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Effects of waterlogging on rhizosphere microorganisms communities of differ-
ent soybean varieties

YU Tao-Bing, SHI Qi-Han, NIAN-Hai', and LIAN Teng-Xiang"

College of Agriculture, South China Agricultural University / Guangdong Subcenter of National Soybean Improvement Center, Guangzhou 510642,
Guangdong, China

Abstract: Waterlogging affects the composition of rhizosphere microbial community of different soybean varieties. The tolerance
of soybean plant with different genotypes to waterlogging is quite different. In this study, waterlogging tolerant soybean genotype
(Qihuang 34) and waterlogging sensitive soybean genotype (Jidou 17) were selected. The bacterial diversity, community composi-
tion, and network characteristics in the rhizosphere of the two genotypes under different waterlogging time were analyzed via
fluorescence quantitative qPCR and Illumina Miseq high-throughput sequencing. The results showed that the biomass of water-
logging tolerant genotype and bacterial abundance in its rhizosphere were significantly higher than those for waterlogging sensi-
tive genotype. The PCoA analysis showed that the difference in microbial community composition between waterlogging tolerant
and sensitive soybean genotypes changed with waterlogging time (P < 0.05). Under the condition of waterlogging, Yonghaparkia
and Unclassified-WD2101, OTU274 (Clostridium) and OTU2334 (Desulfosporosinus) enriched in the rhizosphere of the water-
logging tolerant genotype. The enrichment of these bacteria might be related to waterlogging tolerance. This study provides evi-
dence of the microbial potential in the rhizosphere of soybean against waterlogging.

Keywords: soybean; waterlogging tolerance; rhizosphere microorganism; 16S rRNA; network analysis
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Fig. 1 Effects of different waterlogging time on plant Chao 1 richness (a), Shannon diversity (b), biomass (c¢), and bacterial abun-
dance (d) in W-T and W-S genotype soybeans
2 (P <0.05) W-TCK; 0 d; W-SCK: 0 d; W-T1D:

1 d; W-S1D: 1 d; W-T5D: 5 d; W-S5D: 5d
Boxes superscripted by different letters indicate significant differences between two varieties under the same treatment (P < 0.05). W-TCK:
waterlogging-tolerant variety without waterlogging; W-SCK: waterlogging-sensitive variety without waterlogging; W-T1D: waterlog-
ging-tolerant variety under waterlogging for one day; W-S1D: waterlogging-sensitive variety under waterlogging for one day; W-T5D: wa-
terlogging-tolerant variety under waterlogging for five days; W-S5D: waterlogging-sensitive variety under waterlogging for five days.
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Fig.2 Relative abundance of phylum under different waterlogging time
1 Treatments are the same as those given in Fig. 1.
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Fig. 3 Relative abundance of the genera of W-T and W-S genotype soybeans responding to 0 d (a), 1 d (b), and 5 d (c) waterlogging
time

6 Benjamini-Hochberg P (P<0.05) 1
The error bars show the calculated standard variation of six replicates. Corrected P-values were calculated by the Benjamini-Hochberg false
discovery rate approach at (P < 0.05). Treatments are the same as those given in Fig. 1.

OTU 100 230 ( 4-c, (Desulfosporosinus) OTU1337 (Geobacter) 2
d) Venn ,18 OTU 1d , 5d
5d ( , OTU274 (Clostridium) 0OTU2334 (Desul-
4-e) OTU218 (Clostridium_butyricum) OTU938 fosporosinus)

(0319-6421)  OTU274 (Clostridium) ~ OTU2334  ( 5)



1695

a | W-TID vs. W-TCK o ®Enriched 150 b | w.TsD vs W-TCK e © Enriched 290
[ ® Depleted 152 ® Depleted 388
54 °
° 7.54
°
g ° S ® o
= ° = o ©
7 ° 3 °
A 4 ° ° ° &) ° ° [ ]
=l L] k] [ [ ] Y
5] ] )
£ E ° ¢
& S 30 % 2o o.:o
g 3 g
o o
2 2
T T
21 2.5
°
°
—4 0 4 -5 0 5
log, fold change log, fold change
¢ |W-SIDvs.W-SCK o ®Enriched 100 d | W-S5D vs. W-SCK o © Enriched 230
® Depleted 178 ® Depleted 316
5_
° Q
2 3 759
g ® °
q °
Q4 S
E :
17} =} [}
£ s ° oo o
g, & 30 se
2 )
¢ : -
°
2] 251
°
-6 -3 0 3 6 -5 0 5
log, fold change log, fold change
e

