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Abstract
Introduction
Agriculture is the largest consumer of fresh water in the whole world. Almost 11% of the Earth’s total land

surface is arable, which is expected to reach 13% by 2050. Roughly 17% of these lands are subject to modern
forms of irrigation management, which constitutes about 30-40% of the gross agricultural output. Reducing
water consumption and increasing water productivity in agriculture, requires a correct understanding of the
biological response of crops to water. The ever-increasing growth of the population and the limitation of
freshwater resources have led irrigation experts to new and efficient approaches in making decisions to increase
water productivity. The lack of scheduling in irrigation or their incompatibility with weather conditions, soil,
irrigation systems, agricultural restrictions, and different crop phonological stages has caused severe losses in
irrigated fields. Crop modeling and field data measurement can help irrigation experts improve irrigation
scheduling in the field and reduce water losses. Coupling in-situ measurement and crop modeling during the
growing season is one of the useful solutions to improve irrigation scheduling in different farm conditions. In
this paper, AquaCrop was calibrated for maize (Zea mays L.) in the research farm of the Ferdowsi University of
Mashhad with the comprehensive dataset. Variations of soil water content at different depths and growth indices
were monitored during one growing season. The main novelty of this research is the targeted use of AquaCrop
software to reduce water consumption by knowing the phonologically sensitive stages.

Materials and Methods
In-situ and in-lab measurements along with crop modeling, have been the two main parts of this research. First,

the input files of the AquaCrop were prepared and calibrated for maize during one growing season. The outputs,
including variations of moisture, biomass, and final yield were compared with the values measured in the field.
Subsequently, by means of crop modeling, the sensitive intervals of the crop to soil water stress as well as the
thresholds of yield reduction in different stages of the growing season were determined with the aim of
improving irrigation scheduling in maize fields. Biomass reduction, dry yield production, and the changes in
water use efficiency during the growing season were investigated according to different amounts of moisture
reduction in the root zone, and irrigation scheduling was fulfilled by applying stress to less sensitive stages. For
this purpose, different amounts of drought stress were applied to each of the growth stages of the crop, and the
other stages were kept constant in non-stressed conditions. Dry yield and biomass reduction as well as water
productivity changes were obtained for each stage. According to the threshold values and the amount of yield
reduction at each stage, it is possible to fine-tune the time and amount of applying stress to the crop. In this
research, in order to increase accuracy in moisture measurement and prevent errors, an equation was developed
to convert the mV output of the sensor to volumetric moisture.

Results and Discussion
The Pearson correlation coefficient for measured and simulated moisture by AquaCrop software was 0.84 and

the root mean square error was 12 mm. Also, the value of the Pearson correlation coefficient for measured and
simulated values of biomass was equal to 0.99, and the mean square root of error was 1.3 ton ha™. The results
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showed that the vegetative stage of the crop was sensitive to drought stress and caused a significant yield
reduction at the end of the growing season. Also, the stage of germination and flowering were less sensitive to
drought stress, such that the decrease of moisture up to 12.3% compared to the Net Irrigation Requirement mode
would not change the final yield of the crop. The improvement made in the field resulted in no change in the
amount of biomass and dry yield (0.38% increase in biomass and 0.52% increase in dry yield), at the same time
26.6% decrease in depth of irrigation water. Additionally, the drainable water decreased by about 86%. Also, the
adjustments implemented in the field, have led to an enhancement in the ET water productivity, elevating it from
a value of 4.66% to 4.67% kg/m>. It is worth noting that before the modification, the farm was managed
traditionally, in accordance with local practices.

Conclusion
Further exploration in the domain of irrigation scheduling is essential, particularly in devising detailed guidelines

for farmers that cater to a variety of weather scenarios and irrigation methodologies. This should also encompass
diverse strategies for water distribution across different farm sections. Additionally, delving into the impact of
using saline water for irrigation purposes stands out as a crucial area for future research. These subjects are
poised to be pivotal for specialists in this field, aiming to enhance agricultural efficiency and sustainability.

Keywords: AquaCrop, Drought stress, Maize, Soil moisture, Water productivity
Article Type: Research Article

Acknowledgement

We would like to express our sincere gratitude to Department of Water Science and Engineering and research
farm of Ferdowsi University of Mashhad (FUM) for the financial and logistical support who significantly
contributed during the research project.

Conflicts of interest
The authors of this article declared no conflict of interest regarding the authorship or publication of this article.

