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Effects of hydrogen sulfide on the structures of phyllosphere
and rhizosphere microbial communities of soybean plants
under drought stress

CHENG Huaping, SUO Bingyu, WANG Fengshuya, TU Longqun, CHEN Juan

College of Life Sciences, Northwest A&F University, Yangling 712100, Shaanxi, China

Abstract: [Objective] To investigate the effects of hydrogen sulfide (H,S) on the structures of
phyllosphere and rhizosphere microbial communities of soybean plants under drought stress.
[Methods] High-throughput sequencing of the 16S rRNA gene was combined with bioinformatics
analyses (o and B diversity, species composition, co-occurrence networks analysis, etc.) to study
the phyllosphere and rhizosphere microbial communities of soybean plants before and after NaHS
treatment. [Results] For the soybean plants under normal moisture conditions, the addition of
NaHS decreased the diversity and increased the endemic species of phyllosphere microbial
community. The addition of NaHS increased the diversity of rhizosphere microbial community of
soybean plants under normal moisture conditions but not under severe drought. In addition,
exogenous addition of NaHS altered the bacterial co-occurrence network, and the microbial
communities in both phyllosphere and rhizosphere were so aggregated that neither rhizobium
inoculation nor NaHS addition had significant influences on them. The addition of NaHS mildly
affected the relative abundance of operational taxonomic unit (OTU) in the phyllosphere and
decreased the relative abundance of OTU in the rhizosphere, which was particularly pronounced
under severe drought. Rhizobium inoculation and NaHS addition enriched different microbial taxa
in both phyllosphere and rhizosphere. [Conclusion] Under drought stress, H,S had an insignificant
modulating effect on the microbial community structure in the phyllosphere but a pronounced
effect on the microbial community structure in the rhizosphere of soybean plants. H,S reduced the
relative abundance of total OTU in the rhizosphere and altered the bacterial co-occurrence
network, thus influencing soybean adaptation to drought stress.

Keywords: hydrogen sulfide; stress; high-throughput sequencing; microbial community structure
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Figure 1

Analysis of microbial diversity under different treatments within the phyllosphere and rhizosphere of

soybean. A: Richness index and Shannon index of leaf. B: Richness index and Shannon index of root. C: PCoA
analysis of leaf. D: PCoA analysis of root. NW: Normal water content 80%—90%; SW: Severe drought water
content 20%—30%. Data were shown as the mean of three replicates, with different letters indicate significant

differences between treatments (P<0.05).
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Table 1
phyllosphere of soybean

Results of PERMANOVA test of microbial communities under different treatments within the

Mean squares Homogeneity test for variance

Variation (R*) P, (>F)

Leaf Degree of freedom  Sums of squares
Treatments 5 0.674 0.135
Residuals 12 1.335 0.111
Total 7 2.009

1.211 0.335 0.061
0.665
1.000

+z2 RERAFTERLETHMEDE S PERMANOVA 5645
Table 2 Results of PERMANOVA test of microbial communities under different treatments within the

rhizosphere of soybean

Root Degree of freedom  Sums of squares Mean squares Homogeneity test for variance  Variation (R®) P, (>F)
Treatments 5 1.695 0.339 3.507 0.594 0.001
Residuals 12 1.160 0.097 0.406

Total 17 2.854 1.000
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Figure 2 Relative abundance of family level flora in different treatment groups in phyllosphere and
rhizosphere of soybean. A: Phyllosphere. B: Rhizosphere. NW: Normal water content 80%—90%; SW: Severe

drought water content 20%—30%.
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Figure 3  Veen analysis of OTU numbers in different treatment groups in soybean phyllosphere. NW: Normal
water content 80%—90%; SW: Severe drought water content 20%—30%.
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of microbial correlation network between phyllosphere and rhizosphere in soybean. A—F:
Rhizosphere. NW: Normal water content 80%

—90%; SW: Severe drought water content
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Table 3 Topological parameters of microbial correlation network structures within soybean phyllosphere

Leaf Node Edge Average degree Clustering coefficient Network density Modularity
Control-NW 88 250 5.682 0.975 0.065 4.326
Control-SW 83 260 6.265 0.963 0.076 2.527
Q8-NW 85 266 6.259 0.968 0.075 1.299
Q8-SW 80 211 5.275 0.973 0.067 2.096
Q8+NaHS-NW 75 198 5.280 0.971 0.071 1.695
Q8+NaHS-SW 64 173 5.406 0.956 0.086 1.069
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Table 4 Topological parameters of microbial correlation network structures within soybean rhizosphere

