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Extended abstract

Introduction

Phosphorus (P) is an essential and non-renewableutrient critical for crop productivity worldwide.
Phosphorus deficiency is a major abiotic constraint that,Substantially limits crop yield. Because
phosphorus is inherently immobile in soil, identifying novel genotypes with efficient phosphorus uptake
and utilization under low-phosphorus conditions is,essential. Maize is a major cereal crop cultivated
worldwide; therefore, improving, its phesphorus-use efficiency is crucial for optimizing maize
production. This study aimeduto evaluate the genetic diversity of maize lines under optimal and
phosphorus-deficiént conditions.

Materials and methods

Genetic diversity. among,93 maize lines was evaluated based on morphological traits under optimal and
phosphotus-deficient conditions in pot culture. Pots were arranged outdoors in a completely
randomized ‘design (CRD) with three replications at the Faculty of Agriculture, Urmia University
(45.5°E, 37.37°N, 1320 m above sea level). The pots were filled with soil collected from the Urmia
University résearch.farm, which contained low phosphorus levels (7.2 mg kg™1). A total of 558 pots, each
containing 15 kg of soil, were prepared and divided into two groups of 2779 pots each. In both groups,
pots wete filled'with a mixture of low-phosphorus soil and sand in a 2:1 ratio. All pots were fertilized
with nitrogen at 6.0 g kg™1 (applied in three splits during the growing season), potassium sulfate at 9.0
g kg™1, iron sulfate at 1.0 g kg™1, manganese sulfate at 0.15 g kg™1, zinc sulfate at 0.66 g kg™1, copper
sulfate at 0.20 g kg1, and boric acid at 0.014 g kg 1. In the optimal-phosphorus group, triple
superphosphate was applied at 4.0 g kg™1, whereas no phosphorus fertilizer was added in the control
group. After pollination, various morphological traits were measured. Statistical analyses, including
analysis of variance (ANOVA), descriptive statistics, correlation analysis, stepwise regression, path
analysis, cluster analysis, and factor analysis, were performed using R software.

Results and discussion

Phosphorus deficiency caused a significant reduction in the mean values of morphological traits
compared with optimal conditions. Stepwise regression and path analysis indicated that under optimal
conditions, weight of ear without husk (WEWH), ear wood weight (EW), ear diameter (ED), cob
diameter (CD), ear length (EL), and ear-up leaves (EUL) were the most important traits affecting grain
yield. Under phosphorus-deficient conditions, WEWH, EL, ED, 100-grain weight (HGW), and biological
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yield (BY) were the key contributors to grain yield. Cluster analysis grouped the maize lines into three
clusters under optimal conditions and two clusters under phosphorus-deficient conditions. Under both
optimal and phosphorus-deficient stress conditions, the first cluster comprised high-yielding lines that
can be utilized in developing maize hybrids tolerant to phosphorus deficiency. Factor analysis revealed
that grain yield (GY), weight of ear together with husk (WETH), WEWH, and tassel height (TH), which
exhibited high communalities in both environments, are key traits for selecting lines tolerant to
phosphorus deficiency.

