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Evaluation of the role of morphological traits in seed yield of soybean
(Glycine max L.) using multivariate statistical methods

Arefrad, M. 1, N. Babaian Jelodar?, Gh. Nematzadeh?, and A. Dehestani*

ABSTRACT

Arefrad, M., N. Babaian Jelodar, Gh. Nematzadeh, and A. Dehestani. 2023. Evaluation of the role of morphological traits in
seed yield of soybean (Glycine max L.) using multivariate statistical methods. Iranian Journal of Crop Sciences. 25(1): 119-
136. (In Persian).

Introduction: Soybean seed contains about 20% oil and 40% protein and is considered as a strategic oilseed
plant. Identification of the relationship between morphological traits and seed yield and improving the traits that
have strong associtation with seed yield can increase the efficiency of the soybean breeding programs for seed
yield improvement.

Materials and Methods: To determine the suitable indirect selection index for seed yield in soybean, the
important morphological traits were evaluated in 10 soybean cultivars in randomized complete block design with
three replications and multivariate statistical methods in research farm of Sari University of Agriculture Sciences
and Natural Resources, Sari, Iran, in two growing seasons (2020 and 2021).

Results: The results showed that there was significant differences between soybean cultivars for the
morphological traits which indicates considerable variation among Iranian soybean cultivars. The results also
showed that cv. Telar with the highest number of branches, number of pods plant?, number of seeds pod and
pods weight plant® had the highest seed yield (5400 kg.ha*) in the 2020 and cv. Katol with the tallest plant
height, the highest number of branches, pods weight plant* and the 100-seed weight had the highest seed yield in
2020 and 2021 (5200 and 7688 kg.hal, respectively). The results of multivariate analysis showed that among the
studied traits, pods weight plant?® and plant height directly, the number of pods plant™ with a direct effect on the
pods weight plant and also the 100 seed weight with a direct effect on plant height had highly positive effects
on seed yield in soybean. Furthermore, the number of pods plant™ showed negative relationship with 100 seed
weight. Moreover, the results of cluster analysis showed that cv. Telar and cv. Parto were distinguished from
other cultivars for short plant height and high number of pods plant?, cv. Katol for tall plant height and high
100-seed weight and cv. Tapur for high number of seeds pod-t.

Conclusion: Since pods weight plant?, plant height, number of pods plant™ and 100 seed weight showed high
positive direct effects on seed yield, therefore, cv. Prato and cv. Telar with the highest number of pods plant!
and cv. Katol with the tallest plant height and the highest 100 seed weight can be considered for seed yield

improvement in soybean breeding programs.
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Table 1. Characteristics of the soybean cultivars

) oY Shes 03 f S dl
No. Line Cultivar s, Breeding method ©l5a S Growth type s4i, s Maturity group  Year of release
1 Hill J»s Imported S'1s,ls  Determinate 3gdos 4 1961
2 Pershing Sahar 4~ Imported Sals  Semi-determinate s siseetas 5 1993
3 BP Telar 6 Selection from Pershing oKt cone 51 Lol opY ot Determinate 5 doue 5 2001
4 JK Sari s, Imported S'1s,ls  Determinate 3gdos 5 2001
5 032 Nekador s BPxHood (Gorgan-3) &% Determinate 3 3doun 5 2010
6 DPX Katol Jgs~ Imported Sals  Semi-determinate s siswetas 5 2010
7 033 Caspian ... BPxHill S Determinate 5 9dous 5 2011
8 Arian o1 Imported S'1s,ls  Determinate 3gdos 5 2015
9 032-240-P1 Parto s, Mutation from Nekador 5 3, 51 05wl Determinate 5 doue 5 2016
10 2002 Tapoor uss SaharxJK S Determinate 35doue 5 2016

