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Extended Abstract

Introduction

Rainfed wheat is one of the most important strategic crops in arid and semi-arid regions, where crop production is highly
dependent on rainfall variability and environmental conditions. In these systems, spatial and temporal differences in soil
properties, vegetation dynamics, and topographic conditions can significantly affect crop growth and final yield. Soil physical
and chemical characteristics influence water retention, nutrient availability, aeration, and root development, while vegetation
indices derived from satellite imagery can reflect crop vigor and seasonal growth conditions. Similarly, topographic variables
such as elevation, slope, and moisture-related indices affect runoff generation, soil moisture distribution, erosion processes,
and local microclimatic conditions. In semi-arid regions of Iran, including Semnan Province, identifying the dominant
environmental factors controlling rainfed wheat yield is essential for improving agricultural management and reducing
production risks. Previous studies have often investigated soil, vegetation, or topographic factors separately; however, fewer
studies have simultaneously evaluated their combined effects and relative importance under field conditions. In addition, the
interrelationships among environmental variables may complicate the interpretation of their independent effects on yield.
Therefore, the present study was conducted in the Kalpoosh Plain to investigate the relationships among soil properties, NDVI,
topographic indices, and rainfed wheat yield using correlation analysis and Boruta feature selection. The study also evaluated
multicollinearity among environmental variables to improve the interpretation of variable importance and environmental
interactions.

Materials and Methods

This study was conducted in rainfed wheat fields of the Kalpoosh Plain located in northeastern Mayami County, Semnan
Province, Iran. Data were collected from 112 wheat fields during the growing season. Wheat yield was measured using 5 x 5
m plots, and soil samples were collected from the 0—30 cm layer at the center of each plot. Geographic coordinates of sampling
points were recorded using GPS. Soil analyses included texture fractions (sand, silt, and clay), bulk density (BD), pH, electrical
conductivity (EC), equivalent calcium carbonate (TNV), organic carbon (OC), total nitrogen (N), soluble potassium (K),
sodium (Na), calcium plus magnesium (Ca+Mg), and sodium adsorption ratio (SAR). Laboratory analyses were performed
using standard procedures. Monthly NDVI values from April to July were extracted from Sentinel-2 imagery with 10 m spatial
resolution after atmospheric correction and cloud removal. Topographic variables including elevation, slope, topographic
wetness index (TWI), LS-factor, plan curvature, profile curvature, valley depth, and relative slope position (RSP) were derived
from the 30 m SRTM digital elevation model. Pearson correlation analysis was used to investigate relationships among
environmental variables and wheat yield. Correlation matrices and heatmaps were generated for graphical interpretation.
Because strong correlations among predictor variables can influence statistical interpretation, multicollinearity was evaluated
using Variance Inflation Factor (VIF) and Tolerance (TOL) indices. Variable importance and sensitivity analysis were
performed using the Boruta algorithm based on Random Forest in the R-Studio environment.

Results and Discussion

The results showed that many soil properties were strongly interrelated, whereas their direct relationships with wheat yield
were generally weak. Among soil variables, TNV (r = —0.25) and soil pH (r = —0.21) showed the relatively weak to moderate
negative correlations with yield. Soil texture fractions also exhibited very strong interrelationships, particularly between sand
and silt (r = —0.97), while their correlations with yield were not significant. NDVI values across all months showed positive
correlations with yield. The highest correlation was observed in May (r = 0.53), followed by June (r = 0.46), July (r = 0.43),
and April (r = 0.42), highlighting the importance of vegetation conditions during stem elongation and reproductive growth
stages. Strong correlations among monthly NDVI values also indicated strong temporal continuity in crop growth dynamics.
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Among topographic variables, elevation showed the strongest (though weak) negative correlation with yield (r = —0.29),
whereas TWI showed a weak positive correlation (r = 0.24). The negative effect of elevation may be associated with lower
temperatures and shorter growing periods at higher altitudes. Multicollinearity analysis indicated that most variables did not
exhibit serious collinearity; however, sand, clay, soluble sodium, and NDVI (month 2) showed high VIF values, suggesting the
presence of multicollinearity among these predictors. Therefore, these variables should be interpreted with caution in model-
based inference due to potential redundancy and overlapping information. Boruta analysis identified NDVI, elevation, TNV,
pH and Ca+Mg the most influential variables affecting rainfed wheat yield.

Conclusion

This study identifies four key factors affecting rainfed wheat yield: altitude as a microclimatic factor, TNV, pH, and Ca+Mg as
the main soil chemical constraints, and NDVI as the optimal remote sensing indicator for the critical growth stage. The
insignificant contribution of soil texture and most topographic indicators highlights the nonlinear and interactive nature of these
environmental factors, which can complicate linear modeling approaches. Theoretically, these findings emphasize the
improvement of the efficiency of the feature selection algorithm (Boruta). In practical terms, targeted monitoring of the four
identified variables (altitude, TNV, pH, Ca+Mg and NDVI) can support sustainable management through methods such as soil
amendment to reduce lime and salinity, combined with seasonal remote sensing monitoring. In general, in semi-arid regions,
rainfed wheat yield depends more on a few dominant environmental factors than on a wide range of variables. Future research
should integrate dynamic climate data and use advanced models (e.g., neural networks) for yield prediction. Such approaches
will help reduce yield variability, enhance food security, and support climate adaptation strategies in rainfed agriculture.
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Figure 8. Heatmap showing correlation Between topographic indices and plant yield
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Table 1. The results of the multi-collinearity association between Rainfed Wheat yield influencing factors

