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Figure 1- Geographical location of the study area
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Table 1- Theinput soil parametersused in the AquaCrop model

S gl " e sand(®%)  PH =G o e
Field 1 tedur ° (ds'm) FC  (mm?)
(m°/m?)
2 Sandy Loam 4 87 7.6 5.75 22 10
3 Sandy Loam 23 68 7.6 3.04 22 10
11 Sandy Loam 7 77 7.6 245 22 10
12 Sandy Loam 9 77 7.6 3 22 10
axllao 390 Olalad OleYb! Y Jaun
Table 2- Field data
azhd Coluw w23 PUNWIR N (0 o (ywionj (owd) & (S SN Syl
Field Area(ha) system Discharge(l/s)  System Type EC,(ds/m)
2015 2014 2013 2012 2011 2010
2 24 30 Animated S 5 58 62 48 5 53
3 21 30 Animated S we 45 52 56 43 45 46
11 39 40 Fixed cob 8.3 8.2 1.5 7.3 8.2 8.1
12 40 40 Fixed cob 7.6 8.5 9 6.6 6.9 7.1
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Table 3- Classification of input parameter s by sensitivity factors
CAJOVES LS Sc=0 0< Sc <0/3 0/3<Sc<1/5 Sc>1/5
The ratio of changes
Sl G5 Sl w5 Coslac buogie Comluc b Sl
The intensity of sensitivity ~ No sensitivity ~ Low sensitivity =~ Moderate sensitivity Hyper sensitivity
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Table 4- The sensitivity coefficients of AquaCrop model input parameters

<l 43 SCylaso <l 43 SCylase
Cowliws as 4> ol )b
%-yo S+ 0 2959 Sl
The degree of .
sensitivity Theamount of Sc  Theamount of Scin Input parameters
in-%25 +%25
gl als o
oS = oS 0.20 0.18 D
Initial Canopy cover
Lo — baugie 1.03 0.89 e (AL s
Maximum Canopy cover
] - L
oS = oS 0.12 0.03 gl 4y b See
Initial Root depth
o5 = oS 0.06 0.02 Sai (i) o) et
Maximum Root depth cb
Lagio — Lo 1.06 0.89 A o &
Coefficien Crop G
o ales lo: 12
ok — 0 0.22 &) Vg o) R
s T S Germination };‘
5 oo -«
105 — Lawgie 1.53 0.64 @ o
Flowering 5
& a v a | . C) \;
sy — baogta 1.57 0.82 GBS Sty g6 Sl lej ok
maximum canopy cover o £
€2l b *
o = oS 0.08 0.10 S el olej
Senescence
ot cae
oS = oS 0.11 0.09 L S ok
Physiological maturity
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9N T g 0 0 e 919)
Initial soil humidity
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Table 5- The calibrated crop parameters

. LS Cu g . W
Sl 51 m 39, GF T g Gos gy
Day after plantin Crop o) dui §
y after planting coefficient (o) i (3o ,3) 25 .
Root depth(m) Canopy cover o azkd Jlw
Harve .
§ o c P o s Year Fiel
22 = 58 £ 7 A gl Al Ayl
= g g é g £ Maximum Initial Maximum Initial
S D -
& =5 T 3
46 32 15 14 3 0.9 05 0.1 65 9.04 1
60 54 15 30 3 1.1 0.8 0.5 88 8.53 2
60 56 14 56 2 12 12 0.8 87 10 3 2
30 28 14 22 2 12 1.5 12 86 10 4
60 52 14 29 2 0.9 1.5 1.5 69 9.5 5 2010
46 31 15 14 3 0/9 0.5 0.1 54 9.0 1
59 50 18 30 3 1 0.8 0.5 64 10 2 "
60 52 13 29 2 12 12 0.8 66 10 3
60 28 14 23 2 1.25 1.5 12 80 10 4
46 32 15 14 3 0.9 0.5 0.1 78 9.04 1
60 54 15 30 3 1.1 0.8 0.5 88 8.53 2 2 o
60 56 14 56 2 12 12 0.8 87 10 3
59 31 15 15 3 0.8 0.5 0.1 72 9.8 1 11
60 54 15 24 4 1 0.8 0.5 69 9.9 2
60 54 14 45 3 12 12 0.8 87 10 3
30 32 14 14 5 1 15 12 69 8.9 4
60 33 21 16 5 0.9 0.4 0.1 58 8.3 1
60 50 28 31 4 1 0.8 0.4 58 9.9 2 5
60 39 15 31 4 12 1 0.8 66 9.9 3
60 34 24 30 3 0.9 1.5 1 48 9.9 4 2012
30 20 14 14 3 0.95 0.5 0.1 56 7.6 1
60 50 28 31 4 1 0.75 0.5 58 9.9 2 "
60 38 17 31 4 1.15 1 0.75 65 10 3
60 35 26 32 5 1 1.5 1 55 9.9 4
45 32 25 16 5 0.8 0.4 0.1 43 8.2 1
60 50 28 31 4 1 0.8 0.4 58 9.9 2 2
59 39 15 31 4 12 1 0.8 66 9.0 3
60 49 40 46 17 0.9 0.4 0.1 52 6.7 1 2013
60 50 30 31 4 1.15 0.8 0.4 62 9.9 2 »
60 38 23 32 5 1.1 1 0.8 49 9.8 3
60 35 25 32 5 1 15 1 48 9.9 4
90 70 20 18 4 0.9 1 0.5 60 9.5 1
60 50 28 31 4 1 1.5 1 58 9.9 2 2
59 40 18 31 4 0.8 15 15 55 8.9 3 014
60 49 31 45 16 1 1 0.5 65 9.2 1
60 50 26 42 15 12 1.5 1 56 8.8 2 11
60 48 23 32 5 0.8 15 15 31 7.9 3
60 40 25 13 10 0.8 1.5 1 18 6.7 1 5 2015
60 46 30 31 16 1 1.5 1.5 47 8.8 2
60 38 35 38 16 0.8 15 1 37 8.08 1
60 38 29 34 14 1.1 1.5 1.5 47 6.7 2 11
60 48 32 23 12 0.8 1.5 1.5 34 8.9 3
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Table 6- Statistical indicatorsfor evaluation of Calibrated yield modelsin Parts2 and 11

