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Abstract
Objective

Corn is one of the most important cereal crops worldwide, playing a vital role in food security
and various industries. However, drought stress and climate change are expected to impact
agricultural production increasingly in the coming decades. Therefore, investigating the
correlations and cause-effect relationships between corn grain yield and key agronomic traits
under different drought stress conditions can help identify traits that most strongly influence grain
yield and enhance the efficiency of corn breeding programs.

Materials and Methods

To study the relationships between grain yield per plant and agronomic traits, 40 advanced corn
lines from the eighth generation (coded KSC704-S8-1 to KSC704-S8-40) were evaluated using a
randomized complete block design with three replications under two different irrigation
conditions.

Results

The combined analysis of variance for all studied traits revealed significant differences at the 1%
probability level for both the effects of environment (moisture conditions) and line, indicating
considerable variation among lines and between the two environments. Trait correlation analysis
showed that grain yield per plant positively and significantly correlated with the number of grains
per ear, hundred-grain weight, and grain width under both irrigation conditions. In stepwise
regression analysis, when grain yield per plant was considered the dependent variable, the number
of grains per ear, grain length, and number of ears per plant were sequentially included in the

model under normal conditions. In contrast, the number of grains per ear and grain length were
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entered under drought stress conditions. In both cases, the models were significant at the 1% level.

Path analysis further revealed that the number of grains per ear and grain length had the highest

direct and positive effects on grain yield per plant under normal and drought stress conditions.

Conclusion

The findings indicate that the number of grains per ear, grain length, and ears per plant are the

most important traits to consider as selection indicators for improving grain yield per plantin corn

breeding programs.

Keywords: Corn, Correlation, Path analysis, Regression analysis.

Paper Type: Research Paper.

Citation: Rahimi M (2024) Investigation of the correlation and causal relationships between grain
yield and some important agronomic traits in corn lines under drought stress conditions.
Journal of Genetics and Plant Breeding 1 (3), 19-36.

Journal of Genetics and Plant Breeding 1 (3), 19-36. DOI: 10.22103/gpb.2025.4850
Received: May 02, 2024. Received in revised form: July 13, 2024.
Accepted: July 13, 2024. Published online: September 28, 2024.

Publisher: Research and Technology Institute of Plant Production,

@ @ Afzalipour Research Institute, Shahid Bahonar University of Kerman and
Iranian Genetics Society.

© the authors

v,

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



cﬂ./ﬁl,:/‘tz')

VoSa-YYY 1 Sig S bl Vofo-YA50 1 ol Ll AP

(Ll 15 05 55 bd

2 ke Clo (B9 )3 dild 5 Sles Jglre g (e llg, 9 (S (o)

N>y (SR

oSS EMans oSl (Jaumo pole g byl (55909iST g pole oRKimgh ((539)eiSTan 09,5 Ll 1 giue odiun g

mehdi83ra@gmail.com :asbLly .ol ! «yle,S b iy (6,58 5 (ixino

LXVCCY

O e IS o gl Cilisie golio g 23 el ol 3 Gl G oS el o OME (e Sl S 0 1R
Stanad o2 el s sl IS 150 (655l Y guasme M55 (clodilj jglos oais] (sladms ;3 (a8l s g (St
i 5 e blyd o @) slacnY (ol mre Slie (S g 0 ab s Shes o (Jolee 5 (e by
S SeS @yd (Mol sladal Ll deis 5 4l 3 Sas S50 sl Glas Slulid 4 Wiy o

o 33 byt (oY Fe ctmgfy ol 5 sl)j Do g W S50 Slas (o lulyy adlllas jolaiods 1 yg ) 9 Slge
5 S5 dus by dolas ol clacSsly ool z)b Sy B 5 KSC704-58-40 b KSC704-S8-1 (class |y ot
B 15 o 3590 (olel Sglite Lyl g3 co

