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Abstract: [Background] Wheat/maize rotation is one of the main cropping patterns of grain crops in
China. At present, there is still a lack of comprehensive understanding of the microbial diversity in
rhizosphere soil of wheat/maize rotation field. [Objective] The objective of this thesis is to identify the
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variation of wheat/maize rhizosphere soil microorganisms and understand their potential functions.
[Methods] In this study, wheat/maize rhizosphere soil was used as material, and bacterial 16S rRNA gene
and fungal rDNA ITS gene sequencing were used to analyze the microbial diversity of wheat/maize
rhizosphere soil. [Results] The results showed that the abundance of microorganisms in maize season was
higher than that in wheat season, but there was no significant difference in diversity. Actinobacteria,
Proteobacteria, Acidobacteria and Chloroflexi were the dominant phyla of bacterium in the rhizosphere
soil in wheat and maize seasons, while Ascomycota was the dominant phylum of fungi. There were 631
and 261 common bacteria and fungus in wheat and maize seasons. There were 38 and 58 unique bacteria
and fungus in wheat season, and 25 and 39 unique bacteria and fungus in maize season, respectively.
LEfSe analysis (LDA threshold is 2) of bacterium and fungi showed that Actinobacteria and Microascules
were enriched in wheat season. Meanwhile, Sphingomonadales and Tremellomycetes were enriched in
maize season. Compared with wheat season, the abundance of metabolic pathways involved in nutrient
cycling in maize season was higher, while the abundance of metabolic pathways involved in oxidative
stress was lower. [Conclusion] The results have theoretical and practical significance for guiding the
management of wheat/maize rotation fields.

Keywords: wheat/maize, rotation, rhizosphere, microorganism, diversity
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Table 1

Diversity index of wheat/maize rhizosphere samples

T HEY) Microorganism  #JF] Species ACE index

Chaol index Coverage (%) Shannon index

4114 Bacteria /NZE Wheat 1300 (1223, 1 376) 1303 (1 220, 1 387) 98.436 7 6.22 (6.06, 6.32)
F K Maize 1338 (1 326, 1 348) 1341 (1 336, 1 346) 98.398 9 6.24 (6.12, 6.30)
FL# Fungus /NE Wheat 537 (510, 573) 533 (496, 573) 99.838 1 4.03 (3.69, 4.43)
F K Maize 548 (534, 562) 546 (543, 552) 99.827 2 4.04 (3.92, 4.12)
A 1300 B ss0p
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Figure 1 Rarefaction curve of soil bacteria (A) and fungus (B)
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Table 2  Statistics of microbial species in rhizosphere soil of wheat/maize

YFh Species MY Microorganism [TPhylum 4 Class H Order Al Family & Genus F Species  OTU

/NAZ Wheat 2| & Bacteria 23 53 100 187 314 566 1 100
HI#H Fungus 5 19 51 98 182 285 542

K Maize 2| 1% Bacteria 27 57 114 203 332 621 1397
F B Fungus 5 20 50 102 173 269 579

YE LA ST 1940 51 H 98 B} 182 J& 285 Fili,
FORFEMPR HHEIRAT 1 397 M 4HIE OTU, %5
AT 27 1] 57 20 114 H 203 #} 332 J& 621 i
JEARAG 579 A HH OTU, %@ B 5 1] 20 4
50 H 102 B 173 J& 269 Fili,
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Figure 2 Abundance of the bacteria (A) and fungus (B) in the rhizosphere soil of wheat/maize at phyla level
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Figure 3 Abundance of the bacteria (A) and fungus (B) genus in the rhizosphere soil of wheat/maize
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Figure 4 LDA discriminant histogram of microorganisms in wheat/maize rhizosphere soil
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Figure 5 Analysis of bacteria (A) and fungus (B) in wheat/maize rhizosphere soil at species level

®3 NE/ERRIRLIEHEY KEGG a8

Table 3 Functional annotation of KEGG in rhizosphere soil microorganisms of wheat/maize

s ohRE HBXMT-1 HBXMT-2 HBXMT-3 HBYMT-1 HBYMT-2 HBYMT-3
Metabolic function (%) (%) (%) (%) (%) (%)
ABC iz%ii ABC transporters 10.02 10.47 9.75 11.47 11.55 11.31
A A Nitrogen metabolism 1.78 1.79 1.87 2.08 2.08 2.01
ni b -2 A 1.93 2.02 1.92 2.17 2.19 2.12
Porphyrin and chlorophyll metabolism

KR WA= )4 1Y, Peptidoglycan biosynthesis 1.53 1.51 1.48 1.36 1.35 1.39
VERFNREREI GG Starch and sucrose metabolism  1.51 1.45 1.54 1.12 1.08 1.19
AL WERR 1k Oxidative phosphorylation 1.80 1.81 1.84 1.91 1.90 1.87
SRBEANH RS 1.33 1.36 1.31 1.38 1.39 1.37
Fructose and mannose metabolism