Reference: Seed and Plant Certification and Registration Institute (SPCRI)
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Table 2. Mean comparison of plant traits of soybean cultivars

b s o))
Soybean cultivars
Ju ol J2 S Jss BRLS S P Sole 058 B
Plant traits A& Sliv Year Arian Hill Caspian Katol ~ Nekador Parto Sahar Sari Tapour Telar
2020 yraa 120.0c 115.0cd  130.0bc  180.0a 142.0b 93.3e 133.3bc  96.0de 113.3c-e  120.0c
Plant height (cm) G5 gl 2021 ¢+ 126.6b 127.9b 121.0bc  187.7a 131.0b 96.6d 126.7b 101.1cd  123.7b 121.3bc
Mean St 123.3cd 1214cd  125.5cd 183.8a  136.5b 95.0e 130.0bc  98.5e 118.5d 120.6¢cd
2020 yraa 2.6ab 3.3a 1.0c 3.0ab 1.0c 2.0abc 1.6bc 2.6ab 2.0abc 3.0ab
No. of branches el 2021 4F. 4.4a 4.1ab 1.3d 4.5a 1.2d 3.5ab 1.7cd 3.1a-c 1.5d 2.6b-d
Mean .St 3.5ab 3.7a 1.1d 3.7a 1.1d 2.7c 1.7d 2.8bc 1.7d 2.8bc
2020 yva4 1.5e 2.2ab 2.0bc 1.9b-d 2.3ab 1.7c-e 1.7de 1.8c-e 1.9b-d 2.4a
Seed.podt OMe H als sl 2021 3Fes 1.9cd 2.3ab 2.3ab 2.3abc  2.4a 1.9d 2.2abc  2.1bcd 2.4a 2.5a
Mean - St. 1.79 2.3bc 2.2cd 2.1de 2.3ab 1.8fg 1.9e-g 1.9ef 2.2b-d 2.5a
2020 yva4 58.3a-c  44.0c 54.0bc  65.5a-c 52.6bc 52.3bc 83.3ab  65.3a-c 86.6a 87.0a
No. of pod. plant? Oe sl 2021 ¥ 118.4ab  90.4bc  70.7bc  96.0bc  76.0bc  154.4a 81.8bc  89.1bc 67.4c 93.6bc
Mean XL 88.3a-c 67.2cd  62.3d 80.7b-d  64.3d 103.3a 82.6a-d 77.2b-d 77.0b-d  90.3ab
2020 a4 25.0ab 26.3ab  28.0ab  37.0a 29.0ab 18.6b 35.0ab  32.9ab 32.6ab 41.0a
Pod weight (g) oM 05y 2021 vy 52.5ab 35.7abc  36.5abc  56.4a 42.2abc  45.6abc  35.0bc  39.7abc 29.1c 43.4abc
Mean .St 38.7a-c 31.0c 32.2c 46.7a 35.6bc 32.1c 35.0bc 36.3bc 30.8¢c 42.2ab
2020 a4 11.3a 9.3b 9.1b 12.1a 9.2b 7.0c 9.1b 10.9a 8.3bc 8.2bc
Weight of pod shell (g) e wwy 035 2021 VFe 19.8a 13.7abc  13.1abc 18.0ab  15.6abc  19.1ab 12.7abc  12.1bc 10.0c 16.1abc
Mean St 13.9bc 10.2d 21.5a 14.5b 12.6b-d 12.8b-d 12.6b-d 10.3d 10.6¢d 15.0b
2020 yraa 11.3a 9.3b 9.1b 12.1a 9.2b 7.0c 9.1b 10.9a 8.3bc 8.2bc
100 seed weight (g) alsVee oy 2021 vy 8.5ab 6.6de 7.3b-d 9.8a 8.2bc 5.4e 7.0cd 8.1bc 6.3de 7.0cd
Mean St 19.9b 16.0de 16.4cd 22.0a 17.5¢ 12.5f 16.2cd 19.0b 14.7e 15.2de
2020 yraa 3400ab  3600ab 3800ab  5200a 3866ab  2400b 4533ab 4866a 4600ab 5400a
Seed yield (kg. hat) G153 Shee 2021 1F0» 6534ab  4400b 4688b 7688a 5312ab  5312ab  4444b 5534ab  3822b 5466ab
Mean KL 4966b-d  4000cd 4244b-d  6444a 4588b-d  3856d 4488b-d  5200abc 4212b-d  5434ab