Sl gl dop S Jlois !l wdaw (5 1y gyl iz AU aslllas 590 Slas (olad gl S yo (uibly o0 guls 1o bO
2 Olho (Stumon 39 bos 93 (3imen 5 ainY (sl gine Gglis I (Sb cnl g2l Lt (0¥ g (Gsk) bl pd) laa
Ab (oye 5 ald do (yj9 (M b sl Slas b (gl dxe g Cutte (Stumod &g U 5,8l &S 0 Lo bl s 90 ya
) Jlop bulyd )3 o5 4 o5 (g5 o bl g dtanly juiite plpiedr g T3 Slee (85 Hla5 3 Lty
Al Jobo 9 I 50 ails slaw wlaws) (S (15 byl o Jol als o p3 g ;3 M dlass g ild Jobo (M 55 &ild dlaw o
5 JM 53 il law Slas a8 ol i e 4355 035 45 Sxe oy S e )3 Jde g B35 Jae 3yls (ol dlsye 4o

Sl wg S Sles 1y Cate g paitiiune 3l p YL (S 05 bl il 0 9 Jloyp balpd o aily Jsbo


https://orcid.org/0000-0001-5625-3275

BN,

.

s,

@03y g S50 Slas 5y S i pasls lsieds Slao o ieke 45 3 Lt oSl @l (6 5 A
W09 digr )0 M ol g by Jobo (M 50 ails dlaws Jold sy

(ol (35 (e 435 gy 5 [0 lglS

singsy Wl £oi

oY 5> (£ pre o (B9 03 a3 Sles Jslao 5 (o Laly) 5 (Stuan () (VF4) s o 2L
NAYS (P (ol ool 5 St} dlxo . Sutd 15 byl 3 @)

Publisher: Research and Technology Institute of Plant Production,

@ @ Afzalipour Research Institute, Shahid Bahonar University of Kerman and
Iranian Genetics Society

© the authors

bl Galisee mlio g 2hie cutel ool 0 Sl 8 S conl o OME o e j S (Z€2 Mays L.) )b
Mept g 2PE plio )3 0318 sl p)l8 9 Vb olie (o)) ggite (odldl Llpd b (o)S5lo ey oS (pl a8 (o0
s (Fussell 2004; Subedi & Ma 2009) cuol oui 4 lis ayguiS 5l ()l > S5l il Joamo K lgicas
ol b (FAO 2020) caul )38 555 (65y5liS ¥ guames ags o sloisld jsbods o] (sladn 3 (ol &l ypis 5 Ko
Sl 53k a5 sl s Sl Sibang 5 a5 3blo 3 ofigt ceorlil Syt 5 o o SRS (Jls
Moi 0aiS3game Jelge oy yinte jl S ol (Sus s (Dinar et al. 2019; Shemer et al. 2023) ko>,
Begna 2022; Dietz ) sas )8 1l cos casa |y obls 3, Slas ¢ 03, 815 0 g ool oad ailis (65)9liS &Y guao
oot §) T 5 bl 53 €3 adgr il el (Sits 4 Jaiie slocisi Ses o bl ksl oyl o (et al. 2021
ol o505 5 YL
sl b Cho ol o) 13 oonaie ase 5 (S Jolse pil cov &S cunl sdmmn chs o @) a5 Sles
Sged by a3l g &l lia 559 (S 53wl S iy )3 I Slas olS el wsle (Sajglsige 5 (o)) lie
5 paiiue Ol (gl yhg, 5l edlitl L B ST a8 lSol5a 4 Llg o ab 0,Sles 5 Slas cpl o bulgy Sy )b
[(Balbaa et al. 2022; Chen et al. 2012) su8” ololus 1) Sis 4 Josio 9 YU 3,Slos b (clocuie) puiitums pé
gk 9 1> 3,8 1 30 (Gl Do (plulid 4 Wl oo ilisie lao (r (Jshae 9 o Lally) 5 (Stssen LS 5 4525