Conclusion

Significant differences were observed among the evaluated maize lines under optimal and phosphorus-
deficient conditions. Nevertheless, lines 5, 7, 10, 24, 28, 48, 64, 114, and 121 exhibited suitable grain
performance across both environments and can be utilized in breeding programsto develop phosphorus-
efficient genotypes.
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Table 1. The names of studied maize lines
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Line code Line name Research center | Line code Line name Research center
Ma001 P3L2 Kermanshah Ma051 9/K19/1 Mashhad
Ma002 P11L2 Kermanshah Ma052 3/K19/1 & (K19/1*/1392) Mashhad
Ma003 P15L16 Kahriz Mashhad Ma053 25*/89 Mashhad
Ma004 PIL3 Kahriz Kermanshah Ma054 2/ K19/1 & (K19/1) Mashhad
Ma005 P13L2 Kermanshah Ma055 K3640/S /55-N Mashhad
Ma006 P19L7 Kahriz Kermanshah Ma057 20*/1389 Mashhad
Ma007 P6L1 Kermanshah Ma060 S2/ QPM/ SL_JKMA Mashhad
(Indonesia)
Ma008 P19 L3 Kahriz Kermanshah Ma062 6*/88 Mashhad
Ma009 P14L1 Kahriz Kermanshah Ma064 4/ K19/1 Mashhad
Ma010 P11L7 Kermanshah Ma065 66*/1388 Mashhad
Ma011 P14L2 Kermanshah Ma066 48*/1390 Mashhad
*
Ma012 P10L5 Kermanshah Ma072 K166 B/g?l‘g‘g(ol)zl KIR Mashhad
Ma013 P1L4(Dialell-(Karaj)) Kermanshah Ma073 K 18-B /1392 (Isolated) ™ Mashhad
Ma014 P11L6 Kermanshah Ma074 7/K19/1 Mashhad
Ma015 P13L3 Kermanshah Ma075 23*/89 Mashhad
Ma016 P16L4 Kahriz Kermanshah Ma076 70*/1388, Mashhad
Ma017 P3 L4 Kahriz Kermanshah Ma077 10/K 19/1 Mashhad
Ma018 P1 L5 Kahriz Kermanshah Ma079 138*/89 Mashhad
Ma019 P19L5 Kahriz Kermanshah Ma080 K19#/1392 (lsolated) Mashhad
Ma020 P15L14 Kermanshah Ma083 1*/89 (Red cob) Mashhad
Ma021 P16L6 Kahriz Kermanshah maggs 130U POFECLCI’:;) 53054 Mashhad
Ma022 P15L4 Kermanshah Ma089 172*/89 Mashhad
Ma023 P11 L9 Kermafshah Ma09l\ 8/K19/1 Mashhad
Ma024 PIL6 Kermanshah MaQ96 67*/38 Mashhad
Ma025 P13L1 Kermanshah Ma098 1387/193/Chase*/S2 Mashhad
Ma026 P10L7 Kermanshah Mal00 36-N/88-K3653/2 Mashhad
Ma027 P16L12 Kahriz Kermanshah Mal04 Linel Karaj2
Ma028 P10L9 Kermanshah Ma105 Line2 Karaj2
Ma030 Mol7 Karaj Mal06 Line3 Karaj2
Ma031 OH43/1- 42 Kargj Mal07 Line4 Karaj2
Ma032 K1264/ 5-1 Karaj Mal08 Line5 Karaj2
Ma033 R59(Maternal) Karaj Mal09 Line6 Karaj2
Ma034 K615/1 Karaj Mal10 Line7 Karaj2
Ma035 B73 Karaj Malll Line8 Karaj2
Ma036 OH43/1-42 (Paternal) Karaj Mall2 Line9 Karaj2
Ma037 R59 (Paternal) Karaj Mall3 Linel0 Karaj2
Ma038 WS3T7A, Karaj Mall4 Linell Karaj2
Ma039 Regl99 Karaj Mall5 Linel2 Karaj2
Ma040 R Karaj Mall6 Linel3 Karaj2
Ma042 W153R Karaj Mall7 Linel4 Karaj2
Ma043 K1533 Popcorn Karaj Mall8 Linel5 Karaj2
Ma044 lin 69 01:353%1\7/[51; ?rsnca; Karaj Mal119 Linel6 Karaj2
Ma045 B73(RFC OR CMS) Karaj Mal20 Linel7 Karaj2
Ma046 1264/ 1 Karaj Mal21 Linel8 Karaj2
Ma048 ZK472221 Karaj Mal22 Linel9 Karaj2
Ma049 K1263/1/1388 Mashhad Mal23 Line20 Karaj2
Ma050 4*/89 Mashhad - - -
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Table 2. Some physical and chemical properties of the soil used from the Khan Arkhi region in the experiment

LSIT >y olacculas oylac pH ; Aigod G0
Organic ~ Conduction  pH of o b o) S <l g Sample
carbon of extract extract Sand Silt Clay Lime  Type of texture depth
% dsm? % cm
0.74 0.78 7.92 30 30 40 315 clay loam 0-30
7n Fe Mn Cu Organic matter Available Absorbable Sample
phosphorus Potassium depth
mg kgt cm
0.11 11 10.3 1.3 1.28 7.24 102 0-30
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Table 3. Names of traits measured in the experiment of studying genetic diversity of maize lines(Zea mays L.) in optimal
and phosphorus deficiency stress conditions
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Centimeter pL Peduncle length 13 Percent RWCT Relative water content 1
Foghbe Sl sk S S 2l (s Slyina
Branches number Centigrade Leaf canopy temperature
Number/sae BN s 5Lt ol 14 olﬁiﬁb LCT 4 p&yg cles 2
Centimeter Ear length AN SPAD leaf greenness index
ol i S R INSEED T QISPAD sl St S a3l
Centimeter Ear diameter Centimeter Flag leaf length
Fn gl =P N ozn Sl
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Table 4. Analysis of variance for measured traits in maize inbred lines under optimal and phosphorus

deficiency stress conditions

JERCPUIVIR o i 3908 A Lyl ps
Optimal phosphorus conditions Phosphorus deficiency stress conditions
Line Error Line Error