Variable

VIF  Tolerance

Silt
BD
K
Ca_Mg

TNV

pH

EC

ocC
SAR

Elevation

Slope

Relative Slope Position

Profile-Curv
Plan-Curv
TWI
LS Factor
Valley Depth
‘NDVI-Mar
‘NDVI-Apr’
"NDVI-May"
"NDVI-Jul'

1.08 0.92
1.09 0.91
1.12 0.88
2.27 0.44
1.27 0.78
1.29 0.77
2.19 0.45
1.31 0.76
1.62 0.61
3.13 031
225 0.44
4.71 0.21
1.19 0.84
1.36 0.73
2.02 0.49
1.46 0.68
3.97 0.25
6.59 0.15
11.69 0.08
5.80 0.17
3.16 0.31
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Figure 9. Determination of auxiliary variables on rainfed wheat yield Based on Boruta algorithm

cJ.)L&o M__‘ulf CJL;{); c&L&S)] ‘)§ 9 .)].))5 &))9)9 LthOLA
byt plpieds mjsie g pe—lS ggorme 9 SB- abA—w
lazl ol a3 o lols Boruta oo oS! g sasanl
pAS 3 Slos dalllas 550 dilaio )> &S Wimd o Ll Z oSy
ol u.]a&u u*’L-""‘qu Jab.c )’| (§9945w0 de goro é.gb’ 22
peline (il (31505 g SB e sl Shg 5l gyl g
lllas oyl pre sloadl | S 6,00 o g BB Jaiwe o
Sluogund 1iST 5 030 A5 5,Slos o Jholine (Sisor 3915
ol 0 CatMg s pH TNV oy (S oliowsd 9 (S8
Rezaei and Hemati dlos 3l yainy Sledllas 3y b dons

S 35 4ol g Sy —€

13 20 S 3,Slac (6 iy yunis 45 3 s adllaa oyl gl
Joloe (dad ed g odmy S ey Jmol (el ci
Sy yuite b 9 Sl (DS Gidy 5 (S5 9095 (S
epl Al 3,8kee s (oS oS s 4
& Siddog Bblo 0 pd i w Cunlo b god50
M wal8l g S e (slacydgione Hlajen JyiS cos
SB Slogaas o
P NDVIE Jolos Jale gy LS ¢ LS idr 9 (S5 9095

Lo 5l &S oy LS sl oyl Slgsean



FEQ U YYA Olrio ) €20 Jlo o 5)lows T 0,93 [S1a g Of Cag pato 9 55 lurdibo 4y i [ 3]yt g (sillabs £33

3,Slee b (g yblize Lol can s bio (Sien pH s TNV
255 51 Lol e s (698 (5Ll i 5l an ST as widly L
Sizb ol 5ol SacSs 3 l 425 1B Sl
PH (iol381 b Jolee S @liyyS il 58] oS iiddas o
Sdaojyy polie Mo il cage blpd (pl g 039 olpon
(Wahba et al., 2019)39.5 o o 5 350 <9y yn] yubss
29 Sy Wl ady el oo 3 0fg Ll oo o5
Grzebisz et al., 2023; ) &5 sgime |y 5 Slos ily 0
4ald g 390w den5Ly (Hasheminasab et al., 2023
ol bulsy cpl (g)blize adlais > pH § TNV il
SB oo 2l (Sl )3 (i Gl (> a5 e
ailaie byl )3 3 puS 3SMes (k293 BB Sl Sl 0
b o lgiedy 35 CatMg ( Julee jo a5l azsb
oy s51S” ) sl oo o Btas o] i &8 05 oLl
siie Sl baw «SB ledle bas 5 Sal glasSs
(Boyer, 1978) w)ls i glié yuobie Jobs oyoli g madas
Sian 5 JI 025 5 EC LCatMg Cute (Sion
a3 s Ml o yuito pl 45 am3 o L SAR L ] Ldie
deg pas o Jlaopll sl SB g8 Juols s Cunidg |
Slas el o Sl 5,Shes b jbline g b o abai,
2o b ol 3o | g e pé pguots Ylas! Ca+Mg
(0950 sole P NDVI 555 0 Jloel SB sl S5
Olpeas (Yl (adea s v citgmd)l jo 44) 55 93035
ol as slwlis Boruta w63l lawes 0dbagl (sl yuxio
sy S5 (s 5 et 1ol Jg1 55 ol 59 sl
(15 38kas Sy 535 sl 1y Jmb Job > s
Comsl (8o pasidia Jloj glade 93 b S5 p 4S5 5 Sl
Nwod (p YL N ya opgd a0 &l a8l cle ]
oSl Lol 29y ciiiguud)l NDVIay laio 5)Slos b ool
dw yb Cuodl o yuiio don flate S 18,5 a3 ,> LBoruta
Laly 5 a5 amd o i g9idge ol el 03,8 a1 olo
26 endy908 5 Sy Jl) Seigles ilisee Jolpe 3 03
A gl 3Slas 2 lg055 Ejpoty (35 )3 &l 1
OIS (S (22095 ) L e by So g B)IS (0
(Graf et al., 2023) cewl gan slaolo > Cgllas Cuxisg
L o) g NDVI L > Slos (St avsan (3
5 Gty e b (IS Bl o5y B oo
23, Slgen Naser et al. (2020) 4Thapa et al. (2019)

