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Abstract

The objective of this study was to examine gene action, heritability,
heterosis estimation, and combining ability for yield and its components
using the line x tester method in sweet corn (Zea mays L.) lines. To estimate
combining ability, heritability, genetic variance components, and heterosis
in sweet corn breeding programs, an experiment based on the line X tester
method was conducted. Nine hybrids were generated by crossing three
medium-yielding lines (Mrt-4, Pwrhs, and Swry) with three high-yielding
testers (ks/1-13, Mrt-3, and S-1263). The experiment was carried out in a
RCBD with three replications. The variance of specific combining ability
(SCA) was higher than that of general combining ability (GCA) for all traits,
indicating the predominance of non-additive gene action in the inheritance
of these traits. The highest heterosis values relative to the mean and the
superior parent for grain yield were 41.67% and 15.18%, respectively,
observed in the hybrids Swry X ks/1-13 and Swry X Mrt-3. The relative
contribution of variance in lines and testers compared to the line x tester
interaction was higher for traits such as tillering ability, ear length, number
of ear rows, ear diameter, stem diameter, plant height, tassel length, grain
yield, number of kernels per row, cob diameter, ear height, and ear weight.
This suggests a greater estimation of GCA variance, or additive effects,
among the lines and testers used in the study for the mentioned traits. The
hybrid Swry x ks/1-13 was identified as a highly suitable combination for
grain yield due to its higher SCA effects and superior heterosis.

Keywords: Hybrid maize, specific combining ability, general combining
ability, yield components, narrow sense heritability
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Tablel. List of sweet maize genotypes s D3 slac 85 Cd -V dgae

NO. Lines Family tree Origin

1 Mrt-4 MS0089/2-2-1-2-1-1-2 Hungary

2 Swry MS0094/3-2-3-1-2-4-1 Iran

3 Pwrhs MS0087/1-1-3-1-2-4-1 USA
NO. Testers Family tree Origin

1 ks/1-13 Unknown Iran

2 Mrt-3 MS0089/1-2-11-2-1-2 Hungary

3 S-1263 MS0091/2-3-1-2-10-1-1 Hungary
NO. Crosses

1 Mrt-4 x ks/1-13

2 Mrt-4 x Mrt-3

3 Mrt-4 x S-1263

4 Swryxks/1-13

5 Swryx Mrt-3

6 Swryx S-1263

7 Pwrhs x ks/1-13

8 Pwrhs x Mrt-3

9 Pwrhs x S-1263
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Table2. Mean squares of all treatments (tester + line + cross) based on analysis of variance of different traits in corn genotypes

* i %
S.0.V R Genotyp Parents Parents*Con  Confluenc Line Testeh Line*Teste Error
e fluence e r
2 14 5 1 8 2 2 4 28
I . 0.0003 . . o - -
Tillering Potential ns 0.055 0.02 0.072 0.08 0.15" 0.02 1 0.07 0.0004
Ear Length 0.03™  28.79" 23.42™ 62.98" 27.86™ 61.67" 32.24ns 877" 0.06
Rows No 0.279" 4.72" 12.06™ 0.152ns 0.712™ 1.21m 0.161m 0.739™ 0.06
Kernel No. 0.95™  111.12" 81.45™ 322.53" 103.23" 85.48"  205.34"s 61.05™ 0.63
Ear Diameter 0.66™  31.56™ 50.86™ 55.58" 16.49™ 50.11" 5.08 5.39" 0.25
Cob Diameter 1.22* 26.30™ 52.14" 0.06™ 13.43* 23.52" 24.10" 3.05™ 0.33
Kernel Depth 0.07ms 241" 1.76™ 13.02* 1.49™ 1.26™ 1.97m 1.37 0.06
Stem Diameter 0.10m 16.15™ 18.73* 3.88™ 16.08™ 38.34m 5.48 s 10.24™ 0.13
Total Leaves No 0.12* 3.52™ 6.28" 4.62" 1.62" 0.40ms 2.507"s 1.87* 0.03
Upper Ear Leaves 0.40ms 1.08™ 1.82" 1.73" 0.61" 0.45ns 0.58m 0.71"" 0.01
Ear Height 3.84" 44335 61778 796.36™" 290.21"" 391.44™  481.23 144.08™ 2.02
Plant Height 9.91™ 1935.88"" 2177.32™ 5750.98" 1308.09™  2509.51" 2212.70" 255.08" 4.14
Tassel Length 1.021ms 85.87" 67.22" 282.13" 73.00™ 228.57"  2.27™ 30.58™ 0.33
Ear Weight 0'(,,)503 0.09™ 0.04™ 0.18™ 0.12" 0.17ns 0.22ms 0.04™ 0.0009
Kernel Yield 1.10™  71.42™ 93.33" 125.58™ 50.96" 73.18™  70.01m™ 30.32™ 0.83