Data availability statement:
All data generated during the manuscript analysis are included in the article. Further datasets are available upon
a reasonable request to the corresponding author.

Authors’ contribution

Mahdi Gholami Sharafkhane: Field data collection, Crop modeling, Manuscript editing; Ali Naghi Ziaei:
Conceptualization, Supervision, Final editing; Seyed Mohammadreza Naghedifar: Conceptualization,
Supervision, Final editing; Amir Akbari: Field data collection.

*Corresponding Author, E-mail: an-ziaei@um.ac.ir

Citation: Gholami Sharafkhane, M., Ziaei, A.N., Naghedifar, S.M., & Akbari, A. (2024). Improving the scheduling of drip
irrigation system using field measurements and crop modeling. Water and Soil Management and Modeling, 4(1), 299-313.
DOI: 10.22098/mmws.2023.12389.1236

DOR: .ot

Received: 22 February 2023, Received in revised form: 08 March 2023, Accepted: 10 March 2023, Published online: 10

March 2023
Water and Soil Management and Modeling, Year 2024, VVol. 4, No. 1, pp. 299-313
Publisher: University of Mohaghegh Ardabili © Author(s) BY NC




% SE 5T Co e g gildwe

I

TYAY-YoiT @ g I LLY

AU G3lwd e g (Slawe (£ 0505151 b (gloplad (Lol i (532 540U 12 Dgu42
ST el ¢ 508 L pame o T Sl B e iy a3 (e

Ol e edgudio swgd ol (65l BASLES (T wdins g pole 09,5 il owlih ) ggmeiily |
Ol i gutio g b oKl ¢ g)ysliS 8IS (] iz g pols 09,5 il |
) i gt g b oSl ¢ gjyslisS BASES (] pokine g psle 09,5 (6 S DLy Bhoe |

R
ol 0l i50 53 s LAl sl Caw g 039 (659l Bign 5D (awliol YIS 1 )bl slapiunw Caun 3l Copte 5 camlial Sk
Gilise balys )3 ()bl (65)40b s dguts o )3 Aedgu (slay STl I (K alS cla Jue 5l odlitul g by Juad Job > Sliue ()l el
olS Ly calisee slayesls 5 calisee Glasl o SB cugby @luss 51 JolS (gylapodls b sy Juad Job 13 (idghs oyl )0 .l as )0
b o o Sxily AFee Sl )0 dpudio wgd,8 oSl (6559liS 88l de s )3 (Zea mays L) sladgle < )d (slys AquaCrop l58ls
5 el Sirtoliy domte B | 0y Gl ol Jpuana i8IS (520 polie 5 (St 5 & oS (ol sloly ol 5l asliz
i b caslito udy Juab Jobo ) aiBly 505y Ol e S Sl g sy Sts B3lo o35y SRS A e ) de s
il 2 plsl pllus oS slaoil 4 G35 Jleel Gk J el siiaeln g oy oS k) b 3 Cugb el cilise
0l o8 0395y j Hlde )3 yiul38l o pd +/YA) (sadgi SiiS Bole g 0dgiCumn ) e ) pud ple G de e 5D ol pbdl gylol (65540l
Sl sgeste il g Oy Lials woyd ADIS o)l O es jialS aopd YEIF Jlo e )0 o (s 83le Hlade 45 Liulihl asoyd +/0Y 4
IS g0 4550 (il 3 I8 Candy 5 i (it S IS Candy & Cuns cxSayio p p SIS FIPY @ ¥IF ) 4l 5yui e
(hS Gl (Ol Gpae ials Ao 3 ()bl laastie 4 Llg e Gimgh ol slaal b e (synl) adlaie Bpe b cuslie g e

e SbLs S8 (ol (sia)aelye 355 5 LA & dl po b Comslus i 5 45) Juad Jobo 53 (S 4 slus (slaojl (ki

AQUACTOP « S gl ) o Sl (a5 ] (690,40 35S (s WB31g

g5 idllie goi

an-ziaei@UM.ac.ir : S Sl cuny b5l Jotue”
IV (W SB g o g o g il o . LS il Jre g Slue (s xS0l

DOI: 10.22098/mmws.2023.12389.1236
DOR: .