Sbocals Ky, i a8 Zaid et al. (2017)4(2012)

J5S 31 ol e ed b sCEC oda JlE ol
a oyl o 1y GMB pl o)ls gl wiles S 5155 5 Sas
350 ddlaio )0 S Gl oy ad Gl dild 3 dgae
2 0dgdzee ;0 b puste il a5 dlaigSa @l o s adllae
A03,S5 ygue (6135 5l (eloails ol 5l g axls )8 15 a5
§AS/M Y | 208 () ity )3 S (65 etiges (lsisas
aliwl | Sl & il J1,3 dS/m VAY B +/AY o5l 5
b g odBy5,55 (AS/m Y/ e A dgan) w2 pAiS Jwoo
polie )l5e (B y0 aix e wlVaezi et al. (2025)

@ 0 polie oyl bl i saaliie (dS/m Y/AY 3905 b) 5YL
38des  CEI9SG g (598 oS dgue 1 &S S 3 (b
Dixit and Chen, (2010) (slaausl b zols opl.auS sk
2 ki 0,Sles dogi BB ials wol L a8 sl guen 3
P aS Jl s e o &y (gye—b Pl b ilel bl
0dnl e 10 puS 0,8l 5 oy Ao o (5,0line dlayly
ORIl > 4 )y gl Sl gyl 3 &S Jlop> s
e 38kas > oo Jule lyeas o 5 Juns i b
5l S (Gollenbeek and Hilhorst, 2022) ¢ wl o
alllae 590 dilate jd alaly cpl odal e pae Jlainl LY
b oS cl gl By ST s oY gy
Sl Canl (S Curidy opl b sdaliie Slie gladsjl
5 A8l 01 bl b 48 LS 5 (55,556 Ko Slles
2oy SRl S5l (S iy ) dswgi (35 394 |
3 0394 S Tye S Luls o amd ials 1) Of o)l
pAS ) dawgi (Jool anb &5 g pte Bl ¥e b v Boe
ol )3 g 04l 9o Ay ) gl g Ay 9B o Dgmre
UialS B 3 oa B0y Ol jlesla il (gly olS LUl
Mondal and Chakraborty, 2023; Mooney et ) b o
o5l b 4 205 o oy 38 42 51 ol fal., 2023
Cogizmo Ll b 5o Lol s ljal ) O ()05 e o
38bes ol e Sl g o0 (55 Caje cul (SB (S50
2 SBcdl plas sad o lis 4l pl oy b e el
L gl o Conl gno i B (550 13 435 3, Slae
3590 (#5155 ohag) SB (S5 CaeS 9 L Cun 9
site 4o« Borutagsy oSl gl olwl 52 0,5 51,8 (obj))
Las ol Bhe Jolee laicay CatMg 4 pH TNV



yeg 20 pxS 3 Slos p SB Oluogad g AU s sl ( Jaswe b piio oo bLI,1 U5

e G551 38 lae (s sl 5 o) ogoye Ll 5 o
2 Uil yd Wl sl I3l aens Jdd a0 oS ol Lol el
e e (S5 i e SIS 5 55 bl o
Fedle sbcad o8 cul (ol we 35 3)Slos b cud i
YL Gnptn €38 5l alaly cul Lol asls (e bl s
aihaio ) &S ol ol e pnd oyl i 13,95
Seiglsrier Sl el 4 aily (o8l Jolgs (bollS
el gline 4y az gy aly ol )b 4o o
1yt 53 (slopliin b 3blin s 5 e LTWI

S 05 Syt (i GHB g Cuglgl o sl ] SOl
P SHi9y9085 S Sy 9 (oouldl il )b 4 Sy
AP (15 s S e LB 5 0390 ditnly et
1Y 03950 3 adlllas pl ) odelinddy (Siued ol |
S (=112) Gge po> Judd 4 4 STas" a3l )15 /¥ L
o 3318 g e )08 a5l Lol it Jolixe (g lol s
Lo ySlos hio (Siumod ¢ Jlo (sl L9800 (2b))] hns
3,8 @lyosi 5l o d A dgas bais o dad o LATNV

NDVI (Lo j> 09— 0 000 o595 puxio oyl g
3l o yd YA dgas sdbodalive  Siwwed (s b Caiigud)|
b 45 m3 0 L 5 ) 2,5 e |y 35Skas il
9 2l 3 Slas G5 B mpin (Ul g2)ite jesite
(soles I3l (58,5 sy (sl o puiiaiz (slyJdo 5l el
adllas opl @l ggoome 3l (5)9)— Cilisee Jalge
oSl L) (a8 s )0 0 paiS 5 Slas &S 2l oL
Lol 3game (glacgome pilicas (o dwe YV + 390 Sai)l
Ssarly ol Olgied 2 515 ez Jolgs S 0agtipn )
gy i ol cud (SS9 L SIS 05k Sy
Iy o,Slos b (Suuwad opyiddws Ciigudy)) NDVI ¢ alS
59,8 JINDVI Sloj (6w 3l oalaasl &' Jbsjo ol oL
Sojilets clisin Jolym 3 sUS 13 ol o s ol 5 b
NDVI (o cplls ol sl 2ySlos sl 50 ot i
5,8 oy 1y 0 Sdos lyuss jla_o)d YA UIA ks ol
S Sy 5 oolll bl ale JoSo elge 5 Sl oS
b res sl yas il eolauwl (olwloply ccwl SB
@ od] Sldllas 4> K15 0 NDVI diuwgn Sloj (slacs yuw
Ole 5045 SaS 5 )Slos g ol 0y byl 558 Syo
S st 3 ke s o 51 i) (S Jele
e ¢ TWI silo oo (sl jad i a8 o py s o lolis

