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This study was performed to evaluate the AquaCrop model in the crop yield,
biomass, crop, and biomass water use efficiency of greenhouse cucumber
with two methods of the capillary wick and drip irrigation and three soil
textures including Clay-Loam marked with (S1), Sandy-Clay-Loam (S2) and
Sandy-Loam (S3) in three replications and two cultivation periods in spring
2018 period (1) and autumn 2018 period (2). Data analysis was done based
on compound analysis of variance and mean comparison was done based on
Duncan's multi-range test. The data of the first period was used for
calibration and sensitivity analysis, and the data of the second period was
used to validate the model. The root-mean-square error (nRMSE) and
coefficient of determination (R?) were used to validate the model. Based on
results in the drip irrigation system, the maximum yield, and water use
productivity were observed with 79.64 ton/ha and 46.54 kg/m?3 in T2S1
treatment, and in the capillary wick irrigation system, the highest yield, and
water use efficiency were observed with 62.05 ton/ha and 44.76 kg/m?® in
W2Ss. The model investigation results revealed that the highest simulation
accuracy was observed in W2S3 treatment so that the nRMSE index in crop
yield, biomass yield, crop water use efficiency and biomass water use
efficiency were respectively 2.80, 1.70, 1.10, and 1.70 percent were
calculated. Due to the optimality of all conditions in the model, most of the
estimated parameters were higher than the observational data, still, the
increasing and decreasing trend of model simulation in estimating product
performance values was completely consistent with the observed data.
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Table 1. Introduction of the applied treatments on the cucumber plant
Irrigation  Cultivation

- Soil Treatment Treatments applied to cucumber plants
Systen Period
The first cultivation period in Clay-Loam soil texture and drip irrigation
1S system
The first cultivation period in Sandy-Clay-Loam soil texture and drip
TS, . . .
R Clay-Loam irrigation system
= - S T1S The first cultivation period in Sandy-Loam soil texture and drip irrigation
£ = ®  system
= T Wis The first cultivation period in Clay-Loam soil texture and wick irrigation
5 1 system
Wis The first cultivation period in Sandy-Clay-Loam soil texture and wick
2 irrigation system
Sandy-Clay WIS, I;Siefrlr:st cultivation period in Sandy-Loam soil texture and wick irrigation
Loam The secend cultivation period in Clay-Loam soil texture and drip irrigation
S 28 system
125 The secend cultivation period in Sandy-Clay-Loam soil texture and drip
— 2 irrigation system
?_, o~ 125 The secend cultivation period in Sandy-Loam soil texture and drip
£ = ® irrigation system
~ 8 The secend cultivation period in Clay-Loam soil texture and wick
2 a Sandy-L W25 irrigation syst
s andy-Loam irrigation system
Ss W2s The secend cultivation period in Sandy-Clay-Loam soil texture and wick
2 irrigation system
W25 The secend cultivation period in Sandy-Loam soil texture and wick
3

irrigation system
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Figure 1. Amounts of irrigation in the first period (a) and the second period (b) of cultivation in two drip
and capillary irrigation methods

Table 2. Soil physical and chemical characteristics

Sand Silt Clay (OC) P K Pb Volumetric humidity (%)
Soil Soil Texture Saturation  Field Wilting

(0) (%) (%) (%) (ppm) (ppm) (@.em?) P Capacity  Point
S1  Clay-Loam 33 31 36 115 1518 211 1.3 50 39 22
S2 Sandy-Clay -Loam 555 20.7 238 0.63 1021 120 1.43 47 32 17
Ss  Sandy-Loam 65.2 163 185 035 9.17 70 15 41 22 11

Table 3. Chemical characteristics of irrigation water

EC pH Ca* Mg* Na* K*  SO4* CI CO3* HCO* NO* PO4* SAR

(us/em) - (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (mg/L)0.5

260 7.1 200 150 22 4.2 48 100 80 300 0.118 0.137 1.66
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R? = Gt PizP)(0i=0))2
I (Pi-P)2 X (0i-0)°