Olas df CV% df CV%

Trait 92 186 92 186
RWC 46.76™ 17.77 5.19 89.14™ 47.81 8.93
LCT 12.17 12.16 4.50 5.34™ 1.37 3.84
SPAD 237.4™ 40.47 13.53 160.3™ 22.90 13.86
FLL 104.24™ 25.17 13.87 93.59™ 24.50 16.54
FLW 1.97™ 0.64 16.65 1.59™ 0.42 17.09
EUL 0.79™ 0.35 11.45 0.87" 0.30 12.11
TL 4.35™ 0.73 7.48 4.85™ 0.91 9.26
LA 251.1" 16.75 2.88 326.8™ 13.25 2.68
EH 1190.3" 110.6 12.94 955.5™ 82.62 13.40
TH 2615.3™ 194.11 6.78 33297 SOE}Q 9.61
PH 2233.6™ 171.72 7.60 2391.6™ 2137 9.61
Mean SD 27.42™ 3.64 8.87 22.78™ 5.55 13.05
square PL 30.16™ 3.19 16.94 22917 3.38 21.45
BN 26.16™ 3.26 20.63 25.03™ 4,72 29.92
EL 32.40™ 3.49 11.22 31.18™ 3.61 14.14
ED 51.13™ 10.35 7.65 45.60™ 13.64 10.09
cD 16.04™ 443 8.15 '\ 1128" 6.83 11.69
EW 192.4 32.15 24.97°\, 100.7 11.85 22.67
HGW 97.59* 18.2% 14.16 67.87 13.93 15.85
GY 6673.6™ 5194 20.05 3190.4™ 385.1 25.71
BY 25132:8™ 1732.9 17:46 13952.1™ 7105 15.84
WETH 11067.7% 1846.2 27.51 6971.1™ 589.7 24.53
WEWH 10594.9% 1697.1 29,03 6657.4™ 574.7 27.36
P% 0.0492™ 0.0140 11.39 0.0500™ 0.0193 23.50

* Significant at 1% probability levels.
The traits abbreviations are.indicated in Table 3.
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Table 5. Descriptive statistics for investigated traits inymaize inbred lines under optimal and phosphorus deficiency

stress conditions

- o9

Slexo Syl Ol gl g & 2033
Jolao FSlas Gl Standard Coefficient of s
lio Minimum Maximum Mean deviation variation% Welch’s -
Trait oP LP oP LP oP LP OoP LP oP LP test
RWC 6853 5307 9082 87.2 81.17 77.40 3.95 5.45 4.87 7.04 5.4
LCT 29.50 27.59, 42110 3439 3266 30.51 2.01 1.33 6.17 437 8.5
SPAD 32,9 “»19.3 79.100,. 543 46.99 3451 8.90 7.31 18.94 21.18 10.4™
FLL 247 18.0. 54.30 © 44.0 36.16  29.91 5.89 5.59 16.29 18.67 7.47
FLW 3.0 2.17 6,7 5.73 4.81 3.80 0.81 0.73 16.85 19.17 8.9"
EUL 4.0 3.33\ 6.7 6.0 5.20 4,58 0.51 0.54 9.87 11.78 7.97
TL 80 733 153 1433 11.47 10.30 1.20 1.27 10.48 12.36 6.4
LA 122.0»,.111.0 162.0 155.67 141.97 135.70 9.15 10.44 6.45 7.69 4.3
EH 35.0\ 19.33 1457 11633 8126 67.83 19.92 17.85 24.51 26.31 4,87
TH 140.3 ¥ 84.67 257.3 24167 20521 182.11 2953 33.32 14.39 18.29 5.0™
PH 107.3 84.67 2243 206.33 17231 152.06 27.29 28.23 15.84 18.57 4,97
SD 12.6 1002 285 2521 2149 18.05 3.03 2.76 14.09 15.27 8.1™
PL 3.2 1.67 228 1500 10.54 8.58 3.17 2.76 30.05 32.23 457
BN 3.0 1.33 16.0 14.67 8.75 7.27 2.96 2.89 33.78 39.76 3.4™
EL 9.0 547 241 2053 16.64 13.44 3.29 3.22 19.77 23.98 6.7
ED 30.3 27.82 505 4449 42.00 36.58 4,13 3.90 9.82 10.66 9.2
CD 20.2 1789 333 2736 2583 22.36 2.31 1.94 8.94 8.67 11,17
EW 8.4 5,67 51.8 2967 2270 15.18 8.01 5.80 35.27 38.17 7.3
HGW 1480 1270 46.10 3410 30.14 2354 5.71 4,76 18.93 20.20 8.5
GY 347 2397 239.0 14492 11363 76.31 47.17 3261 41.51 42.73 6.2
BY 1043 60.0 489.3 354.67 238.41 168.27 9153 68.20 38.39 40.53 5.97
WETH 63.0 16.67 288.0 219.33 156.15 98.98 60.73 48.21 38.89 48.70 7.7
WEWH 51.0 8.0 272.0 207.67 14190 87.61 59.43 47.11 41.88 53.77 6.97"
P% 0.65 024 1091 0.91 1.12 0.59 0.28 0.13 25.40 21.75 16.27

™ Significant at 1% probability levels.