9290k ooy JS—t5 S o deiogs o (pl 3
iy Al 1A 01 s 5oy S il
Sl ol e (S nod 53 50—l gy dnled 5 Sloc
Ao o > (S baes &S a0 o i 1 NDVI jicass
Lol sl (590 (380 Dlgo (el (52 b s (0
P NDVI s glil g Gidazl (gilulale 5l Jds &
oo plie b oo (il daly pl Gl YU ST
Oyt 1 Ao )0 YA B YA L 5,Sloe L NDVI S o
Slodoe isw oS cewlize Sl (pl S o cpas 1y 5)Slos
adox J) NDVI I j (elge lawgi 3)8oe ils )y ]
S (SB Slog—ad g 4s)je Cy pdo (ol Ll )
O sd 3 g o (adls G NDVI g ST ol pliy 9955
SlagsSoilul (Rl (2l Sy arggmas bl el
sy 438l ol 255 ol giwin b Sl
wlesas NDVI 48 Vannoppen and Gobin (2022)
2o dul) (o g 238 juiie 3 )Sles Sl Cilys
o) slS slaanl Sl god B by JolS
5 Sl ns wite (e Olyed el Lol s @l
bwg Lol 5 o « TWLle Jxo slajad s o id,
Maestrini and asdUasly 4o oyl 09 Boruta o,45l
ol 00iS S i oleean |y TWI asBasso (2018)

Gy 2yl ©glss (53,8 B yme 15 pal oyt 3 5,Shas (g5l
o8 Ly 5 1S ol Sl & 1l g5l s
el angs Juld clay)l atols b yoa IS adlaie )3 0)S dngs
i)l Gl LS oo Joo (M (ol Jale G lgiear
s 3o ey b il i o> (Sl
Of—ST (S5 sldd 9wl Gl o)l oy > Gl
) pAsS 9o 9 4y Wilgim Joloe (nl o iy o ialS
O e (S uon i) bS]y 5 Slas g 03,8 dgamme
Sy 3l doyd A dgas oS el o] 5 (Sl 5 Shas g lis)|
Hde oyl din e b o gl Gl @ ol e ) 3, Sles
Fie p (BS99 Sbyie plo b duslie 3 bl sl o8
&g & TWI asbe oo jasl b Julde )3 035 o Jos
Ao dix U yie dix b ) cimd oo Lt |y Cugb) (e
Jle 3 (SH)k (pSle o (il 3 )3 A8 oo Jos yie
g5 oo il il ccwl 0l llwg b jio Juo YY+ Joleo
A e T JS gy 4l Eul (Koo Cagh
ol ol oy L 3,Slae L TWI Chnids Cate | Siansadd



FEQ U YYA Olrio ) €20 Jlo o 5)lows T 0,93 [S1a g Of Cag pato 9 55 lurdibo 4y i [ 3]yt g (sillabs v€o

Random Forest yla 4z, iy (o, slogjlw o g
s Julod ol yom 4y SEM 9 PLSR (GAM XGBoost

(s Sl (s g o juiile (S on gy (2 oS pd
et 5 6] e 15 3,Skac e o Sy

38des Olyes (e 9 (2L Jidgr (21l Sl e NDVI
Ales gad )

OB N g 28l LS

28l DLl dgSzun 45" Wyl o pMel dlie ) B uiin g

I iagdy ol @l g e JLil § (515 jeogas 5>

Wodd 4y ow ywsd
L sl d;)]o )l o9 U‘" 3D 04 oalaiuwl C;Lu 9 ooy

L2855 algd 118 LBl ) Syt b g

O Sham g 8 ko

Py gl P dard )55 (sl ol 2 ol 03151
—on) 15, lallgd ol e Wlie o,k 5 Liils ol
Oy S (lie (6)S5L g Gl g ()l )38l 5 (sl
9Ny Bjea Wl oS3k 5 ptalpg s penl B

S (o 550 o] 1) ghmo

&l

9 &5 dljaul wles o yiiags cdvg IP 63,0l ol (g plis yrol
w3 PS5 OSkes Ggte 9 iledse (VF4Y) L qe)
op (o5 F by, Sl odlitel b (cwlidlsn slapiie (oluly
https://idj.iaid.ir/article_217932.html

AHP (sl ) duglio (V) diagys oo g 4d) corios 03]
Aog> 3D w13 pAS CudS A (o3l)l (gdsdiny ;0 TOPSIS 4
0)lod & 0)93  pliwgy Jll drwgs slasingly - syl slaglsdl
A Oltuss (v ) ¥
https://www.srds.ir/article_226570.html?lang=fa

Oy daw ‘A_Sbl; 9 deSto ¢ gou>) ‘)Jua‘ L;LC ‘d)l‘ujl?) (o2 o0 ‘@“f.j)
Vlo polie & gl o (2L by Sl b)) (F-Y)
IV e ol (slo gy liews il 3 led 5 )L
doi: 10.61186/jeer.13.4.56 .0F—AY: () VY

