was necessary to consider a wide
range of events, times and amounts of water in simulating scenarios. In this case, ten scenarios were
run for simulating the grain yield and water productivity for a 12-year period (2003-2014) in farm 1
of Elhai (Table 1).
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Results and Discusion

According to the results of Table 2, there was a good fit for canopy cover and biomass between
the measured and simulated values, but for the soil water content parameter, the data conformance
was between moderate to good. This was due to the variability of the soil from one location to
another in its actual condition, which was, in turn, as a result of non-homogeneity of soil (Jefferies &
Been, 2016). However, as the difference was not significant in this study, the degree of compliance
of the data was, thus, acceptable. Table 2 also shows the values of validation indices. According to
the table, in each of the three parameters, the degree of agreement of the measured and simulated
values were between good to very good. In Figure 1 (A), the results of simulation of grain yield for
the scenarios are shown. The figure shows that grain yield in scenarios 9 and 10 (with about 4.9 t ha-
1) was significantly higher than that of other scenarios (with at least 4.2 t h in scenario 5). The
appropriate time and event of irrigation were the factors influencing yield increase in scenarios 9 and
10 (Table 1). Consequently, the effective root zone (ERZ) always had the sufficient moisture (Ferjani
et al., 2013). On the other hand, irrigation scheduling in these two scenarios was arranged to reduce
the water and salinity stresses in ERZ (Fernandez-Cirelli, 2009). Thus, the yield loss due to drought
and salinity was minimized compared to other scenarios. The effect of simulated scenarios on water
productivity is shown in Figure 1 (B). The results revealed that the highest amounts of water
productivity was obtained in scenarios 9 and 10 (the highest value was 1.14 and the least value was
1.04 kg m™®). The results of some studies, including Benabdelouahab et al., (2016) in Morocco with
semi-arid conditions, and Andarzian et al., (2011) and Mohammadi et al., (2016) in Iran showed that
AguaCrop model was an appropriate tool for simulating the grain yield and water productivity in
relation to irrigation management in salinity conditions.

Table 1- Irrigation scheduling scenarios (events, times, and amount of water applied)
in the Elhai region

Scenarios Irrigation events (DAS)™ Irrigation Irrigation
times amount (mm)
1 1, 25, 60, 90, 115 5 400
2 1, 30, 60, 90, 115 5 400
3 1, 30%, 60, 90*, 115* 5 450
4 1, 30, 60, 80, 95, 115 6 450
5 1, 30%, 607, 80*, 95*, 115* 6 500
6 1, 25, 50, 75, 90, 115 6 500
7 1, 25, 50, 65, 80, 95, 115 7 500
8 1, 25%, 50%, 65%, 80*, 95%, 115 7 550
9 1, 20, 40%, 60*, 80%, 95*, 115* 7 600
10 1, 20*, 40, 60, 80*, 95*, 115* 7 650

“Reference irrigation scenario which has been applied in the field; ™ DAS: days after
sowing, (+): means more watering at that stage compare with the previous scenario.

Table 2- Statistical indices of the measured and simulated values for the variables

Indicator Soil Water Content Canopy Cover Biomass
Calibration Validation*  Calibration Validation Calibration Validation
r 0.82 0.97,0.96,0.88 0.98 0.98,0.99,0.98 0.99 0.98,0.97,0.99
RMSE** 8.10 5.9,10.0,7.0 7.40 4.40,6.1,7.3 1.00 0.7,0.8,0.7
NRMSE (%) 5.00 3.8,6.6,4.3 13.0 9.20,15,12.6 11.4 9.3,11.2,8.3
EF 0.65 0.90,0.82,0.73 0.94 0.94,0.85,093 0.95 0.95,0.92,0.98
d 0.90 0.98,0.96,0.93 0.99 0.98,0.96,0.98 0.99 0.99,0.98,0.99

*for three farms. **Units for SWC, Canopy Cover, and Biomass are (mm water), (%), (t ha'), respectively.
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Fig. 1- Simulated grain yield and water productivity in the scenarios during 2003-2014

