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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, 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.
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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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Traits PC1 PC2 PC3 PC4 PC5 PCé6 PC7 PC8 PC9
DEM -0.14 -0.08 -0.15 -0.35 -0.50 0.27 -0.23 0.00 -0.12
DTA -0.95 -0.02 -0.03 -0.03 0.10 0.03 0.02 0.03 0.03
DPO -0.97 -0.03 0.00 -0.06 0.09 0.03 -0.02 0.03 0.04
DEE -0.96 -0.04 0.00 -0.02 0.11 0.05 0.01 0.04 0.03
DEPO -0.96 -0.01 0.04 -0.04 0.07 0.03 0.02 -0.02 0.05
DMA -0.92 -0.02 0.02 -0.06 0.03 0.06 0.03 -0.02 -0.08
SD -0.07 0.40 0.56 -0.10 -0.05 -0.24 0.27 -0.37 -0.06
LN -0.24 0.20 0.24 -0.20 -0.52 -0.20 0.31 -0.01 0.28
LNAE -0.01 0.27 0.38 0.12 -0.35 0.36 -0.22 0.36 0.25
LL 0.00 0.38 0.64 -0.17 -0.05 -0.52 -0.09 0.04 0.01
Lw -0.04 0.49 0.71 0.23 0.15 0.09 -0.08 -0.25 -0.14
LL/LW 0.04 -0.18 -0.17 -0.46 -0.21 -0.68 0.01 0.36 0.16
PHE 0.09 0.38 0.41 0.21 0.15 0.22 -0.27 0.31 0.33
RNE 0.12 -0.27 -0.02 -0.24 0.28 0.01 -0.24 -0.38 0.57
GNR -0.17 -0.58 0.26 0.20 0.24 -0.13 0.28 0.28 -0.07
EWW 0.10 -0.63 0.28 0.10 0.03 0.07 0.14 -0.09 0.14
GY 0.08 -0.76 0.42 0.22 -0.12 0.06 0.01 0.18 0.01
GNME -0.02 -0.72 0.18 0.32 0.17 -0.24 -0.07 0.00 0.25
TSW 0.06 -0.43 0.41 -0.19 -0.37 0.31 0.15 0.15 -0.28
EWD -0.17 -0.19 0.18 -0.31 0.00 -0.16 -0.71 0.04 -0.12
GL -0.16 -0.49 0.05 0.28 -0.44 -0.15 -0.26 -0.42 -0.14
GW 0.16 -0.47 0.28 -0.57 0.09 0.21 0.00 -0.26 -0.07
GL/GW -0.24 0.06 -0.24 0.74 -0.43 -0.26 -0.16 -0.12 0.02
TBN -0.07 0.01 -0.11 -0.06 -0.36 0.27 0.23 -0.18 0.50
Eigen value 4.82 3.45 2.36 1.86 1.60 1.50 1.19 1.13 1.11

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 44.26 52.03 58.70 64.96 69.91 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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Traits PC1 PC2 PC3 PC4 PC5 PCo pPC7 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 091 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 3.42 242 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 44.66 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.
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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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