)b 5 o Sozo g o ¢ e3LT 03 (6Bl ¢ e gon oy pund ¢ Sos
3,Sles il 8l iy a9 (A e Cusnl (ITAY) dla
ez 9 ol SBL ol g sl pole ialon o s paiS

ol o] ks ames cpl ol LS loline pu g Ciums Lol
2 (OMide Sy 5 4y J—ad J5b dlod of5e0) £l5))
s i (abge (Sujglspiee slaanl)d
sl o oy Sete CatMg pH TNV S gl S5
» d)‘.)l.um Lol Chumd u‘““"’ )J‘ pH 9 TNV Ldgs o..\wdl.».um
3,Sles y CatMg uiiins il a8 Jbsyd sl )l 5 ,Sles
o b ol 3o )b 5 meiine e 25 Yloin] g 395 jblie
(sl JKs S cal (Jlbe o 05 SB sl Shs
5 B i 5 i 1 (oS lin 5 T 8

oy (2l oy dtols 3351 3gioxe &) Bidas a8 Wols L

g g 0313 Cans 15455 pu 03game 4> lnl 48,5 )15
13 Bes o donlin et oy S jsbay
&S (r=+/0Y gSls) sl H8 b wgie b cam s 03gi5te
ol il gl (b o g (oledix Conlo orimaglts
g opfiediz LadSug) el o )8as $B> (nher
Py clise Jolge o Joles dilgn &S Conl Sy sla e
w3 e s adllas ) ol 2,0S St 1 1S
s dw il (oIS adlate )3 3 pAIS g Sguy 45
5 Sal Sk Lyl 5 Mol (W) g5 5 pete Lol
Sleslizwl LpH g TNV (slacydgise (ials 5,k 5l LB
Sl s il () S looriSEI ol 5 JTolge
plrdg; lwlis (gly cdinud)l dls> o 40 0354NDVI
5 85 ] 3 6lis) 51 03,5 bl () 5 0, Slas Jp sl
olelasy)l )3 yoydg; pByl 5l eolitwl 03194 ccdlS )b pulas
Soalelas 53 o8l Jolge (IS 85 dily ol 5L
S aS Iy 08 e )5 4 SUinyge s S
sodly | pudtine oolaiuwl pae dalllas oyl poo (slBC0Dga5%0
I e Slg oo o sl (Jlusis slayasls g Lo o)l
ol pl ST o 1y 0 Sdas 0a 5 00Dy 595 (6 S
25 48T snsg Mol a5 udgize ol siloclas ol
5 Sl as (S slapaie U oddl laodly 5ol 4
Jelse Jl s pigels S dlg oo 935l temi slapad s
d90c |y ot sladie B> g A eald 3 Slas e
Pyl (elod (3 Sag) dsgi jslaieds (Jpll iy

omaile (6553 (sl by, 3l oan] Slalllas 4> 5945 o dleguiny



kA 20 pxS 3 Slos p SB Oluogad g AU s sl ( Jaswe b piio oo bLI,1 U5

SxSoiul g (2l Jue Jl eolal b olyie; g5 ey

YW= (DD SB g Ol Copte 5 il o Slie
doi:10.22098/mmws.2023.14109.1390

.(\\NRA) JoZro sM.aJ.MJ 9 ‘I)ij co)‘)’d)’» 4‘_]91.&3 5@[}&1& 5@0[} 46).)‘5

Bl eanding ) b lod ) il @ paS Mg olad Jue
oyled oo Jlo (ol pole (3,)8 Cliios ()slas
. d0i:10.29252/jgs.18.48.1YA—YY . jaw AYAA Hlos AF
il (s (V- F) atyis ) Lo g dabls (ol oy e o lacly
Siddas muldl b sla)ljend 3 6y 08y A5 ()98 4 Jood
35(4), 23-39. doit elS 5 SB Ll .obs; kel
10.22034/sps.2025.69805.1022

Refrences

Ajami, M., Heidari, A., Khormali, F., Zeraatpisheh,
M., Gorji, M., and Ayoubi, S. (2020). Spatial
variability of rainfed wheat production under
the influence of topography and soil properties
in loess-derived soils, northern Iran.
International Journal of Plant Production,
14(4), 597-608. doi:  10.1007/s42106-020-
00106-4

Al-Juaidi, A. E. M. (2023). The interaction of
topographic  slope with various geo-
environmental flood-causing factors on flood
prediction and  susceptibility — mapping.
Environmental ~ Science  and  Pollution
Research, 30, 59327-59348. doi:
10.1007/s11356-023-26616-y

Amirashayeri, A., Rezaverdinejad, V., Behmanesh,
J., Asadzadeh, F., and Rahimi, M. (2025).
Modeling and forecasting rainfed wheat yield
based on meteorological variables using
combined artificial intelligence methods.
Iranian Journal of Irrigation and Drainage,

19(2), 243-261.
https://idj.iaid.ir/article _217932.html [In
Persian]

Azari Sanjabod, R., and Salahi, B. (2025).
Comparison of AHP and TOPSIS methods in
zoning suitable lands for rainfed wheat
cultivation in the Balkhloo Chay watershed,
Ardabil. Quarterly Journal of Urban and
Regional Sustainable Development Studies,
6(4), 202-221.
https://www.srds.ir/article 226570.html?lang=
fa [In Persian]

Band, S. S., Janizadeh, S., Pal, S. C., et al. (2020).
Flash flood susceptibility modeling using new
approaches of hybrid and ensemble tree-based

machine learning algorithms. Remote Sensing,
12, 3568. doi: 10.3390/rs12213568.

