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Evaluation of SWAP model in estimating soil water content, salinity and

yield of three forage maize cultivars under saline water use conditions
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Abstract

In order to evaluate the SWAP model a study was conducted in 2017 in the farm of the Department of Irrigation and Reclamation Engineering,
University of Tehran, located in Karaj as a factorial experiment in a randomized complete block design. The treatments consisted of three maize
hybrids SC-704, SC-400 and SC-260 (V1, V2 and V3, respectively) and three levels of irrigation water salinity 0.7, 3 and 5 dS m™ (S1, S2 and S3,
respectively). In each maize cultivar, for the model calibration, the crop yield data measured in the field from the salinity level of irrigation water 3 dS
m™" and for its validation, the salinity levels of 0.7 and 5 dS m™ were used. Also, to evaluate the model in estimating soil moisture and salinity, field
data of V1S2 (calibration) and V1S3 (validation) were used. Based on the obtained results, SWAP model has a good performance in estimating soil
moisture so that in the validation stage in three soil layers (0-20, 20-40 and 40-60 cm) with RMSE (Root Mean Square Error) of 0.03, 0.03 and 0.04
cm cm” respectively and has a good accuracy in predicting soil salinity of 0-20 ¢cm surface layer (RMSE= 0.67 mg cm™) but with increasing soil
depth, the accuracy of the model decreases so that RMSE of 1.16 and 1.19 mg cm™ were obtained in two layers of 20-40 and 40-60 cm, respectively.
The SWAP model detected the inherent differences between different cultivars of maize and the best simulation results were obtained for SC 704.

Keywords: Crop growth modeling, Drip irrigation, Maize cultivars, SWAP model.
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Figure 1. Location of studied farm and meteorological station
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Table 1. Soil physical and chemical properties of
experimental field

L Soil depth (cm)

Determination 020 2040 20-60
Sand (%) 30 28 33
Silt (%) 40 42 38
Clay (%) 30 30 29
Soil texture Clay loam Clay loam  Clay loam
FC (% volume) 30.2 29.8 29.5
PWP (% volume) 13.5 13.5 13.7
Ks (cm d™) 12.77 12.75 10.57
Bd (g cm™) 1.35 1.40 1.41
EC (dSm™) 0.967 1.08 1.06
pH 7.71 7.83 7.81
Organic matter (%) 1.6 1.4 1.2

Bd: Bulk Density, Ks: Saturated Hydraulic Conductivity, FC: Field
Capacity, PWP: Permanent Wilting Point, EC: Electric Conductivity
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Figure 2. Schematic of the experimental design and placement of treatments and its replicates; bold lines mark the

irrigation pipes of each replicate
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Table 2. Details of major activities and measured irrigation amount of three forage maize cultivars tested

Maize cultivars \%! V2 V3
Date of sowing 12 Jun 2017 12 Jun 2017 12 Jun 2017
Number of irrigations 28 23 23
Depth of irrigation (mm) 654.81 568.98 568.98
Rainfall during crop period (mm) 6.8 6.8 6.8
Date of harvesting 20 Sep 2017 5 Sep 2017 5 Sep 2017
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Figure 3. Weekly meteorological data during the crop growth period for 2017 in the research farm

Table 3. Mualem-van Genuchten parameters describing the hydraulic properties of soil in the study farm

Soil Topsoil (cm) Subsoil (cm)
0-20 20-40 40-60
Residual water content, ORES (cm’ cm™) 2 0.0809 0.0801 0.0773
Saturated water content, OSAT (cm’® cm™) ' 0.4445 0.4432 0.4267
Parameter alpha of main drying curve, ALFA (cm™) ? 0.0097 0.0087 0.0103
Parameter n, NPAR 2 1.4950 1.4982 1.4784
Exponent in hydraulic conductivity function, LEXP > 0.5 0.5 0.5
Saturated hydraulic conductivity, (cm d™) " 12.77 12.89 9.57

