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Abstract

This study aimed to determine the optimal combination of water quality
parameters for maximizing forage maize yield using Genetic Algorithm. This
study collected 45 forage maize yield data points from five treatments in three
replications over three cropping years in Mazandaran Province, Iran. Water
quality parameters including electrical conductivity (EC), sodium (Na*),
calcium (Caz* ), magnesium (Mg?* ), and sodium adsorption ratio (SAR) were
measured. After developing three different regression models, the interactions
model was selected as the superior model with an adjusted R? of 0.99.
Parameter optimization was performed using Genetic Algorithm with an initial
population of 50 chromosomes. The optimization results revealed that optimal
parameter combination consisted of 1.18 dSm™ electrical conductivity, 1.65
meqg/L sodium, 1.04 sodium adsorption ratio, 2.86 meg/L calcium, and 41.60
meqg/L magnesium. In fact, this study demonstrated that an optimal region
exists between 75% and 100% treated wastewater, which can be achieved
through more precise adjustment of ionic ratios. This optimal combination
resulted in a predicted fresh biomass yield of 26.9 t.ha™ 1, 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.
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Table 1- Physical and chemical properties of the soil at the study site at the beginning of the experiment

S o LSUis Ol yd awe yd

sl J&s Percentage of soil particles L oS
— pH Bulk density S el Depth
(dSm) (gr/em?) o S D) Soil Texture (cm)
Grain Silt Clay
1.91 7.5 1.50 35.27 45.04 19.69 (Loam) s4 0-30
1.93 7.4 1.53 35.50 45.16 19.34 (Loam) s4 30-60
1.92 7.7 1.59 35.06 45.39 19.55 (Loam) s4 60 -90

(aals) ol T oy Vo b kel Qu

s ddanial (§ e lay duos YO Lol b o LT Q2
oy ol o3 VO

eldahal (64 Sl o3 00 LI L (65LT Qs
ol Ol do s 00

s ldanial (e Sley Ao s VO LI L 5kl Qa

al;;;.j.Lp):\'O)

kel o pote 9 byled ¢ iala)T b
JolS slaS sk (5Ll b B s Gados
g ok Ll LS5 e by iy sSB o sy islas
A el 035 bl O CdS o oy ol ey S
gl 570 3 LPVC (sla e 3 ialasl dl g
CAb a ol S ol s 8 s e Sl Ve



3 eslial b gl gl &yb 5 Shes g5l 5l 50 Ol g olx OF LIS gy o 2poens / FYF

3 (ETL) g o olS G s alons il 2 0
2L ) cilse e 5o 23 (Ke) (oS ol
o 5l sba (Sb s B sk, (35
Cos A s b O B35 ame A5 S s S,
A 3555 53 e s ES eal LSS a gl 6l
bl ana S wly AE d 6, a5l tenY
S S w3 g L 5 S Ose3T b
Sl oS Lol G s |l 4 sl 4 6l s
3 o5 Sles S 5,8 I3 e s )50 e @
2 5 edd [l bolas olad gl Ctl i, )y
NERUH I PRES PRV NI NEN NS s

RG]

sddandoal (g Sl o3 V0 L ool Qs
»SC 704 5, (Zea mays L.) o3 oS cuiis
VP AV cladle (sl ailie bjlaze glag B
A plil (L5l Ol ely5 s b Gillae) VY0
(o Bl Gl B aes pll p SAE (SIS
ol a3 S L s JLSKs s G VO e Usles
S by o ol 5 e Sl VO 8 slacis,
5 S G 4 Olles 4l sy e Sl Y i,
23 el 5 CHES Csen e glacile J S
cdpdy el el slas S eles

Sheslial b s Nl glo ks s 4 ol
> s e ole Yo bkl alol b o bl slaly
033 A el wlas a gl el I V/E ot

Dmddshas (6 et Dl g 0l O LYIST 4250 )3 03likuol 390 ciliSen b lod O 325 —F Jga
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 5- Statistical comparison of regression models

Linear

® Data Points
===PpPerfect Fit

Model Performance:
R2= 0.9991

N = 45 data points

RMSE = 0.0407 ton/ha -

Predicted yield (ton,ha™) i i

Gladgle )3 5 Slos (28ly 15l b dudi gty 52380 duay o —F S

21 22 23
81y 3 SLec(ton/ha)

25

Figure 6- Comparison of predicted values with actual values of forage

maize yield



e 3 o3lizal b (sl ghe &y 5 Shas (bt (6l (65 Sl ol O D] dings ol s / YFTY

SIS 2 &S e i Sl oV S0 s s

Coo (bl 9w b laodiladl molr Lo
Silwdda

] 0 : & 31t - LG -
° Jrﬂﬁ)dhdw‘vﬁbb)wd\f
Y Cbu\ Jde 6Lhn..\.:ka.:5b RSB ch- J.:lad e SV
015 3-‘
01 2t
‘.0 ° .. ° .E \} ‘
R o R34
§ [@% > » &9l
4 o2 F3o i
i3 ° 23 ‘
3 0051 g g s ® 23 1‘
| L) w2
0.1e 1 3 2t
() | (@)
-0.15| — -3 —
18 20 22 24 26 -4 -2 0 2 4
oudy (S p0L S gl Cues
Predicted values Theoretical quantiles
0.15
0.1
9 237005 ?;,9 ?}) 7 b W\“\ﬁf 1
§ 85 [ ALA N Rl o]
z 2 23 O IR L I eI
£y g2 O WL WY W
s =3 .05l 4d | | k‘l‘! £y );W
-0.1 :
()
0.15

-0.2 -0.1 0
L oilendls
Residuals

0.1

10 20 30 40 50
Olaalie iy

Run arder

Jto sLaowiledly gola Jabos -V JSb
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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Figure 11- Ranking of water quality parameters based on sensitivity
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