TS P A
https://civilica.com/doc/312525/

(S5 9 e )il e iae (ol 5 wnll g lob
b owej 5 SB sl Sy om bL pp (MF4F) pobye
cbles (ol bl Ggin ‘uf—l oluws ool b b (S p 0 Sles
81-90. magiran.com/p2968036 15(3) « Sk 5 o wlie
26 iyl (VF40) dbrw pais o) 5 el I ages
S Gpao L 5 280ee 1 olel Copte 5 oddil Syt
doi:10.22098/mmws.2025.18649.1708YAS— YV -
358bes S 9 SB (6395 3 gyt (V) el 0551
Bourennane, H., Nicoullaud, B., Couturier, A., and
King, D. (2004). Exploring the spatial
relationships between some soil properties and
wheat yields in two soil types. Precision

Agriculture, 5(5), 521-536. doi: 10.1023/B:
PRAG.0000040804.89167.9a.

Boyer, J. (1978). Le calcium et le magnesium dans
les sols des regions tropicales humides et sub-
humides. Banque de données documentaires
REGARDS. horizon.documentation.ird.fr/exl-
doc/pleins_textes/pleins_textes 6/1dt/09093.p
df.

Cao, J., Zhang, Z., Tao, F., Zhang, L., Luo, Y., Han,
J., and Li, Z. (2020). Identifying the
contributions of multi-source data for winter
wheat yield prediction in China. Remote
Sensing, 12(5), 750. doi: 10.3390/rs12050750.

Chen, P, Li, Y., Liu, X., Tian, Y., Zhu, Y., Cao, W.,
and Cao, Q. (2023). Improving yield prediction
based on spatio-temporal deep learning
approaches for winter wheat: A case study in
Jiangsu Province, China. Computers and

Electronics in Agriculture. doi:
10.1016/j.compag.2023.108201

Daoud, J. 1. (2017). Multicollinearity and regression
analysis. Journal of Physics: Conference
Series, 949, 012009. doi:  10.1088/1742-
6596/949/1/012009

Dixit, P. N., and Chen, D. (2010). Impact of spatially
variable soil salinity on crop physiological
properties, soil water content and yield of
wheat in a semi-arid environment. Australian
Journal of Agricultural Engineering, 1(3), 93—
100. url: https://search.informit.
doi:10.3316/INFORMIT.633484738450304

Florinsky, I. V. (2016). Influence of topography on
soil properties (pp. 265-270). 6.00009-2. doi:
10.1016/B978-0-12-804632



FEQ U YYA Olrio ) €20 Jlo o 5)lows T 0,93 [S1a g Of Cag pato 9 55 lurdibo 4y i [ 3]yt g (sillabs £

Gholami Sharafkhane, M., Ziaei, A. N., Naghedifar,
S. M. and Akbari, A. (2025). Investigation of
the effect of soil salinity and water quality on
saffron daughter corms using crop modeling
and measured data. Water and  Soil
Management and Modelling, 5(1), 317-334.
doi: 10.22098/mmws.2023.14109.1390 [In
Persian]

Gollenbeek, L., and Hilhorst, G. J. (2022). Effecten
van verrijking zandbodem met klei op mais- en
grasteelt op melkveeproefbedrijf ‘De Marke.’
doi: 10.18174/569406.

Graf, L. V., Merz, Q. N., Walter, A., and Aasen, H.
(2023). Insights from field phenotyping
improve satellite remote sensing based in-
season estimation of winter wheat growth and
phenology. Remote Sensing of Environment.
doi: 10.1016/j.rse.2023.113860.

Grzebisz, W., Szczepaniak, W., Potarzycki, J., and
Biber, M. (2023). Prediction of Grain Yield and
Gluten Content in Winter Bread Wheat Based
on Nutrient Content in Plant Parts during the
Critical Cereal Window. Agronomy, 13(10),
2649. doi: 10.3390/agronomy13102649.

Habibi, A., Delavar, M. R., Sadeghian, M. S., et al.
(2023). A hybrid of ensemble machine learning
models with RFE and Boruta wrapper-based
algorithms for flash flood susceptibility
assessment. International Journal of Applied

Earth Observation and Geoinformation, 122,
103401. doi: 10.1016/j.jag.2023.103401

Hadi, M., Jalili, S., Mouneskhah, V., and Majnooni
Heris, A. (2021). Estimation of rainfed wheat
yield functions using climatic parameters and
multivariate regression methods. Iranian
Journal of Soil and Water Research, 52(2),
497-506. doi:
10.22059/ijswr.2021.309650.668731

Hasheminasab, K. S., Shahbazi, K., Marzi, M., Zare,
A., Yeganeh, M., Bazargan, K., and Kharazmi,
R. (2023). A study on wheat grain zinc, iron,
copper, and manganese concentrations and
their relationship with grain yield in major
wheat production areas of Iran. Journal of
Agriculture and Food Research, 14, Article
100913. doi: 10.1016/j.jafr.2023.100913

Hu, M., and Xia, B. (2019). A significant increase in
the normalized difference vegetation index
during the rapid economic development in the
Pearl River Delta of China. Land Degradation
and Development, 30(4), 359-370. doi:
10.1002/1dr.3221Digital Object Identifier

Huang, X., Wang, L., Yang, L., and Kravchenko, A.
N. (2008). Management effects on

relationships of crop yields with topography
represented by wetness index and precipitation.
Agronomy Journal, 100(5), 1465-1471. doi:
10.2134/agronj2007.0325

