Y - YT Ao/ V€Y b/ AT 0,)lowd/Y0 0,95/ ouiSR) 9 5yl (61 05l Lowiigee liuio

AERI

293 o £oi
Joro 3 ool b (55 59liS T B yaw wdlS (3 oo S 801y (s 31 (w3
(8 y5d Cud 389 490 Adltao) AquaCrop

S5y ke o g Sl Moy el

Il @S (5918 ey 5 Ghisel lojle «sjygliS (pudine 5 (8 GRS duge ¢ 3ie'

VESY/ AN by gy VE Y/ Y VY bl e gu b

(XN <3

Cu o Cowrl O ol,I5 5 diugr (o e (51,1, 51 AT Wil (55,5LiS i 1 O alie 31 cowlio B3I
bl g Conl 41535 (aand (b (amb g Sl Jolge 51 slasgorne 3, Shos Jols 5l (il 53 3,Kukd Culd (JgiS Sy
S oliwe (VWY-R) (daoj; F g ol jlol (polaol 223,15 1,8 Caglyl )3 b (dunjpy O (i Jales
&l AQUaCTop Jue 5 addlke cpl 45 .Cowl (10,3 VT) xS pin ygabe YTUAY U ol bawrgio job 4 Jlw 12 45 (35
25 423208 5 dos (51 ) b o3l S0l Ailaie 13 (B pae O Jlade 5 (£ LI Y guaze 3 Shos (55l
SLgSl 5 Cudls &) kS 39290 g9 il (5l loly dgmarsiile alya Bl b Of Bpae )3 (g2 ddpo sl
313 Gl (815 Y grazmo 3,80 (bl 2 5 (gladbio byl (5152 AQUACTOD o (2uiuwly ol (o2 (5 5ltlieS ilieo
@5 92 08 Sl (RE) (o slhad (0 5065 L 1) andllansjg0 (o815 OV guanes 3,S00s Sl diadly (1981 Jbo (]
Sl b 4 dagi Loy (Ui )z A5 (glwdmd Juio (Piwly Ao o 3 3Rl Sl (gl gy g ladgle
(w05 0/8) GuaSo yio cigalee YWY (a4 (29208 p0 &1 y2ie Gy il GLACUES' (5152 9 iliteo (3bLo )3 ylou],
SR 9 (22l 51 (5 ke a5 3590 OF el 43 (oS il b 3 Wl o0 o i Ish panass Of dpae 43
1y (ailato 53 Jglite CollS' )b Hiold &y dagily) ding Cudl b QLT b 3y (Ui (3485 gulis .48 ol 8 3 Shos
B2l (22,3 +/A) Ol B pas 13 CaSeyia sl TIE (lee &1 (5lel (AIBU 5l 5 K Culs 03ga0m0 LI OY s
1 Gos (AL 315 (LS (1) e OV guaso (51 illee (S ke (5lagRIT S (6 )l (G paote pSd W3S by o0
@ ol ol b ol (atliwd i 55 5590 Of Gl 13 (295 LB (29248 0 (5Ll (95 I FI L 3 9 (5L
50 983 0 b sl Cmwday gl 15,5 9 ddpo O Lo 13 3, Kiid Cudd 43 (waoyd 1/ +) CxSo o (ygalao VAT (ylime
39290 35 32 (R e bl pud 53 ¢y o Sl 9 U] el sly2 WS (Sl 32 5L 325 5885 9 19 o0 819 31 (65w
3 3y90 Syl OF Bpas p3 (5yluleS 9 Sl Gl i (lonly 390 dloa I iliee (5lagy sl Jlos! U ailaie 5
w51y s g U2 3 (B pean O lanigin b camsliie (525248 500 (520 )3 CulS 2 ot b 35 (4295 JB (5240 p0
Sl CuiS g Cod

