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Impact of microbial agents on the structure and function of the soil microbial community

SHA Yuexia, HUANG Zeyang, LI Yunxiang, ZHAO Pei

(Institute of Plant Protection, Ningxia Academy of Agriculture and Forestry Sciences, Yinchuan 750011, China)

Abstract: This study explored the impact of microbial agents on the structure of the microbial community and functional genes in maize
farmland. The metagenomic library was used to analyze the soil microbial community structure, gene abundance of nitrifying functional
microorganisms, functional annotation and diversity of carbohydrate—active enzymes (CAZy) and antibiotic resistant genes (ARGs). The
results indicated that the abundance of soil microorganisms Proteobacteria, Actinobacteria, and Firmicutes increased after soaking the seed
in Wugufengsu and combining it with microbial agents. In addition, the abundance of Acidobacteriotia, Gemmatimonadetes, Chloroflexi,
and Candidatus Rokubacteria also decreased. The abundance of Thaumarchaeota and Euryarchaeota in archaea increased by 26.41% and

9.09%, and the abundance of Ascomycota, Basidiomycota and Chytridiomycota in fungi decreased. As for soil microbial genus, the relative
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abundance of Gemmatimona decreased by 9.76%, the abundance of Bacillus increased by more than 0.77 times, and the abundances of

Nitrososphaera, Nitrospira and Candidatus_Nitrosocosmicus increased by more than 20%. Following the application of a microbial agent, the
abundance of polysaccharide lyases (PLs) and carbohydrate binding modules (CBMs) increased. Furthermore, the abundance of bacitracin
in ARGs genes decreased while the abundance of fluoroquinolone, chloramphenicol, aminoglycoside, beta~lactam increased. In particular,
the gene abundance of ammonia oxidizing microorganisms (AOA and AOB) and nitrite oxidizing microorganisms (NOB) increased. The
first two main components of PCA explained 98.78% of the class level CAZy difference and 59.33% of the sample level ARGs difference.
NMDS and ANOSIM analysis results showed that there were differences in CAZy and ARGs resistance genes across treatments. In
conclusion, soaking the seeds in Wugufengsu and combining them with microbial agents has the potential to significantly change the
structure of soil microbial community in maize, increase the gene abundance of nitrifying functional microorganisms, optimize the
proportion of soil microbial in CAZy, reduce bacitracin pollution in ARGs, and improve the micro—ecological environment of maize plant
growth.

Keywords : microbial agent; structure of soil microbial community; carbohydrate—active enzyme; antibiotic resistant gene; micro—ecological

regulation
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Figure 1 Impact of microbial agents on B—diversity of soil

bacterial groups in maize field (phylum level )
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Figure 2 Impact of microbial agents on B—diversity of soil

bacterial groups in maize field (genus level )
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Figure 3 Impact of microbial agents on phylum abundance of soil bacterial groups in maize field (Relative abundance above 1%)

7, K 5 80.74% , Horp WAl AL BR B ( Nitrososphaera) j&
IR HRRE e B P (5 HEh 70.14% , RO 2
S B (Candidatus_Nitrosocosmicus ,21.07%) . | 17
W] (Euryarchaeota, 13.20%) 215 71 ] (Crenarchaeota,
2.08%) 1 K # W '] (Candidatus_Bathyarchaeota,
1.54% ) T R AL AT, 325 11T (Candi-
datus_Lokiarchaeota) /5 17 78 K #E 27 0.09% , K43 250k
5 HE o 2.04%
3 FL TR LI YRR T R L R

I, 15 dAEA I 2 9 AN ELIR 1), 1R 2R (E5) .
T 5% B '] (Ascomycota) 5 B B 28 B £ S (7,
64.54%,CM1,CM2,CMCK Fl EES 4b L5 43 vh 152

W b Others

0 & ] Candidatus_Lokiarchaeota

W k4yZUnclassified d Archaea

B %71 ] Candidatus_Bathyarchacota

W SR E ] Crenarchaeota

M /5] Euryarchaeota
M 73 ] Thaumarchaeota

CM1 CM2 CMCK CK EES
Kb FE Treatment

B4 EMEFINEXRELEGE L FEENZN

Figure 4 Impact of microbial agents on phylum abundance of soil
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Figure 5 Impact of microbial agents on phylum abundance of soil