Islam, A. R. M. T., Bappi, M. M. R., Alqadhi, S., et
al. (2023). Improvement of flood susceptibility
mapping by introducing hybrid ensemble
learning algorithms and high-resolution
satellite imageries. Natural Hazards, 119, 1—
37. doi: 10.1007/s11069-023-06106-7

Khan, F., and Nacem, M. (2007). Effect of slope
steepness and wheat crop on soil, runoff and
nutrient losses in eroded land. doi:
10.1080/09064710.2018.1488988

Kravchenko, A. N., and Bullock, D. G. (2000).
Correlation of corn and soybean grain yield
with topography and soil properties. Agronomy
Journal, 92(1), 75-83. doi:
10.2134/agronj2000.92175x

Kursa, M. B., and Rudnicki, W. R. (2010). Feature
selection with the Boruta package. Journal of
Statistical ~ Software, 36, 1-13. doi:
10.18637/jss. v036.i11

Li, Z., Nie, Z., and Li, G. (2024). Integrating crop
modeling and machine learning for the
improved prediction of dryland wheat yield.
Agronomy, 14(4), 777. doi:
10.3390/agronomy 14040777

Maestrini, B., and Basso, B. (2018). Drivers of
within-field spatial and temporal variability of
crop yield across the US Midwest. Scientific
Reports, 8, 14147. doi: 10.1038/s41598-018-
32779-3

Mondal, S., and Chakraborty, D. (2023). Root
growth and physiological responses in wheat to
topsoil and subsoil compaction with or without
artificial vertical macropores. Heliyon, 9. doi:
10.1016/j.heliyon. 2023.e18834.

Mooney, S. J., Yu, C., Mawodza, T., Atkinson, B. S.,
Atkinson, J. A., Sturrock, C. J., Whalley, W. R.,
Hawkesford, M. J., Cooper, H. V., Zhang, X.,
and Zhou, H. (2023). Effects of Soil
Compaction on Early Wheat Seedling Root
Growth  Under Variable Soil Moisture
Conditions. doi: 10.2139/ssrn.4594863.

Moore, I. D., Gessler, P. E., Nielsen, G. A., and
Peterson, G. A. (1993). Soil attribute prediction
using terrain analysis. Soil Science Society of
America Journal, 57(2), 443-452. doi:
10.2136/ss52j1993.03615995005700020026x.

Mousavi, S. R., Mahjenabadi, V. A. J., Khoshru, B.,
and Rezaei, M. (2024). Spatial prediction of
winter wheat yield gap: agro-climatic model



A2 20 pxS 3 Slos p SB Oluogad g AU s sl ( Jaswe b piio oo bLI,1 U5

and machine learning approaches. Frontiers in
Plant Science. doi:
10.3389/1pl1s.2023.1309171.

Naser, M. A., Khosla, R., Longchamps, L., & Dahal,
S. (2020). Using NDVI to differentiate wheat
genotypes productivity under dryland and
irrigated conditions. Remote Sensing, 12(5),
824. doi: 10.3390/rs12050824.

Panek, E., & Gozdowski, D. (2020). Analysis of
relationship between cereal yield and NDVI for
selected regions of Central Europe based on
MODIS satellite data. Remote  Sensing
Applications: Society and Environment, 17,
100286. doi: 10.1016/j.rsase.2019.100286

Pourghasemi, H. R., Amiri, M., Edalat, M., et al.
(2021). Assessment of urban infrastructures
exposed to flood using susceptibility map and
Google Earth Engine. IEEE Journal of Selected
Topics in Applied Earth Observations and
Remote  Sensing, 14, 1923-1937. doi:
10.1109/JSTARS.2020.3045278

Qaderi N, Alijjani B, hejazizadeh Z, salighech M.
(2018). Spatial modeling of rainfed wheat yield
using agroclimaticmicrozonation in Kurdistan.
jgs. 18(48), 1-19. doi:10.29252/jgs.18.48.1 [In
Persian]

Raeesi, M., Zolfaghari, A., Rahimi, M., and Kaboli,
S. H. (2023). Estimation of vegetation changes
concerning annual rainfall and temperature in
Semnan Province. Environmental Engineering
Research, 13(4), 56-82. doi:
10.61186/jeer.13.4.56 [In Persian]

Rezaei, M., and Hemati, Z. (2012). Reaction of
wheat yield to soil physical and chemical
characteristics in Arak fields. World Applied
Sciences Journal, 20(8), 1183-1187. doi:
10.5829/idosi.wasj.2012.20.08.1818.

Salmanpour, A., Zeinadini Meymand, A., Eskandari,
M., and Navidi, M. (2026). Investigating soil
and land characteristics influence on some
irrigated black fig orchard yield, South of
Lorestan Province. Journal of Water and Soil
Resources Conservation, 15(3), 81-90. [In
Persian]

Sharifi, A., Mahdipour, H., Moradi, E., & Tariq, A.
(2022). Agricultural Field Extraction with
Deep Learning Algorithm and Satellite
Imagery. Journal of the Indian Society of
Remote Sensing, 50(2), 417-423. doi:
10.1007/s12524-021-01475-7

Sheikh, Z., Zolfaghari, A. A., Raeesi, M., et al.
(2025). Enhancing flash flood susceptibility
modeling in arid regions: integrating digital

soil mapping and machine learning algorithms.
Environmental Earth Sciences, 84, 170. doi:
10.1007/s12665-025-12140-4

