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Abstract: [ Purpose] To investigate the effects of Yunnan maize/soybean intercropping model on
the characteristics of maize-rhizosphere microbial community, maize yield and disease, in order to pro-
vide scientific basis for the field application of maize/soybean intercropping pattern. [ Method ] By
single factor randomized block experiment, by setting the maize intercropping soybean and maize
monoculture treatment, using the Illumina Miseq high-throughput sequencing technology analysis of
intercropping maize rhizosphere soil microbial community structure and diversity, and maize yield,
disease occurrence and change the correlation analysis between rhizosphere microorganisms.
[ Result ] The yield of intercropping maize was significantly higher than that of monocultural maize
(P<0.05). Compared with monoculture, the disease index of corn rust, corn gray leaf spot, corn south-
ern leaf blight and corn northern leaf blight decreased significantly after intercropping. Intercropping
can improve the microbial diversity index of maize rhizosphere soil (Observed species index, Chaol
index and Shannon index of fungi and bacteria). Difference bacteria OTUs analysis results showed
that 276 OTUs and 251 OTUs were significantly enriched in maize and soybean intercropping, while
251 OTUs were significantly enriched in single cropping. The number of bacteria genera such as
Gemmatimonas and Lysobacter increased significantly in maize/soybean intercropping, while the
number of bacteria genera such as Burkholderia and Sphingobium decreased significantly. 146 fungi
OTUs were significantly enriched in maize and soybean intercropping, and 141 OTUs were signific-
antly enriched in single maize cropping. The abundance of Mortierella, Spizellomyces and other fungi
increased significantly in maize and soybean intercropping, while that of Fusarium and Mono-
graphella decreased significantly. Functional annotation results showed that soybean intercropping
maize can make maize rhizosphere is promoting the transformation of nitrogen in the soil, organic
matter decomposition and improve soil structure function of beneficial microbial abundance in-
creased, and the annotation to the potential pathogenic bacteria abundance reduce harmful microor-
ganisms. [ Conclusion] The maize changed soybean intercropping maize rhizosphere microbial
community structure, to improve the diversity of bacteria and fungi, increase the number of beneficial
microorganisms in rhizosphere soil, at the same time to reduce the number of potential pathogenic
bacteria and other harmful microbes, enhances the disease resistance of maize, increase the output.
Keywords: maize; intercropping; high-throughput sequencing; rhizosphere microorganisms; diver-

sity control disease
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T oK TR ZE R EXTAR B Gl 2E P i 75 25 A AT

FEPERREM, 2503800 [M/EAL B OAR T 1K A
YRR BRI A DR TE AR, $E v TARBR A
RS DIBEZ AR, TRV IFSEHE . B S R
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ONElM PR eSS , BRI LIRS Y AR
BN EIIRE . 4 16S tDNA V3~V4 X 5|4
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2.1 KRGS FOR P R AR 2
HIZE 1R FORRERVER FOKRREM . B

K. AREE .
HE (P<0.05).

AN R R R A 2 R T ROK

F1 ERKEEMEM ER=EHFM
Tab. 1 Effect of maize/soybean intercropping on
the yield of maize

F8h5 index MSI MM
UL/
Af/om 19.94032 a 17.88:0.9 b
ear diameter
K /em

25.93+1.32a 22.04+£2.07 b
ear length
ki 942.33+73.04 a 713.83+80.68 a
number of seeds

BRLF /g

100-grain weight

NXFEE/(kg-plot ™)

plot yield

72 & /(kg-hm?)

yield
TE: MSL FRKEAME; MM. FKHAE; AXTERI160 m*. [F175
WA F/NG F R R 27 B3 (LSD, P<0.05); T,
Note: MSI. maize and soybean intercropping; MM. maize monocropping;
the area per plot was 160 m*; different lowercase letters after the same
row data indicate significant difference (LSD, P<0.05); the same as below.

47.17+0.65 a 45.73+4.14 b

224.35420.14 a 190.31£50.23 b

14 022.22+560.91 a 11 894.44+790.09 b

2.2 ROKKE AMEXT K7 E B2

M 2 Al BoR R EVER R . K
BEG . /NBESR AR B AR S T 40 W R T &
KEAE (P<0.05), HHHEHBHERTAN: FKEEL
PEXT B RG . FORIKBENG . TR /NERER A1 K
KBS (A5 BR800 R 25.59% . 23.07% . 23.13%
119.67%.

R 2 ERKREEWEN ERBENFE

Tab. 2 Effect of maize/soybean intercropping on maize diseases

I I 15840 disease index B %
disease MSI MM control efficacy
F K4 corn rust 23.85£2.37b 32.05+5.46 a 25.59
F KRBT corn gray leaf spot 19.5£0.65 b 2535+3.21 a 23.07
T K/NBER corn southern leaf blight 13.3242.55 b 17.33+0.25a 23.13
K KILHR corn northern leaf blight 9.8+0.45 b 12.2£0.36 a 19.67
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Tab. 3 Effect of maize/soybean intercropping on a diversity
of maize rhizosphere microorganisms

SRS AT 41 bacteria HH fungi
diversity index MM MSI MM MSI
4 read:
ﬁ)& reads 3 48983 b 61771 a 50547 b 50926 a
valid reads
ds FFH 2%
reads /% 727 71.35 96.19 96.03
read utilization
OTU &35 3331 3331 847 847
total OTUs
Observed _
e
species $4( 206340b  225130a  41250b  53040a
Observed
species index
Chaol 5%k
. 257997b  2669.11a 532.50b 641.88 a
Chaol index
Sh o
annon 4634 8.50b 9.39a 5.52b 6.50a