o s K ey il o 53 ls sme 5 lo pme b s S M s
ns, * and **: non-significant and significant at the five and one percent probability levels, respectively.
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Table3. Estimates genetic parameters variance, GCA and SCA effects for 15 studied traits in sweet maize.

. . (?CA - ) Broad sense ~ Narrow sense
Studied lines Tester GeA Sca variance/ Additive Dominance - Horitability  Heritability
traits variance variance variance variance SCA variance variance (/) (/)
variance ’ -
Tillering ) 591 -0.006 0.0032 0.0228 0.123 0.000097 0.022 99.38 0.43
Potential
Ear 1.17 2.61 0.691 2.91 0.12 1.38 2.91 99.56 23.09
Length
Rows No 0.010 -0.064 -0.003 0.227 20.014 0.00 0.227 92.12 0.00
Klf]r;lel 0.543 16.032 1.89 20.14 0.094 3.78 20.14 99.13 15.66
Ear 0.994 0.034 0.347 1.713 0.202 0.694 1.713 96.66 27.87
Diameter
Cob 0.455 2.339 0.408 0.906 0.450 0.816 0.906 94.05 44.58
Diameter
Kernel -0.002 0.067 0.006 0.435 0.014 0.012 0.435 95.67 2.66
Depth
Stem 0.624 -0.529 0.164 2.372 0.049 0.328 3.372 98.86 8.78
Diameter
Total
Leaves -0.032 0.070 -0.004 0.613 -0.007 0.00 0.613 98.35 0.00
No
Upper Ear 4 56 -0.014 -0.003 0.232 0.015 0.00 0.233 98.78 0.00
Leaves
Ear 5.497 37.462 531 47.354 0.125 11.813 47.35 98.88 19.74
Height
Plant 50.098 217.51 40.71 83.65 0.487 81.42 83.65 99.17 48.92
Height
Tassel 4.400 -3.145 1.220 10.08 0.121 2.44 10.08 99.13 19.31
Length
Ear 0.003 0.020 0.003 0.011 0.282 0.006 0.011 98.27 35.45
Weight
Iiei:;zl 0.952 4.410 0.803 9.832 0.082 1.606 9.832 97.65 13.71
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Fig. 1- Heatmap of the percentage of heterosis relative to the average of the parents in 15 sweet corn agronomic traits in each
cross combination. Tillering Potential; Ear Length; Rows No; Kernel No.; Ear Diameter; Cob Diameter; Kernel Depth; Stem
Diameter; Total Leaves No; Upper Ear Leaves; Ear Height; Plant Height; Tassel Length; Ear Weight; and Kernel Yield.
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Fig. 2- Heatmap of the percentage of heterosis relative to better parent in 15 sweet corn agronomic traits in each cross
combination. Tillering Potential; Ear Length; Rows No; Kernel No.; Ear Diameter; Cob Diameter; Kernel Depth; Stem
Diameter; Total Leaves No; Upper Ear Leaves; Ear Height; Plant Height; Tassel Length; Ear Weight; and Kernel Yield.
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—CS 5 (8 Jaa) s e Swry Y (gl 5 YY) B ks/1-13 ns (6l =TNAR s il 3 Sas oses (§ pluS 5 Dol s ausls
X/ VA Mirt-d sl sl 5 St g 53 (1/318) S-1263 5 (VYAV) Mrt=3 (sls s 5 (F/Y0)) SWry oY 5lye o sas (ks
—oY s Shas s OS sl 5l ol i A sdasOlis &S s e S 53 (YV44) ks/1-13 s (¢l 5 (<V/\VY) Pwrhs
S (1/418) 81263 5 (V/YAV) Mrt-3 (sla s 5 (F/Y0V) Swry ¥ 51 05 e il 3l s Linsiy onl 03 Lse Sl i 5 s
ks jod (oo st (5 pdyS 5 als 5 S eslinal 0 (2l 3l (K55 -l 000 Vb g s ke e pes S pdhiS S Ll
S eslizal (8 Jsdm) 55 ekie Mrt-4xS-1263 & oa (sl TYYY b Mrt-dxks/1-13 356 (sl s —W/ALE oy ls 5 Slas gl
—S 5o ghls &8 (AYY) Mrt-4xMrt-3 5 (VYY) Pwrhsxks/1-13 «(Y/01¢) Swryxks/1-13 «(Y/YYY) Mrt-4xS-1263 (slads ;o
SaS J iy hid 4 a5 oS LS L5 bl Gl o LIS e ol Glaasl o il Lote o S
5550 St ool sl s Wl e cias e Ol 1y VU posas s pleS 5 Sl &S slacpY cl sl (i8S s
Sl 1 Cosllae 5 5l e DI 3 6y 55 AT Sl s O Kiasy 5l = (Kamal ef al., 2023) 1,8 i3 esliz
il il >, Shas 3pmer s Uk on i Sk 5 s S ik Y s Sl sslid b i e Slis il s als 5 Shas