SoleS (s bl (lonsly ol (9248 o gy Sl G 3U o5l (bl 2 glS (sWo g

https://doi.org/10.22092/idser.2024.367320.1595 Email: omid.raja@ut.ac.ir PV

® © 2023, The Author(s). Published by Agricultural Engineering Research Institute. This is an open-access article distributed
= under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/).



https://doi.org/10.22092/idser.2024.366199.1582
http://aeri.ir/Main/Index.aspx
https://creativecommons.org/licenses/by/4.0/

g aly o ,Slae 3,515 0 AQUACTOP Jow aoo o ol s
2ol (o8 Ol 5 (5 OV gamme 0065 am;
o e d9ue Sl aie )l 6 1l g oalsans o Slas
sadaislis calise glao 55 o acy e 0 o Lpae
Khorsand et al., 2024; Xie et al., 2023; Lu et ) .

al., 2022; Eskandaripour et al., 2020; Amiri et al.,
2018; Ramezani et al., 2018; Tavakoli et al., 2015;

Oldllas zls (Ghorbanian Kurdabadi et al., 2013
oSl AQUACTop (gjlwarccs Jow jo aes oo lis alises
N gazme s Shoe 5yl lisee Ll 536 5 iy 5
sy aal )8 Il wilsi oo Joo ol g o)l 0525 i jatir
ol r90 0 Gl g 48,50 0 Ol G pan o pae 9
Farahani et al., 2009; Heng et al., 2009;) s4, 54

Andarzian et al., 2011; Garcia-Vila et al., 2009;
.(Tavakoli et al., 2015; Eskandaripour; et al., 2020;

sools 5l (Tavakolietal., 2015) ., Sen 5 S

Aoy, dog CawdVl ;o (VWWAF-IYAY) o o> Ll g0
AquaCrop Jaw cds ol sl lw ) sl jo a5 S
gy gl gy s y0 9 S Cugh) o Slae 351 50
cwslin g 15l Jae cpl wsls lis 9 w5 eolaiwl juw
32 &leS 5w bbb 50 92 0 Slee (3le 4 6
e 5 (6 el Sladllan gl Cewl asdllas 3,50 dilate
AquaCrop Jos oUls obj)l sl (Amirietal., 2016)
St Al pAUS 80g5 ) 9 dils o Sles o yiam 4o
SEAYAZ AV 5 \YAD - A5 <)) slale 4o (5,5)
als o Shas 5,915 ;0 AqUaCrop Jow Jg3 b8 cds
O‘)M 9 6”..\..&‘ ‘SSLAA) ! J}A?LA ooyw.’) 9
9o Ul adxs o (Ramezani Etedali et al., 2016)
&lp 6 eleS o pae ;0 AQUACTop Jow Bg Y. aseus

alog, dsg> jo |y (Slails &3 § 42 puiS) e D

donio

5 $oslS S ol (i 0 Jige sy (o)
O ladig; 51 S o 4 by gl st @b
oz Sy g el SlpsS oy 4 el Wl Slex
Sas00 SLG,lgds was oo plis (Sdy; & s e
2 el 2l Soel el g (65,0l i o Wy
5 ovgme el ()l )0 5 sl b o Lo L& L
losin 3 sole S 3T oI55 4 il Jobs 15
g Sy Vo0 Jlo b Olss cnl 99,00l
(Esmaili Falak &Abbasi, 2024) aiss 5550 il
AWM O ey e Mol g (3155 olsl
Wl al YYD Lo b 595 b adg Laas sl o]
Al 093 Jlasl LB Ol mlie 4 aoys VY
U & ity oyt aaly> o3,k 51 (UNESCO, 2010)
ok 5 plls O glis 5l cblis 5 (s o Sl
Lalps ol b gy ol 315 il Siie Jlzd 395 (51 nals 5o
AellS g atge S e 6l S5e oo Sal; Jloel 4 5L
Droogers et ) s,ls 843 (55,9laS Lidu 0 ohg 4 ol
.al., 2010