Means in each row with similar letter(s) are not significantly different at 5% probability level, using LSD test
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Table 3. Simple correlation coefficients traits in soybean cultivars

Sy gl A el sl CME > 4l sl e sl M 05 LOME 4 gy 055 QlsVer 05 4l 5 Sles

Plant traits A& Sliv Plant height No. of branches Seed.pod! No. of pod.plant® Pod weight Weight of pod shell 100 seed weight ~ Seed yield
Plant height & 5 plis,l 1 0.05 0.12 -0.1 0.26 0.15 0.40™ 0.42™
No. of branches b 4 sl -0.23 1 -0.02 0.51" 0.50" 0.14 -0.05 0.43™
Seed.pod! M s &l sl 0.42" -0.29 1 -0.09 0.15 0.02 -0.28" 0.19
No. of pod. plant? M sl -0.32 0.52™ 0.01 1 0.73™ 0.50™ -0.42™ 0.56™"
Pod weight S EREY -0.21 0.46™ 0.06 0.77™ 1 0.59™ -0.03 0.81™
Weight of pod shell CMe wa gy O -0.34 0.47™ 0.05 0.95™ 0.82™ 1 -0.14 0.45™
100 seed weight 45 Ve O3y *0.38 0.01 -0.12 -0.43" -0.21" -0.41™ 1 0.05
Seed yield 6ls 5 Shase 0.04 0.50™ 0.35 0.74™ 0.73™ 0.79™ -0.35 1

*and **: Significant at 1% and 5% probability levels, respectively
Correlation coefficients below the diameter are for the first year and above the diameter are for the second year

OV g ¢ A i 684 687 05 £ 425 5 F g

Table 4. Results of stepwise regression analysis of plant traits of soybean cultivars (2020)

Loys oSG 5 g el b 53 ls e S T4 Ty
L 93 Jlo (gl a8 SV 5 Il S (61 8 3ty (Sen ol

Jbe 4 O 35l 5 5 P ol NP S e o e kb Ikl (e e o 8
The order of entry into the model Plant traits Regression coefficient Cumulative R?  Standardized cumulative R?
e atw s 09
. ! Weight of pod shell 0.78 061 0.60
Seed yield 615 s Shes G
G gls,
2 Plant height 0.85 0.72 0.70
1 P S 0.95 0.90 0.90
. No. of branches
Weight of pod shell  tsCsde 4y 0055 () e o)
2 SN : 92 91
Pod weight 0.96 09 09
1 S 9> 4l sl 0.41 0.17 0.14
. Seed.pod !
Plant height Gy gl is1en
2 S 0.59 0.35 0.35

100 seed weight
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Table 5. Results of stepwise regression analysis of plant traits of soybean cultivars (2021)
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e 4 05 3,1 o5 S Sl e 55t e d oy o >t o e
The order of entryinto the model Plant traits Regression coefficient Cumulative R?  Standardized cumulative R
e 0
1 o 0.81 0.66 0.65
i Pod weight
Seed yield &ls 5 Shes Wuig‘
G,
? Plant height 0.84 0.71 0.70
£ sl
. No. of branches 0.73 0.53 0.53
? 100 seed welgh 080 0.64 0.63
Pod weight O O3 - | lg
[ TR HENINEY
: Seed.pod-! 0.82 0.68 0.66
S w gy 039
‘ Weight of pod shell 0.87 0.76 0.75
GlsVer O
1 ! 0.40 0.16 0.14
1 h
Plant height & ¢l 00 Sif .v\./elg t
SAe 00y
? Pods weight 0.48 0.23 0.21
\YA
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Fig. 1. Sequential path analysis of effect of morphological traits on seed yield of soybean cultivars (2020)
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Fig. 2. Sequential path analysis of effect of morphological traits on seed yield of soybean cultivars (2021)
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Table 6. Direct effects of independent variables on dependent variables of soybean cultivars (2020)

s ] Sad 5
Dependent variables  «.ls sls % Independent variables  je.. sls s Direct effect  Correlation coefficient
o s e e 0w o
Weight of pod shell G5 <y, 055 :;';)d (\::eri’ggt'plam_l “fj;': 8;2 822
Pt g S g sy 0 o
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Table 7. Direct effects of independent variables on dependent variables of soybean cultivars (2021)