1. Measured; 2. Calibrated; 3. SWAP default; * RETC software (Van Genuchten et al., 1991)
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Table 4. Crop input data of SWAP model for three forage maize cultivars of 704, 400 and 260 (V1, V2 and V3) studied
in the research in 2017

Main input data

Maize cultivars

V1 V2 V3

GENERAL SECTION

Simulation period

Concentration of irrigation water, (mg cm™) '
CROP SECTION

12 Jun — 14 Oct 12 Jun — 14 Oct 12 Jun — 14 Oct
0.45,1.92,3.20 0.45,1.92,3.20 0.45,1.92,3.20

Date of crop emergence, CROPSTART ' 17 Jun 2017 17 Jun 2017 17 Jun 2017
Date of crop harvest, CROPEND ' 20 Sep 2017 5 Sep 2017 5 Sep 2017
Maximum rooting depth, RDS (cm) ' 60 60 60
Maximum crop height (cm)’ 265, 265, 255 205, 205, 200 250, 230, 220
Crop reflection coefficient, ALBEDO ? 0.3 0.3 0.3
Minimum canopy resistance, RSC (s m™) 131 131 131
Temperature sum from emergence to anthesis, TSUMEA (C) 2 1200.15 1100.15 975.15
Temperature sum from anthesis to maturity, TSUMAM (C) * 800.25 620 755
Initial total crop dry weight, TDWI (kg ha™) * 20 20 20
Leaf area index at emergence, LAIEM (m* m?) * 0.04836 0.04836 0.04836
Maximum relative increase in LAI, RGRLAI (m* m?d") 0.10519 0.15531 0.08788
Life span under leaves under optimum conditions, SPAN (d) 2 36 30 33
Extinction coefficient for diffuse visible light, KDIF * 0.6 0.65 0.6
Extinction coefficient for direct visible light, KDIR ? 0.75 0.72 0.75
Light use efficiency for real leaf, EFF (kg CO, J"' adsorbed) * 0.6 0.69 0.54
Threshold salt concentration in soil water, SALTMAX (mg cm™) * 6.845 2.820 2.690
Decline of root water uptake above threshold, SALTSLOPE (mg cm™) 0.025 0.053 0.053

1. Measured; 2. Calibrated; 3. SWAP default; * Khoshsimaie chenar and Noory (2021)
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Figure 4. Irrigation input data of SWAP model for three forage maize cultivars of 704, 400 and 260 (V1, V2 and V3)
studied in the research farm in 2017
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Table 5. Specific leaf area (ha kg'l) of SWAP model input for three forage maize cultivars of 704, 400 and 260 (V1, V2
and V3) studied in the research farm in 2017

SLA in different water salinity

Maize Cultivars DVS 9 33
0 0.0030 0.00026 0.0014
0.66 0.0011 0.0011 0.0011
0.84 0.0011 0.0014 0.0014
Vi 0.9 0.0007 0.0007 0.0007
1.1 0.0008 0.001 0.001
1.64 0.0008 0.001 0.001
1.94 0.0007 0.0007 0.0008
0 0.00135 0.00159 0.00239
0.47 0.00134 0.00134 0.00144
0.77 0.00116 0.00084 0.00084
V2 0.98 0.00104 0.00087 0.00087
1.29 0.00072 0.00063 0.00062
1.57 0.00064 0.00061 0.00079
1.92 0.00064 0.00069 0.00065
0 0.0027 0.0015 0.0013
0.47 0.0012 0.0012 0.0012
0.77 0.0011 0.0014 0.0014
V3 0.98 0.001 0.0007 0.0007
1.29 0.0006 0.0006 0.0004
1.57 0.0008 0.0007 0.0008
1.92 0.0008 0.008 0.0007

Table 6. Partitioning factors of SWAP model for three forage maize cultivars of 704, 400 and 260 (V1, V2 and V3)
studied in the research farm in 2017

