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Figure 1. Rarson's correlation coefficients between studied traits in.maize genotypes under non-stress (a) and
cadmium stress (b) environmental conditions. Tn the heatmap, green and red boxes indicate positive and negative
correlation coefficients, respectively, with increased. color intensity reflecting higher coefficients. Additionally, the
white boxes indicate non-significant correlation coefficients. X1 (DEM): Days to emergence, X2 (DTA): Days to
tasseling, X3 (DPO): Days to pollination, X4 (DEE): Days.to ear emergence, X5 (DEPO): Day to end of pollination,
X6 (DMA): Days to maturity, X7 (SD): Stem diameter, X8 (LN): Leaf number, X9 (LNAE): Leaf number above the
ear, X10 (LL): Leaf length (cm), X11 (LW): Leaf width (cm), X12(LL/LW): Leaf length/leaf width ratio, X13
(PHE): Plant height (cm), X14 (RNE): Row number per ear, X15(GNR): Grain number per row, X16 (EWW): Ear
wood weight (g), X17 (GY): Grain yield (g/plant), X18 (GNME): Grain number per main ear, X19 (TSW): 1000-
grain weight (g), X20 (EWD): Ear wood diameter (mm), X21 (GL): Grain length (mm), X22 (GW): Grain width
(mm), X23 (GL/GW): Grain length/grain width ratio, and X24.(TBN): Tassel branch number.
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Table 1. Results of the principal components analysis for studied traits of maize genotypes under non-stress
environmental conditions.

Traits PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9
DEM 0.14 -008 -0.15 -035 -050 027 -023 000 -0.12
DTA 095 -0.02 -003 -0.03 010 003 002 003  0.03
DPO 097 -003 000 -0.06 009 003 -002 003  0.04
DEE 096 -004 000 -002 0Il 005 001 004  0.03
DEPO 096 -0.01 004 -004 007 003 002 -0.02  0.05
DMA 092  -002 002 -0.06 003 006 003 -002 -0.08
SD 0.07 040 056 -0.10 -0.05 -024 027 -037  -0.06
LN 024 020 024 020 -052 -020 031 -0.01 028
LNAE 001 027 038 012 -035 036 -022 036 025
LL 000 038 064 -0.17 -0.05 -0.52 -0.09 004 0.0l
LW 0.04 049 071 023 015 009 -0.08 -025 -0.14
LL/LW 004 -0.18 -0.17 -046 021 -0.68 001 036  0.16
PHE 009 038 041 021 015 022 -027 031 033
RNE 012 027 -0.02 -024 028  00L 024 -038 057
GNR 0.17 -058 026 020 024 013 028 028  -0.07
EWW 010 -0.63 028 0.0 003 007 014 -009 0.4
GY 008 -0.76 . 042 022  -0.12 %.0.06 001 018 0.1
GNME 0.02 -072 048 032 017 024 -007 000 025
TSW 006 =043 041, -0.19 » -037 031 0145 015  -0.28
EWD 0.17  -0.19 0.8 %-031 000 -016 ~-071 004  -0.12
GL 20.16  -049 % 005+ 028 044 015 =026 -042  -0.14
GW 0.16 -047 028 w0577 009 021 000 -026  -0.07
GL/GW 024 006 -024. 074 -043 026 -0.16 -0.12  0.02
TBN ©0.07 001 -0.11 0.06 -036 027 023 -0.18  0.50
Eigen value 482 345 236 18 160 150 1.19 113 111

Proportional variance (%) 20.06 14.36 9.83 7.77 6.67 6.26 4.95 4.72 4.63
Cumulative variance (%) 20.06 . 3443 4426 5203 5870 6496 6991 74.63  79.26

DEM:\days to emergence, DTA: days to tasseling, DPO: days to pollination, DEE: days to ear emergence, DEPO:
day to end of pollination, DMA: days to.maturity, SD: stem diameter (cm), LN: leaf number, LNAE: leaf number
above the ear, LL: leaf length (cm), LW: leaf width (cm), LL/LW: leaf length to width ratio, PHE: plant height (cm),
RNE: row number per ear, GNR: grain number per row, EWW: ear wood weight (g), GY: grain yield (g/plant),
GNME: grain number per.main ear, TSW: 1000-grain weight (g), EWD: ear wood diameter (mm), GL: grain length
(mm), GW: grain width (mm); GL/GW: grain length to width ratio, and TBN: tassel branch number.
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Table 2. Results of the principal components analysis for studied traits of maize genotypes under cadmium stress
environmental conditions.