S SaS Mo slaaslyy llS
Yy

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



RN,

VE-Y c&‘)&hsw&)

wamsml,

Olie & (byy ol e 4325 09 o o3l ol)j Dlalllas )3 0328 joboay oS (gylel (slagidy, I S
Iy o Slas @lyuss )3 Cdo o phao g AiS oy |y ails 3 Sae py Caliste Glas puiine pf g paiins 51 L d23 o Sl
3Slas p Joe Slho o oo < bgy ol 5l edlazwl L .(Khan et al. 2022; Saed-Moucheshi et al. 2013) aules s
bl 55 (odamie Olalllas ygiSb 5905 okl (odlfar (claasly 5 bl claylae lgicas ] 59 5,8 ololis 1y als
cgles «uyd 3yl Y FO g9y p lasdllas o (o flaicds Canl snd pbsl cyd dib 5 Sles g S50 Slaw wyp
[(Balbaa et al. 2022) 1 sanlis Sid (i 5 Jloy blyd 3 ol); Slao plo g a5 Shas )3 (gl iz
ol &S Wleals L5 cyd (sl st g oY > Calisee oly; Glas 5wl 0yShes o bl g9y p (L8 Cldllas
Cudy > il slaws oS ol 0l L oo 4 i (Alam et al. 2024) 5,15 15U Jgamo (2350 p (¢ blias jsbas Sliw
il Sl ollles (Ramezani et al. 2009) wwa &l 5,Sles y 50 Jolse o 5mte SN ;5 &b glacays, sl 5
adl pl Cusl 039 +/FYY pils dilate )3 ¢ «/FYY VIS ddlate 3 &l 3 Sles o (EL) I Jsb (o Cute (Siused
3 Al o 40355 53 odel oty gl > W15 e 4 !yt (sladily dluws clizeds M i Jgb 45 aiS b
St e pd ke S gpgboar )l s 3 8kes 1) s St 1 it D Jo o 03 it e
B joy dls o copd a5 L00b L pome ol pd cpizmon (ol 034y +/OYA (BB ddlaie (gly g +/VAVD LY ddlais
25— I¥FAL ply jlade ol YIS dilate )5 &S g ysbody cusl atily 1y e jlade oy iy &il> 5,Sdas 4 (DTS) Sladles,s
W) sl (5955 9 b Slpuis ol 590, (Mohammed et al. 2024) coul oas o)l5 —+/00F pils dilaie
Olpees Yo sl 3)00 (S5 iy L olyor Y (g phacdlyg wcunl o ool oS VU e oaimalis M
(s, 5 by b i, > 4l 3 o5 b oo sl o 3 o J3b £l 35be (Slhs oy s0en ] s
e ed o 90y 0 wigy ya 50 Al 3 Slee &S Wlooly i Siuer Slalllas .l oids sdalie a5y glas)l o M > «l
S)lian g Cuto (Stumon 4l 3Slos ¢ 25955 o )3 izmen D)1 (65 Cangy 103 b (5blne 5 Cuto LSl (o]
colps (IS sbas (GOgOI et al. 2025) coul oaly oylis cndy pa 4> &ils slus g O > ails slaciyd, dhaws (M Hlad L
ol 1y (slacgla ghls” o lulbls bl )5 yuwe ol pd 4350 Lol widg wliie dilais g3 2 3 3 Slas gl o (Siiod
355 413 3,Skas b Vb g o Sican 81> J3n g 5 b by b by i)« i it 35 50 53 3
ool az3ls 1y &l 3,Shos pr aiitone U ity gy gl)] a8 0l LS e ol ps s aizah K00 b Cpionen
dilaie )3 1y watans 3l oy piiir &5 138 330 el 51 e ool 00 3135 SO 48U ol e lgholS dilate )3 oS (g ygboy
3ySdas 35,50 olse ot 3l Slao o8 315 L5 imen Sl g 4555 o) ol il < /FYR- o by o loslBlS

S50 Cdio dwr b duglio )3 (M yhaB a8 103,S woli e culpd 435 5 (Siawed [Bg) 90 b g o Cgue &l

vy

Journal of Genetics and Plant Breeding; Electronic ISSN: 3060-7221



BN,

.

s,

o) (Yahaya et al. 2021) 395 o Cgumo dlaiel B 208 ely; jasls & wyd 5, Sdae linl Juow )3 oad owyp
)3 48T (S @ Jooxte (slacaipss OBl olyends s g (St 4355 | ol g aaiil

