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ABSTRACT

The AquaCrop model has been used for optimum sowing date determination for maximum yield production based on
historical climate data in Moghan plain, Ardabil province, Iran. Based on phonological data for the eight main
cultivated crop gathering from Moghan plain and thirty years climate data, the optimum sowing dates were
determined after model calibration. The model used cumulative growing degree days, effective and active base
temperature and calculated harvest index to perform each crop yield. Determination coefficient, normalized root
mean squared and index of agreement were 0.99, 29.16 and 0.97 respectively. The statistics showed that the model
could accurately perform the crop yield estimation in this region. Based on the results the simulated sowing window
for winter wheat was a little bit shorter. The winter barley also performed as winter wheat. The spring maize
simulated sowing window was longer than usual period. But the simulated sowing window for winter canola, cotton,
soybean and maize was the same as actual sowing window. The net Irrigation requirement in the determined planting
dates have been calculated by the AquaCrop and compared with the NETWAT software outputs. In this Comparison,
determination coefficient, normalized root mean squared and index of agreement were 0.92, 14.07 and 0.99
respectively. The results showed the importance of using winter precipitation in crop production in the region and
lower water irrigating input using winter cultivation should be noted.

Keywords: Cumulative growing degree day, Sowing window, Water productivity.

* Corresponding author E-mail: Jahansuz@ut.ac.ir



w3 ool b o8l dzesn )5 &L dige <ilS b 050 5 1], Ke g 5,805 Ao

D)y Finr Jyame g g jeS slaeslyd Sran
e ;a8 (gl (2L b sleasles sl o
e el SG o ol gl 8, i
Sl oy p 5S> Mad asuin (Sopde lld 5o
&b e sl a8 jleasiles sla oo 5l 6k
L oowyr SO0 ol oad oolawl agy cuils
clS b DSSAT  luasles Jow 51 eolatul
O Glwje bl Sl adhaie g 50 pasS Ay
G, sw,p o [(Andarzian et al., 2015) o
5,510 !y AquaCrop luasiles Jow  oblg
o) g el cll E)l Gl 5 0)Sles
Lol 3Gl 5988 ez o 9> calize ()l9)
orp O @l Ak 2 b ) 4 jem g (29
lrosls b 1 9> 5 Slae alin 55l Sl Jow
Abrha et al., ) o)l oe5a | oo sgue
bl 7 )b s sl AquaCrop Juw 5l (2012
ool Glo ST 5 Ligw cgaylype 3l cslin
.(Dera et al., 2014; Saab et al., 2014) sl oo
)3 canlie S5 )b e )3 0k slaow 2
AquaCrop laws oglbeos) ,o mel8l sy dawlga
JOC1 N JUPS P JU PRIV INNCH [P PN
Sl e Mg D)5 SiS Bagnl qealdl s
.(Masanganise et al., 2012; Mhizha et al., 2014)
o8l s 5T ol sl AquaCrop Jas
BRI I W v oW EEVCERCT S S0 ARSI N WY1
Bl e et W aRie pwyn O
Jole Olyear Wl o olS L3055 5 knl o e
Deb & Babel, ) oS Jas muldl i 308 S
(2015
et (6l Ay lwaslen laJoe 5l oolak!
el SO g bame S50 0lS e Ay clS
2 leasilen gladoe e a0 p)5 Sl e
S350 Lazme 5ileaiilen b b Joe cnl 1 ol
ol el 2, lmas o aml (i Ol
S50 a3 5l 6 ke Sygo i WS o 00l
ol (iehb) amiul ol e lp ol
L 3 AgquaCrop o, sleasles Jow .cdl anle>

dodo

=y LS s s pie slaele 5l cusls &
oyt Ol ange cils bl ol b e
o Bt s e smen saclil o Jile 5l sase
(Mugalavai et al., 2008) ssi oo @2l,8 adlaic
wle Johie )l S @ b i)l oS LK
&ly il anlss (Ll Ol (5 )50, (smb b
S doyd g S ddhio o aS o5l ol jeiS
boasmlie o ol o gl jsbar )l 18
D)8 6V Sl Cool (e 50540 b 0 Shes
599 iz 43 g 0jg el HeiS 0 Ol Cudgame ar Lk
o Sloe (5,155 da ragh j0 ST e dalyss ad
@l el 50 0sd Sl OF 6y50 e 55 L
Pl ol o is 5 s e Casll 4 axgi b
CilS Fl et eoere sbralols 3 LS 5yse
loo g )b sl eolazwl oy g e jo calin
obS ey 9 0k A 59, Slod @ed sl Larme
aby e Jolie 0555 0 G g SeBlop Al o o
59) led o)l (g ytn Caglgl canlial slabes L
oo 5l YL LT a5 cesles (Sl ol5ee o3,
WS oo 8Ly Gy B 0 093 (pgate Al
iye jo b L SET Gle olS e Jsensysbay
1P Sl weils 955 (035l (sl
Salazar-Gutierrez et al., ) cwl ob; 35, sl
Cawd 50 gylpl ol 5e, sles a0 (2013
e e by ot ln ol olelides