Sasre kil s @ 5l G byl s ol
ol Ol mlie 5l o000 5 o pae 0 pibolis
>l i darmme Lyl ol S sla Sy 2lsa 9 o Jalge
33510 55 e Jelse ;500 5 (2LS slaaisS (s5slsid
Allen et al., 1998;) wijse s)lal 5 ol 5L olhee
Je (Parsinejad et al., 2022; Li et al, 2024
S Cogb, Lol wlsl » 1,0l 3 a0 o AquaCrop
bz glagy )l Coxi g iS00 05l Ay dilaie 5o
Sl dras oLl5 5 olS ol 5L e Jpame o Slos Wil oo
gl s 9 kelnS abex 5l Galisee Lulyi jo 1) olS
Salemi et al., 2011; Raja & ) oS (g3lwacs cuils
olddze Sllllas mls ( IS 4k 4 (Parsinejad, 2023

L International Water Management Institute



AquaCrop Juao 3l edliu! U (53,0l Of B pan (a8 o e g1 )1,y wides 51 oty g

-d)l-:-.’Tr“S alizee Glassl 5 cllS @b s ‘LS)l-.t-."‘
S p3lns &S L 2l Sal) &l easdllas (] 5,505,
Ol 4 by il S o8l et (> g skl e
Obis e Wiz se el ablhie ;5 CiS 5l
S ol 690, o0 omb BYs 5l S aSuslesls
Ol 2l cls G L agre 5l (B 0 Jgae
Jo) ol slacgogaoe pils Jdoay Lol pl cwl
Sly Gt Ol dopt 5 5y55 5 )lgetl (S 2Ly
slooly 51 (S 2l Gl Bd ealply ils 5L L]
Sl (55,98 isu pe ol BNl S el y0 Fge
slaseS 4 ous 3l sla ISl .(Jafari & Abbasi, 2024)
)5 3525 BT 10,5 lae Sl diy 30 JBlas L a5 ol
it Ll B g w5 s 15U ol 5leS cuine
Se o (o e 5 Jlosel )3 (S e slagSl sl
aibaio )3 09250 Ay Lulpd ol » 358 sla sl
29748 o dalllas Bas Al 50 O)le a4 ol oolys Lo
ol 5l olile cilo p 5l 6 pKis Ban b Ol Bras jo
A ool 1,8 (0 Kt e gl 6,lul) suejp; ol
Cl Grae a8 (o poe gla)Sal, il )
5 90 PR Sliwly p3 oad a8 3 JlaS 5 (55 sliS
Oleadly S alises (slagy i (wloly O mlio (55l
g aibie ;0 Sg2ge Sy b 4 g L gl
o,y Boyb 5l ol B pas jo agzad e (riwSl
AquaCrop Jow 5l eslatwl b (s )LoleS 5 cusls o )b s

Ll 6.0

gy golge
o fie dilie d9rge aog bl e (pl yo
(i 5 b f mlie) (uytwsd jo ol glie Jolis
LiS ) g (2iST o8l ell) (65 )5laST Comdg
el 00l gy (55l ledily g Y game o Slos

OSSOl ooy 2l Sl cansy el

AQuaCrop o1, (5 a0 (s ¥.) dseus \000,5 gy 0,9
A Joe O does aes o lid Basiod gl 0,5 e s
Ol )l (6 it S5 (598 5 (5285 5 o Jdo
6)9m JL?-S u'| (::L.A 45‘5&&& Sl 00l »)LQ,.M
Qéu.v.;)"o)‘od)}.bQé)SYlngM}oL;l%&)bsﬂYlg
SHles ¢ glae, 098 eolaiul AquaCrop Jus O
, 1, AquaCrop Juw oblgs (Ramezani et al., 2019)
5 00,5 obj,l olel il zolaw jo o,Skee 34l
AquaCrop Joe a5 wisls oylas g bl slacyge;] s
Khorsand et al., ) ;o2 3 aiw,95 0l oYL cds
aiuily oea AQuaCrop Juw wisls las 505 (2024
kol Ll o 1, 155 8095 Cams g 0,5hee e Conl
Jae ol ol Syl ol S (g5l g laleS 5 JolS
6395 Camn) 9 0,Slae (gilwand lp cwslie gl 1
.Jd‘o.);