Partitionin V1 *EC V2 *EC V3 *EC
g DVS S1 S2 S3 DVS S1 S2 S3 DVS S1 S2 S3
FRTB* 0 0.4 0.4 0.4 0 0.4 0.4 0.4 0 0.4 0.4 0.4
0.4 0.2 0.2 0.2 0.47 0.28 0.28 0.28 0.47 0.08 0.08 0.08
0.66 0.15 0.18 0.18 0.77 0.13 0.13 0.13 0.77 0.4 0.05 0.05
0.84 0.12 0.17 0.17 1 0.11 0.11 0.11 1 0.05 0.03 0.03
0.95 0.12 0.11 0.13 1.29 0.15 0.11 0.15 1.29 0.19 0.09 0.21
1 0 0 0 1.93 0.1 0.12 0.1 1.57 0.05 0.08 0.05
2 0 0 0 2 0 0 0 2 0 0 0
FLTB® 0 0.52 0.52 0.62 0 0.62 0.62 0.62 0 0.62 0.62 0.62
0.4 0.69 0.59 0.69 0.47 0.6 0.6 0.6 0.47 0.68 0.68 0.68
0.66 0.69 0.54 0.64 0.77 0.43 0.63 0.63 0.8 0.68 0.63 0.63
0.95 0.5 0.59 0.52 0.98 0.52 0.5 0.5 0.95 0.59 0.34 0.33
1.1 0.28 0.1 0.1 1.1 1 0.1 0.1 1.1 0.1 0.1 0.1
1.2 0 0 0 1.2 0 0 0 1.2 0 0 0
2 0 0 0 2 0 0 0 2 0 0 0
FSTB © 0 0.48 0.48 0.38 0 0.38 0.38 0.38 0 0.38 0.38 0.38
0.4 0.31 0.41 0.31 0.47 0.4 0.4 0.4 0.47 0.32 0.32 0.32
0.66 0.31 0.46 0.36 0.77 0.57 0.37 0.37 0.8 0.32 0.37 0.37
0.95 0.5 0.41 0.48 0.98 0.48 0.5 0.5 0.95 0.41 0.66 0.67
1.1 0.22 0.4 0.4 1.1 0.4 0.4 0.4 1.1 0.4 0.4 0.4
1.2 0 0 0 1.2 0 0 0 1.2 0 0 0
2 0 0 0 2 0 0 0 2 0 0 0
a) Fraction of total dry matter increases partitioned to the roots (kg kg™) as function of development stage (DVS)
b) Fraction of total above ground dry matter increases partitioned to the leaves (kg kg) as function of development stage (DVS)
¢) Fraction of total above ground dry matter increases partitioned to the stems (kg kg™) as function of development stage (DVS)
2 s (Moriasi et al., 2007) (CRM) sul 3L Jw b
A eslizad (A BV glaadal ) RY) o alie b miloms 5 el Jole 53 de 005
n (0;—Si)2 S S b 9 Co gy %) ,il.«.f« coL:f Lﬂjﬂ
RMSE = 2i=10i=50% V) > jlg C
)\ ERE™ (l}u‘ A.L.::ngk.wd.:ul @Lb 9 aJ..::L;];aj\.U\
100
NRMSE = RMSE x == @ iy (RMSE) Uas Slo e oS0ls s (slae o]
CRM = Z=0ti s @) > (NRMSE) sazdles slas Sl oSl
IR0 el . r S Sl e ool
- -
Shlsel s
v * ®e