(¥ alai

n —0- 0.5
RMSE = [H=Ci00] (0 ala,
[2?=1(Pi—oi)2]0'5
(7 b,

nRMSE =
0

OSle 10 0 5503l polde 101 ol i pdlie (1SSl PP ol i polie P dailg, cpl j0 oS
@ o) Hlaie dxyn g 0dg Cute o)lgen RMSE o)lol jlude il o clialie S slas i g ord g uSojlul olae
odlw yogy &3l 1> (1991) Jamieson et al. .(Bannayan and Hoogenboom, 2009) cuwl jips dil $5S605 yawo
Moy Vo U Ve odgame ¢ Jle 0,818 0aiiS o oy Ve 5l 508 03905 NRMSE Uad Glayye (1Niko 1 odlaiwl
0liiS o o Mo yd Yo 3l ke 0 g bwgie 35K Sl dopd Yo U Y odgdote s jluug 35,8 008 Ly
a0 odgae oyl 35 (2009) Bannayan and HOOGenboom (sla pwyy ;5 45 casl Jdo 5,58 3giiums
by 5 ol s jlwdndd ¢ o 6 pSo5lul gl yial )b dwolie (sly (V) dasly b 50 (D%) GBlyzsl o yd Lilosds
.(Greaves and Wang, 2016)

Deviation (%) = (Simulated — observed) x100/observed (V aal,

(5190582 § Jgmate 4y Cod ;j Bucs (550,80 039 Cum ) 3 yShas ¢ Jguamo 3, Slas (glaodly uily)lg 450 guls
sl osd &1 (F) Jodo 50 0395Cumm ) 4 Cond Ol b juno

Table 4. Combined variance analysis of greenhouse cucumber growth traits

Mean squares

S\Ic;l:,';;teisc)?]f 2‘:%;3%1? Performance Water use productivity
Yield Biomass Yield Biomass
Cultivation Period 1 5799.83™ 7972.70™ 2167.98™ 2992.45™
Replication 2 5.23ns 10.35ns 2.69ns 5.03 ns
Irrigation system 1 841.38 ™ 627.66 ™ 37.39™ 0.22 ns
Soil 2 180.96™ 34477 50.22™ 104.73™
Irrigation systemx C. Period 1 0.027ns 36.44ns 20.74 87.04™
Irrigation systemxSoil 2 1088.97" 1414.80™ 418.15™ 539.28"™
Soil xC. Period 2 0.63ns 7.64ns 1.05ns 0.44ns
Irrigation xSoil xC. Period 2 700.63™ 689.89™ 279.60™ 270.27™
Error 22 8.13 9.94 3.60 4.43
Coefficient of variations - 6.64 5.87 6.93 6.13

ns, *, **: No significance and, significance at 5 percent and 1 percent probability levels, respectively.
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Alodges )liS pAS olS 03giC s (1 2 |y Moyd S a3 S il ()b sme il 15 (2012) Akhavan et al.
Clao plo 03giCuw; & Caws o Gyas Sososke yel)l ey ol gl b 58 ol s o3l il W 1
99y 9 50 g sxe (2017) Zarei and Heidari asdlas 1 139 )b ze doyd Sy Jlosin] pdaw 1> (w3590
)5 )3 ol Jole 15 cot doys S pdaw )3 g olS 393 j 5,Slas 35 (2017) Karimi etal. ingh

Slas [ bl i odnlie 0dgicumw) 5 Jgame 3,Skes @lans )3 ciS 0y93 )3 ()l w5 gxo il
D1 I3 me Mo yd K g oy iy paw 5D cud i Sl ol o3t} 9 Jaame 4 Cuns Ol Gpan (6590 0
L_é).,.a.a u"‘)l‘{ 9 LS'Q"S 9 Lf’g ))ﬂo& Phl d)b]ws Cuplo )." RN P e D95 Ladgh 4 (2009) Razavi et al.
w2l b oS el b IS Jaaxe 5,Slas e p solalyd oS )90 Jlite el a8 wn,S 3,55 il
b calls jobs yings
Jlize gl oy 4L ;5 (2009) Abedi Koupai and Mesforoush yiash zuls wyy g oy S Jloss]
alox 1 Dgr awypdyee Slas plad 0 gy pxe pas il Sl ol SB il xcuiS oy Jolite @l gl wyy
blate 31 wyp 50 0,8 leis Jaame cuiS 0y9d 90 0 S slacdl pecul o o 1y ams pl LYo
apdy9e Olao pled )0 oyd K il o )3 gyl gme gl 15 S xS o,93 X (6 kol pimmw 415 dw
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Table 5. Average comparison of measured parameters affected by irrigation methods and different soil textures