Shannon index
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£ (P<0.05), J& T KK T mIE A BRRE A 353 5
251 /> OTUs fESAE T K i B AR (P<0.05), AR
i OTUs MR R R LI FRK T mEL
PRI W 4R OTUs F2 S MTEL [ ] (Actinobac-
teria) . ZFHMUE ] (Gemmatimonadetes), JEEE [F
Il (Firmicutes), Z8JETE 1] (Proteobacteria), % %%

* Acidobacteria * Fibrobacteres * Low abundance * Proteobacteria
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* Chlorobi “ G i d a ® Pl

15| @ A

@ AAEE KARPRANTE bacteria in maize rhizosphere of MM
A AT ARPRE R fungi in maize rhizosphere of MM
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PCo2 (30.3%)

—5000

1
i
1
1
-
i
1
-2 500 i
i
1
1
i
0

5000
PCol (46.0%)
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Fig. 1 Principal component analysis based on Euclidean dis-
tance between fungal and bacterial communities

W] (Planctomycetes) LA M ART=FE BRI (Chlo-
robi), ZF4EZFFE 1] (Fibrobacteres) Flfil 1k 2 jig
WA 1] (Nitrospirae), fHK , 78 EKRPIET B EE
££ OTUs £ M 7EZE L] (Proteobacteria) F1
FRATEE ] (Acidobacteria).

A& 3 AT LA B 847 AN OTUs, 146
MEF KRR GRER R EEE, 141 MEEKHR
PEr 2 B A (P<0.05), i, FRKGEMEH
BRI OTUs B MFEFREH | 1257C TR AN (Sor-
dariomycetes) ., FHF R ] E 40 (Agaricomycetes) |
7 b | )4 8 29 (Chytridiomycetes) . # f2E[ # L
20 (Mortierellomycotina) F1H T [ TAR H-44 (Tr-
emellomycetes); 7F FKP/EHE LR OTUs F2E
S A FE e ] AR TR 4 (Lecanoromycetes),
PETE TR TN (Dothideomycetes) Fl T2 F [ THL
PR 2N (Eurotiomycetes).

& enriched
ia level ¥ depleted IOgCPM"lO . 15

+ nosig

enriched OTUs,

276

¥ : enriched. T oK K G MIE 3 5 411 OTUs; depleted. FOKRHE R E &40 OTUs; nosig. Fi& 4 1 OTUs; InP. P {H A R X EU%He; lo-

gCPM. OTU X E R A/N; TR,

Note: enriched. maize/soybean intercropping significantly enriched OTUs; depleted. maize monoculture significantly enriched OTUs; nosig. the two shared
OTUs; InP. natureal logarithrn conversion of P value; logCPM. relative abundancehe; the same as below.

E2 ERIRFRAEZES OTUs 547

Fig. 2 Analysis of differential OTUs rhizosphere bacteria in maize
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Fig. 3 Analysis of differential OTUs rhizosphere fungi in maize
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B8 (Mortierella). % J& (Spizellomyces). %
U & (Scedosporium). Wil5¢ 1 J& (Podospora)

FIARFEWE (Trichoderma) 15 E KK E[A/EF )
FE W T KA, MR E (Fusarium).
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JE T R
2.7 DhRETM AT

fdi FH FAPROTAX A Fl i 45 21 25 Al AR B
MEEM AR TR R, 455 (B 4) o TR
25 L EF IR IER WIRRREF . H
Ve . AR . AR 2 AL A A PR h 2 A A
BRIFIZ) BAHTE OTU £im R B KK G fEAL
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(AR SRMERE A . 27 4 R MR TR B A ) 14t
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Tab. 4 Differences between maize/soybean intercropping and maize monocropping at genera level

AR ACT 5 K B R AT
HEE O MM/% MSI/% REBAF X MM/% MSI/%
bacterial genera level fung genera level
y— NI
ﬁéﬁ@iﬂ@?ﬁﬁ 1.72b 2.03a */J\ﬁ 20.76 a 17.01b
Sphingomonas unidentified
AT 3 :
EFHQJEE.”% 0.79b 1.29a %HE.}% 8.03a 6.71b
Gemmatimonas Fusarium
Flavobacterium 0.78b L17a Mortierella 0.72b 497a
SRR
Bryobacter 0.70 a 0.38b Exophiala 1.14a 1.07 a
A7 K & AR
Burkholderia 382a 0.01b Monographella 0.17a 0.09b
RS e 1# )&
%Hrf EIE. 253a 0.66 b TL.EE 0.06b 0.13a
Sphingobium Spizellomyces
Rhizomicrobium 0.09 a 0.10a Solicoccozyma 0.03a 0.00b
TR DA
Lysobacter 0.07b 031a Didymella 0.28a 023a
7
Flavisolibacter 0.38a 0.36a LAHR , 0.01b 1.15a
Scedosporium
IHLAR 0.32b 0.64a Rty 0.07a 0.02a
Nitrospira Chaetomium
?}@ﬂfﬁ% 0.07b 0.15a Humicola 0.00 a 0.01a
Bacillus
Rt it
Acidibacter 0.60a 031% Podospora 0.05b 0.67a
BRBTER 0.24b 0.37a ABHR 0.01b 0.05a

Pseudomonas

Trichoderma
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Fig. 4 Function prediction of the rhizosphere bacteria in maize
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