Ve mbmYoledm VY oy

0t



s ol 5 eslizal yl,é 53 gldsle o )d (55t 3 Shas 5 S (g, 58 (asb, 3,80 5 55 SWAP Jus b5,

aey50 53 eddg S o3l palie 51 5t 1) Casb
5 (0) JSo & x5 L paeme > Tl 035 550 5
(V Jsis) S il Glasl s Jie glas I
S i el 038 3550 e 1 gk,
5 oekdgSeslll cusb, palie e O
Sacas gl 51 A0 cal Ss sddgilaans
Lloy ooy 56 Jls (gl 3L SWAP Jue 513
Obe 5l O =5 0L~ 5 (Hysteresis) <o sb,
s el oS slate Je ol s St s il
e b ko e sbgsleesle dadie S5 o s

sl (63955 esls

Siloand polie 550 05 5 S W gladal,; j5
L;\ML:.A J..:bU.A M n E) Sl 0 (5J:§°)|J”‘ E)

el 0l szugo)‘.b\ J..:JU.A g’:i”l:?"ﬁﬁ

S g @b
S Cagh)
Ao s Zusby asln e dbe bl @
SV dads 5 0 IK2) ameloes 5 el
S o455 0 ab>de (0) S @ a5 Lol el
O Ge Sl B Ges Ul S sk Jue

Jdbe (g bl N Gee 3 5 Canles S (g5leans

5 0-20 cm
.2
20-40 cm
o
) <)
40-60 cm
° o S o
o
10-Jun 11Jul 11-Aug 11-Sep 12-0ct
Date
(a) ; .
——Simulated O Measured
s 0-20 cm
.3 o
o
.2
0.5 20-40 cm
£ o
S
oo o o
S 9 o o
5802
ze
3 0.1
0
40-60 cm
) °
o o
11-Jul 11-Aug 11Sep 12-0ct
Date
——Simulated O Measured

Figure 5. Soil water content measured and simulated by SWAP model of three layers of soil of the research farm in
2017 in two stages of calibration (a) and validation (b)
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Table 7. The statistical result for simulating water content and soil salinity in the calibration and validation stages

Soil water content (cm cm™)

Soil salinity (mg cm™)

Treatment Soil layer (cm)

CRM® RMSE® NRMSE® R2*¢ CRM RMSE NRMSE R2
Calibration V1S2 0-20 -0.04 0.03 11.36 0.99 0.03 031 6.89 1
20-40 -0.11 0.05 17.74 0.98 -0.01 0.52 13.53 0.98
40-60 -0.16 0.05 21.96 0.98 0.21 0.87 26.56 0.96
Validation V1S3 0-20 -0.02 0.03 10.52 0.99 -0.002 067 12.74 0.99
20-40 -0.02 0.03 11.43 0.99 0.17 1.16 23.75 0.86
40-60 -0.07 0.04 14.83 0.98 0.32 1.19 35.49 0.95

a) Coefficient of residual mass (-)

b) Root means square error (cm cm™ for Soil water content and mg cm for soil salinity)

¢) Mormalized root means square error (%)
d) Coefficient of determination (-)
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Figure 6. Soil salinity measured and simulated by SWAP model of three layers of soil of the research farm in 2017 in
two stages of calibration (a) and validation (b)
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Table 8. The statistical result for simulating crop height in the calibration and validation stages

Treatment Crop height
featmen CRM () RMSE (cm) NRMSE (%) _ R2()
Calibration VIS2 0.02 8.29 4.98 0.99
V2S2 0.15 23.47 18.77 0.93
V3S2 0.09 13.43 9.86 0.99
Validation VISl 0.01 9.14 5.49 0.99
V2s1 0.14 21.97 17.46 0.94
v3sl 0.10 16.02 11.09 0.98
V1S3 0.02 725 448 0.99
V283 0.14 21.97 17.46 0.94
V3S3 0.09 14.72 11.01 0.98
V1S2 (a)
V2S2 (a)
V3S2 (a)
V11 (b)
_ V1S3 (b)
: ‘ :
V2$1 (b)
V2S3 (b)
V381 (b)
300 V353.(b) T
200 5 $ E
100 - B . J
00 0.2 ) 04 016 0.8 1‘ 12 114 116 1.8 2

DVS (-)

Figure 7. Crop height measured and simulated by SWAP model for three forage maize cultivars of 704, 400 and 260
(V1, V2 and V3) studied in the research farm in 2017 in two stages of calibration (a) and validation (b)
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