W-TID vs. W-TCK

88
(16.3%)

W-T5D vs. W-TCK

134
(24.8%)

W-S1D vs. W-SCK W-S5D vs. W-SCK

B4 SkEKSEHEL FRBKNKEAXEZEFRSEFMERE OTU

Fig. 4 Enrichment and depletion of OTUs included in the waterlogging one day and five days compared with the no-waterlogging
soybean controls in soybean

a: 1d ;b ;C 1d ;
d: 5d e OTU Venn 1

a: comparison analysis of W-T variety under waterlogging for one day and no waterlogging; b: comparison analysis of W-T variety under
waterlogging for five days and no waterlogging; c: comparison analysis of W-S variety under waterlogging for one day and no waterlogging;
d: comparison analysis of W-S variety under waterlogging for five days and no waterlogging; e: Venn analysis of rhizosphere soil bacteria at
genus level under different waterlogging time. Treatments are the same as those given in Fig. 1.
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2 (P <0.05) 1

W-T: waterlog-tolerant soybean genotypes; W-S: waterlog-sensitive
soybean genotypes. Bars superscripted with different letters indi-
cate significant differences between the two varieties under the
same treatment at P < 0.05. Treatments are the same as those given
in Fig. 1.

23

PCoA ( 65.2%

|
<
[

02 01 0 01 02 03
CPCoA 1 (47.57%)
6 AEAEKLETEIRIE L IEMEBEE T LR
Fig. 6 Principal coordinate analysis of bacterial community in

rhizosphere soil under different waterlogging time
1 Treatments are the same as those given in Fig. 1.

*1 BIZERZLTEHENPERMANOVA)IT X 2 £ F B3R iRl & 8% % 45 4 Y #2119
Table 1 Effects of soybean genotypes on rhizosphere bacterial community structure assessed by permutational multivariate analysis

of variance (PERMANOVA)

I3
Pairwise comparison F-value R? P-value
W-TCK vs. W-SCK 1.657 0.142 0.045"
W-TID vs. W-S1D 1.970 0.165 0.003"
W-T5D vs. W-S5D 1.972 0.165 0.020"

*k *

1 1% ; 5%

Treatments are the same as those given in Fig. 1. * Significant at the 1% probability level; * Significant at the 5% probability level.
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Fig.7 Co-occurrence network of the rhizosphere bacterial community for different waterlogging time and soybean genotypes
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2 , 2 1
a: co-occurrence network of the rhizosphere bacterial community of W-T variety without waterlogging; b: co-occurrence network of the
rhizosphere bacterial community of W-S variety without waterlogging; c: co-occurrence network of the rhizosphere bacterial community of
W-T variety under waterlogging for one day; d: co-occurrence network of the rhizosphere bacterial community of W-S variety under water-
logging for one day; e: co-occurrence network of the rhizosphere bacterial community of W-T variety under waterlogging for five days; f:
co-occurrence network of the rhizosphere bacterial community of W-S variety under waterlogging for five days. Different color nodes repre-
sent different phyla. The red connection line indicates positive correlation between two nodes, and the blue connection line indicates negative
correlation between two nodes. Treatments are the same as those given in Fig. 1.
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Table 2 Topological properties of rhizosphere bacterial networks

Network metrics W-SCK W-TCK W-S1D W-T1D W-S5D W-T5D
Number of nodes 81 79 79 74 89 86
Number of edges 338 346 536 317 521 579
Number of positive correlation 218 216 433 224 321 353
Number of negative correlations 120 130 103 93 200 226
Average path length 3.816 3.058 2.626 3.688 3.192 3.195
Graph density 0.104 0.112 0.174 0.117 0.133 0.158
Network diameter 10 7 7 9 9 9
Average clustering coefficient 0.641 0.594 0.72 0.688 0.638 0.649
Average degree 2.301 2.931 8.219 3.459 2.723 3
Number of modules 4 4 5 5 3 3
Modularity 8.518 6.313 0.613 2.164 4.412 3.709

1 Treatments are the same as those given in Fig. 1.
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