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Evaluation of seed yield stability of soybean (Glycine max L. Merr) genotypes
using nonparametric statistics methods

Gholizadeh, A. !, Masoudi, B.2, Majidian, P.3, Payghamzadeh, K .4,
Hezarjaribi, E.> and Razmi, N.®

ABSTRACT

Gholizadeh, A., Masoudi, B., Majidian, P., Payghamzadeh, K., Hezarjaribi, E., and Razmi, N. 2025. Evaluation of seed
yield stability of soybean (Glycine max L. Merr) genotypes using nonparametric statistics methods. Iranian Journal of Crop
Sciences. 26(1): 272-284. (In Persian).

Introduction: Soybean is an important oilseed crop that its oil has nutritional and high economic value. Soybean
(Glycine max L.) is an annual, self-pollinating, diploid plant and is one of the most important oilsed plants in the
world (Smith and Huyser, 1987). Evaluating of promising genotypes of soybean under different environmental
conditions is essential for identifying and selecting superior genotypes with high and stable seed yield potential.
Genotype x environment interaction effects are important and challenge in selection and release of new cultivars.
Various methods have been introduced to evaluate the interaction effect, each of which examines the nature of the
interaction effect from a specific point of view. The nonparametric statistics are suitable method with high
efficiency to investigate the interaction effect of genotype x environment and provides useful information about the
studied genotypes (Mehmet et al., 2019). The purpose of this experiment was to investigate genotype x
environment interaction effect using some nonparametric statistics to identify soybean genotypes with high seed
yield and yield stability under different environmental conditions.

Material and Methods: Thirteen promising soybean lines along with two cultivars Saba and Amir were
evaluated using randomized complete block design with three replications in four experimental field stations
including Karaj, Sari, Gorgan and Moghan in 2020-2021 growing seasons. Some nonparametric statistics were
used to study yield stability of soybean genotypes. Plots were harvested at maturity and then seed yield was
recorded for each genotype.

Results: The results of combined analysis of variance indicated that year, location and genotype effect and genotype x
year, gewnotype x location and genotype X year x location interaction effects were significant on seed yield. Cluster
analysis based on the nonparametric stability statistics showed that there were three main clusters. According to mean
rank of nonparametric stability parameters, Hamilton x Karbin, HamiltonxTMS and Sari x Charleston promising
lines, and Saba cultivar with the lowest mean rank had seed yield stability. Also, the results indicated that the
nonparametric statistics NPi® and RS were associated with mean seed yield and the dynamic concept of yield
stability. Therefore, these methods were suitable for selecting high yielding soybean genotypes with seed yield
stability. Sari x Charleston, Hamilton x Karbin and Hamilton x TMS promising lines with wide adaptation were
selected as superior lines, for being released as new commercial cultivars. The results of cluster analysis showed that
Gorgan and Sari locations located in the same group, which indicated these locations had high predictability and
repeatability.

Conclusion: The results of this study, Sari x Charleston, Hamilton x Karbin and Hamilton x TMS promising
lines were identified superior lines with high seed yield and yield stability. Therefore, these lines can be
considered for further studies and as cndidates for release as new commercial soybean cultivars.
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Table 1. Name and parents of soybean genotypes used in the experiment

o leds iy 6ol Wiy Sk My
Number Code Maternal Paternal

1 SOY-98-1 Hamilton  Karbin

2 SOY-98-2 Hamilton  Karbin

3 SOY-98-6  Valenta Karbin

4 SOY-98-7  Valenta Karbin

5 SOY-98-11 Hamilton TMS

6 SOY-98-15 Hamilton Sari

7 SOY-98-16 Hamilton Gorgan3

8 SOY-98-17 Telar Williams

9 SOY-98-18  Sari Charleston
10 SOY-98-19  Sari Charleston
11 SOY-98-20 Sari Charleston
12 SOY-98-22 Williams Clary
13 SOY-98-23 Sahar Sari
14 Saba
15 Amir
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Table 2. Meteorological information and soil properties at the experiment sites
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Moghan 539, 10 369, 41 60 250 Clay loam
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s 500 ,54° 35°, 56" 1312 300 Sandy loam
Karaj
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Table 3. Equations of nonparametric stability statistics

oyl e
Formula References
n-1 Z ‘rii r';
Si(l) — j=irl
i [N(N_l):'
n —\2
@ _ Z (rlj B r|.)
= (N-1) (Hiihn, 1990; Nassar and Hhn, 1987)
(- )
Si(3) _ ij — i
275
n|r.—T
Si(e) _ i
2y
NP® —ii rr—M;
- N L ij di
j=1

NPi(Z) :,]\-{ ri;_M;i di:|
=1

JZ( T*) IN

-

S

i N(N l)|:11[1 =j+1] “ I'J

(Thennarasu, 1995)

|

}Mdi Lf‘i %—:‘“}’jﬂv\—:chd}ov\_&c,haju)dggqj*r

LT, r

ij ijroi

_’r‘l

ol Lo o3 oll L5 55 0 el g ot raT 4T T S rJ 5 T

sl slaws N 5 i %)Sja,\.ica—d_,avt.ﬁ@:uaﬁﬁ:ﬁ)ﬁ]l:»%jqil\/ldi

M ;i , |\/|di and N are the rank of the ith genotype in the jth environment, mean rank for the ith genotype

across all environments, rank of the ith genotype in the jth environment according to adjusted data, mean rank for adjusted
data, median ranks for adjusted data, median ranks for the original data (unadjusted) and number of environments,

respectively
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Table 4. Nonparametric statistics of seed yield stability of soybean genotypes along with their ranks (in the parentheses)