sl R?  NRMSE CRM EF axbs Jl

Equation Year Field
v = 0/9533x + 88/735 0.99 0.07 016 099 2
y = 0/9883x + 6/8919 0.99 013 024 o087 11 2010
y = 0/9543x + 4/8512 0.98 0.12 0.14 098 2
y = 0/9933x + 12/732 0.99 0.07 00s o098 11 20U
y = 0/8995x + 5/9321 0.97 0.18 009 064 2
y = 1/0872x - 123/09 0.99 0.02 008 089 11 2012
y = 0/9824x + 5/3542 0.97 0.11 0.10 08 2
y = 0/9941x + 52/562 0.99 0.08 0.03 008 11 201
y = 1/0665x - 283/81 0.98 0.17 012 093 2
y = 0/9841x + 25/372 0.99 0.06 008 o089 11 201
y = 0/9993x + 6/2417 0.99 0.01 009 095 2
y = 0/9699x +3/9173 0.99 0.02 002 09 11 0B
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Table 7- Statistical indicatorsfor evaluation of Calibrated yield modelsin Parts 3 and 12
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Equation Field Year
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y =0.8563x - 0.0933  0.98 0.26 0.18 039 12
y=20308x + 04122 1 0.024 -0.09 095 3 2015
y =0.8047x - 0.1557  0.93 0.32 032 091 12
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Introduction: AquaCrop model was developed to simulate crop response to water consumption and
irrigation management. The model is easy to use, works with limited input, and has acceptable accuracy. In this
study, the data of an alfalfa field (as a perennial fodder plant) in the Iranian city of Ardestan was used to
calibarate and validate the performance of AquaCrop model to simulate the crop productivity in relation to water
supply and irrigation management.

Materials and Methods. The data of Fajr-e Esfahan Company farms of Ardestan County were used for
calibration and validation of the AquaCrop model, simulating the alfalfa performance in different harvests and
over different years. The farms are 1004 m above sea level and located in 33°2' to 33°30" North and 55°20' to
55°22' East. The farm under investigation included ten plots of alfalfa field, with an area of 280 hectares. The
data of two plots were used for calibration and, two others used for validation.

Considering that alfalfa is a perennial plant, the data regarding the first harvest was defined as sowing, and
transplanting was used to refer to the next harvests. Considering the physiological changes of plants over a year
and during different harvests, the numerical value of different parameters, including primary vegetation,
maximum vegetation, the depth of primary root development, the maximum depth of primary root development,
crop coefficient, germination date, flowering, vegetation senescence, and physiological maturity, were defined
for the model. The CRM, NRMSE, R%, and EF indices were used for verification of the calibration results. The
CRM index determines the overestimation or underestimation of the model. The EF index is variable between 1
and 0, where 1 indicates optimal performance of the model. If all estimated and measured values were equal, the
value of CRM and NRMSE would be zero, and EF would be one.

Results and Discussion: After calibration, validation was performed to examine the performance of the
model. Hence, the actual performance rate for different harvests and the results of simulations were compared.
Lower NRMSE value is indicative of high accuracy of the model in estimation of the performance. The value of
CRM was mostly positive, showing the underestimation of the model in most of the simulations. The maximum
performance happened during the first harvest year. The annual harvest decreased with an average rate of 1.2,
compared to former years. The evaporation and transpiration rate was calculated by the model and the results
were compared with potential evapotranspiration (FAO Penman-Monteith) and National Document of Irrigation
(NET WAT). The reference crop evapotranspiration (ETy) had the highest value, and was calculated through
FAO Penman-Monteith equation. The numerical value of potential crop evapotranspiration (ETc), which is the
result of multiplication of crop coefficient by reference crop evapotranspiration (ET,), was greater than the
results of the model, i.e. the estimated actual evapotranspiration. The discrepancy between them is the result of
stress coefficient (ET(xKcxKs), which the model takes into account in estimation of actual plant water
requirement. Evapotranspiration refers to two factors, namely the water lost by transpiration from plants and by
evaporation from the soil. The plant transpiration and green cover are considered to be the generating part;
AquaCrop is able to examine and improve transpiration efficiency through managerial statements. The values of
transpiration from plants and evaporation from the soil for alfalfa were differentiated from the values estimated
by the model. The productivity of evaporation, transpiration, and evapotranspiration were calculated by the
model. The difference in the productivity values of the plots during different years was the result of difference in
chemical composition, harvest index, and transpiration rate.

Conclusion: The AquaCrop model performed well in simulation of crop performance compared to actual
annual, and even monthly, performance, and its results were very close to the actual performance. The model is
sensitive to temperature changes, and it is suggested to use the Growing Degree Days (GDD) instead of Calendar
Days section. . The Version 5 of AquaCrop model can, in addition to moisture stress, include salinity stress in
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calculations; this is evident in the variation of actual evaporation and transpiration values estimated by the
model. In this study, the annual evaporation and transpiration rate was predicted by the model. The higher rate of
evaporation can lead to a 27 to 44 percent decrease in the efficiency of evapotranspiration (Y ET™"), compared to
transpiration efficiency (Y T).
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