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Background and Objectives: Soybean is a valuable industrial plant
worldwide because of its high protein content, high quality unsaturated oil,
and many direct and indirect uses. Seed yield is determined by many
vegetative and reproductive traits in different amounts. In some cases, the
improvement of a specific trait is accompanied by simultaneous changes in
one or more other traits, which provides the possibility of using indirect
selection. This study aimed to investigate the correlation between
phenotypic traits and yield components, propose cause-and-effect
relationships for grain yield components, and determine the direct and
indirect effects of traits on soybean seed yield.

Materials and Methods: In this study, 13 pure lines obtained from
breeding programs with two control varieties, Amir and Saba, were
cultivated during the agricultural year of 2019/2020 at the Agricultural
and Natural Resources Research Center of Ardabil (Moghan). The
experimental arrangement was a randomized complete block design with
three repetitions. Correlation coefficients were used to understand the
relationships between traits, path analysis was used to estimate the direct
and indirect effects of traits on seed yield, and factor analysis was used to
explain the correlation between variables and selection of the desired lines
was done using factor analysis and cluster analysis.

Results: Based on the results of variance analysis for testing differences in
composite variables, the genotypes had significant differences in terms of
vegetative traits, yield components, and seed yield. Correlation between
phenotypic traits showed that the number of nodes per plant was positively
and significantly correlated with the number of pods per plant and the
number of seeds per plant. In addition, the correlation of the number of
seeds per plant with seed yield was positive and significant (r=0.76""). The
results of path analysis showed that traits related to the number of seeds per
plant, such as the number of pods per plant, showed a high direct and
indirect correlation with seed yield. The direct effect of seed number on
yield was positive (0.66), whereas the weight of one hundred seeds had a
high negative direct effect (-0.44) on seed yield and a positive indirect
effect through the number of days to flowering (0.24). Factor analysis
showed that the first factor justified 41.2 of the total variation, and the
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highest positive factor coefficients belonged to plant height, number of
nods, total pods and number of seeds per plant. The second factor
explained 21.78% of the total variation, day to of flowering, days to
maturity, number of branches per plant and one hundred seed weight had
the highest coefficients. Factor analysis was able to identify high yielding
and earliness lines, which were placed in group 2 of cluster analysis.

Conclusion: Factor analysis showed that four factors explained 62.98%
of the total variance. According to path analysis, among the vyield
components, the number of seeds per plant has the largest contribution in
determining the yield, and the trait of the number of pods per plant, which
causes the production of more seeds in soybean lines, should be prioritized
in breeding programs and selection of superior lines. Lines G14, G5, G2,
G10 and G8 were placed in the group of lines with high performance and
early maturity groups.
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Table 1. Soil physical and chemical properties of experimental field.

A e Sk a il . . w2 = - E(ERCHR
EC e K P N Clay Silt Sand :
pH Soil texture
dsm* mg.kg™ %
19 8.1 417 20 0.011 27 36 Clay loam

NErr 5 A¥A8 Tl 53 55 bgw Ad sbaole (b bl sl Ol gd K g o] ouwlidlga Ll Y Ju
Table 2. Meteorological data available for Pars Abad in 2020 -2021 cropping seasons.

Yeer o ATA4 VEee Y44 YEee 344 VEes Y44 Ve ALK Jl
2021 2020 2021 2020 2021 2020 2021 2020 2021 2020 year
oLl e BT 32 7 "
23 Oct. — 23 Sept. — 23 Aug. — 23 July - 22 June — Month
21 Nov. 22 Oct. 22 Sept. 22 Aug. 22 July
169 256 331 202 02 435 0 3.9 0 0.6 Sk Oy Tma('n?;i)”fa”
15.7 15.2 205 201 313 2982 347 315 35.6 34.1 Sl sles J—<4L~" A_}/:;?g.e(gwca)x.
51 55 129 132 191 172 208 204 213 197  Jli sl oSl ATV:rrnapg.e(iné;“
104 110 167 163 252 235 278 260 284 269 bs il Ave”"(?,ec)Temp'
139.3 1301 925 100 252.2 258.3 24477 2389 2842 295.2 JL;AT ool (€ sunm(i)rrl](tehlgurs
L sz 2550 G o pmd 5 S Y Jpur
Table 3. Code and pedigree of soybean genotypes.
Sk oY ol
Pedigree Code of genotype No.
Hamilton x Karbin SOY-98-1 Gl
Hamilton x Karbin SOY-98-2 G2
Valenta x Karbin SOY-98-6 G3
Valenta x Karbin SOY-98-7 G4
Hamilton x TMS SOY-98-11 G5
Hamilton x Sari SOY-98-15 G6
Hamilton x Gorgan3 SOY-98-16 G7
Telar x Willams SOY-98-17 G8
Sari x Charleston SOY-98-18 G9
Sari x Charleston SOY-98-19 G10
Sari x Charleston SOY-98-20 G11
Willams x Clary SOY-98-22 G12
Sahar x Sari SOY-98-23 G13
- Saba G14
- Amir G15
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Fig. 1. Correlation coefficients between studied traits in soybean lines. Correlation coefficients with absolute
values higher than 0.20 and 0.36 were statistically significant at 5 and 1% probability levels, respectively.
R1: Days to flowering, R3: Days to podding, R8: Days to maturity, PH: Plant height, NN: No. of Nods, NB:

No. of branches, TP: No. of pods per plant, NS/P: No. of seeds per plant, SW: 100 seeds weight, Y: Seed yield.
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Table 4. The results of the homogeneity of variances test for different traits.
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VYo



VLYY o)lm.f} ¥ 2,93 cuhlg‘f ..\.3)93 dl.buubgf Q)w

L lagn¥ s il Dlio S byl s -0 Jgr
Table 5. Combined analysis of variance of different traits in soybean lines.
Sla e 5Kk
Mean squares
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Table 6. Mean of traits studied in soybean lines during two years.
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Table 7. Result of path analysis for seed yield with components related to direct and indirect effects.
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R1: Days to flowering, R3: Days to podding, R8: Days to maturity, PH: Plant height, NN: No. of Nods, NB: No. of
branches, TP: No. of pods per plant, NS/P: No. of seeds per plant, SW: 100 seeds weight, Y: Seed yield
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Table 8. Results of factor analysis for all measured traits in soybean lines.
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Fig. 2. Plot of the first and second factors resulting from factor analysis and the placement of soybean lines
and study traits.
R1: Days to flowering, R3: Days to podding, R8: Days to maturity, PH: Plant height, NN: No. of Nods, NB:
No. of branches, TP: No. of pods per plant, NS/P: No. of seeds per plant, SW: 100 seeds weight, Y: Seed yield.
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Fig. 3. Dendrogram resulting from cluster analysis and location of soybean lines.
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Fig. 4. Showing the average characteristics of each cluster resulting from cluster analysis.
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