VAR L] o)l VE VYR 250 gyl VNIV 16,55k gyl ¥ VYT il fol

@ @ TAY B YA dsioo o) olad oF 0,93 VoY o «SE 5 of oo g (gl fto
@ By © byl Bazee oKl 1L




Yoy

e (510008 (6 )Ll ans (G52 y0U 2 3910

ojilulaly mow 5 Sis Bl 0dCum) Hlde o yiw
Sy Sl o logaste ol was a5 balys (o bl washs
gy Song et al. (2019) g paS (silwdnd CBd wlS
el 0ol pldl @3 olS by (wlas slpe cpusd Gua b
b oot il Al ge o (sylleS S ol g
OE2 4S5 S epSeilul |y elS Ay, dsb cugh,
P4 Slg el agby (5 ySojlul ©ldd G Sloj Juolgd
o> LS adyy &b 5 a8y Jad Job 3 ) cogh) il
Made il e g 0)Slos yialS (gl gds yolis Sk
BB ogy cnl 0 leleS e o ) 4 evgcan;
Chen et al. (2020) « 5,55 Lidgh ;0 g Moo i yin
Gosls JUs) gy pees by Jae jl edlizel b
(l . . e v . -
Solel iyl by ryelip wpeS Sy hyslaS
g s bl ly 1) cpyaeby gl sl sl
oy ol Ll ks sl bl e oy Jlowd Sid e
» ui ‘_9)..40 u.’l)l.{ ‘LSLAB 90 d)l.u] d).s)duol;).» l., FLY
5l edlatwl L Moghbel et al. (2022) oL o Livl3dl 4 )50
Corlad pas 3000 w2psNl 5 Sy egyule ljdle
@ ol Aty Bl S 69 lyis ¢ ailppen Jlots]
Siloard Shl bl pras b ed ST L )ll cov |,
5,Slec Feng et al. (2022) « 5,555 iagp p .453,8
Lmui L3> ged u.sb))‘ ]) D 6ds odmdg CJLO L U] C.Em
NPleys ol bawgs 55 205l 1S g (55 28] e A8l
5l g oad @) 6l §ymim s 2yl p3 S o o
)3 3929 SBgaw (59, @lo 3929 Ll b )3 Jl38le 5 deue
Jgae iloand gladse jlodlil (63b; ol Singy
oor 9 lomgl s ol olel s300b5 Cax
Alo3)S Sty Juad Jobo p3 ol 3Shes p oyl Ll
bl Siytaby g LS (loawd b basye clagiag
S5 pae 5 LS lajyiie dgioe (gpSojlul b Bias
olyon oligS Sloj Jolgd b ady had Jobo )3 lagsySojlul
Dl so 39450 |y odel oy ol I oaliul 4 Aitun
O 4 0 Cpmlas i e 3 @b cllas
Hoshmand et al. @oes (slp .cul oss pll Sis

! Seedling

2 Decision support system for agrotechnology transfer
(DSSAT)

% Generalized likelihood uncertainty estimation (GLUE)

dodlo —)
g 09 >yl > Ol B G pas (p3S)h (559l8
Gl ooes Ol ey S5l aoyd Ve dgis el 3k
Simionesei et al., ) 54 00 o3kl (gjy5liS 2y o)l
i & e Cudgize g Camex 93dlig; 43, (2020
P el g e (e Sog) e 4 1y Ol Bj Yl
By «SipgliS 5w 5> yg0p0 URIP Cae S el
Iy o0 8,8 o 3l aoyd WY Loyds ol Jls pd .ol 0ol
o) 395isn e o mie S5 S B )
ol 3l Aoy Wkl ey dopd W Yede Jl U lade
&S Ngdh o (5 by ch Copde po (gaegus cod ()
P oAb g 5l asn ¥ B Y sos SWl e en
ols (Guetal, 2020) sad o JuSis 1y (65,5liS Lo
$509liS Y game W55 0 (y90080 GRIB! 5 Ol Bpas
b s Y pame (Sosshgm gol 3 Cn cOLS pifie
9 amogs &) S5 )b ;) (Foster et al., 2017) cul ol
isgltS & asy50 50 Ol )8 pogas 1 e Jadll) g
3 ) @l b solatsl el wilisee Y game (glp
.(Geerts et al., 2010) >yl o waly3 |, (gjyoliS yiso
52 2L (il b olyen (glie o slatalof] iz on
sy 3 (e slaJoallygod &) 50 LS sla g, ]
de e cilize Lulyd 4 olS Gl (cwyp 9 g0 LRl
.(Chen et al., 2020) ol