The traits abbreviations are indicated in Table 3.
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8 Transformed chlorophyll absorption reflectance index
9 Triangular greenness index

10 Difference vegetation index

11 Relative vigor index

12 Green normalized difference vegetation index

13 Modified soil adjusted vegetation index
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2 Normalized difference vegetation index
3 Enhanced vegetation index

4 Soil adjusted vegetation index

5 Enhanced vegetation index 2

6 Normalized green red difference index

7 Optimized soil adjusted vegetation index
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viations are indicated in Table 3.
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Table 6. Stepwise regression analysis for grain yieldiand

investigated morphological traits in maize inbred lines
under optimal phosphorus conditions

sl o o

oy wlho Syl Standard’ Adjusted

Step Traits Standard Beta  Error R?
1 WEWH 0,228 0.045 72.92
2 EW. 0.3 0.401 82.50
3 ED *0.546 0.715 84.07
4 CD \ *-.0.34 1.16 88.45
5 EL *0.219 0.884 90.05
6 EUL **.0.128 3.712 90.50
7 LA 0.056" 0.168 90.82
8 SPAD 0.072" 0.168 91.03
9 TL 0.071" 1.698 91.25
10 HGW 0.056" 0.295 91.41
11 RWC

-0.04™ 0.384 91.47

Wl 0ads ool (LIS Y Jaaz j0 Clas ol lais as e
ns, * and **: Non significant and significant at 5% and 1%

probability levels, respectively.
The traits abbreviations are indicated in Table 3.

&f (@lBar b o) iy b yaie PPl Jols
o o] Joie s sy sloj] glallas Slazal 5 Loy
Lalpd )0 9 VIOPY plp aie Lulid )0 smsly (90
clalas 3s Jitas ,Silo 45 0g YAV id 3guaS
Sl 355 Jole b l5 sy (i oo 55 el alos]
wolel » (Leilah and Al-Khateeb, 2005) i o),
Slp yied 25eS g e llpd g0 p0 0 Jol> s
9>l pelbsls pog liee oy noge Slis Sl plSEe
)t Sty ke s VoS Gl oy a3 s
Sl a5 s 2yl (ol Sl Cundy soipo i
095 428 gl puldl el (b o8 0929 poe
BN g S 0j9kdouE J535) and age Lalpd po
o9 o plgled Sae cilioss 5l oo o VY/AY 4 b
b cio il 658 (Srmed AD g )T, Joe 3y a5
] &l Sdas J.v\:«o..o el ).ul) odupdlis dils o Slas
220 Ve 4z gi b aS g (e Gregd Plhogr o)y e
G Clle ol 0l o oly wle o Slee Sl
S N N N NS
& ao AF 25 L Pl bS5 an K S
oo S)ly a5 Wog (e ez g Omegw oS
S r Pl Jsb clio lio col 5l an wad Ssew S
12915 Ol 5l (oals) sl sue o5 agly (POl VL
Ol o gtz 5 ails o (5 ¢ sl b gla (S
FICIPPPIC TR N S IR NI 8
By doyd Syl S o Shee Dt 4y 0 )]
VY gy ails o Slae Olyss 5 as )0 AV/FY ggamo,o
Capd M g b dzg bad (el o
Wer 0 S polawd (S aggly Slao o bl w5
4325 50 Slae (ul o5 Ol (ol gliome 5 ails do (3
A Bd> cule
Shd 0guaS A Ll 5o g )5 asjes el
e P Jsb 9 BME g ails ()9 Slis oV J9u)
Ol s A gl 0 |y 1l iy o0 Y/ Y g YYD L
Lyl b jo Son bl b mls ol ascsls ails o Slee
FIVD arsi b Pl b Cbls Cllae b 55maS 25
A GgemyS ) Joe 3l po 8 50 0 Shas Dl pis w0
o Slos Olyss 5l oo 0 VY 4z b alls ao 39 o
Eyome)d Sdo oz cnl Wb Jue o)y p)lez p5 )0
Slaws Wdges duzgi |y dils o Slas &l uss 5l oo ,0 AY/YY



sl 45 ol i (8 5o yied 89005 (25 byl
Sfdes Cho g ((ITFY) St g pins Sl o iden U
Ot CIYVE) GBYE gy Db o35 b 3l Seislse
Slas Lole plas wils o Slae ) Cudie g puiis é il
Dk 35 5 (IAF ) Seislses ,Shas (- IAF+) I3k Jobo
Ll ce 5 oo Siaod shls (+/AA) BB y5un
Ol il oo do 0 G izl mhas o asls o Slae
Sedem 0 e (P Job (n e b (oo yon S
e pf Ll Gliae a4y BWE o I 035 5
Ol e onl Sl dils 0 Shos o fin b glany yo0
awd alizee oyl b o 33 awls o Slas 0 jo Slao
Als g0k Coeal