Gk 3l ey @l Glejie 5 (s Glac]
i oS Ceul (63,190 alaxjl jlone st g slne (Slaols i
L1y oSt s Lasin Hob a oyl sl o O
5 Olwl owyiws Jdoay .l 00,5 axlge o> il
Olyee cailate po o of mlis 51 (5500 0,00 (Soles
alox | ke slvoslainl glp mlie ol 5l cubls
ol ol o alawlic g 4l Jlgl,s i3l o5 ,0laS
i 2l @l 5yl e bl pam 0 >
L5‘>3"L’ )Ja_’> Ajj) U”‘ aolol aS ol 09gs 4.\\.\.!.3 )‘ )M
Niamnsi & ) casls salgs o 0 1) guejp) of sl
.(Mbue, 2009; Raja et al., 2019

Sy au20S 5 dos o, Kal, &) caallas ol 5l Bon
ol 3, 5in Cuid 0 Ol Byas 0 u9zdd,e
ool e aile e Pl L alize b ,Sal,



Y = ¥ aoiio/ Vo ¥ 5/ A% 0, Lo/ V0 0,93 iSB g 5ylil (Wb 3l owiige Cligios

Sladhie Sledbl bl 5 skl O (690 e dnnlio
gy )l (2 e PBSIL canlite «uled )0 00,5 (o) 2
Sl pedie b ad o5l aszadie LB O Gl
ol st Jole &l gls ol Sawjlys jo guejp ol
P A py 5 aS Sl sadosls Hlis (V) JSKG 0 adlas

Sl 0l 4.«.7‘0).: J?l).o )‘ &&

Slog b 56 i Sy g owyp slp ad Sylp
L .ol oolawl AquaCrop suss  oiwly Jow 5l ,kais a0
Olesily Sy Sl Jelts Cilises (glagy i (g jludunds
Jhesl 55 9 cils @)LM (amass gualS 6)1,,31
colarwl b o)iw.m Sahs e UYQM (_gl).g (5)L"'"|WS

Lol Bran 10 o978 o  mw ) Kel AquaCrop Joe

9 i)

WlS 5 s ¢ H..J\_,
Sl landl, ¢

o aglie 313 las e
sy e

,_,...,,,..u«h_.....,,,,...
Slgul S Ol ime

w9 adpe S8 Al 5 ) 9 451

Ol G e
]

| AquaCrop Jae ool l

S eyt

OV BT e Sl plasdty U5
OV geazms 5 Ll S oS g6 S o

Lol dpan 3 agaad e S0l w)
Lyl 2 jlade SRal) gl o5 Jles!
(b ahols a1 530

l._;!.n,‘..,;_,,.su,.o_,ts.v.‘...,,
9t &2 cawbie CanlS 00,6 i
;2593 Job 3 SN 5l A 23lin

Ol w2t 9 ! Sl e
S cleculs ol gl

!

—

IS5 Ol 30l b B 2 5l GRS

e 3 oaed g2 dd po

o g1l O lagld - JSS
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Table 1- Surface water consumption (MCM) (Alborz Regional Water Organization, 2020)
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Table 2- Ground water consumption (MCM) (Alborz Regional Water Organization, 2020)
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Table 3- Data about the major crops in the Hashtgard Plain (Agricultural Jihad, 2021)
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Table 4- Data about the major horticulture crops in the Hashtgard Plain (Agricultural Jihad, 2021)
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Table 6- Crop phonological development stages calculated by the GDD mode of the AquaCrop model
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Table 7- The crop parameters used in the AquaCrop model
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Table 8- Estimated water savings from removing irrigation efficiency gaps for major crops within the
Hashtgerd region
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Table 9- Estimated water savings from removing irrigation efficiency gaps for major horticultural crops
within the Hashtgerd plain
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Figure 4- The amount of yield and water productivity for wheat, barley, forage maize
and alfalfa crops under existing conditions (Y, WP) and after applying the deficit irrigation scenario (Y*,