2 i e i (B g 0 b s Sles g (sl 9 e Ll 5 (Stesen oy p (gl ol (ol B

So 5 A3 3,Slas 5o el o Lol &y wlgi e asdllas (sl (Sid 25 alises Laylyd cos &3 gl

Slao o balgy 590 10 558> GleMbl &l L U oyls wad iasgh cpl ol ;0 8 S @pd SNl sladoliy o)

les S8 e el daug 5 oSS T Lulyd )3 @3 as il 4y el

g, 9 2190

S5 B > KSC704-S8-40 b KSC704-S8-1 (slass' b piiay Juss 1 o)d ab iy oY ¥o ¢ gy oyl o
Sge Sy Az I s 350 o] Cglite Ll g3 o g ST aw b (halas Ll glaSsl (oiuleil gk
done yohaieds (cloygd Ll aeliy I Juols piias Jus 31 (KSC704-S8-40 1 KSC704-S8-1) sums ol 5> oolicul
5 Soby Alisee bulyd 5 5)Slee g5 dacn¥ cpl QB Jline i Bl 3 Sloe (g)lky 9 i 5 4 Jeod
0353 (el 153 ) Jleys Sl ol (6ol Ly 33y (528 555 4 o b e Sl 5 Saflshyge cslapmsli
2oy B > S cogby bis gojgy Vo (oyll Hod L) (S i by g (ac 30 cudyls o ps A > S cogby baas
2 eolale o ) @Bly b iy (6y9kd g ixio oSS SMans oSty Slaios de e ) lalojl il g (450 b o
445 OF 5 42> VY (1d)8 o By aBBI VY 5 423 OV Job (oldlpie Clatiio b) (loyS' (B Cogir (6 ytagks VO alols
dabaie ) Ay Jad Job o dilale (glod (1:kee . 1al olo cunipund )| Vo 2yl 50 o (L0 o 31 20 YARRY elisyl o Jlouis
Gl 08B 53155 o deo YYD 25 Al ( S5)L 1Sl g 31,5 Bl d> > YV U YY o (a0 U Cuiigud)l) adlllas )50
SNy g2 (o 50 215 oo Ll cnl Bl Jane (Slaglinns 5 5 slaglinls (Sl 5 St ailaie (coilil Lyl
il 0t (S35 5 4 e o5

2 oSS 3 b plonl iy g gon ol g e el Gl a0 (05 woed Jold (e (s3lwerlel Slilas
2 g b bl e Bl Frodlold b cusls aads gy ccaydy o 50 b oS o il Fr alold b (g 4t0 93 caydy Hlan 0 Y
Wl I dali o )3 g S S g Bl Bl Sadin (S S dls el ey a0l )18 4 5> da ya
ploml alsyo 93 )3 (> ©ypots jp lacile S8 5 4d plsl adaie Jgene oy b Bl (6)l4SS g sl ol
2oy oIV 29 S > T osle liue 392 VIA 390 dt sl g canlio (S b owp) g9 51 Ginlejl Joe S5 .l

PSS N+ (oniman b (55503l S p)SelS 5y p)S oo VYo 5 VY 5 dr BB onasliy g e (BB jaud 30

vy

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



RN,

VE-Y c&‘)&hsw&)

wamsml,

@ alocSy Jolsd L g Cugh dw )3 Spw 355 Sgo @ (mpe pio Voo 2 gl p SOl N0 Jolae) JlSe > alls (59
reolly Slilgus 5 LS 53 p)SolS Voo liody (Dlad59,dum 63 mamoly) 0yud 3557 5l ¢35 o ogMe . ad LSI (yuo
A odlaiwl cubls floj y0 S 40 p,SekS Al liueds

=i Dl uad bl 53 9 1) 0590 Jgb 53 g 1 QB! (Bolal Cpg0ty K0 0 )8y Sl dmodls (g glaen Sy
(o sl s ) oS )] o yia Bl s ) Sy 0 VL (258 9 Jobo (S U gy dler 51 (aliee (055199590 9
) s M po 3 5 slaaily S olaws) I s 50 wild dlas gy ya )3 M dlas o o Bl s 30) M (gl £las)
023 5 Jsb e Bl s ) M Jsbo (I cidy 2 55 glaails S5 slaws) oy o 50 il slass M jo 0 &b
5 Jlo) okl bulyd 93 32 )3 (25 o ) gp S5 @l 3Shos g (p5 s ) &> dio (39 aihe e )
43005 Oldgyae awyp il ) o plesl 435 sy bl edld (il s 450 50 bl g (g puSejlul (S s
2 plosl (Bolas JolS slacSols 5o aly 2 g (sl opgejl 5l enlitl b alejl (sllas (819585 9 i)l