D)3 Gy s Jolod g (Snon addllae o
Pl s g ails e 50 b ails o Slee yus a5 al oalice
(Zuffo et al., 2023) 5,5 5425 Cuito 5 (595 ( SKiwrad
3G (Akshaya et al., 2022) |, (Kan o LLaST aslllas o
5 I Jsb s 1o+ iy ok b lio ot Rt
adlas jo ol 5,155 il o Slee o, jo als olass
IRl D8 Slosy pos 0 Sles je 0325 5 (S
5 b gls,) Joh b e a5 SV Cte i
Priyanto et al., ) o soalin als S8lee » % 59
Yazdandoost ) ole, 5 slws Sgodhy (2023
Slis Sl owyp o (Hamedani and Rezai, 2001
Gk 3l oyd ails o Sdes ISuSsl5 5 [ S23sl99 )0
L L otals sl @de a5 a08k lastude a0
i 51 Bh1s ¢ Mpcine IERL Sinron alls 5 Shos
Sho Gk Mpeitimegs 5l g IFAY Ly o se
5 ol Zul &l S Slae VYR L ol 4l v e
Slowss, Bl ;me , (Fatemi, 2006) ,Ken
olis @58 58 0 Sles lizl 5 o Shae 5 (bl il
Joginn 5 e Soen b &l a5 o5 wish
5 Sde g e Sl op e ) w0 Shes b (41PAN)
b Gladlos S 5l 59, cho b 5l Cude g i yié
NG Y CRCSU Y PV X g

aag Ly 50 558 )0 wes e LS S angex
Slyed Wil oo Pliosz Shd g Pl s wlas jaus
Al 5 GlacY ol )3 wolhae o5ill la S
b aige bulyd o Cole gy pa gl (Byee ails o Slos
09 P 059 Dlbe G (Snrod 51 (I 55 e S0 (LS

©lio g ails o Shoe gl pBapl (o yS) aj ¥ Jguar
bylpd cod )8 alls GbanY 50 (w)ypdy90 S3slsd )00

Table 7. Stepwise regression analysis for grain yield and
investigated morphological traits in maize inbred lines
under phosphorus deficiency stress conditions

ol oy sl oy
Traits  oin)S)  ojliibowl o
3 ylusliw! Standard Adjusted
al> 50 Standard Error R
Step Beta
1 WEWH 0.136" 0.072 77.15
2 EL 0.415™ 0.577 84.17
3 ED 0.225% N89 88.52
4 HGW 0.118" 0.31 89.72
5 BN -0.062" 0.397 89.97
6 BY 0.291 0.049 90.15
7 RWC 0.069" 0.22 90.61
8 FLL N\ -0.066" 0.236 90.83
9 PL 0.043m 0.431 90.89
10 SD -0.051m 0.529 90.92

sk g % NS

Vg oy O Jluml pdaw 1o ls s g o pre i o 5 A
\N ol 00l 00l HLES Y Jgaz o Sl Ol jlais as o
"S¢* and **:'Non significant and significant at 5% and 1%

probability levels, respectively.
The traits abbreviations are indicated in Table 3.
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Table 8. Path analysis in maize based on correlation coefficient of traits entered to,regression model in

optimal phosphorus conditions

A8 8 ,Shos b Swoodr Indirect effect  pudbiouwo jué SI5E)
SLe Correlation with grain e ST L L b . B UL sPAD
Trait yield Direct effect
WEWH *0.860 0.253 0.231 0.331 <0.109 0.158 -0.007 0.003
EW *0.820 0.335 0.174 - 0.358 -0.196..0:60 -0.011 0.000
ED *0.730 0.535 0.157 0.224. - ' -0244 0.081 -0.024 0.001
CcD *0.400 -0.321 0.086 0.204 0406 /- 0.045 -0.020 0.001
EL *0.790 0.214 0.187 025102080067 - 0000 0.003
EUL 0.060" -0.082 0.020 0.047 0.155 -0.080 0.000 - 0.000
SPAD 0.090" 0.064 0.010 %0.000 0.011 -0.003 0.009 0.000 -

ool o osls (LIS Y J5de o Slas dljlaisl de eV Jlisl pdaw (o ls g gl pae pd *

ns

ns, **: Non significant and significant at 1% probabilitydevels, respectively. The traits abbreviations are indicated

in Table 3.
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Table 9. Path analysis in maize based on correlation coefficient of traits entered to regression model in

phosphorus deficiency stress conditions

ol PHAROX U PV PR SWOwY S PO-LSWPRICH S | Indirect effect  pudiwo s Ol )51
Trait Correlationywith grain yield, Direct effect WEWH EL ED HGW BY
WEWH **0.880 0.297 - 0.272 0.114 0.083 0.114
EL 0.840 0.362 0.223 - 0.086 0.076 0.092
ED **0.700 0.187 0.181 0.167 - 0.096 0.069
HGW. "0.680 0.153 0.161 0.181 0.118 - 0.068
BY 20,860 0.123 0.276 0.272 0.105 0.084 -

el o ool SLES Y Jgaz 50 Slas Ol laidl aw sV Jleisl mlav jo s e g o aepd g

ns

ns, *%5Non significant and significant at 1% probability levels, respectively. The traits abbreviations are indicated

inTable3. A
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(Maschibahoosh et al., 2015)
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Fig. 2. Determining the optimal number of factors in factor analysis using KMO_eriterion, parallel analysis and very
simple structure (VSS) in maize. a. Optimal phosphorus conditions, b. Phosphorus deficiency stress conditions.

