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Article Info Abstract
This study aimed to determine the optimal combination of water quality
Research Article parameters for maximizing forage maize yield using Genetic Algorithm. This

study collected 45 forage maize yield data points from five treatments in three
Received: November 17, 2025 replications over three cropping years in Mazandaran Province, Iran. Water
quality parameters including electrical conductivity (EC), sodium (Na®),
Accepted: March 16, 2026 calcium (Ca?"), magnesium (Mg?"), and sodium adsorption ratio (SAR) were
measured. After developing three different regression models, the interactions
Keywords: Multi-objective model was selected as the superior model with an adjusted R2 of 0.99.

optimization, Non-linear Parameter optimization was performed using Genetic Algorithm with an initial
regression model, Irrigation population of 50 chromosomes. The optimization results revealed that optimal
water quality, Meta-heuristic parameter combination consisted of 1.18 dSm™ electrical conductivity, 1.65
algorithm, Sustainable water meg/L sodium, 1.04 sodium adsorption ratio, 2.86 meg/L calcium, and 41.60
management meg/L magnesium. In fact, this study demonstrated that an optimal region

) _ exists between 75% and 100% treated wastewater, which can be achieved
Corresponding author's email:  through more precise adjustment of ionic ratios. This optimal combination
Mohammadmirnaseri@yahoo.com ¢ jted in a predicted fresh biomass yield of 26.9 t.ha™, representing a 10%
improvement over the best existing treatment and a 27.3% improvement over
the mean forage maize yield. The developed model demonstrates high
predictive accuracy, and Genetic Algorithm proves to be an efficient tool for
multi-parameter optimization of irrigation water quality for forage production.
This approach can be implemented in operational management of forage maize
fields to achieve optimal biomass yield.

Cite this article: Shakeri, N., Mirnaseri, M., KoshRavesh, M, and Delerhasannia, R., 2026. Optimizing Well Water and

Wastewater Blending Ratios for Maximizing Forage Maize Yield Using Genetic Algorithm. Journal of Water Research in
Agriculture 34(4), pp.321-340

DOI: https://doi.org/10.22092/jwra.2026.371395.1101



http://www.swri.ir/fa-IR/DouranPortal/1/page/%D8%B5%D9%81%D8%AD%D9%87-%D8%A7%D8%B5%D9%84%DB%8C
https://m.sc/
mailto:Shakerinarjes130@gmail.com
mailto:Mohammadmirnaseri@yahoo.com
mailto:Khoshravesh_m24@yahoo.com
mailto:Mohammadmirnaseri@yahoo.com
https://orcid.org/0000-0001-6753-9308

FEYYY o NP /F o led /Y W/ o/ (65,00 s O Shagh 4,

ol 5 S Olid a 3o 5liel colo

SooalaS s ol e 4 s

https://wra.areeo.ac.ir

g;‘ééjlsQJSJJila.cd)b%é‘ﬁdﬁig%jckgTL%‘%wM

K55 &.J}Q‘ Sheslaal

Ligme S5 Lo, 5 Suodss i o T rolm deow (s S 5

Ol sl b e 5 5,518 sk tils (ol pmiige oSl O] pmiige 05 8 (285 5 (oll t) ali IS (g sl

Shakerinarjes130@gmail.com

mohammadmirnaseri@yaho0.com .ol «s,be  gmab mlie 5 5555LES o ske Bl (2,5 uiige 008l ool puiign 55,5 Lokl

khoshravesh_m24@yahoo.com .|, (sl ( anb el 5 sooslaS o sle sl el )5 pmtige 028ils o] pmitige 038 ,luzils

delearhasannia@yah00.com .| ! 5 5 o&sls (53, 5LaS suSails (ol uwaige 058 ,Lsls

oS>

b ladgle 053 5 hoe 55l iS ez sl OT (aS Sla bl At S 5 el Bsa b Ghagy ol
e @iy 5l Jeolo (sladgle &5 5,50as 0305 FO dlaai cdallbe ¢l )5 . plomil (iS5 oia oS 51 05Liul
Colaa Jols O (A sl eyl 23,5 o9l aex 0Ll Ol 53 (ol b dw (b 1SS aw 53
2 555031851 (SAR) e 3r Casmd 5 (ME) 02 310 (€2 pndS” (NaY) 3 b (EC) (5o 35
<188 o aal uets o b 5 Jde Olgie 4y Salad Jde cilisie (g )3 5 e dus drasgd 3 ms
A plonil pg39ag,S O+ adgl Capmazr b K3 wia pg8Il 5 03litusl b la,ielyly (s5lwdings 293,85 Sl
o praw A/NVA dSm! Sl Culaa Jolis W jialyl disgs S 55 45 3l Olis (g lwdisg W
OGS Shea o230t 9 Y/AF il 53 S¥IoST oo S /0 F g daws 0332 s A /58 ) 55 Ci¥lgS
Gl Olunl) o o 9 oAbk (6 pd Dlas LVO Hlosi a4 ol Ol s Adble FA/F+ 2 5o
S 5 ol il Cawd OT 43 Ol o0 (S92 SBCammd 55255 @abiid b 457 3,15 39279 dingy (sl4ikie o Asdsiaas
3,8hos s Caps 11+ gm0 oo ol (21 45 25,5 ,USa 55 o YH/Q oddigimpiuy 3,5es 41 pomite dinge
Jie 45 313 OLts gl (s 1 b slbgle )3 3, Khos 5Slo 4 Casnas LYV/Y 5 39790 slosd (32 542
Silwdisg lp 2 Sl K5 w3298 9 0392 1395 2 I s Gmrpte S8 ) Adlarwg
4 i sl 03 golie Glles o pe 53 Sl e 3,95l Cal Gl OF oS (5 20l )b iz