380es blg) (s e sl 03,5 dlatal (g (g Sl o ilisee Sl (Stassed drslro (gl (pimen
@ slp b ol oS 4 P (90 Sy 4 jo | Cule 35 958 Sl 8 g el o5 lajpite Blo g Clio L Sy
by 35 2,5 oitl Eule 025 ol gy ) ells 3y50 Cliso 5 Sy 3,8k o s 5 e bl &
250 b igid St 15 ploc] (SPSS-INC, 2017) SPSS Ver 25 15315 51 oslizal L 415 & ol cyg0m0,5) 5 nodls

40,5 el R el e 5 L g SeMPIOt g lavaan (clazss b oa pue 4355 ¢ COrTPlOL

Slas a5 ol i gl s exliul (ShaPiro-Wilk) Sbg—g,wlis oge50 5l odls @95 99 Jloy (owypr slp

s stasky G g Jloy Ll 93 50 )3 atalegl (sllas uilly (Ko 51 Lt <yl oigeil gl idg: Jlo s sl

Py obgme SN adllas 3)90 Slao olod sl S50 (uilly 41525 gl 08 plsl S 5o uib)ly ajos cnlple

Osezen 5 Y G yPire ©olds (Sl 5ol L (Y g (usk) klpd) laoe Il bo)d S o] s

lacuigiy amd o U5 &S 39 Yo dxe Gy )0 S D oty Slao oalod sl 30 e 1 (Y Bl Pl gy lae g

Cuwl 0l 030> L )50 asdllae (0 Cuownd ol ol Lilealy ol (Sis i g ek oy balyd cod Solaie (sla STy
(Rahimi et al. 2024)

LSS > i iy (St i g Jloy klyd (gl @3 (slagnY ) (g )90 Cdio (03l (Siaser (o

SEIW sl el Chods bayye iy 4 Glas (o ool (Swed cpsiin Jloy bulyd )3 Cowl odds 20l (L3 ¥ 9 )

Stnsads 'y yiaS ol Candds (+/AV) &by Jo 59 9 (+/A0) Abgd 53 &l slaw b aige S5 5 Shas ¢ (+/A%) wgy £lis,| b puo
Yo

Journal of Genetics and Plant Breeding; Electronic ISSN: 3060-7221



BN,

s,

Q> @y o +fo+)) (Sdawy U oy dlaws b aigy 50 I dluss o +/++ V) gy jd S slaws b I p> &ils dlass (gl o 5y 55

) JSC) 005 sdaliie (/) &l do (59 b &g 4> S laws o (+/+Y) olS glas,l b M o

& Ao w @ w =
DI:—_'ILLE w e 9o 4 208 g
= S & Z2 2 -2 O I D

. 15 0.65:021:0%0 0 @ bo-o“o4 00851 0.r9-0%06-0'15-0116 I
PH .-0?03-0“.08 .—@26-@25-0.‘02 0l5:05200)370546h06%s | ..
L .@28-0?05 0.69-0016 0110028 0.2 028 0.28 021 011
WHL .-0%5-6315 0280002 006 0100110043023 023 | | 05
HFE .@30-@24-0?02 0k7-0460/390)3266%250126
L . 013 0b1-0l03:0h18 0 fo-0Y13:0h8.0k1 | [0
P . 018920000 021-0111 0.3 012

NRE . 0.%3-&09 0.b0-@1 5-0<.]1 0-0“.08

NGR @ 012 0)s8:010-0002 0.b5

o @onobeh B
- @ubood | o

Figure 1. Correlation diagram of studied traits in corn lines under normal

conditions
T 970 Jldks! mhaw 4> )15 Gdxe i p5 Ay ¢ /08 9 ¢ /LY I Jien dlas]

Numbers greater than 0.42 and 0.54 are significant at the 5% and 1% probability

levels, respectively.