Conclusions

In the present study, the AquaCrop model was run to determine the proper irrigation schedule for
wheat through the simulation of different scenarios for the years 2003-2014. To collect data for the
model input, a field experiment was conducted in Elhai region during the wheat growth season
(2014-2015). The model was first calibrated and validated. The evaluation results showed that the
model was able to predict the development of crop canopy, biomass, and soil moisture changes in the
experimental conditions. Then, the simulation results of irrigation scheduling scenarios were
evaluated. It was found that scenarios 9 and 10 (with 7 irrigation events and 600-650 mm water
amounts) were significantly better than other scenarios in terms of the grain yield and water
productivity.
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Table 1- Soil water content and soil salinity (ECe, dS m1) at the beginning of the growing season (2014-

2015)
Soil depth Elhai Veys
(cm) Farm 1 Farm 2 Farm 1 Farm 2
SWC EC. SWC ECe SWC EC. SWC EC.
0-30 28 7.1 27 10 28 44 30 4.0
30-60 31 6.8 29 9.7 30 2.2 36 2.0
60-90 31 8.8 30 10.7 28 2.1 45 1.8
90-120 26 9.5 25 11.7 25 1.7 47 1.7
\FAF-AE elh) bad (Sl Gadond bl & Olwgas S p-Y Juo
Table 2- Soil physical characteristics in the studied region
Site Depth  Textural PWP FC SP BD
(cm) Class (Vol. %) (gcm3)

0-30 CL 22 37 47 1.40

30-60 CL 24 37 48 1.42

60-90 CL 24 37 46 1.43

90-120 CL 21 36 47 1.39

0-30 CL 23 38 48 1.39

30-60 SiCL 23 38 48 1.38

60-90 SiL 17 33 46 1.41

90-120 SiCL 20 37 49 1.36

0-30 L 16 32 47 1.42

30-60 L 15 30 45 1.45

60-90 L 9 24 45 1.46

90-120 SaL 10 22 44 1.48

0-30 CL 18 34 47 1.40

30-60 L 17 31 45 1.45

60-90 CL 20 35 48 1.39

90-120 CL 22 37 48 1.38
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Table 3- Values of default for wheat used for calibrating AquaCrop

Parameter Value Unit/meaning
Base Temperature 10 °C
Upper Temperature 30 °C
Canopy cover per seedling 15 cm? plant?
Length building up HI 40 day
Shape factor root zone expansion 15 Unit less
Effect of canopy shelter in late season 60 %
Crop transpiration coefficient (well watered crop) 11 Unit less
Normalized crop water productivity (WP™) 15 gm?

Canopy expansion coefficients
P (upper) 0.25 % (of TAW)
P (lower) 0.55 % (of TAW)
shape factor 3 Unit less
Stomatal closure coefficients
P (upper) 0.65 % (of TAW)
shape factor 3 Unit less
Early canopy senescence coefficients

P (upper) 0.85 % (of TAW)
shape factor 3 Unit less
Water stress coefficient during flowering (p-upper) 0.90 % (of TAW)

TAW: total available water at root zone
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Table 4- Values of masured parameters obtained from the farm 1 in Elhai (2014-2015)

Parameter Values Unit or meaning
Initial Canopy Cover (CCo) 7.95 %
Plant density 235 kg seed ha'!
Maximum canopy cover 92 %
Reference Harvest Index (HI0) 0.35 Unit less
Time from sowing to emergence 7 day
Time from sowing to maximum canopy 85 day
Time from sowing to flowering 91 day
Duration of flowering 12 day
Time from sowing to senescence 105 day
Time from sowing to maturity 145 day
Canopy decline 42 day (very slow)
Canopy decline coefficient (CDC) 6.8 day
Canopy expansion - slow
Minimum root zone 30 cm
Maximum root zone 60 cm
Time from sowing to maximum rooting depth 85 day

Salinity stress (ECe thresholds)
Temperature stress
Fertility stress

- not considered
- not considered
- not considered
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Fig. 1- The observed and simulated values for A) soil water content, B) canopy cover, and C) biomass in
the model calibration

(A 30 S (mwily Sy cabls” b 31 Obo) CabbdS b ool (S 3lwdands 9 (5 o5 031! 9 OlAo 1 ki g dung o -1 5
ologw (C 9 3llasle gy (B s O Hlude