.(Habiba et al., 2022; Mousa et al., 2021 )

g5 3 Slo S cib s L Fi s VL (S e Ol 03l s g (il i3l anls (g i (S5 605 ol ax e i S 4
Slac sl adllae 5,50 Cliv Gl LS55 e &S 5l Ol Jags ol 5l lol> c,l:g BSad e iy KS& I s e
5oy P OAE s e AEL e e pB) bl 5 (SOl slaasl sl g B (S5 g8 Sl oS sl sy gl me
5 Y (GCA) esee 6 pdiaaS 5 Ot 5 L3l & Wil 55 ialsdl ulols i 5l Sl Slis 51 s sl joed
S p S 5 Ml 3o s 51 S0 anllas sy Sl eled (gl i nY ESen 3 Ol Sae riomed awls 1S
Sk 5 lls Sl A3l adlllae 3y 50 Slio J S s I (ST ol Sl S ol bl s oo s
o (2l B8 DI e S 0 as Ol o8 350 G Sl S Dk aen sl fasy cnl 03 (SCA) ooyt 4 (GCA) e yos
Slio sl (Aol gl gy candllan 550 Slio S ST s egee (6 p s 005 Vb @ ax 5 b e AL e L0180 Ol S
S & me cpl a5 @3ls S5e 2l bk s > Sliv 3 S L5 e pl g 4 S S a5 5 S s 5o
S S S 2 St Camer S b 0L ST Cmar G5l S sl iy e U & 6,580 50 oS 53,
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Table4. Estimates genetic combining effects GCA and SCA on 15 studied traits in sweet maize geneotyes.

leir;lbl R Parents and Tillering Ear Rows Kernel DiE?; t Cob Kernel Stem
g ow Confluence Potential ~ Length No No. AN Diameter Depth  Diameter
effects er
Line
GCA 1 Mrt-4 0.045 -2.315 0370  -3.170  1.898 1.359 0.270 2.103
2 Pwrhs -0.146 -0.526  -0363  0.185  -2.642 -1.788 -0.427 -2.022
3 Swry 0.101 2.841 -0.007  2.985 0.744 0.429 0.157 -0.081
S.E. (GCA) 0.004 0.069 0.069 0.229 0.144 0.165 0.071 0.103
S.E. (gi — gj (the
GCA effect of j 0.008 0.097 0.097 0.324 0.203 0.233 0.101 0.146
parent))
Tester
1 ks/1-13 0.013 -2.170  -0.141  -5.515  -0.867 -1.812 0.472 0.663
2 Mrt-3 0.034 0.863 0.015 2.685 0.445 1.369 -0.462 0.197
GCA 3 S-1263 -0.047 1.307 0.126 2.830 0.423 0.443 -0.010 -0.860
S.E. (GCA) 0.007 0.080 0.079 0.265 0.166 0.190 0.082 0.119
S.E. (gi- gj) 0.01 0.112 0.112 0.375 0.235 0.269 0.116 0.168