Traits PC1 PC2 PC3 PC4 PC5s PCé PC7 PC8
DEM 0.06 -0.05 0.06 0.12 -0.01 0.44 -0.61 0.17
DTA 0.88 -0.08 0.19 0.09 -0.03 0.01 -0.02 0.02
DPO 0.94 -0.02 0.17 0.00 0.00 0.01 -0.02  -0.02
DEE 0.93 -0.02 0.26 0.01 -0.11 -0.07 0.00 -0.04
DEPO 0.91 0.00 0.27 -0.08  -0.10.< -0.09  -0.01 0.01
DMA 0.85 0.05 0.21 0.04 -0.18 -0.11 0.01 -0.05
SD -0.27 0.29 0.71 0.09 -0.01 0:16 0.11 0.04
LN -0.26 0.19 0.62 0.40 -0.05 0.11 0.16 -0.18
LNAE -0.08 0.23 0.18 -0.29 0.42 -0.48 -0.46 0.25
LL -0.46 0.25 0.59 0.33 -0.20 0.03 0.09 -0.07
LW -0.19 0.48 0.51 -0.49 0.04 0.26 0.19 0.06
LL/LW -0.18 -0.31 -0.05 0.76 -0.22 -0.30  -0.08  -0.08
PHE -0.23 0.45 0.48 0.03 0.29 -0.31 -0.37 0.11
RNE -0.09 -0.21 0.03 -0.08  -0.32 -0.10 0.22 0.75
GNR 0.09 -0.55 0.34 -0.27 0.20 -0.23 0.15 -0.22
EWW -0.21 -0.62 0.19 -0.27 0.02 0.08 0.21 -0.02
GY, -0.21 -0.78 0.29 -0.16 0.25 -0.10  -0.11 -0.05
GNME -0.07 -0.71 0.27 0.04 0.27 -0.16 0.27 0.24
TSW -0.15 -0.49 0.15 -0.26  -0.09 0.18 -0.44  -0.38
EWD -0.01 -0.27 0.17 0.36 -0.23 -0.04  -0.27 0.29
GL 0.06 -0.54 0.11 0.26 0.26 0.44 -0.08 0.11
GW -0.24 -0.45 0.17 -0.18  -0.65 0.02 -0.17 0.02
GL/GW 0.27 -0.06 -0.07 0.40 0.76 0.33 0.11 0.11
TBN 0.15 0.09 0.03 -0.25  -0.12 0.51 -0.07 0.21
Eigen value 4.87 342 2.42 1.91 1.82 1.44 1.34 1.12
Proportional variance (%) 20.30 14.27 10.09 7.94 7.58 6.00 5.58 4.65
Cumulative variance (%) 20.30 34.56 4466  52.60 60.18 66.18 71.76  76.42

DEM: days to emergence, DTA: days to tasseling, DPO: days to pollination, DEE: days to ear emergence, DEPO:
day to end of pollination, DMA: days to maturity, SD: stem diameter (cm), LN: leaf number, LNAE: leaf number
above the ear, LL: leaf length (cm), LW: leaf width (cm), LL/LW: leaf length to width ratio, PHE: plant height (cm),
RNE: row number per ear, GNR: grain number per row, EWW: ear wood weight (g), GY: grain yield (g/plant),
GNME: grain number per main ear, TSW: 1000-grain weight (g), EWD: ear wood diameter (mm), GL: grain length
(mm), GW: grain width (mm), GL/GW: grain length to width ratio, and TBN: tassel branch number.

S S plpisdy Cho S ped Coenl g sl (g0 elge a4 aiilly (e G lgieay ails o Sles

5, Sles lagwl oyl Sty 0, Shae b o o] (Koo a5 (ol doliyy G 50 0 Shos dguty 50 oudiins
Lopes & Reynolds, 2012; Tahmasebi ef al., ) 5,5 oo 1,3 lase 50 cov Sglite jbar T b Las o Slas 4



Mgl Jlogas 0l qw,ypw PCA Sl oolaiwl b e j2 )0 e Slae Loyl caddlas ol jo ol by (2014
Wl Hlogas yo Ll ol eolitul laosls asgezms ;o Gz sla Ty om Luly) pe sl @)lnl Olseas
agly ude (Stwod bl ool> aygly ( pls jebay wims o dl)l b Shy o lbls)l o,lbye 1, Sledol
o DA algs (0wl (Sad 3929 pac odimsLis Aalld agly 5 aie (Sien cdiolis 4> jaie
ool Dlao o el Ol earmoplis bajly Jsb g wbioe Rl 4y VAL 5 e 4 Seop sbls; b
olawi j>ds (59ad Dlas ded (il g T o Lol d g0 o asllas ol jo (Tahmasebi ef al., 2014)
Job oydlo b cails o, Sloe g Lol DL o ails slaws s, jo ails slows (P gz (59 Dlas g ol e U 59,
PO oy p b0 Oldlas jo aiod bl beuiss) o ga5 ool lis jo Jie Olas lgeds iy oy
g Ag g5, woy jo wls slaws (D o ails (o) slaws aS ols Las PCA &My b jloges gul )3 Guded)
.(Sinana et al., 2023) &los,S Lyl g5 dlowl jo |, idi o ien digs ST o ,Slas

