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ABSTRACT

Introduction: Given the increasing demand for food due to population growth, besides the limited availability of arable land, the role of
increasing production through plant breeding is evident. Maize is one of the key agricultural products in the world, a primary food source for
humans and animals, and also used for biomass and bio-product production. Referring to the increased vigor of hybrids compared to their
parents' heterosis can help to increase crop yields. Maize hybrids produced by crossing two or more pure lines have higher yields than pure
maize. Therefore, the present study aimed to estimate heterosis and evaluate the coefficient of phenotypic and genetic variations and
heritability in maize hybrids.

Materials and methods: The plant materials included the maternal parent (MS02), the paternal parent (TS01), and the SCO1 offspring
evaluated during the 2023 growing season at the Agricultural and Natural Resources Research and Education Center of Ardabil Province
(Moghan) in a randomized complete block design with four replications. Agrophysiological traits included plant height, grain yield, pigment
content, stomatal conductance, and chlorophyll fluorescence, antioxidant defense system traits included proline, polyphenols,
malondialdehyde, hydrogen peroxide, soluble protein, and antioxidant enzymes, including superoxide dismutase (SOD), peroxidase (POX),
and catalase (CAT). Analysis of variance (ANOVA) was performed to estimate the coefficients of phenotypic and genetic variations,
general heritability, and heterosis based on the mean of parents and the superior parent.

Results: The analysis of variance showed significant differences among the genotypes (MS02xTS01; SCO1) in terms of the studied traits.
The difference between genotypes was significant for all agro-physiological traits and antioxidant defense systems except for chlorophyll a,
Fm, Fv and Fv/Fm. According to the results, among the studied traits, chlorophyll fluorescence (Fm) and hydrogen peroxide content had the
highest mean values, error variance, genetic variance, and phenotypic variance compared to the other traits. Moreover, the CAT enzyme had
the highest error variance, genetic variance, phenotypic variance, genetic diversity coefficient, and phenotypic diversity coefficient among
the antioxidant enzymes. These results indicate that heterosis could significantly improve the morphological traits of F1 hybrid maize
(SCO01). Furthermore, high genotypic variance for most traits shows a high potential for improving these traits through plant breeding. The
range of heterosis variations (relative to the mean of parents) among the evaluated traits was between -0.04 and 95.19, indicating the
diversity of heterosis levels among the evaluated traits in the SCO1 hybrid.

Conclusion: Given the observed diversity in the present study, indicating the presence of alleles with dominance effects in agro-
physiological traits and traits related to the antioxidant defense system, as well as the desirable diversity and heritability in agro-
physiological traits and antioxidant defense systems, there are differences between the maternal and paternal lines of the SC01 hybrid. It
seems that using agro-physiological traits and antioxidant defense systems may be useful in determining the best crosses to maximize
heterosis in maize. The observed heterosis provides an opportunity to develop new hybrids with better performance and quality. Selecting
genotypes with desirable alleles and suitable parents with high genetic diversity is an effective strategy for hybrid maize breeding that may
result in increased grain yield and improved photosynthetic efficiency.
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Figure 1- Band pattern of superoxide dismutase (A), peroxidase (B) and catalase (CAT)

enzymes in parents and their results in maize
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Table 1- Variance analysis of agrophysiological and antioxidant traits of parent and hybrid maize
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Fu/Fm Fm on
n
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ean
S50 O g gy Jloso | o 50 Hl0 o gl Sro jud o 5 A sk g % NS
ns, * and **

: non-significant and significant at the five and one percent probability levels, respectively
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Continuation of Table 1- Variance analysis of agrophysiological and antioxidant traits of parent and hybrid maize