sl y Sl e Jes sla e s ) Sons 5
Dependent variables Independent variables Direct effect  Correlation coefficient
. ) Pod weight OME s 0.76 0.81
Seedyield  <h>See b1t height oysliy)  0.23 0.42
No. of pod.plant? SO sl 0.84 0.73
Plant height &5 sl 0.11 0.26
Pod weight o o Seed weight &1 05 0.39 -0.03
Weight of pod shell ONE a gy O 0.20 0.59
Seed.pod?! e 3 4l sl 0.32 0.15
. Pod weight M O 0.27 0.26
Plant height  «, sls .
anthelg 285 pog weight oMoz 041 0.40
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Fig. 3. Cluster analysis of soybean cultivars based on Ward's clustering algorithm and Euclidean (2020)
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Fig. 4. Cluster analysis of soybean cultivars based on Ward's clustering algorithm and Euclidean (2021)
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Table 8. Grouping of soybean cultivars based on mean of plant traits (2020)

055 U s p85 G g gl ol sl OMe s &l sl M sl e Oy e a3 O35 &5V Oy 4133 Shee
Group  Soybean culrivars  Plant height (cm)  No. of branches Seed.pod* No. of pod.plant®  Pod weight (g)  Weight of pod shell (g) 100 seed weight (g)  Seed yield (kg.ha?)

Telar B

1 Tapour By 86.1 2.3 2.2 111.7 37.9 16.1 7.1 2422
Parto $n
Katol Jss
Sahar e
Nekador RS

2 Caspian CpelS 102.4 1.6 2.0 47.4 23.6 7.6 8.4 1523
Hill Jer
Sari ol
Arian ol

Mean ol 94.3 1.9 2.1 79.6 30.7 11.9 7.7 1973

= = =
(F ) S Dliv (:Nbe ol 5 b gw Bl ks 574 Jsor
Table 9. Grouping of soybean cultivars based on mean of plant traits (2021)
e U s ) Gy gl o 4L sl SN s 4l sl M sl e 0 e 0 Gl3Ver 05y als 3 S
Group  Soybean culrivars  Plant height (cm)  No. of branches Seed.pod* No. of pod.plant®  Pod weight (g)  Weight of pod shell (g) 100 seed weight (g)  Seed yield (kg.ha?)

1 Katol JsS 183.5 3.5 2.1 81.1 46.7 145 11.0 3294
Caspian .8
Tapour BY™

2 Sahar e 126.2 1.7 2.2 69.7 32.9 135 8.0 2127
Nekador »$
Hill S
Parto S
Telar Bl

3 . 110.4 3.1 2.0 89.5 37.3 13.0 8.3 2367
Sari Sl
Arian T

Mean Sl 140.0 2.8 2.1 80.1 39.0 13.6 9.1 2596
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Table 10. Genetic matrix of soybean cultivars based on Euclidean distance coefficient

by p5! ol Je oS dsS P Sn e sl 058 By
Soybean cultivars  Arian  Hill Caspian Katol Nekador Parto Sahar Sari Tapor Telar
Arian ol 0 381 436 3.96 386 392 287 236 395 3.77
Hill s 376 0 413 578 2.67 438 3.4 327 207 3.76
Caspian S 320 145 0 583 29 526 334 4.34 351 411
Katol Jgs 443 438 3.66 0 497 7.04 481 474 6.11 4.37
Nekador »$ 3.08 254 157 322 0 49 222 305 1.92 3.2
Parto S 5.37 6.56 6.61 6.72 6.11 0 35 4.28 3.67 45
Sahar o~ 3.07 199 1.79 359 1.82 5.09 0 248 211 3.26
Sari s 166 225 1.94 4.18 207 535 182 0 307 351
Tapor s 497 522 493 538 415 324 3.67 441 0 371
Telar S, 464 37 372 3.88 288 484 252 361 3.07 0
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Coefficients below the diameter are for the first year and above the diameter are for the second year
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