(b ¥ JS2) (2l 9 S3ds8ig0 «sided Do ulel » Il Jloged o Slae G by 4 axgi L
WS Coz (59 s, 5o Al slaad (Pl jo @3y olaed (S B e 4 Job Cand Dlas &S 08T Azl g o
5o Al o, Slee b cuto  (Sear sl ails 550 9 Job g Db gz Jhad s Jl5a 59 e Lol Db o ails slaws
5L ol o ails & Slae o381 b Wilgs s Slao ] ol 38l 00 &)le 4y . aiogn iad e 9 i Lol il g0 y»
L st (Ko lyls @y gl )l 9 S o0 (b YL Sy slaws (Spoloss Bl i Slis a5 J>
Olsieas 5 loicine gylel Sl 5l bl wigd oo dils o Slas tals el g 00gs Ll g0 o 50 ails 5 Slae
PCA M6l bl (IS job 4 ail aide Wiy oo Al Ll 0 il o Slee’ (nyis Sl 22l S
LTy ails e (59 5 shol Dl yo ails sl ( Plisz (59 ccn, ;o alls slasd ppe Dlao Cote (Ko o
Sl S5 opie wiz SIS (Ked ple aST0ls (LA izren SO b S 5 05wl ails o Slee
el 058 lacasss ) Slae G BLSI L))

ol PCA 3l oolainl b pasS slaeieij g9, » (2012) Lopes & Reynolds lawgs ouls plxil dslllas o
Wl ol g sdag,y by Jole )3 e sl gles 5 e e yo Al slawi (g aore byl il jo a5 Conl onls
b (S, U 59y 5 @@38lin U 59, oS Jbo 3 0nmils (lsicme e 5 Coto (Stnon ails o ,Slos b ol Sy
G e, bl o Slee o Sis g L)S il Lol )b Cov cuizmen ol g)lo gme LS, e ails o, Slee
gy (ki (Nwrad SIS (5535 (slod g (Forms, U 59 e poaln



a) Normal Cluster plot | b) Normal Variables — PCA
1.0-
a-
0.5-
clust contrib
— er =
g E | § N,
- < X e
= 0 2 = 0O—m 8
£ OE £
a . [= I 3
_0s-
_a-
1.0-
50 —2! 5 EIJ 2'5 EIEI "I.
Dim1 (20.1%)
¢) Stress Cluster plot = d) Stress Variables - PC,
10- :
]
1
1
1
I
]
i
| )
_ cluster contr:l;:u
I F I
¥ 2 = s 75
£ [m] = g 50
a . 5 l 25

adlge 93 )0 Slio mp 5 (Sauled CuleS oad i e Cha sla ISy S5) a5 Jsb pareslS 5 9 A5 e

ol Jol ol
Figure 2. Biplot diagram of the first two principal components (PCs) for maize genotypes (a and c) and studied traits
(b and\d) under non-stress and cadmium stress environmental conditions. The length and color intensity of the trait
vectors indicate the quality of representation and the contribution of the traits to the first two principal components,
respectively. X1 (DEM): Days to emergence, X2 (DTA): Days to tasseling, X3 (DPO): Days to pollination, X4
(DEE): Days to ear emergence, X5 (DEPO): Day to end of pollination, X6 (DMA): Days to maturity, X7 (SD): Stem
diameter, X8 (LN): Leaf number, X9 (LNAE): Leaf number above the ear, X10 (LL): Leaf length (cm), X11 (LW):
Leaf width (cm), X12 (LL/LW): Leaf length/leaf width ratio, X13 (PHE): Plant height (cm), X14 (RNE): Row
number per ear, X15 (GNR): Grain number per row, X16 (EWW): Ear wood weight (g), X17 (GY): Grain yield
(g/plant), X18 (GNME): Grain number per main ear, X19 (TSW): 1000-grain weight (g), X20 (EWD): Ear wood
diameter (mm), X21 (GL): Grain length (mm), X22 (GW): Grain width (mm), X23 (GL/GW): Grain length/grain
width ratio, and X24 (TBN): Tassel branch number.
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Principal Components Analysis of Some Maize Genotypes Using Agromorphological Traits under
Non-Stress and Cadmium Stress Conditions

ABSTRACT

Cadmium (Cd) stress, as one of the most significant abiotic stresses, negatively affects the growth and
performance of maize. In this study, the diversity and relationship between yield and various
agromorphological characteristics of maize lines in 95 genotypes were investigated using a randomized
complete block design with three replications under two conditions: non-stress and Cd stress, in a pot
experiment conducted in an open area at the Agricultural Research Station of Jiroft during two cropping
years. Under stress conditions, a cadmium chloride solution with a concentration of 30 mg.L™! was
applied at two stages of plant growth (at the six-leaf stage and the appearance of the first male flowers).
In both conditions, the results revealed a positive and significant correlation between grain yield with
grain number per main ear, 1000-grain weight, the grain number per row, and ear wood weight. In
principal component analysis, the first nine and eight principal components were identified under both
non-stress and stress conditions, explaining 79.26% and 76.42% of the total diversity of genotypes,
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respectively. In both conditions, the first component was identified as the phenology component, while
the second and third components were recognized as the yield component, yield components, and the
dimensional component, and plant type. The present study showed that yield traits, yield components, and
phenological characteristics are key indicators for demonstrating the diversity and differentiation among
different maize genotypes under Cd stress. This diversity can be utilized in maize breeding programs to
enhance tolerance to Cd stress and achieve other breeding purposes such as earliness.

Keywords: Agromorphological traits, Cadmium heavy metal, Correlation, Maize, Principal component
analysis
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