Jho (w9 (815 b ol s ool (8 3lwdunds § (S 50 31N (S03IS (ST (S asli polie -0 S
Table 5- Statistical indices the measured and simulated values for calibration of the model

Indicator ch(l)r\]/t\éar;[ter Canopy Cover Biomass
R 0.82 0.98 0.99
RMSE* 8.10 7.40 1.00
NRMSE (%) 5.00 13.0 114
EF 0.65 0.94 0.95
D 0.90 0.99 0.99

*The units for SWC, Canopy Cover, and Biomass are (mm water), (%), (t hat), respectively

Sl o Zoaly isw ) ol C)Ja.n Lg)LcT sl 2t ls cuol yalyly
lapasld cpl palie (7) Jodo a8 030 e i Jo (orias)liis]
Fahl dw a3 (Joto Billas md oo LS el )l dw gl
S B ogs oo (gilwandd g (g pSo03lul polie sllail o5

Jobo i sl

S L:)T e o (gilwdnss g (gyS05l0l polde o Laily,

5 d);b)'l.ﬁl )l) J..\A W)Lu.cl d‘).g u»LoyJ 9 )l.b‘dul.w u.w.»y
odd o2y (LS (V) UG 3 (Lms 99 9 S5 g 2l 90 g)l5e

o3yl o)y duslie 3 ol cawddy (R?) s ol ps sl

dw yb Gilwand g gpS0ilul polie o 0 (LS (S



DOI: 10.22055/jise.2018.23252.1650

-LS)}°}€-{‘LEJ‘)}E:‘“‘{L§)[:{TL§}1)MUJ{

ZQ‘)&«A} 4.&;

=
©
o

Simulated (mm)
b e e e
5 5 5 B
g g8 3 8

-
N
S

R?=0.92

.
w
S

tvy=114X-2038

Simulated (%)

100

80 -

60 1

40

20 1 Y =091X+8.28

R?=0.99

130 140 150 160 170 180

Observed (mm)
14

190

0 20 40 60 80
Observed (%0)

100

C

12 4

-
o

Simulated (t ha1)

Y =0.87 X +1.07
R?=0.95

0 2 4

6 8

10 12 14 16

Observed (t ha'l)
Fig. 2- Comparison between the observed and simulated values for A) soil water content, B) canopy
cover, and C) biomass in the model validation
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Table 6- Statistical indices the measured and simulated values for validating the model

Indicator Veys-farm 1 Veys-farm 2 Elhai-farm 2
SWC CC B SWC CC B SWC CC B
r 0.97 0.98 0.98 096 099 097 088 0.98 0.99
RMSE* 590 440 070 100 6.10 0.80 7.00 7.30 0.70
NRMSE (%) 3.80 9.20 930 6.60 150 11.2 430 126 8.30
EF 090 094 095 082 085 092 073 093 0.98
D 098 098 0.99 096 096 0.98 093 0.98 0.99

*The units for SWC, Canopy Cover (CC), and Biomass (B) are (mm water), (%), (t ha*), respectively.
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Table 7- Irrigation scheduling scenarios (events, times, and amount) in the farm lin Elhai

Scenarios? Irrigation events (DAS)? Irrigation times  Irrigation amount
(mm)
1 1, 25, 60, 90, 115 5 400
2 1, 30, 60, 90, 115 5 400
3 1, 30%, 60, 90*, 115* 5 450
4 1, 30, 60, 80, 95, 115 6 450
5 1, 30*, 60*, 80*, 95*, 115* 6 500
6 1, 25, 50, 75, 90, 115 6 500
7 1, 25, 50, 65, 80, 95, 115 7 500
8 1, 25*, 50*, 65*, 80*, 95*, 115 7 550
9 1, 20, 40*, 60*, 80*, 95*, 115* 7 600
10 1, 20%, 40, 60*, 80*, 95*, 115* 7 650

2 Scenarios 1-3 are according to the traditional managements, “Reference irrigation scenario which has been applied in the
field; ® DAS: days after sowing, dates coinciding: 1= sowing, 30= tillering, 60= stem elongation, 90= flowering, 115= grain

filling; and (+): means more watering at that stage compare with the previous scenario.
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Fig. 3- The simulation of grain yield and water productivity in the irrigation scenarios during 2003-2014
in Elhai Region
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