&l :JSL.& u.:il.:n
bsw sl 55 Mean seed yield
Soybean genotypes (kg.ha') Si® S Si® Si® NP;i® NP;i® NP;i®) NPi(®) RS ARS
1 2765(14) 579(11) 2457(11) 22.93(11) 4.80(13) 4.88(14) 0.64(12) 0.67(12) 0.77(12) 27(15) 125
2 3349(1) 357(3)  971(3)  5.91(2)  1.91(1)  4.00(11) 024(1) 039(3)  031(1) 10(4) 3.0
3 2774(13) 5.18(10) 18.70(10) 18.37(10) 3.54(10) 3.38(7)  0.50(11) 0.59(9)  0.73(10) 21(11) 10.1
4 2879(8) 6.68(14) 31.13(14) 26.01(13) 4.33(11) 4.13(12) 046(8) 0.61(11) 0.80(13) 22(12) 116
5 3143(2) 471(8) 17.07(9) 11.12(6)  2.33(4)  3.38(7)  0.37(4)  0.35(2) 0.44(3) 7(1) 46
6 2993(4) 6.39(13) 28.55(13) 23.87(12) 4.42(12) 475(13) 0.49(10) 0.60(10) 0.76(11) 15(7) 105
7 2822(10) 5.82(12) 26.27(12) 27.75(14) 5.47(14) 3.88(10) 1.03(14) 0.69(13) 0.88(14) 22(12) 125
8 2995(3) 7.39(15) 42.27(15) 40.12(15) 6.20(15) 5.00(15) 1.19(15) 0.85(15) 1.00(15) 18(10) 13.3
9 2901(7) 418(6) 11.98(6) 11.00(5)  3.02(5)  3.38(7) 0.41(7) 0.48(7) 055(5) 14(6) 6.0
10 2960(6) 318(1)  7.27(1)  573(1)  1.92(2)  225(1) 029(3)  0.33(1) 036(2) 7Q1) 1.9
11 2841(9) 414(5) 11.71(4) 10.93(4)  3.20(7)  3.00(4) 040(6) 047(5) 055(6) 13(5) 55
12 2590(15) 3.46(2)  8.41(2) 12.08(7)  3.54(9)  2.75(3)  0.88(13) 0.74(14) 0.71(9) 25(14) 8.8
13 2787(12) 450(7)  1421(7)  1474(9)  3.26(8)  2.38(2)  0.46(9)  0.47(6)  0.67(8) 15(7) 7.5
14 2981(5) 3.93(4) 1221(6)  9.77(3)  211(3)  3.13(5) 028(2) 045(4)  045(4) 7(1) 3.7
15 2817(11) 482(9) 1584(8) 14.08(8) 3.17(6)  3.25(6) 0.39(5) 050(8) 0.61(7) 17(9) 7.7

o,LT:RS «(Thennarasu’s, 1995) ,3i,Ls slas LT :NPi® ,NPi® NPi® NPi) (Nassar and Hiithn’s, 1987) oLs 5 ,Lai 5 (Hithn’s, 1990) ola clae,lT:Si® ,Si® 5@ S;@

baas ) § gome o Sike ASR (Kang’s, 1988) Sits”
S, Si@, Si®), Si®: Hiihn’s (1990) and Nassar and Hiihn’s (1987) nonparametric statistics, NP®, NP;i®, NPi®, NPi®: Thennarasu’s nonparametric (1995)
statistics, RS: Kang’s (1988) statistic, ASR: Average of Rank-Sum
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Fig. 1. Cluster analysis of soybean genotypes for seed yield stability based on nonparametric statistics
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Table 5. Correlation coefficients between seed yield (SY) and stability nonparametric statistics of

soybean genotypes

SY Si Si® S®

S© NP(® NP@ NP® NP®@

Si®™ -0.06
Si® 0.01 0.98™
Si® -0.19 0.95™ 0.97™

Si© -0.36 0.86™ 0.87" 0.96™
NP 0.25 0.80™ 0.81™ 0.73"
NP® -0.39 056" 0.63™ 0.78™
NP®  -0.49 0.67"" 0.70™ 0.83™
NP® -0.51" 0.83™ 0.82" 0.93"
RS -0.69™ 0.48 043 058"

0.68™

0.86™ 0.42

0.90™ 0.58™ 0.90™

0.96™ 056" 0.83" 0.92"
0.72" 0.39 0.63™ 0.81™ 0.78"

Lao LT :NPi® , NPi® NPi® NP{® (Nassar and Hiihn’s, 1987) oLs 5 ;L 5 (Hithn's, 1990) ols clae,TSi® , Si® Si@ Sih)

(Kang’s, 1988) <K o LT :RS «(Thennarasu’s, 1995) ;I s
-&aﬁi{a)@'—g ez o 55 515 w520 57

S, Si@, Si®), S;®: Hiihn’s (1990) and Nassar and Hiihn’s (1987) nonparametric statistics, NP®, NPi, NPi®, NP;i®:
Thennarasu’s nonparametric (1995) statistics, RS: Kang’s (1988) statistic
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and **: Significant at 5% and 1% probability levels, respectively
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