ol A 8,90 0 olS aslihaggy
3 bed Rl cage ey iale S g oaldl s
] 00 U‘)"‘ )3.“5 4.1.o.> )‘ ) blas )l (5)LH.M.>
Shase Sl @b e Gl e o
g aalys Gl (65,5liS sanT )0 5k slatlly
SeokS e ciS sl adhie o 50 Jgenssbas
S (olim 0)93 (nl gb oo w85l o Sbej 53k
sl o2l3 T 5 Ugame Sy golazil et ISl
Sgd g0 odmel  (Window Sowing) cuils 550
OS50 (6 ks sla ims (Rao et al., 2000)
Cewd 4 gl cils 5L Ol e canS fley o i

5M)QPJ$‘)‘Q&QAL5MOJ.Q) UJW u\))j]



Ol yods dw Jold ol Cls Boguse .Cul
Slaise S5l cl o) 5 lgwaly wbloe)l
0 Ol Sl o gy n d)se Adlate (LSl e
Y g a0 FY U aado OV 5 az )0 TV Jolos
YA L aado YY 5 a0 ¥4 5 B0 Job aado
2 oSl pobar 5 (Jlod (550 AES VY g ax o
Sl 518 L, mhaw 5l 656 Y el

ebeilan olSs! 5l cwlillan Als cw (sboosls
O gaz) o ol d oblesl (Sisysiems) S0
sbod 5eSils lislsn oSl ool Jlel &4 5
Aldls (Sai)l gaomme (wgmmds d> 30 VOIY aYl
dop ;5 oLl oy ST Cwl e e YVAIY
ole (92 y3p,S j0 a5 glaigSa s 3szg Jlu slaole
el e o VIV (Sai )b ks (JLos

o3l 0590 dikie S
B dibie (ouliaSl Lais glagm)n &b »
50 il aieS 4 (sl o)l Sglite S (5 p
b S gy 5l (S (Jae yo 2ly; S
1) [FYFRPRE S u;).mf as ) stt p_];}lf S G
Silwsslen glp a2z S glpea ol
Sl ol 5 (Soid slo Sy 0 eoliiul

o O\.\A] (Y Jj..\>) o

VWAS 5ol o 5yLes FA 8,00 ool sl LS psle

S s absye ool Glafele u8 S L s
OBl eslal e g 09l (S wile Loadlie
Glises glacals b s aSbuTyl ans oo @1 1,
b St e W 03y aaly Slite o l31 56
sl ole 5l ddlaie o culS 53L 0 ag culs
San ol Jpamo ;o (ly 0 Shas 55050 50 p3Y
Sl &l e oS sl el 1 LS
wimb paiS) Gl Cio ol bdes Jaase Cule
53 ol Sloss w0l Ay w03l SIS el 52
ol 52 (Sl 5 5 alinls (sgms wolas
Ll sles 5 (e w35, Az e (Bl
Jgazme po 28 55k 5o el)j ol o % o JUd
Jae sl eolanul b jelaie ol (gl 0 ddlaie (o
e gly Sew <5 L6 0 e AquaCrrop
Sl eSS g e BL » el el elS
wimly SIS wiml g2 il pas Jeld e
5 ol Sbgw g bl 5 o)l &5 w0)ler Ay

A ‘))51)-,’ A.allwl.:

B 09 9 3lge
o bojl Al 2 Ll yrer Slaizio g el
obwl Jles jo g olpl (g6 Jled o lae s
o ofly (lmlydl j5aS (Kilaos 53 5 5 )|

Ol o ddlaie cod8l gloasinl )3 .Y Joox
Table 1. Climate parameters of Moghan plain

Mar-  Apr-

May-

Jun-

Jul-  Aug- Sep- Oct- Nov- Dec- Jan- Feb-

Months Apr May  Jun Jul Aug  Sep Oct Nov Dec Jan Feb  Mar Annual
Average daily temperature (°C ) 11.97 17.40 2273 263 2693 238 1823 12 677 42 443 713 1819
Average minimum daily temperature (°C ) 6.47 11.30 16.03 19.6 20.53 17.97 13.17 7,53 253 -013 -0.17 217 117
Average maximum daily temperature (°C ) 17.47 2340 29.4 33 3333 29.63 233 16.47 1093 85 9.3 121 246.6
Average monthly precipitation (mm) 31 337 4324 113 730 1897 31.2 3033 2297 16.63 17.47 2593 271.2
Average monthly Sunny hours (hr) 161.7 215.6 267.57 2585 273.23 224.8 1735 131.13 1152 116.27 120.53 136.1 22213
Monthly potential Evapotranspiration (mm) 79 120 169 196 185 135 78 40 24 23 32 50 1131
Vo5l oblS S Gl Sy ¥ Jsor
Table 2. KO1 soil parameters
Depth (cm) 0-18 18-45 45-95 95-150