100
95
90
85
80 [
75
70
65
60 [
55

FEXT B Relative abundance/%

CM

fungal groups in maize field



2757

VO A R R BB L R RIS R B

3.
2.2.3 Xf LA WIS TR K- R

P AT REAS B - ST AR W v AR R > 1% 1Y
J&A 134 6) , FZALHE ZF F M I 8 (Gemmatimo-
na, 3.45%) . Gemmatirosa (2.99%) . + E 21 ¥ W &
(Sollrubrobacter, 2.57%) . Y. fif 4k K & J& (Nitrosos-
phaera,2.45%) it KT J& (Nocardioides ,2.40%)
Pyrinomonas(1.92%) 5% %5 1% J& (Streptomyces ,1.57%)
Conexibacter(1.19%) G LSRR & (Nitrospira,1.18%) .
5 A 5 M 1 & (Sphingomonas, 1.16%) | 7x B T8 [& {4
W J& (Candidatus — Solibacter, 1.15%) 18 H= H3 I8 1
(Bradyrhizobium, 1.10%) 1 Candidatus — Entotheonella
(1.14%) , A 14.35% WA YR ok 28 s 8 A
J& (Candidatus - Nitrosocosmicus , 0.75%) . % #L§F 14 &
(Bacillus ,0.42% ) FUE 551 1 )& (Pseudomonas,0.37%)
e SR YR P A o HEEE

&1 6 2 HH A= 4y 1 7] it FH 6 5 K - S i R
v JB K P B9 4L R W EE R, CMIT, CM2, CMCK Al
EES #b 2 {8 2 B 7 J = FERE AR T 6.50%  (H34 0 1
TR A ERTE R 2R R RIEE | Pyri-
nomonas it 55 & LR R 24 RE AR L
AL TR R L ZF AR TR R RN T R R
CM1,CM2 I CMCK Ak B f5 - 35 v 25 S FF 1878 - B2 73
il CK 9 1.77 . 1.86 fi5 A1 0.86 1% , EES 4b 3 5 1) F
BEA AL ; CM 1, CM2 T EES 4b 35 {15 2 i 7 ) = 13
S3 3N T 8.57% . 11.43% 1 2.86% ; CM1 Fil CM2 4b

100

95

- i
CM1

90

85

80

75

70

65

FHXT B Relative abundance/%

60

55

CK EES

0

CM2 CMCK

Ab B Treatment

PG BE R R B LN T 14.44% , 2508 R IR R F
FEYENN T 6.87% 45 F 150 W A= 4 B 390 it FH AT A3 i
AEBH TR I FE R, HRCR LT b2 A 2 b 28
23 AYEFERANERBLIEREDYMIIEE
ESEppaA

FITAT A i ) contigs 18 128 JE PR FI0 , ARASAE TCAY T
Tl )2 HE (ORFs )7 383 980 4™, Hirf1 228 171 4~ ORFs
T A CAZy, 997 4~ ORFs Fiill f ARGs.

CAZy ] LAREfR ABMG B A =i i, /7 8o,

W BEIEE RS Glycosyl transferases
W B KARAE Glycoside hydrolases
W K ALE YIRS Carbohydrate esterases
I EALR I Auxiliary activities
W W54 Polysaccharide lyases
W KA A G0 E LR Carbohydrate-binding modules

< 1007 [ - - -
ki
= B
=]
=}
=
= 60f
E
=
é 40
=

20t
=y
oo
=

0

CK CMCK  EES CM1 cM2

Qb FE Treatment
7 EYEFI ERE T EMEY CAZy R ER M
Figure 7 Impact of microbial agents on the CAZy composition of

soil microorganisms in maize field
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Figure 6 Impact of microbial agents on genus abundance of soil microbial community in maize field
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Table 1 Impact of microbial agents on the gene abundance of nitrifying microorganisms in maize field (%)

YIRE4)4H Functional group JE K- Genus level CK CMCK EES CM1 CM2
AEML T AOA Nitrosopumilus 0.028¢ 0.029hc 0.029bc 0.031b 0.037a
Nitrososphaera 2.130d 2.320¢ 2.370¢ 2.510b 2.940a
/it Subtotal 2.158d 2.349¢ 2.399¢ 2.541b 2.977a
AT AOB Nitrosospira 0.129ab 0.128ab 0.117h 0.132a 0.136 a
Nitrosomonas 0.071b 0.081a 0.069¢ 0.081a 0.082a
Nitrosococcus 0.130a 0.134a 0.128a 0.132a 0.137a
/Nt Subtotal 0.330b 0.343a 0.314c¢ 0.345a 0.355a
fEfL 4 NOB Nitrobacter 0.042h 0.076a 0.045h 0.046h 0.047b
Nitrococcu 0.030a 0.028a 0.029a 0.030a 0.030a
Nitrospina 0.049h 0.052a 0.044¢ 0.053a 0.051a
Nitrospira 1.236a 1.241a 1.141b 1.249 1.241a
/it Subtotal 1.357b 1.397a 1.259¢ 1.378b 1.369h
A1 Total 3.845d 4.089h 3.972¢ 4.264h 4.701a

T RTINS B /R A B R) 25 5 48 3 (/N 35 25 5798 1LSD L, P<0.05) 6

Note: Different lowercase letters in a line indicate significant differences among treatments using LSD test at P<0.05.
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