DS 1,8 eoliwl 390 dingy S ;Shos

dlie Sl

u‘*‘”ﬂi Al

VECFA/YF 1cdl

VECEANYIYO 1y

o8 1ulS” ool g
@blador (g5luang (5,1
e S5 de wsoll F i

N KU TR P e

1 s Okins § s uo)éT
mohammadmirnaseri@yahoo.com

6|j ‘5)@-:« ATJLu-LJG\:: %Ji b}‘b‘%wu‘,ﬁ\f'f ‘l..b, g\:.’»&.—’}:h}sw"qu aui})f_’ﬁ' c-kw&dféuﬂ.d ‘U"”Js gGJSL; sl
PN e (P YA (g aliS o ufquﬂ A i (S35 r.:.u_,f.ﬂ Sheslial b glad gle &y 5 Shas (g)lwainy

-DOI: https://doi.org/10.22092/jwra.2026.371395.1101



mailto:Shakerinarjes130@gmail.com
mailto:mohammadmirnaseri@yahoo.com
mailto:khoshravesh_m24@yahoo.com
mailto:mohammadmirnaseri@yahoo.com
https://orcid.org/0000-0001-6753-9308

e 3 o3lizal b (sl gl &) 5 Shas (golwdinds (6l (55 Sl ol O L] dings ol s / YYY

23 st s Ol LAl 5 (Sper S
S wslys (1Fr0) OhKen 5 wle K (slasdlhs
Sl Sl 53 o als 5 St esle s Shas o 2t
S Sl ISy sbe sl ol s Jols Ol b JulS
SV a3 Shas 350 50 S Sl SV Joily
NGNWADS

e sl Ol Sheslinal s nl L
et o s (bl OT CodS 55 ol an o 5
s (Na’) v 0 chle (BC) S aSIl cglas k
M 5 diee 6 (SAR) mie Ll s
Al g5sliS SN e 5 Shas 5 A, 5 S
oo b Ll e olls s e O Sl e e
Joe s il Sl o] b oG Jales 033
Gk 3l oss Sl (Y LK 5 ) AS
L1 ol lamy O Sl e (ol sl 3l
Ldd pall 4 e Llg e b e K0
Lis S5 andllan (VoY 0 O an 5 oJ58) 358 5 Shas
e 5 Ssd Shall oS sl 0L (V6 Y) dlae
L S addsh b ssba (ol o 03
(WYAA) o5 5 leew s oomen dad 0 JalS
A e el T (o5 Rl a8 s S 1S
b calie ol s ol Slio 55 Slas ls xs
38

ol S sla el el 51 AT 5 L
oslanal ol 5y s eyl cpl angs 5 38 pslie oS
ol G (Sl al) Jsliza e 5 Jshize s 5l el 5
bl et glas gy ol stile S odes
SIS edesl s 4 ¢ ele ST (sl oo | Ut
aai BL 4 B oyl s el e e s Ll
ol Loyl 5l s (VoYY 0L an 5 ) s s
oo iz (Giluang 4B 0 G Fa 4 e B S
Sd g ey