Texture Silty clay loam Silty clay loam Clay loam Silty clay

Clay % 34 36 36 48

Silt % 56 44 40 44

Sand % 10 20 24 8

Bulk density grem™® 1.48 1.48 1.42 1.34

Field capacity 31 31 30 33

Wilting point 20 20 20 24

Saturation % 52 55 56 60

T.N.V 2.2 34 17.2 11

Gypsum % 1 1.7 15 2.2

PH 7.09 7.40 8.02 7.67

Electrical conductivity 1.08 1.16 1.41 7.47

Organic Matter 1.32 0.72 0.4 0.16
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Figure 1. Comparison between simulated main crop yields using AquaCrop and actual average yield for 1393-94
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Table 3. Calibration parameters for six main crops based on AquaCrop model

Canola  Cotton  Soybean Maize

Crop parameters Wheat Barley Developmental Parameters Units
Active base temperature 0 0 0 5 °C
Effective base temperature 5 5 5 15 8 10 °C
Upper temperature 26 15 30 35 30 30 °C
P upper canopy expansion 0.2 0.35 0.2 0.2 0.15 0.14 -
P lower canopy expansion 0.65 0.7 0.65 0.7 0.65 0.72 -
P upper stomatal closure 0.75 0.75 0.6 0.65 0.5 0.69 -
P upper early canopy sentence 0.75 0.8 0.7 0.75 0.7 0.69 -
crop water productivity 15 16 17 15 15 33.7 g/m*
Phenological Parameters
Initial Canopy cover 6.75 5.75 0.7 0.72 0.1 0.49 %
Maximum canopt)_/f cover 90 89 75 95 80 90 %
Crop growth coefficient 3.9 3.8 52 7.8 13.6 12.7 %l/day
Canopy decline coefficient 0.386 0.6 0.781 0.247 0.150 0.565 %/GDD
From sowing to emergence 150 98 191 36 200 96 GDD
From sowing to sentence 1704 1517 1556 1419 2200 1664 GDD
From sowing to maturity 2414 1805 1757 1918 2700 2164 GDD
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Figure 3. Simulation of winter wheat yield at different planting dates
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Figure 3. Simulation of winter barley yield at different planting dates
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A0

VWA Sl o 5 )Les FA 5,90 0l slys LS psle

3900
3800
3700
3600
3500
5 3400

eld (kg hal)

Y
(V8]
W
=
s

3200

3100
29-APR 4-MAY 6-MAY 7-MAY 14-MAY

Planting date
@lizeo glacils 7 b 5o o)l s o Slee (g5lwasilon O S
Figure 5. Simulation of spring cotton yield at different planting dates
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Figure 9. Simulation of summer maize yield at different planting dates
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Table 4. Optimum planting date, crop growing length, precipitation and base evapotranspiration for main crops of
Moghan plain

Crops

Planting window

Planting date Crop cycle (day) Precipitation (mm) Evapotranspiration (mm)

Irrigated winter wheat
Irrigated winter barley
Irrigated winter canola
Irrigated spring maize
Irrigated summer maize
Irrigated spring soybean
Irrigated summer soybean
Irrigated spring cotton

September-November
October-December
October-November

April-May
June-July
April-May
June-July
April-May

15 April
25 June
30 May
10 July
14 May

30 September
20 November
10 November

232
200
192
133
119
142
115
174

210.5
173.1
170
92.5
72
94
80.1
121

529.1
452.4
427.3
767.3
4448
584.5
331.8
711.4

Lﬁdt; uﬁT jLé 9 O)Slo$ szLAJJJLoQ 9 Ls*éb )%QL&A.& kJch?
Figure 5. Actual and simulated yields and net water requirement

Crops

Actual yields (t/ha)

Net water (m°)

Simulated yields (t/ha)

Simulated net water (m®)

Irrigated winter wheat
Irrigated winter barley
Irrigated winter canola
Irrigated spring cotton
Irrigated spring soybean
Irrigated summer soybean
Irrigated spring maize
Irrigated summer maize

6
45
2.9

3
2.8
25
75
7.3

2600
2150
2350
6700
5680
2730
6050
4040

7.532
6
3.165
3.82
3.506
3.241
9.515
9.229

2801
3227
2881
6027
5048
2579
6096
3565

8000
= 7000
6000
5000
4000
3000
2000
1000

Simulated Net Irrigation equirement {m?

0

v =0.76x +958.39
R2=0.92

1000

1:1
Linear (1:1)

2000 3000

4000
NETWAT Net Irrigation Requirement (m?)

5000

6000

7000

Simulated vs Actual Net Irrigation

8000

Linear (Simulated vs Actual Net Irrigation)

AQUaCrop Jow lawg oo sjlwasilen polie 5 e s jo L@l ol LS ol dlie N+ JSi

Figure 10. Comparison between net irrigation requirement and simulated irrigation requirement using AquaCrop
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