sae S p ol o lgime Slao Jolis a5 550 augs
Sladil slasi g (Ko 139 15" Gl 5l (0aL) sl
Slac a4 bgye Jolo 1) o] Glyiee o wosp g8
5 St 2o 3 VIF+ 45 oy Jole ols Sl
ol (P YL Sy slaws Glae Jols woes azg |,
@ azg b aS g P ks g Phoge Jhd s 0 S
5 85 5 (6,55 P 558 el Welio ool Gl
5 o, 9 (Naghavi@nd Jahansouzi2008) ;s.lys
oS les ole g 1) dole (Mardi, 2003) o
S5 asls o Slas ilois (459 Slao Jolis a5 030,57 (8 ee
50 dils olady, g g Ho @e olias (B o s slass @iy
w55 b 3 ol 2 B L sladlis 1o 55 5,
Slao sy, SSotjal > 9 kel sleadse o
s odmlice d\alio)s Q2 PV (69, ol (6,5 05l
e |y esls Sl 5l aus 0 YA/S Jaiee Jole can
o)Sen 5 ol bLs (Zeinal et al., 2005) wo S
do Jole 4 45325 ol L (Khayatnezhad et al., 2011)
AL g el )] g,k amty calin (S 0 Slee Jole ity
Olyass 5las 0 AD 5l s a5 wis )57 plulis 1) cuils
OhSen 5 (Bolodle  widgel oo Azgi |, Laools
Sas i 1 ol cee (Mollasadeghi, 2011)
ool a ol &y a5 51 U poiS o8| (5 1 Jab 5]
O 1y Lol g4 Jole an  Sis jias oyl i o 0ais )5
izl g o fes G alaly aslllae b (o )5 350
5 0l o )0 1 Sble 03nly 5 ojler g 90 )0 8Shes

IR PRES \)4‘ Jole s (ole culypo G le

0FIFF Loz Jole aw ,aud angy Luld o5 ool ond
slade pul 51ais S azg |y Wools S &lpuss 5l as o
J&L‘, a5 0d azgi |y Olass 3l as,o YAAY gl Jole
WS By P (59 e b PO ()35 cails o Shose wlio
b Jsb Pz o s a5 Sl 3 Shac
A5 e sl Dl b gl o Juls b glis | o Jol s
Ol e nlpli g wig el JSSly Job oS Job
3,5 6,l38 6L o Shae glixl g 0 ,8kee p S50 Jale 1y o
aS Dged duzgi | Ol sd 5l as 0 /P sga pg0 ele
5 Sxdgly W S5 S p (P Y S olio Jals
Iy JS Olyuss 5lae 0 YN0 aS s Jule sl olS S
o3 Ploosz S8 5 Pl 5 Slao Jols wgaie 25
SISl Pl S5 Jole lio (plcvale g4z g b as
DAY Loz Jole aw i 5geS 25 Lalys o

(Ve Jg0z) win,S azg |y ools JS @l s 3l as o
AT o Shac (sl 5 0 Slac 2 3e ol oS gl Jole
Slao Jols a5 0ges az g |, Ol s 3l as,0 FYOY ol
I g Pl s I L Pl s il o Sles
Db Jsb o Plosz 5is s 0o i Sy 0 Shac
G el )| e ool U gl ) gy glas ) o JSSlay Jobo cadles jlad
dsb 5 @l sl S n Jsb S e ol N
I, JS ol 5l ae,0 ANV sgas g0 Jule 0gs JSSlay



el 5 (0 0) Sy o o Glyimo Sl g 4zl |,
1 oyslp B Glime (o y2eS (10 1) sl S (S
als o Sles Olaw Haud dguS il Lal,d jo auile
I 039 9 IMEL P (339 «(TAY) Juli b glis )1 (- /3Y)
b ela)) g (/AD) Sojlsm o, Shoe «(/AF) e (9
Slas g axsls |, o)siﬁ CBd ol cp s (/) b
€85 s ot yiaS (1V0) Sy dgsly 5 (/0 R) yind do o
O Jgaz) aasls |, o)jiﬁ
39 o o sl sl o 8 slagY STy
(DY S2) i 9ua 25 5 @F US2) aizge Ll
el sladg iz el ganeg S L Gilhe
ObES Il sLad 53 (o 090 Slio Sl 65 I
Sad 3900 S g A Lulyd g0 58 Cod a5 we e
2 3} Jol g s o W eiln (sl o il
a8 318 clacpy oYL polde gl)ls caivg (gladys
dinge lalpd o oY pgd adgs )3 aites ol adgs

s YV a5 o8 plalid Jule a5 Jloz i 4 o3l
Kansur ) woges o duzg |, Sluss 51 asyo AY
kol sleadlye 4 435 o (Firincioglu et al., 2010
doyo MVAD ol ol addie an a5 0l camlice &) o
Wols Lolaisl 355 a1y sl (6 a5 o3l Slis @l s
ol axsls JS Olpss )3 (Slodas g 45 soteo Slio
59y ool Qo0 00 U 5e, ( P o ails olows wails o Sloe
Wog Pl wls sy slaws g piopl woy b0 B