Sleyo oSl ol
Mean Squares o et gl
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Grain yield Plant height
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100810.333"  14867.36™  8227.714™  54193.37" 43435.951" 65796.82" 35.678™ 5405.003" 2 e
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314.207 99.214 11.788 66.439 872.523 983.664 0.129 30.567 6
Error
4.61 4.07 1.67 0.75 3.22 3.67 5.02 2.70 (009) Sy o 05
CV (%)
384.63 244.46 205.24 1084.47 917.62 855.64 7.15 204.33 T\T’l““
ean
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Table 2- Estimation of genetic parameters for agro-physiological and antioxidant traits

o9 rR oo o oo o
Heterosis SRMSlhg A JOVES, ) g e oibly o
= TR g bl L el ol
iy paSilea Sy Wl o i N Phenotype L Error I\)Ieaé Trait
(MPH) (BPH) Broad-sense Phenotypic  Genotypic variance Genotype variance
heritability coefficient  coefficient variance
of variation __ of variation
asull (g2 oglle
180.000 152.000 99.753 65.462 65.381 486.045 484.847 19.092 33.680 MDA
nmol/g FW
039 demS|
71.320 70.866 99.340 35.698 35.580 1572.995 1562.613 34412 111.100 H,0,
umol/g FW
Jsd b
1.790 8.871 99.315 14.885 14.392 0.292 0.290 0.154 0.380 Polyphenol
mg/FW
3.788 25.897 -49.275 14.620 29.329 2.001 -0.986 0.218 0.140 Protein
mg/FW
oan
1.434 9.733 95.994 7.388 7.234 26.485 25.424 4543 69.660 Proline
umol/g FW
a Jedgls
40.659 16.363 53.846 33.101 24.290 0.013 0.007 0.104 0.514 Chiorophyll a
mg/g FW
b Judg b5
37.543 31.543 90.909 19.624 18.711 0.011 0.010 0.095 0.534 Chiorophyll b
mg/g FW
g, 8
35.055 24.489 100.000 18.806 18.806 0.009 0.009 0.086 0.341

Carotenoids
mg/g FW
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Slazgy culun
44.353 32.391 100.000 25.968 24.001 0.002 0.002 0.039 0.186 Stomatal

conduction
mmol/m?/s

Ly gl JSlos
22.441 o ,,FJst
0

19.789 2.252 2.558 0.384 58.654 1.321 32.260 29.333

ol ysld iSTas
Sl
Fm
e il gl
24.684 23.213 4.005 22.022 4.407 51196.000 2050.722 245.367 10.444 -
v
I oot g6
FV/Fm

24192 22.463 19.763 19.049 8.468 63865.890 12622.220 265.360 132.667

0.696 -0.043 23.076 6.635 3.187 0.003 0.001 0.040 0.768
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Continuation of Table 2- Estimation of genetic parameters for agrophysiological and antioxidant traits

oW )9 R

. I JUUE TR R JUUY TR .
. T Y T owibsle L L
Heterosis e igid S5 g S5 oilyly e il )y il o
el (Sl Fxlly Bro;-sense Phenotypic Genotypic Phenotype Genotype Error Mean Trait
- e BiDH oritatil coefficient of  coefficient of varian)g()a variance variance
(MPH) (BPH) ty variation variation
&g gl )yl
40.555 36.732 98.322 20.890 20.714 1822.045 1791.478 37.032 204.333 Plant height
cm
aild & Slos
114.019 95.190 98.293 48.382 48.120 11.978 11.849 3.002 7.153 Grain yield
t/ha
33.077 30.337 95.643 17.561 17.174 22579.050 21595.390 131.609 855.640 Fe.-SOD .
Densitometric
21.546 14.084 94.206 13.373 12.980 15060.330 14187.811 108.530 917.620 Cu/Z_n-SOII_)
Densitometric
22.708 20.271 99.633 12.408 12.385 18108.850 18042.310 117.020 1084.470 Mr?-SOD .
Densitometric
48.396 35.070 99.571 25.552 25.497 2750.430 2738.624 45.438 205.240 P_OX1 .
Densitometric
57.483 44,827 98.204 20.332 28.701 5021.929 4922.715 62.089 244.460 P.O X2 .
Densitometric
AT
112.401 94.871 99.070 40.948 47.584 33812.920 33498.710 159.473 384.630 c

Densitometric
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