Root Node Edge Average degree Clustering coefficient Network density Modularity
Control-NW 88 343 7.795 0.977 0.090 0.829
Control-SW 119 768 12.908 0.989 0.109 0.655
Q8-NW 119 479 8.050 0.978 0.068 0.975
Q8-SW 107 498 9.308 0.985 0.088 0.671
Q8+NaHS-NW 114 474 8.316 0.983 0.074 0.883
Q8+NaHS-SW 128 544 8.656 0.986 0.068 0.821
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Figure 5 OTU volcano plot of significantly different treatment groups between phyllosphere and rhizosphere
in soybean. The horizontal axis represents the logarithm of the average CPM (lg average CPM), which is used
to indicate the expression level of OTU. The vertical axis represents the logarithmic value of the difference
multiple (log, fold change), which is the multiple of the change in OTU expression level between two groups
(based on the logarithm of 2). The pink and blue dots represent OTU with significant differences in expression
between the two groups (|log, fold change|>1 and corrected P<0.05), where the blue dots represent OTU with
upregulated expression and the pink dots represent OTU with downregulated expression. The gray dots
represent OTU with insignificant expression differences. The dashed lines represent the difference multiple
threshold (|log, fold change|=1, corresponding to a 2-fold change). NW: Normal water content 80%—90%; SW:
Severe drought water content 20%—30%.

<l actamicro@im.ac.cn, 010-64807516



, 2024, 64(11) 4183

A Leaf E=la: oo Actinomycetales
i E= b o o_Rubrebacierales
=3 Control-NW i B c: o o unclassified ¢ Actinobacteria
mmm Control-SW ° i B d: g g Myroides
gt | Ec:g g Empedobacter

. Q8-NW
s Q8+NaHS-NW
o Q8+NaHS-SW

E=fg g norank o  Chloroplast
(f norank o Chloroplast
E= h: oo _Chloraplast

E= i ¢ ¢ Oxyphotobacteria
B j:p__p Cyanobacieria

ki g g Vagococcus

B g g Lactobacillus

B m: /[ Laciobacillaceae

B n: g g Streplococcus

B o: /[ Streptococcaceae

B p: o o Lactobacillales

E=q: g g wunclassified X o Clostridiales
r:g g unclassified f  Ruminococcaceae
B s:/ [ Fusobacteriaceae

EE o o Fusobacteriales

B u: ¢ ¢ Fusobacteriia

B v: pp Fusobacteria

E= w: g g Rosenbergiella

B x: ¢ g Serralia

E=y:/ f Enterobacteriaceae
Bz 0 o Enterobacteriales

B a0: g g Lysobacter

B == Control-NW B8 Control-S W mm QS-Nw- Q8+NaHS NWe= QS+NaHS -SW
g g unclassified f Ruminococcaceae r;\

p__p_Fusobacteria _
¢__c_Fusobacteria [ ]
0__o_Fusobacteriales [ ]
[ f Fusobacteriaceae [
g__g_ Lysobacter I

g g Lactobacillus
" g g Myroides :
2 z_Serratia I
g g Empedobacter ey
J_f_Streptococcaceae I .
2 g Sireptococcus I
J_f_Enterobacteriaceae _

0__o_Enterobacteriales [E
g_ g Rosenbergiella _

¢__c_Oxyphotobacteria :
e Chlononian
o_o_Chloroplast
~0__o_Actinomycetales
0_o_unclassifled ¢ Actinobacteric I —
2__g_Vagococcus | ]

0__o_Rubrobacterales
g_ g unclassified f XI_o_Clostridiales = -

0.0 0.5 .0 1.5 2.0 2.5 3.0 3.5 4I.0 4‘.5
C LDA score (log,,)

o Micrococeales

> =

—

g g Bradyrhizebium

== Control-NW Root

B Control-SW
- (3-NW

= Q8-SW e
== Q8+NaHS-NW

o _Streptomyceltales
 Flavobacterium
d: f° f Flavobacteriaceae
e:o o Flavobacteriales
fic chfcrelrJ:dul'a