(Pradhan et al., 2022)

i Sy il 5l (ot caiasglis STnal ol

QT Olis 4250 000 oo Lo o J,.,&o Jolge 4y a5 !
e iyl 0 ys Lty ;i E8Seaias las wll iy
od ags adl s o JaCkson, 1991) cul abgsye
b UL s (- /AD) Jadls o Shae (+/A+) I ki law
S5l SRELEIAD) B g Pl 039 5 B

Syl 85 e i (JAF) Jals b glis | g (+IVA)

oud DgunS g g ke bl pl jo,d L»}Y 33wy 2oy Olie Jole Jodxi ol s Ve Jguo
Table 10. Factor analysis coefficients for investigated traits.in maize lines ander optimal and phosphorus deficiency

stress conditions

S digg Loyl b SgnaS i byl i
Ol Optimal phosphorus conditions Phosphorus deficiency stress conditions
Traits Y )eS B WpeSE Y oSl Sl ol ) jeSB Y HesB Y Hes B STl e
Factorl Factor2 “ Factor3 Communality Factorl Factor2 Factor3 Communality
RWC -0.03 0.01 -0.22 0.05 0.07 0.54 0.10 0.30
LCT 0.36 -0.37 0.17 0.29 0.46 -0.18 -0.23 0.30
SPAD 0.02 -0.18 -0.02 0.03 -0.16 0.47 0.06 0.25
FLL 070 0.10 -0.43 0.68 0.69 -0.30 -0.07 0.57
FLW 0.76 -0.09 -0.18 0.62 0.74 -0.16 0.08 0.57
EUL 0.11 0.69 0.24 0.55 0.02 -0.10 0.78 0.62
TL £0.43 0.70 0.21 0.72 0.30 -0.48 0.67 0.77
LA -0.04 0.44 -0.15 0.22 -0.15 -0.34 0.11 0.15
EH 0.82 0.28 -0.04 0.75 0.68 -0.35 0.38 0.73
TH \ 0.89 0.20 0.07 0.84 0.78 -0.15 0.42 0.80
PH 0.84 0.25 0.11 0.79 0.75 -0.13 0.41 0.75
SD 0.56 0.32 0.23 0.47 0.59 -0.17 0.46 0.59
PL 0.41 -0.38 0.24 0.37 0.51 0.30 0.01 0.35
BN 0.25 0.51 -0.45 0.53 0.23 -0.44 0.44 0.44
EL 0.85 -0.17 -0.02 0.76 0.84 0.06 0.21 0.76
ED 0.52 0.13 0.71 0.80 0.42 0.29 0.68 0.73
CD 0.34 0.33 0.65 0.65 0.14 0.22 0.63 0.46
EW 0.78 0.04 0.34 0.73 0.68 0.09 0.48 0.71
HGW 0.53 -0.04 0.12 0.29 0.48 0.37 0.48 0.60
GY 0.85 -0.15 0.32 0.85 0.82 0.30 0.37 0.90
BY 0.85 -0.10 0.23 0.78 0.87 0.06 0.3 0.85
WETH 0.86 -0.14 0.29 0.85 0.85 0.19 0.32 0.86
WEWH 0.85 -0.19 0.30 0.85 0.85 0.23 0.29 0.86
P% -0.16 0.28 0.18 0.14 -0.17 0.15 -0.19 0.09

Variance (%0) 39.83 9.69 7.16
Cumulative variance

(%) 39.83  49.52  56.66

- 42.53 8.19 7.60 -

- 42.53 50.73 58.33 -

The traits abbreviations are indicated in Table 3.
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Fig. 3. Biplot of the two first principal components fofiinvestigated traits in‘maize lines (a) Optimal conditions and (b) Phosphorus

deficiency stress conditions
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Table 11. Comparison of investigated traits means in maize lines in clusters resulting from Hierarchical clustering under
optimal phosphorus conditions