. . Performance (ton/ha) Water use productivity (kg/m®)

Cultivation period Treatment Yield Biomass Yield Biomass
T1S; 38.96 fg 50.74 fg 23.82f 31.02e

T1S, 37.58 fgh 45.58 gh 22.97 fg 27.86 f

First T1S; 28.56 | 35.59 j 17.46 ij _ 21.75 hi

W1S; 28.77 i 37.12ij 20.217 ghi 26.08 fg

W1S, 2299 29.72 k 16.15] 20.88i
W1S; 24.50 ij 33.97 jk 17.21j 23.86 ghi

T2S,; 79.46 a 94.72 a 46.53 a b5.47 a

T2S; 64.27b 74.15¢ 37.64b 43.43b

Second T2S;3 37.69 fgh 46.28¢g 22.08 fgh 27.10 fg
W2S; 39.71 f 54,94 ef 27.31d 37.77cd

W2S, 47.44 de 62.05d 32.62cd 42,66 b

W2S, 65.10 b 79.15b 4477 a 54.42 a

TS; 59.21c 72.73¢c 35.18 bc 43.25b

TS, 50.93 d 59.87 de 30.31d 35.65d

Two-period average TSs 33.13h 40.94 hi 19.77 hi 24.43 gh
WS, 34.24 gh 46.03 gh 23.76 f 31.93 e

WS, 35.22 fgh 45.89 gh 2439 f 3177 e

WS; 44.80 e 56.56 e 30.99d 39.14 ¢

In each column, the treatments which mean is at least one letter in common are not significantly different from each other.
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Table 6. The calibrated crop parameters of the AquaCrop model

Parameters Unit Value_ Calibratign
Default _Calibrated method
Initial crop canopy % 0.35 0.13 3
Plant density Plant/m? 34000 45000 2
Maximum effective rooting depth m 0.8 0.30 3
Canopy growth coefficient %l/day 12.3 15.9 3
Canopy decline coefficient day 72 6.0 3
Maximum canopy cover % 85 81 2
Germination time Degree-days 49 30 2
Time to maximum canopy Degree-days 924 588 2
Time to senescence Degree-days 1371 972 2
Time to maturity Degree-days 1652 1376 2
Time to flowering Degree-days 503 543 2
Duration of flowering Degree-days 629 222 2
The crop water productivity g/m? 17.0 15 3
Harvest Index % 63 74 2
Upper limit of soil water discharge coefficient for plant development - 0.15 0.25 3
Lower limit of soil water discharge coefficient for plant development - 0.55 0.60 3
Shape factor describing root zone expansion - 3.0 3 3
Shape factor for stomata stress coefficient curve - 1.9 3 3
Shape factor for senescence stress coefficient curve - 85 6 3
Upper temperature for GDD °C 30 30 1
Base temperature for GDD °C 8 12 3

* 1-Default. 2- Measured. 3-Calibrated

L;LMJ‘.) @LJ W @L))l .)/Slo.c wi:t.n dbo,\mu.o )l o3laswl b ‘oA.,.f}.)”]ﬁ dlm.))ﬁ.o.c cJ,\.o u?";"“’b )| o=
rwly ds o 0 Jhe (ilwand b edgicuw; 9 Jaaswe 3,Sles sl adls (V) Joo 53 oddo,JiS
el 48,5 )58 (2550390

Table 7. Evaluation of the average observed and simulated by model in the calibration stage

Yield Biomass
Treatment Observed Simulated 2 nRMSE Observed  Simulated )
(ton/ha) (tontha) X RMSE e (ton/ha)  (ton/ha) *  RMSE nRMSE (%)

T1S, 38.96 39.43 0.76  1.80 4.60 50.74 51.21 0.69 1.86 3.70
T1S, 37.58 38.99 094 290 7.70 45.58 47.32 0.99 197 4.30
T1S;s 28.56 30.92 0.77 243 8.50 35.59 37.70 0.75 2.12 6.0
W1S, 28.77 29.71 0.83 2.02 7.0 37.12 37.94 0.98 1.18 3.2
W1S, 22.99 26.17 085 3.63 15.80 29.73 33.99 0.97 4.35 14.80

W1S; 24.50 27.77 092 347 14.20 33.97 38.55 0.97 4.62 13.60
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Table 8. The sensitivity coefficient of some input factors of the AquaCrop model for simulating greenhouse
cucumber performance