D Cude M > had) olas g g g e 5 I gl €] par Slas den b gy ST 5 Sles (Sieson

JS il ol ol ol slaaaliyy 53 (5 ign P15 )3 digr S5 3Kl il )3 lyien lio ol il b ol ol
Olas don b byl pd ol o gy ST o Slas o 0l L gt ol ooy lis (Sl i buld o 1) Glae (Suwed ¥
Ly Cuto Sl Suod 2 03 Slao g 3 LS Cuo (Stase P Jsbo 9 g €)oo 5 I 0l 5] 3o

A ol lice dlgé.:do

\td

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



RN,

V&Y cd‘)ls.o.bsw)

o w @ uw =
G ¥ F & kK 4 W g ®O O 9 = 0 a
= 4 3 =2 £ b & 2 2 -2 O @

MD .-@21 0.89-?12-@20 0.@-&]10 OBQ 0.%6 0.% 0.@ 0.% 0.% 0.@ I 1
PH .—0‘.105 0.62 .-0“.08-61.12-@.28 0.?5@23@28@32—&1 5-@27 0

LHL .@30—0?04—0?09 0.88 0.&@26 0.% 0.% 0.% 0.@ 0.%

WHL . 0.&)2-6@14 0.%-0?04 0.52-03107-0‘.105-@18 0.% 0.&)2 - 05

HFE .-&09-&09-@28 0.?[—@20-@28@29-81 3-@24

EL .-@21-0‘.]07-0303-6.]08 0.%5-&]1 0-6]24-0?05

75

r0.25

NEP . 014246529 0.00 0.67-0%5 0.00 0.01
r 0
NRE .-&]10 0.5 052 0/f2-0%03 013

NGR @D 0f1:6%7-014-0%03 002
NGE @8 089 0 s o) @8
GL . 0 0.@ 0.@ 05
cw @) o3 olea
HGW .‘ axn
ve @

Figure 2. Correlation diagram of studied traits in corn lines under drought stress
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Table 1. Stepwise regression analysis of studied traits in corn lines under normal
conditions
L colps
Aly o Beta coefficients o1 2R 03} e gllas
Dependent traits lse 5l 4o e Iy &b slas als Jobo Gy > IS dluss Adjusted R Estimated error
Constant NGE GL NEP
Sy S5 3 Slae
-346.28** 1.24** 41.15** 36.92* 0.939 38.32
YP
lawe 3l 4o &b so o oy p b sl
I 55 &ils slaws
Constant HGW NGR -- 0.85 43.58
NGE
-379.20** 11.03** 5.53*
2 &byl b 5y dlass
e 5l 02 ys ab obye
> Jsbo @, Sy
Constant GwW 0.469 0.41
GL NGR MD
-0.742™ 0.56** -0.50* 0.03*

TN 9 70 Jlain] pdaws )3 55 dxe g )5 dmepl Cud 5 & s 5 % NS
ns, * and **: non-significant and significant at the 5% and 1% probability levels,

respectively.
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Table 2. Stepwise regression analysis of studied traits in corn lines under
drought stress conditions

& ol
Wy oo Beta coefficients ob sl R 03} (o35 slhs
Dependent traits o 5l 4o 5e I ails olass 4l Job Adjusted R Estimated error
Constant NGE GL
Gy S Slas
-105.74** 0.84** 21.85* 0.906 27.42
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bee jl o258 abas oy
W 5 &l slus
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NGE
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U 59y ol 2 @y s
e 5l 03y ab gbye
als Jsbo Sy By
Constant GW 0.476 0.402
GL MD NRE
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A 9 70 Jhein! mdaw )0 (g bme iy s g %

*and **: Significant at the 5% and 1% probability levels, respectively.
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Figure 3. Stepwise path analysis between grain yield per plant and dependent

traits in corn lines under normal conditions.
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Figure 4. Stepwise path analysis between grain yield per plant and dependent

traits in corn lines under drought stress conditions.
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Table 3. Comparison of Correlation Coefficients and Direct Effects of Key Traits

on Grain Yield per Plant under Normal and Drought Stress Conditions

(o) oo50ae b S (5) 500 b s (o) i 51 () e 5

Slaw
Trait Correlation with yield Correlation with Direct effect Direct effect
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