oo ) adgs oY olass Y aligs oY olass Y abes Y olaxy Sl
Traits 1 Cluster N=27 2 Cluster N=45 3 Cluster N=21 Mean
RWC 79.93%c Ma001 Ma027 | 82.18%c Ma019 Ma080 | 80.58%¢ Ma032 80.90
LCT 34.57¢ Ma002 Ma028 | 31.94°« Ma023 Ma089 | 31.78%c Ma033 32.76
SPAD 47.66" Ma003 Ma064 | 45.80% Ma030 Ma091 | 48.67° Ma034  47.38
FLL 39.07%¢ Ma004 36.96% Ma031 Mal04 | 30.71%c Ma037  35.58
FLW 5.46%°¢ Ma005 5.46%¢ Ma035 Mal05 5.46% Ma038  5.46
EUL 5.14%c Ma006 5.38bcd Ma036 Mal08 4.902 Ma040 5.14
TL 11.59%¢ Ma007 11.89%e Ma039 Mal09 | 10.43% Ma042 11.30
LA 139.81°¢¢  Ma008 143,334 Ma043 Mall0 | 141.83%e Ma049 141.66
EH 93.99¢de Ma009 83.24¢°f Ma044 Malll | 60.68%C Ma050 79.30
TH 229.75¢% Ma010 207.27%%  Ma045 Mall2 | 169,29 Ma051 202.10
PH 194.02%  Ma011 173.75%F  Ma046 Mall3 | 141.32 Ma052 169.70
SD 23.00°cd Ma012 21.98d%f Ma048 Mall4 18.53¢% Ma055 21.17
PL 13.08« Ma013 9.67¢f Ma053 Mall5 9.1\de Ma057 10.65
BN 7.93« Ma014 9.44°% Ma054 Mall6 8.37« Ma079 8.58
EL 19.83vcd Ma015 16.49bcd Ma060 Mall7 | 12.88%c Ma083  16.40
ED 45,08ac Ma016 41.61bcd Ma062 Mall8 | 38.92°d Ma085 41.87
CD 26.76%¢ Ma017 26.09Pcd Ma065 Mall9 | 24.10° Ma096 25.65
EW 30.100¢ Ma018 22.44bc Ma066 Mal20 13.75% Ma098 22.10
HGW 33.75%e Ma020 29.48¢e Ma072 Mal2l | 25.93%%c Mal00 29.72
GY 167.18%  Ma021 102.69%f Ma073 Mal22 | 68.22° Mal06 112.70
BY 346.76%  Ma022 212.64%¢  Ma074 Mal23 | 154.35%¢ Mal07 237.91
WETH 230.43%¢  Ma024 13872 Ma075 97.99%c 155.71
WEWH  215.93%¢  Ma025 123.42%€ " Ma076 86.34%¢ 141.90
P% 1.02b¢d Ma026 1.190%f Ma077 1.09% 1.10

35,105 (g o e IMSAD JGi] rhans 305S3ls (503l ulesl 3 cilons aseiis aslive gy b sy jo j0 a5 lay Sl

el 00l o0l HLES Y Jgaz jo Slas ol lais]

Means followed by similar letter in each row are not significantly different by Duncan’s test at 5% probability level.
The traits abbreviationssare indicated in Table 3.
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Table 12. Comparison of investigated traits meanspin maize lines in clusters resulting from

Hierarchical clustering under phosphorus deficiency, stress conditions
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Traits 1 Cluster N=43 2 Cluster N=50 Mean
RWC 78.38%¢ Ma001 Ma026| 76.56®° Ma0l6 Ma060 Mall? 77.47
LCT 30.77%f Ma002 Ma027 |30.30% Ma030 Ma062 Mal20 30.53
SPAD 34.09%f Ma003 Ma028| 34.889" Ma031 Ma065 34.49
FLL 32.74vcd Ma004 Ma044| 27.48%f Ma032 Ma072 30.11
FLW 4,25 Ma005 Ma053| 3.41%¢ Ma033 Ma074 3.83
EUL 4.71%¢ Ma006 Ma064 | 4470 Ma034 Ma075 4.59
TL 10.74° Ma007 Ma066| 9.92%f Ma035 Ma076 10.33
LA 134.88%  Ma008 Ma073| 136.40" Ma036 Ma077 135.64
EH 77.62%%@ Ma009 Mal04| 59.41%" Ma037 Ma079 68.52
TH 206.09°%,  Ma010 Mal05| 161.49%¢  Ma038 Ma080 183.79
PH 171.83'% Ma011 Malll| 135.05%€ Ma039 Ma083 153.44
SD 19.i7de Ma012 Mall4| 16.56° Ma040 Ma085 18.17
PL 10,130 Ma013 Mall5| 7.24%¢ Ma042 Ma089 8.68
BN 8.19°cd Ma014 Mall6| 6.47%f Ma043 Ma091 7.33
E\ 16.120x Ma015 Mall8| 11.149%f Ma045 Ma096 13.63
ED 39.21%® Ma017 Mall9| 34.32%¢ Ma046 Ma098 36.77
CD 23.12%¢ Ma018 Mal21| 21.71%¢ Ma048 Mal00 22.41
EW 19,770 Ma019 Mal22| 11.249%f Ma049 Mal06 15.50
HGW 26.65%¢ Ma020 Mal123| 20.87%f Ma050 Mal07 23.76
GY 106.412° Ma021 50,424 Ma051 Mal08 78.42
BY 223.96"  Ma022 120.38°%  Ma052 Mal09 172.17
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Slogire IO Jlozs! mhaw ;o SSls 9051 bl cdloads i alive g, b cins, o j0 a5 slan Sl

IRVRY

Sl oals ool (LS ¥ Jgaz 0 Clae ol lais

Means followed by similar letter in each row are not significantly different by Duncan’s test at 5%
probability level.

The traits abbreviations are indicated in Table 3.
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Fig. 4. Determining the 'optimal number of clusters in the grouping maize lines based on the investigated traits under
optimal and phosphorus deficiency stress conditions using Gap (a), Silhouette (b) and Elbow (c) methods.
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Phosphorus deficiency stress conditions)
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