Cross Combination

1 Mrt-4 x ks/1-13 -0.129 -1.996 0452 -4496  0.681 0.403 0.139 1.370
2 Mrt-4 x Mrt-3 0.046 1.837 0.163 2904  -0.821 0.525 -0.673 0.140
3 Mrt-4 x S- 1263 0.083 0.159 -0.615 1.593 0.141 -0.929 0.535 -1.510
4 Pwrhs x ks.1-13 -0.052 1.448 -0.148 5581 -1.383 -1.037 -0.173 -1.331
5 Pwrhs x Mrt-3 -0.015 -1.085  -0.237  -2.552  0.192 0.222 -0.015 1.492
SCA 6 Pwrhs xS-1263 0.067 0.363 0.385 -3.030 1.191 0.815 0.188 -0.161
7 Swry x ks/1-13 0.181 0.548 -0.304 -1.085  0.702 0.633 0.034 -0.039

8 Swry x Mrt-3 -0.031 -0.752 0.074  -0.352  0.630 -0.747 0.688 -1.632
9 Swry x S-1263 -0.151 0.204 0.230 1.437  -1.331 0.114 0.723 1.671
S.E. (SCA) 0.012 0.138 0.137 0.459 0.288 0.330 0.142 0.206

S.E. (Sij - Skl) 0.017 0.195 0.194 0.649 0.408 0.467 0.201 0.291
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Table4 Continued. ¢ Jsdr aslsl

Combining Row Parents and Total Upper Ear E.ar Plgnt Tassel Egr Ke.rnel
effects Confluence Leaves No Leaves Height  Height Length Weight Yield
Line
1 Mrt-4 0.207 -0.241 3.741 2.963 -0.289 0.015 -2.078
2 Pwrhs 0.007 0.204 -7.615  -17.981 -4.889 -0.144 -1.172
GCA 3 Swry -0.215 0.037 3.874 15.019 5.178 0.128 3.251
S.E. (GCA) 0.050 0.026 0.410 0.587 0.165 0.009 0.262
S.E. (gi - gj) 0.071 0.037 0.579 0.830 0.234 0.012 0.371
Tester
1 ks/1-13 0.174 -0.16 -1.148  -11.737 -0.100 -0.174 -3.199
2 Mrt-3 0.419 0.293 7.819 17.807 -0.444 0.130 1.281
GCA 3 S-1263 -0.593 -0.130 -6.670 -6.070 0.544 0.044 1.919
S.E. (GCA) 0.058 0.030 0.473 0.678 0.191 0.010 0.303
S.E. (gi - gj) 0.082 0.043 0.669 0.959 0.270 0.015 0.428

Cross Combination

1 Mrt-4 x ks/1-13 0.037 -0.459 4.981 -1.263 -2.789 -0.062 -3.844
2 Mrt-4 x Mrt-3 0.593 0.485 3.281 5.459 -0.111 0.142 0.623
3 Mrt-4 x S-1263 -0.630 -0.026 -8.263 -4.196 2.90 -0.080 2.514
4 Pwrhs x ks/1-13 0.537 0.463 -0.563 2.648 -0.556 0.054 1.330
5 Pwrhs x Mrt-3 -0.241 -0.193 -0.096 4.237 2.156 -0.083 -0.530
SCA 6 Pwrhs x S-1263 -0.296 -0.270 0.659 -6.885 -1.60 0.029 -0.801
7 Swry x ks/1-13 -0.574 -0.004 -4.419 -1.385 3.344 0.008 3.222
8 Swry x Mrt-3 -0.352 -0.293 -3.185 -9.696 2.044 -0.059 -0.093
9 Swry x S-1263 0.926 0.296 7.604 11.081 -1.30 0.050 -2.421
S.E. (SCA) 0.101 0.053 0.819 1.174 0.331 0.018 0.524

S.E. (Sij - Skl) 0.142 0.075 1.159 1.660 0.468 0.025 0.741

.,sz.» ‘_;’j" 6@0.,\.:}429.:5]3 caxtln S0 Slae bl )‘ ks/1-13 E) S-1263 6LA)I.W5 E) SWYy UJY axllos S48 6@923‘}45 O 03
S OlSn 5 Ly 5 OS5 s b o6l OLS 5 53 Mrt-4xS-1263 5 SwryxS-1263 Swryxks/1-13 glady ;a oomen
35 oslinal L e oUW 5 Dol slaaali s 0T i
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