M4 R4 Purine metabolism 3.22 3.26 3.22 3.15 3.15 3.16
15 0E AR} Pyrimidine metabolism 2.06 2.09 2.01 1.94 1.94 1.96
2 Jpl e R I R L 2 R A 1.15 1.13 1.13 1.02 1.00 1.04
Cysteine and methionine metabolism

W52 LEEARIS Inositol phosphate metabolism 0.36 0.37 0.34 0.38 0.39 0.38
[7] 5 # 21 Homologous recombination 1.14 1.13 1.16 1.02 1.02 1.04
HE A YEGR Peroxisome 0.22 0.22 0.22 0.21 0.21 0.21
Hofh A 47 Other glycan degradation 0.25 0.26 0.23 0.09 0.10 0.12
A TR R A 1.65 1.65 1.60 1.47 1.47 1.50
Amino sugar and nucleotide sugar metabolism

25 ¥4 1k 1 Bacterial chemotaxis 0.90 0.94 1.02 0.87 0.85 0.89
HFRYIBRIE R Nucleotide excision repair 0.95 0.95 0.94 0.89 0.88 0.89

W o<1, 2M3"0E3IANER

Note: “-1, -2 and -3” represents three repetitions
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B OKRFAT IR IEER A 5 R, A
R E AL BEIR 1L 55 . [R] 5 5 S8 A0 N 3 ) AR 15 A
B wT BRI, AN bk (R A i 2R A Gl L 4]
e A%
3 w54

R R P B 7 KT A 40 P fe B RN A 7 T 2 ¢
L, R I S R ) A A R i R TR AR B A A=
PIRETE ) I 9 o ARBIEFERT/INE /B KRR B - 458
M ERERETE o ZFEEDPTR, INEFME
KEHAEYMIE B, FEESTHAE—E
75t . £KFE ACE #54. Chaol #5805 & T/
Z%, T Shannon 5 EC7E M 2= JoH] i 22 5, 1)
TARBMAEY T EE S T/NER, MPEMEY
ZFEVEARL

MG 53 M/ INAE R B AR AR PR G 2 i s 2
BEAERI, TET DK, HERET |(Actinobacteria) |
AW ] (Proteobacteria) . TRFTF1E ] (Acidobacteria)
LRI T | (Chloroflexi)h /N2 25 F £ K ZEAR PR 4
PR, TR 1 (Ascomycota) HILHE
T MR AR, ARBR LI AR L3 R I
W ST BRAET . R e
= T e 1 TR IE i R T
Wil LEfSe 4t br - BE R4 o AR L B, K
2% T8 20 (Actinobacteria) 11 % 8 H (Microascales)
ENEBEE, WIBHAME H (Sphingomonadales)
FER B 20 (Tremellomycetes) Tt LXK ZEH 4

ABFAER K530 K B, b2 6 58 0 B
T S A B SESR AE  REEIRE  ih
8 PEAR SR M TR T DA R AR B P RS S A
BESFOCR Mo &, R ARPR A EAR T, JF A
PEmEY B TR B i W A IR I S A A T
T2 B I RE - BOL R ) — 2885 22 IR T, K
i BT R A KO B2 AR | T e g
IRERE e Ml DL F s, A3 Jo s . JosR B AR
PRI 2 B 2 2 1o IR 5T MR B L o X A

AR A A B A o R e S P R AL
MEZNR . I, AIEEH /N e/ TR+
SRR SRR, (ER P TRASZ

a7 WAE VIR IR TEIIRE , A WPTEXT N
T KT PR TR W AT KEGG Ul I fE
PO A B, /INAZ 2 R 2 A B AT BT 2 5
b, N ZE MR PR U B AR X R B R R
I %, AN R A B 2% T R A iR A2
I, WS 2/ A0 A A A IR VI Bk 5
SREFME S, XL RE AR RS  T
Ko BRI, TORFAT IR AREN A
By, RIS 25 SR A A A R BRI
Li %5202 Fl @ e A, DR 7 BRI DG sk xd
T (REAN B R RS2, 45 2R 3R ] A X A
YA AR A e, A5 IR P SO R
WMEAEY AR REER, e FPR TR R
IR oA 2 e W e S A 2 e, 25
FWTE H = BT R b XA A B i i
FOBA SR EED , JF B A BRI N 5 A5 i %
W AFAEA ek . R, 3R S AU e
IASE o ARBEFEXT AR WL S /N A/ TORAR B 1
TR Tk v 2 1 S A e o A D RE L 1) 0F 5
N RN B BEANAE W A A R AL T RS
WA o A J5 4 E TR AAZ I 0 A 30 4 A ol
JETNNEZ . TARFIREMPRHAEY)
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