Soheilnejad, A., & Rahimi-Moghaddam, S. (2026).
Assessing the effect of climate change and
irrigation management on yield and water use
efficiency of canola cultivars in Khuzestan
province. Water and Soil Management and
Modeling, 6 (1), 270- 286. doi:
10.22098/mmws.2025.18649.1708. [In
Persian]

Spadoni, G. L., Cavalli, A., Congedo, L., and
Munafo, M. (2020). Analysis of normalized
difference vegetation index multi-temporal
series for forest cartography. Remote Sensing

Applications: Society and Environment, 20,
100419. doi: 10.1016/j.rsase.2020.100419

Szul, T., Tabor, S., and Pancerz, K. (2021).
Application of the BORUTA algorithm to input
data selection for a model based on rough set
theory. Energies, 14, 2779.
doi:10.3390/en14102779

Tamas A, Kovacs E, Horvath E, Juhasz C, Radocz L,
Ratonyi T, Ragan P. Assessment of NDVI
Dynamics of Maize (Zea mays L.) and Its
Relation to Grain Yield in a Polyfactorial
Experiment Based on Remote
Sensing. Agriculture. 2023; 13(3):689.
doi:10.3390/agriculture13030689

Tao, J., Xu, T., Dong, J., et al. (2018). Elevation-
dependent effects of climate change on
vegetation greenness in the high mountains of
southwest ~ China  during  1982-2013.
International Journal of Climatology, 38(4),
2029-2038. doi:  10.1002/joc.5314Digital
Object Identifier.

Thapa, S., Rudd, J. C., Xue, Q., et al. (2019). Use of
NDVI for characterizing winter wheat response
to water stress in a semi-arid environment.
Taylor and Francis, 33(5), 633-648. doi:
10.1080/15427528.2019.1648348

Towfiqul Islam, A. R. M., Talukdar, S., Mahato, S.,
et al. (2021). Flood susceptibility modelling
using advanced ensemble machine learning
models. Geoscience Frontiers, 12, 101075.
doi:10.1016/j.gsf.2020.09.006

Tugag, M., Yildiz, H., & Kokten, K. (2022). Wheat
yield prediction with machine learning based
on MODIS and Landsat NDVI data at field
scale. International Journal of Environment
and  Geoinformatics,  9(4), 172—184.
doi:10.30897/ijegeo.1128985.



FEQ U YYA Olrio ) €20 Jlo o 5)lows T 0,93 [S1a g Of Cag pato 9 55 lurdibo 4y i [ 3]yt g (sillabs vE

Vaezi, A. R., Babaei, F. and Safiloo, H. (2025).
Determining the Salinity Tolerance Threshold
of Sardari Wheat in Rainfed Lands of Semi-
Arid Region in Zanjan Province. Journal of
Soil and Plant Science, 35(4), 23-39. doi:
10.22034/sps.2025.69805.1022

Vannoppen, A., and Gobin, A. (2022). Estimating
yield from NDVI, weather data, and soil water
depletion for sugar beet and potato in Northern
Belgium. Water (Switzerland), 14(8), 1188.
doi: 10.3390/w14081188

Vinayaga Moorthy, R., and Balasubramanian, R.
(2022). An efficient genetic Boruta
(GenBoruta) algorithm-based feature selection
on brain tumor dataset. International Journal
of  Mechanical Engineering, 7(6).
https://www.academia.edu/download/1010010
46/An_Efficient Genetic Boruta GenBoruta
.pdf

Wahba, M. M., Labib, F., and Zaghloul, A.
(2019). Management of Calcareous Soils in

Arid Region. 2(5), 248-258.
https://ijepem.com/volume-2/issue-5/article-
2/.

Wang, G., Chen, X., and Chen, W. (2020). Spatial
prediction of landslide susceptibility based on
GIS and discriminant functions. ISPRS
International Journal of Geo-Information, 9,
144. doi: 10.3390/ij2i9030144

Zaid, M. S., Rizk, A. H., Mashhour, A. M. A. E., and
Ahmed, W. M. (2017). Interrelationships
between soil quality parameters and wheat
productivity for some soils of Monufyia
Governorate. Journal of Biomaterials, 1(1), 1—-
9. doi: 10.11648/5.jb.20170101.11

Zhang, Y., Cao, G., Zhao, M., and Zhang, Q. (2025).
Topographic effects on vegetation phenology
in response to climate change on the southern
slope of Qilian Mountains, Northwest China.
Journal of Geographical Sciences, 36(7),
2131-2138. doi: 10.13287/5.1001-
9332.202507.022

Zilouei, N., Ahmadi, A., Bagheri Dehabadi, M., &
Mohammadmorad  Taram, H. (2014).
Importance of flowering and grain filling
stages in increasing wheat yield. In
Proceedings of the 13" Iranian Congress of
Agronomy and Plant Breeding Sciences and
the 3™ Iranian Seed Science and Technology
Conference. Iran.
https://civilica.com/doc/312525/ [In Persian]

Zolfaghari, A. A., Raeesi, M., Sheikh, Z., Soltani, A.,
Poodineh, S., and Amiri, M. (2025). Enhancing
fire susceptibility mapping in Semnan

Province: integrating machine learning and
geospatial analysis. Ecopersia, 13(1), 13-36.
doi:10.22034/ECOPERSIA.13.1.13