. . % Sc Sensitivity

Parameters Unit 05 05 rate
Canopy cover % 096 0.74 Low
Plant density Plant/m? 106 0.67 Low
Maximum effective rooting depth m 052 0.05 Low
Canopy growth coefficient CGC 1327 7.46 Medium
Decline of crop coefficient (Y%/day) 218 298 Medium
Water Productivity normalized for ETo and CO2 (WP*) (g/m2) 25.023 24.892 high
Soil water depletion factor for canopy expansion (p-exp) - Upper threshold - 0.35 0.09 Low
Soil water depletion factor for canopy expansion (p-exp) - Lower threshold - 101 001 Low
Shape factor for water stress coefficient for canopy expansion (0.0 = straight line) - 0.08 0.01 Low
Shape factor for water stress coefficient for stomatal control (0.0 = straight line) - 0.02 0.02 Low
Soil water depletion factor for pollination (p - pol) - Upper threshold degreeday 0.02 0.02 Low
Upper temperature above which crop development no longer increases with an increase in c 002 002 Low
temperature
Base temperature below which crop development does not progress °C 0.04 0.09 Low
Reference Harvest Index (Hlo) % 25.02 24.97 high
GDDays: from sowing to emergence degreeday 0.006 0.419 Low
CGC for GGDays: Increase in canopy cover (in fraction soil cover per growing-) degreeday 9.721 11.166 Medium
GDDays: from sowing to start senescence degreeday 47.989 5.474 Medium-high
GDDays: from sowing to maturity (length of crop cycle) degree day 18.025 26.837 high

* (Adabi et al., 2020)
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Table 9. Evaluation of model simulation results in the validation stage

Average of Average of

Treatment Parameters observed simulated Dev;atlon R? RMSE * nR('JVI SE

data data (%) (%)

Yield (ton/ha) 79.46 85.28 7.3 0.97 6.22 7.50

25, Biomass (ton/ha) 94.72 101.52 7.2 0.97 6.82 7.20
Yield water use productivity (kg/m?®) 46.54 49.95 7.26 0.96 3.64 7.80

Biomass water use productivity (kg/m°) 55.48 59.46 7.2 0.96 4.00 7.20

Yield (ton/ha) 64.27 67.04 43 1.0 3.35 5.20

25, Biomass (ton/ha) 74.16 77.06 3.9 0.99 3.03 4.10
Yield water use productivity (kg/m®) 37.64 39.26 4.35 1.0 1.96 5.20

Biomass water use productivity (kg/m?®) 43.43 45,13 3.9 0.99 1.78 4.10

Yield (ton/ha) 37.70 38.41 1.9 0.99 0.74 2.00

25, Biomass (ton/ha) 46.28 47.42 24 0.98 1.20 2.60
Yield water use productivity (kg/m?®) 22.08 22.49 1.87 0.99 0.43 2.00

Biomass water use productivity (kg/m®) 27.11 27.77 2.5 0.98 0.70 2.60

Yield (ton/ha) 39.72 41.71 5 0.95 2.60 6.60

wW2s, B!omass (ton/ha) o 54.94 57.34 44 0.97 3.45 6.30
Yield water use productivity (kg/m®) 27.31 28.68 5.62 0.95 18 6.60

Biomass water use productivity (kg/m®) 37.78 39.43 3.99 0.97 2.38 6.30

Yield (ton/ha) 47.44 48.80 29 0.99 0.98 2.10

W25, Biomass (ton/ha) 62.05 63.68 2.6 0.95 1.73 2.80
Yield water use productivity (kg/m?®) 32.62 33.28 2 0.99 0.68 2.10

Biomass water use productivity (kg/m®) 42.67 43.79 2.64 0.95 1.19 2.80

Yield (ton/ha) 62.05 63.68 2.6 0.95 1.72 2.80

W2, Biomass (ton/ha) 79.15 79.52 0.04 0.95 1.38 1.70
Yield water use productivity (kg/m?®) 44.76 44.84 0.14 0.99 0.48 1.10

Biomass water use productivity (kg/m%) 54.43 54.68 0.51 0.95 0.95 1.70

* Proportional to the parameters unit
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Figure 2. Observed and simulated cucumber product performance in the model validation stage
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