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Identification and Evaluation of Symbiotic Nitrogen Fixation Characteristics of
197 Soybean Germplasm Resources
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Abstract: In order to deeply understand the differences of nitrogen fixation characteristics of soybean germplasm resources,
soybean resources with excellent nitrogen fixation ability were selected, this experiment used 197 domestic and foreign soybean
varieties as experimental materials. Through the analysis of soybean chlorophyll content ( VE, V1, V2 and V3), nodule
number, shoot and root fresh weight, shoot and root dry weight, epicotyl and hypocotyl length, and total nitrogen content after
inoculation with Rhizobium USDA110, the symbiotic nitrogen fixation characteristics of different soybean resources were
evaluated, and the soybean resources with outstanding nitrogen fixation ability were selected. The results showed that there
were significant differences in the indexes of different soybean resources, especially the nodule number and underground dry
weight. Correlation analysis and principal component analysis showed that nodule number, total nitrogen content, fresh shoot
weight, fresh root weight, dry shoot weight and dry root weight were significantly positively correlated with each other, and
occupied a major position in the 12 indicators. Therefore, these six indicators were used as indicators to evaluate nitrogen
fixation characteristics, and the comprehensive scores of each soybean resource were calculated by the principal component
values of these six indicators. Based on the comprehensive score of principal component analysis, 197 soybean varieties were
clustered and divided into three types with Williams 82 as the center, namely, type I (score = 0.5), type IT ( —0.5 <score
<0.5), and type IIT (score < —0.5). Type I has excellent nitrogen fixation characteristics, including 58 seed quality
resources. These materials will lay the foundation for breeding soybean varieties with high nitrogen fixation ability.

Keywords : soybeans; germplasm resources; symbiotic nitrogen fixation; principal component analysis
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Table 1 Analysis of variation of each index of different

soybean variety resources

LEZIN PRt FHE 5 5 B

Traits SD Mean CV/ %
Ve M43 it Ve_Chl 4.66 33.58 13.88
V1 M3 %1 V1_Chl 3.32 39.20 8.47
V2 M2 i V2_Chl 3.06 35.56 8.61
V3 M4k E it V3_Chl 3.75 29.23 12.83
Mo I # 7 FSW/kg 1.09 3.52 30.97
R 8 E FRW/ kg 1.14 4.43 25.73
R BE Epi/em 0.81 3.55 22.82
T IRAIHE S Hyp/em 0.91 3.88 23.45
5984 NN 16.46 23.92 68.81
1 EF 5 DSW/kg 0.46 0.76 60.53
i T #E DRW/ kg 0.12 0.38 31.58
SRR TN/ g 2.32 19.19 12.09

T NN. 25980 80, TN, 42 0% 2 FSW. it |- f 55; FRW. #tb T fif
T Epi. B IREHS B 5 Hyp. T RS B ; DSW. #th -+ 35 ; DRW. #h T
T ; Ve. Chl-Ve BIM40 32 {5 it V1L ChI-V1 #1532 5 4 V2. Chl-
V2 R S V3L Chl-V3 R S, T,

Note: NN. Number of nodules; TN. Total nitrogen content; FSW.
Aboveground fresh weight; FRW. Underground fresh weight; Epi. Length
of hypocotyl; Hyp. Length of hypocotyl; DSW. Aboveground dry weight;
DRW. Underground dry weight; Ve. Chl-Ve Chlorophyll content; V1. Chl-
V1 chlorophyll content; V2. Chl-V2 chlorophyll content; V3. Chl-V3

chlorophyll content. The same below.
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Fig. 1 Correlation analysis of various indicators of different soybean germplasm resources
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Table 2 Main component values of 6 core indicators
(27N F 4> Principal component
Traits PCl PC2 PC3 PC4 PC5 PC6
Hi_fif 7 FSW 0.92 -0.15 0.17 -0.16 0.27 -0.02
Hi N EEFE FRW 0.77 -0.40 0.19 0.46 -0.04 -0.01
Hb_ I DSW 0.87 -0.16 0.31 -0.30 -0.19 0.04
R T 5 DRW 0.64 -0.48 -0.60 -0.08 -0.03 0.00
259 NN 0.78 0.57 -0.15 0.10 0.02 0.19
SRR TN 0.80 0.55 -0.09 0.03 -0.06 -0.19
HHIEAH Eigenvalue 3.85 1.07 0.55 0.34 0.12 0.08
BTk il Contribution ratio/ % 64. 14 17.76 9.19 5.71 1.95 1.25
Z 5Tk el Accumulated contribution ratio/ % 64.14 81.90 91.09 96.80 98.75 100. 00
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Table 3 Comprehensive scores of the top ten soybean germplasm resources

w5 R EHSHES Principal component score A He 4
No. Accessions v Y2 V3 Comprehensive score Rank
117 A=A 5.98 -2.32 3.03 4.06 1
130 HBE 2.90 -1.58 1.56 1.89 2
125 FHRL T 2.54 0.34 0.02 1.86 3
115 kR 5 2.48 -1.29 1.34 1.63 4
41 N17 2.65 -2.13 1.69 1.62 5
178 Tk 14 2.43 -1.89 2.12 1.56 6
103 R 2.05 -0.10 1.03 1.53 7
90 BT 1.64 0.56 0.54 1.32 8
110 BT 1.46 1.27 0.32 1.31 9
170 LR 1.93 -0.54 0.57 1.31 10
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Fig.3 Three dimensional scatter distribution of core index

scores for soybean variety resources
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Fig.4 Cluster diagram of 197 soybean germplasm resources
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Fig.5 Variance analysis of key indicators among three types of soybean germplasm resources
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