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Abstract: In order to clarify the future direction of soybean traits improvement in Liaoning Province, this study selected
146 soybean varieties of different ages in Liaoning Province as test materials, and planting density was set at 150 000
plants - hm™, to comprehensively analyze the trends of genetic improvement of steam strength, petiole angle, plant shape at
maturity, and yield traits of soybean varieties among different ages. The results showed that as the breeding years
progressed, the upper, middle and lower petiole angles in the bulging stage of soybean gradually decreased, and reached the
minimum in the 2020s; while the stem strength increased significantly, averaging 251.49 N in the 2020s. At the maturity
stage, the plant height, plant weight equilibrium height and bottom pod height showed a significant decreasing trend as the
breeding years of varieties alternated, and all of them reached the minimum in the 2020s. However, the number of nodes,

stem diameter and number of branches did not change significantly. With the genetic improvement of soybean varieties, the
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yield showed a significant increase, reaching 3 319.63 kg+hm™ in the 2020s, and the number of pods per plant and the
number of grains per plant showed an increasing trend, while the change in 100-grain weight was not significant.
Correlation analysis showed that seed yield was negatively correlated with plant height and lowest pod height, with
correlation coefficients of —0.316 and —0.249, respectively, and positively correlated with the number of grains per plant,
with a correlation coefficient of 0.229. Passage analysis showed that plant height, height of lowest pod and number of grains
per plant made the greatest direct contribution to the yield, with direct passage coefficients of —0.241, —0.304 and 0.228,
respectively. In conclusion, the genetic improvement of soybean varieties in Liaoning Province emphasizes the selection and
breeding of stable—yielding soybean varieties with suitable plant height, lower pod height and higher number of grains per plant.

Key words: soybean;plant type;agronomic traits;yield ; genetic improvement
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Table 1 Comparison of agronomic traits of 146 soybean varieties in Liaoning Province
MR £y SN /ME FHIE FrifE2E 75 S B %
Trait Year Max Min Average SDEV CvV
L 2022 133.65 78.82 103.94 16.56 15.6
¥R /em
. 2023 133.46 83.20 109.81 16.10 14.5
Plant height
-4 Mean 133.56 81.01 106.87 16.33 15.1
e 2022 13.31 9.62 11.41 1.01 8.8
ZEH/mm
. 2023 11.74 9.42 10.40 0.64 6.1
Steam diameter
-3 Mean 12.53 9.52 10.90 0.82 7.0
2022 64.49 40.63 52.04 7.98 15.4
Sied Iy
HRERFH/on 2023 59.26 36.90 48.68 6.75 13.9
Balance height of plant weight
SF-34 Mean 61.88 38.76 50.36 7.37 14.6
. 2022 6.29 2.56 4.29 0.96 22.3
IIEE
2023 6.29 1.96 3.97 1.12 30.0
Branch
F-34) Mean 6.29 2.26 4.13 1.04 26.1
W 2022 24.33 15.49 19.46 2.41 124
P 2023 25.06 15.95 19.89 2.52 127
Node
-4 Mean 24.69 15.72 19.68 2.46 12.5
RS o 2022 31.32 19.21 24.74 3.14 13.1
rosim e 2023 35.78 15.42 24.22 5.66 252
Height of lowest pod
S35 Mean 33.55 17.31 24.48 4.40 19.1
. 2022 152.54 69.55 102.45 23.86 23.6
HpRIEs
2023 127.74 48.93 79.78 22.42 28.3
Pods per plant
SF-34 Mean 140.14 59.24 91.11 23.14 26.0
. 2022 297.09 91.52 159.91 52.31 31.8
FARRRIEL
. 2023 266.62 96.27 159.63 46.09 28.8
Number of grains per plant .
-4 Mean 281.85 93.90 159.77 49.20 30.3
R 2022 25.48 16.44 20.53 2.56 12.5
HHE/g
. 2023 27.92 14.64 21.28 3.15 14.4
100-seeds weight
-3 Mean 26.70 15.54 20.91 2.86 13.5
- 2022 2 885.45 2 007.83 2 461.75 258.36 10.4
7 it/ (kg - hm™)
Yield 2023 3702.23 1991.08 2 989.62 249.16 152
1€
-4 Mean 3293.84 1999.45 2 725.68 253.76 13.0
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Figure 1 Genetic improvement of plant type traits in soybean varieties released at different ages

in Liaoning province
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Figure 2 Variation of stem strength(a) and petiole angle(b) at grain-filling stage of different varieties released

at different ages in Liaoning province
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4123.16 go B, R EPRIR B A b A AR D (E R R RO 3