9 e mlie pynte jl S (Zea mays L) o)
b iblio ) 0y ol ol ol sl pdingios 65l b
@l ol catS g oo 1) e de Yoo &V 5L il
Song et ) cosl aly b yud Siddes o Suid sblo 4
1S3 S 5 s g6 &sbybl 3,5 5k (al., 2019
Jseao ol el e sl LS BTV obeo o) 5
Cusl o5 EYIVOY Joleo lawgio jobdy )iSa o 5l o1l 5o
D518 e Candg Sk oxSbe b awlie ) oS
Do g LYY Jlo 3 Jgeasmo ol S 1) ek Alie
Al 9 same ol cutS 5 paw ialS 5 oLt wrsiS
(FAO, 2021)

Loy olS leand o glooyuns Cldlles a8
Jbo Gleisds ol oddd plos] giludas o yl3dlp 5 5l ool
N3dley (oilwas cds Hbj,l ua L Heng et al. (2009)
5 leS kil cov o, o5 «lp AquaCrop

2ot e e AT Ggh lulyd > l8le s



FIY U YA oo (V€Y Jt.w‘\ b)l.o.wci b)gb/dbsyi%ﬁwgd)ud.\n Q).M.u/ ul,l&m,~w,m G“M'; Y.y

P9 S g Jed 5l alS sl pate (6,80l i en
gl 15 plrl oS Sloj Jolgd b polie yoboay 13y o
Oygods AQuaCrop lsle s 5l eolaiwl cjiagh cpl ol
ol lrol calis | gj Bpas yinlS Sy Jedin

ol 03b o Gl e 5 (S 55 4 A,

b 59, 9 Slge -Y

Pl 5 503l g lawe (5,15 00805 -V -F

P VB N F Ve Jle o Sl (gl 00l
&Bly Ao (5,8 oS (55y9liS DA Slaios & s
R 0l (2l Cusdge b bl b S b el
B 3 g bl o g Jled o sjpe dlate > e
s ol 4 Canl ord el olen g O ilize claages
Glgp g ol sl odldl 85y Slusgas g lgn 9 Ol ()l
3 Sl Aoy Aluod g 4Bl ()i (5)legd i 53 adlate
(w>ne (Ebrahimpour et al., 2012) >0 0 Jols 1,
ol Jlo 0 gade Yor P Gl G oSl
oAb S5 deyie oldlys cuxdee (Tehrani et al., 2023)
54y O g Jlad &5 YV g dddd VY g ax 0 Y5 &g
Lo g e SVF glis) 5 (5 &5 A% 5 s ¥
(V JS3) b oo

@32 s

(1)

Spas 2L g 38ee (qwyp Sa L) imghy (2014)
ol zobs b pbel Sskas MelS S )b G
Voo ol Jleg 4 baye ol Bpae ST (5t ol
£l 4 baye o Bpas (U (505 5 o 5l 20
Alinejadian Bidabadi et al. «uzpn .cul I 5L a0y
Ao AV oll s Slan b1y @b &l 5,Sles (2016)
Bolai S Sl )b Spgony gl 55 2o £y Al
G b (SUS 5 S S aside @l Bib Ldged ()
o SISy 5 Sl lul Sk
aS b gl s Bk 5l ad el @) 0Sles ials
We el Jlos & byye Sl 5wl 5Slee (5t
S 2o P e 4 bgre 5 Slas (508 5 2l Sl a0
ol HSa )3 p)SokS FYYA 5 MOA L & b
Gilise (sbaylas 3l oy ,» Saeidinia et al. (2019)
A Voo bl Hles dw woyd ol 3, Sdes o Siis JiS
e |y 2l 38kas 5 03,5 Jlaely 5 o 5+
s U 595 cslajima} w390 UBylS VW/B 5 VA/D FV/D
2 09 @0 Ay Bil IS 4 (Sis  lise clajlag
P Coles e o)y g A8 BB Jolpe (385 )l
390 ey 1y €3 3 Slee il (e cal> yo
e Ll g O Gyme ials Gan b ysls imgh
Gl 0dd plosl cyd ol Wby 5l Jad SO 0 dsyie

5 1l 2y 9 e alljg) ©ygon 2lgr g f sl psite

(z)

i o9 9 BISLEIND ¢(6559LiS BASLEIND Asj 50 43 andllas Dyg0 BYgue (K0 CurBige —) JSWS
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* Canopy decline coefficient (CDC)
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