WP*)
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Table 11- Water savings for different crops after applying the scenarios
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Extend Abstract
Intouduction

Many factors have contributed to the drop in the water table of groundwater, including the increase in
cultivated area, decrease in rainfall, climate change, and the continuation of drought in recent years, and
withdrawing excessive amounts of surface water sources and groundwater from unauthorized wells, which
has faced serious challenges in the water sector in Alborz province. The Hashtgerd plain is located in the
Alborz province. The current situation of the Hashtgerd plain is the result of a series of human and natural
factors over the past few decades, and the restoration and balance of the underground water of the plain is a
priority. According to long-term statistics, the groundwater level has decreased by 19.8 m in 29 years (1990-
2019) on average, there is a drop in the groundwater level of about 68 cm. per year. The total aquifer deficit
is 487.85 million cubic meters, and the average annual amount of the aquifer deficit is 16.82 million cubic
meters (6.2%). Given these conditions, it is essential to apply effective solutions for optimal and efficient
water management.

Methodology

The purpose of this study was to provide practical and low-cost solutions to save water consumption in
Hashtgerd Plain. There are different solutions with minimal cost, such as improving irrigation efficiency,
changing the planting date, and different patterns of deficit irrigation. The approach of this study is to present
and examine solutions that do not require changing the irrigation system or even changing the cultivation
pattern and also not reducing the cultivated area in the region. It is the examination of the solutions that can
be implemented at the lowest possible cost without adversely affecting the livelihood of farmers. The
objective of the study was to reduce water consumption or prevent from excessive groundwater of Hashtgerd
plain aquifer. The proposed solutions do not require new tools such as precision leveling machines and, so
on. Each of the above strategies was evaluated based on the actual conditions in the region. The main
objective was to evaluate and estimate the water requirements of the dominant crops in the Hashtgerd Plain,
and to present different scenarios for improving irrigation efficiency according to the superior conditions in
the region. The feasibility of saving water consumption through strategies to change the planting date and
deficit irrigation was evaluated using the AquaCrop 6.0 model.

Results and discussion

In this study, the AquaCrop model was used to simulate the yield of crops and the amount of water use
in the region. The calibration of the AquaCrop model for regional conditions has demonstrated that the
AquaCrop model is capable of predicting crop yield with the lowest relative error (RE) for wheat, barley,
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fodder corn, and alfalfa for the plains during the calibration phase of the simulation model. According to the
levels of efficiency improvement in different regions and for different crops, it will lead to savings of 17.7
million cubic meters (5.9%) in the amount of allocated water consumption. This will can provide the
possibility of supplying water to a larger area of land without reducing yield under water scarcity conditions.
The outcomes of the scenario involving a change in planting date through AquaCrop model simulation
demonstrated that this management pattern has the potential to reduce water consumption by 2.4 million
cubic meters (0.8%) in the region. In addition, different levels of deficit irrigation can save 19.3 million cubic
meters of water consumption.

Conclusions

The obtained results show that in many cases, it is possible to provide without modern facilities and
huge costs, applying different scenarios such as improving efficiency, changing planting dates and deficit
irrigation has achieved significant savings in the required irrigation water consumption. Naturally, the share
of each crop in the amount of savings is proportional to the average water consumption per hectare and the
area of land under each crop. In general, the AcuCrop model can be used as a practical tool for simulating
crop yield and evaluating management scenarios.

Keywords: Alborz Province; Deficit Irrigation; Irrigation Efficiency; Optimal Planting Date; Water Saving
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