: acteroideres
,‘OJ Paenibacillus
P{mmbauifacww

oo Bacillales

kie ¢ Bacill

I: g g Fusicatenibacter

m:p  p Firmicutes

n:g g Azospirillum

o f | Azespirillaceae

pio_o  Azospirillales

1g g Asticcacaulis

r: e Phenylobacterium
| Caulobacteraceae

u o_Caulobacterales

ug g Bosea

vi g g Methylobacterium

wig g alphal cluster

X:g g Hyphomicrobium

1 Hyphomicrobiaceae

III]I III]I]I]I]I]II

al: g unclassified | Rhizobiaceae

(=]

e a0ig g Ensifer

=

mm a2:/ [/ Rhizobiaceae

z:g g Allorhizobium_Neorhizabium_Pararhizobium_Rhizobium

1 f Xanthobacteraceae

aS:g g Novesphingobium

a6 g g Sphingobium

alig g Sphingomonas

mm a8: /| Sphingomonadaceae

== a9: 0 o Sphingemonadales

=3 b0: ¢ ¢ Alphaproteobacteria
Embl:g g norank { 0319 6G20

e=m b2: g g Bordetella

== b3: g g Comamonas

3 bdi g g Herbaspirillum

Em b5 g g Massilia

B b6 g g Pandoraea

W b7 g g Ralstonia

=3 b8: g g Ramlibacter

B bY9: g g Variovorax

B c0: g g norank | Burkholderiaceae
E= cl: g g unclassified | Burkholderiacee
B c2: ¢ g Pantoea

B c3: ¢ ¢ Serratic

cdif

I Enterobacteriaceqe
¢5:0 o Enterobacteriales
c6: g g Pseudomonas

B3 ¢7: /[ Pseudomonadacede
B3 c8:0 o Pseudomonadales
B9 g g Dyvella

3 d0: / / Rhodanobacteraceae
B3 dl: o o Xanthomonadales

http://journals.im.ac.cn/actamicrocn



4184 CHENG Huaping et al. | Acta Microbiologica Sinica, 2024, 64(11)

D == Control-NW == Control-SW mm Q8-NW == Q8-S W= Q8+NaHS-NW = Q8+NaHS-SW
g g Herbaspirillum I ] ‘ I I ] ;
¢ ¢ Bacteroidia ; : : ] g
p__p_Bacteroidetes . . : ]
o0 o Xanthomonadales 0 0 : ]

g g Dyella
f_f Rhodanobacteraceae

Fusicatenibacter : . =
fg f Flavobacteriaceae : : |
oo Flavobacteriales : = =

g g Flavobacterium : : ol
Ramlibacter :
g e Alpﬁgroteobacterta
g g Variovorax
o o _Sphingomonadales
[ f Sphingomonadaceae
© Sphingomona I ————

g_g Comamonas ]
J__f Caulobacteraceae [ ;
o_ o Caulobacterales ]

g g unclassified | _Rhizobiaceae :
g_g norank [ 0319 6G20 j
g_ g Phenylobacterium Bl :
75' " Rhizobiaceae
Allorhizobium_Neorhizobium_Pararhizobium_Rhizobium [
_g Ensifer _

g g unclassified | Burkholdertaceae :
g g Boseo B T :
g g alphal cluster B ] 3
g g Methylobacterium
¢__c_Bacilli I
p__p_Firmicutes I
o__o_Bacillales I
g g Paenibacillus
[ _f Hyphomicrobiaceae I
Hyphomicrobium I
e
o__o_Enterobacteriales
J Pandoraeq I
_Serratic I
g g norank | _Burkholderiaceae ;
[ Xanthobacteraceae I :
g_g_Sphmgobmm e 5 :
g g Pantoea :
o__o_Azospirillales : ;
[ f Azospirillaceae I i :
g g Azospirillum I : :
e
o o Streptomycetales :
T g g Pseudomonas T 3
[ f Pseudomonadaceae ]
0 0 Pseudomonadales [

6 RERMFRARALMEFF 2 HT(LDA)

Figure 6 Linear discriminant analysis (LDA) between phyllosphere and rhizosphere of soybean. A:
Cladogram of differentially abundant taxa in phyllosphere. B: Histogram of LDA score for taxa showing
differential abundance in phyllosphere. C: Cladogram of differentially abundant taxa in rhizosphere. D:
Histogram of LDA score for taxa showing differential abundance in rhizosphere. NW: Normal water content
80%—90%; SW: Severe drought water content 20%—30%; p: Phylum; 0: Order; c: Class; f: Family; g: Genus.
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