KL R S BEAE AR AL A [ 2 30 5 2 2 P i (181 3d, R°=0.404) , P-4 5 2 725.68 kg-hm ™,
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Figure 3 Genetic improvement of yield traits varieties released at different ages in Liaoning province

24 TTEFRAERERAXERMAEERIOBEXLES T

2 2 AT, 30 72 AN R ARAR R G S Rl = 1 5 32 250 L BARRORL SRR B Rk SR S IR AR G Hrp 5
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AHOC FHOC R R 0.382, 5 BRI IR i 2 TR G, AHOC R BN 0341, FO-F i B S bk 222
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0.205 F10.164, 5 BARR ISR 0 35 IEAHOC , MHOC R ECN 0.311, E R 5 FRopfobr B A b 25 R ¢
K R ECH-0.287,

x2 UTEARAERERRERMREHERIBEXES

Table 2 Correlation analysis of agronomic traits of soybean varieties released at different ages in Liaoning province

ek
. R B A A 7N ZEH ar ) ARE BARRRIEL BRI
AR S ™ WH SrHoR ‘ .
R Height of Balance Plan Stem 100-seeds Number of Pods per
Traits . . . Node Branch . .
lowest pod  height of plant  height diameter weight  grains per plant  plant
weight
R AR T A R
Balance height of 0.382"
plant weight
N o
Plant height 0.130 0.634
=H -0.130 -0.020 -0.010
Stem diameter
" -0.100 0.414%* 0.591%:* 0.186%*
Node
P
s 0.193* -0.230%** —0.224%** 0.050 —0.340%*
Branch
HHRLE . 0.211% 0.000 -0.167* 0.010 -0.299%*  (0.205*
100-seeds weight
BRI
Number of grains -0.341%* -0.178%* -0.090 0.187* 0.090 0.164%  —0.287%*
per plant
HPR IR -0.120 -0.140 -0.100 0.182" 0.010 0.311™  -0.070 0.544™
Pods per plant
;i —0.304** -0.169%* —0.241%* 0.130 -0.010 -0.010 -0.130 0.228%** 0.110

R ISR 5% A 1% BEAKT-
Note:*and ** represent significance at 5% and 1% probability level, respectively.
2.5 KEmMMRZHKBBES T
1L T AR E SR AR MR 7 i T AR A 2R (3R 3) , ks 0 Bk e S v BE AT
LT PR 7 HAT B A DU, TRk R/ IVHUR DA o i > T 9 e J5E > 11 B> BRI BBR SIS XK

R3 TTEFRRERBERXRERMTEREX KBRS

Table 3 Path analysis of yield and related traits of soybean varieties released at different ages in Liaoning province

FEgk IR IREE S [8]3%38 72 22 Indirect path coefficient
] Direct path
Traits . x1 x2 x3 x4 x5 x6 x7 x8 x9
coefficient

PiiFi x1 . -0.316 0.005 -0.200 -0.187  0.071 -0.040 0.053  0.028  0.031
Plant height
M x2

. 0.087 -0.001 -0.002  0.016 0.004 -0.011 0.001 0.016  0.016
Stem diameter
gt
i . 0.008 0.005 -0.001 0.003 -0.002  0.003  0.000 -0.001 -0.001
Balance height
;0%1%)(4 0.093 0.055  0.017 0.039 -0.032 -0.009 -0.028 0.008  0.001
e
IPHBS -0.057 0.013  -0.003 0.013  0.019 -0.011 -0.012 -0.009 -0.018
Branch
Fl!@;é,%f}? X6 -0.249 -0.031 0.032 -0.095 0.025 -0.048 -0.052  0.085  0.029
Height of lowest pod
AR 7 . -0.102 0.017 -0.001 0.001  0.030 -0.021 -0.021 0.029  0.007
100-seeds weight
SRR x8 . 0.166 -0.015 0.031 -0.030 0.014 0.027 -0.057 -0.048 0.090
Number of grains per plant
PRI -0.016 0.002 -0.003 0.002 -0.001 -0.005  0.002  0.001 -0.001

Pods per plant
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HerprbRis (-0.316) MR e 1 (=0.249) Xof = i i 9 ELAE SO R o T 25 KL P e v JEE 30 4 o
MR ECR B S A 08 7 B AT LR B TE S5O, TR AR/ IR Ry BB 20> 32 25 35 50 T Z0H > Al
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