STETYRTSICCHR P ERCTSPN NI e
A 5l S Olgee (GA) S5 ), S

Aadde

s el ol e Olgea 65,5LS
S Sl o g ) Godate S A Lol sen (Sl
s 513 s o mle Cussdee 0T W,
gbte > (il (YN0 (WSS 5 5 S)
oo aslas T G LS Ol Six p Sisaes
Ol sl AYAY e BB el S Ol (e axlge
2ol ol 31 Olgr SList diy oS 53 w815 (6, 5258 Ol oy
RSO Olgea OF G3slS w5 o35 e
P e glas sl 3Ll desls (O eSS ne
(Zea mays sl e )5 Ole pl 55 .l Il
ols STyt el 53 O Sl il Cpal 4y 4 55 LL.)
S bl sl clony oKl lie zhe s
55 Glb ke 3 5 s VOVO 51 i M5 51 S
5o 0Ll 53 Jpams ) A 55 Olse oS ol Ol o
wlyll) cl sl 5158 5 Ok VYV I i
el 3,5 53 s il Sl A5 (1744 (g5 5LeS
3 dal st CiSL s ke OF b

sbis o of ol alpl s«
Sl b 5l eslinal ¢ edBl Sk imen 5 il
ol sl et pbolesl 65,5l s gl 2
Olpea les & oo 5 (5 0 slaclay 5leslazal dal
e Ol 4l (oS Ll ol LSl S
S5 a5 350 OLLS Gl 1 jwle ol daad)l
35 4 Wihesls ol sdaze Slallae ol 4 S
s il el OV s 3 Sas Llg o by
SoolS Oyl 53 (Yoo V) O 5 Oles,y «Jie Ol gsas
GBl e b Ol b gz olS ol oS s S
3 oak A SSb g o e s PV s (60 Shes
sddaial 6 b olay 5,8 30 55 (Y1) 0K
3540 Sl gne U5 L3S oy e 205 2 s
YY) OLSan 5 o S A 55 odkaline | &ils 5 IO
St Sy b 5l 4 dsls 0L IS Lyl s

9 Q)S bjﬁaﬁ )‘J‘_;'Ju J..:\J,el —or e ev\.\jw



Y/ VEF/E oylad /YA W / o/ (5u0lES s ol e 4 s

23 S Sose e I s O mbe LIl Co e

A3l 6S Ll 5

LRSI

S\a’\hﬁ))}ﬁ aalaia
JU‘:" LsLéo.)\b 4.:\.1 2 JA}}' U'i‘
s sladla s slasze Shlesl Sl °-’-~36)ﬂ@>.
‘_SLZ.A)) JJ C;‘} 6\4.9)]/4 )J \\c.\ 9 \‘f" ‘\V‘H
A el (O3 Oleal) kil Ol gt L;ys@,j
YA 5 a5 00 Uil s Olasie s aadlls ) 50 aikie
oo, ads YV 5 a VP E) S b aids
oo 3l e =YY of gl 5 ol L3 (N9 Jles
(oless eddl guauaib alal ol 5T glal s
Sl 5 ey sbe slasct Ll el ol
Yl glos o Sle 5 e e AQY 0T &Vl S L
5 el M) el 1S Sl 4 WVIO
@Lﬁg (\\"\ cwlfy\ﬁ)}:j&j)uiy AAER! ‘uj‘ﬁ)
23 S glend 5 (s e Sy ) s
Sl shaeds Calishs Gas dw o u:-ll"’ﬂd‘ﬁ‘ Pt

s e LS T aly ) e 5285

ol s YL b LSS Sl la
Lls el el Blos Sl aug sba el
03 Ll o sladle s r:‘i)jij‘ ol .(14aY (b))
Solal e dhor Sl gusliS il laej
o) Jpame 3 Sos ot (Y0¥ bS5 1)
5 K ST S ileaee 5 (M) WL
Il bl 638 Jas saliid so (Yo VY (O, Kan
Al i Olesen ($ileang 53 o2 S pl 3
Ll s 53 ohsa slbsle 03 sl solel O S
el 455 3 g5 3 ge eSOl Sl eslizd
S g asy ool el s ol
S sl eSS leane —goledle Clr
D) T S Slo bl g o oy Lzl O G b
o s Sl 5 Mg* 5 Ca? SAR Na* EC
C\fﬁ.ﬁl Slas e oo slaesls Sl eslaal b (glassle
dgr p3lie « S5 oty S5l (5800 b g 5355
e oS el 3 Shes (@3l S Tam Ca L La el o

S 00 S SB Nlg e Bda pl e slaes 338

halojl glal )3 axlllans 3 )90 alhin SB- (alomsd 9 (Sujed SS9 -) Joo
Table 1- Physical and chemical properties of the soil at the study site at the beginning of the experiment
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Table 2- Water analysis of different treatments used in the field (mixing well water and treated urban wastewater)
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Figure 1- Distribution of water quality parameters in the field data
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Table 3- Comparison of mean forage maize yield (tons per hectare) in different years
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Figure 2- Average forage maize yield under different irrigation water quality treatments
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Figure 3- Coefficient of variation of forage maize yield for different
treatments
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Figure 7- Comprehensive analysis of model residuals
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Figure 9- Comparison of optimal yield with the available treatments
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Table 4- Optimal water quality parameters
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Figure 10- Comparison of optimal water quality parameters with the best
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Figure 11- Ranking of water quality parameters based on sensitivity
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