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Biodiversity and functions of rhizosphere microbiome in the
Ophiopogon japonicus-maize intercropping system in Santai County,
Sichuan Province
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JIANG Qiuping

Industrial Crop Research Institute, Sichuan Academy of Agricultural Sciences, Chengdu 610300, Sichuan, China

Abstract: [Background] Ophiopogon japonicus-maize intercropping is the main planting mode
in Ophiopogonis Radix producing areas. Revealing the microbiome structure and functional
changes in the rhizosphere soil of this mode is crucial for ecological intercropping. [Objective]
To investigate the diversity and functions of rhizosphere microbiome in the O. japonicus-maize
intercropping system. [Methods] We employed Illumina-NovaSeq high-throughput sequencing
of the 16S rRNA gene of bacteria and the ITS rDNA of fungi to study the microbiome structure
and functions in the rhizosphere soil samples of the O. japonicus-maize intercropping system and
monoculture systems. [Results] Intercropping significantly increased the plant height and yield
of O. japonicus but had little effect on maize. The bacterial diversity in rhizosphere soil of both
plants had no significant difference between intercropping and monoculture patterns. However,
compared with monoculture, intercropping increased the fungal diversity in the rhizosphere soil
of O. japonicus and decreased the fungal diversity in the rhizosphere soil of maize. Compared
with monoculture, intercropping reduced the relative abundance of Actinobacteriota,
Mortierellomycota, Xenomyrothecium, and Gibberella but enriched Ascomycota, Mucoromycota,
Pyrenochaetopsis, Rhizopus, Fusarium, Alternaria, Lysobacter, and Rhodanobacter in the
rhizosphere of O. japonicus. In the rhizosphere of maize, intercropping increased the relative
abundance of Ascomycota, Desulfobacterota, Myxococcota, Coprinellus, and Fusarium, while
decreasing the relative abundance of ten families including Cladosporiaceae and two genera of
Xenomyrothecium and Gibberella. No significant differences were observed in the relative
abundance of KEGG pathways of rhizosphere microbiome between monoculture and
intercropping modes. Intercropping significantly increased the relative abundance of plant
pathogens, soil saprotrophs, and wood saprotrophs in the rhizosphere of both O. japonicus and
maize. However, it decreased the relative abundance of fungal parasites in the rhizosphere of
maize while increasing that in the rhizosphere of O. japonicus. Furthermore, intercropping
reduced the relative abundance of plant pathogens in the rhizosphere of maize but significantly
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increased that in the rhizosphere of O. japonicus. [Conclusion] The intercropping of O. japonicus
and maize promotes the growth and increases the yield of O. japonicus. It has mild effects on the
structure and functions of rhizosphere bacterial community of O. japonicus and maize, and most
bacterial genera displayed no significant difference between the two cropping modes. However,
the structure and functions of fungal community were greatly influenced by intercropping, and

most fungal genera showed significant convergence or divergence.

Keywords:
high-throughput sequencing
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Box diagram of yield (A) and plant height (B) in the Ophiopogon japonicus-maize intercropping

system. Different lowercase letters in the figure indicate significant difference between different groups
(P<0.05). M: Monoculture maize; MOM: Intercropping maize; O: Monoculture O. japonicas, MOO:

Intercropping O. japonicus. The same below.
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Figure 2 Rarefaction curves of bacteria (A) and fungi (B) in rhizosphere soil.
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Figure 3 ASV Venn diagram analysis of bacteria (A) and fungi (B) in rhizosphere soil.

Fz1 ZZ/EREERFREN o ZHMERE
Table 1

Alpha diversity index of rhizosphere microbiome in the Ophiopogon japonicus-maize intercropping

system

WAy Kb 3 Chaol Observed_OTUs Pielou_e Shannon Simpson

Microbiome Treatment

2 M 2 460.84+£153.88ab 2 458.67+153.24ab  0.931£0.008a  10.49+0.18a  0.999+0.001a

Bacteria MOM 2 470.67+14.06ab 2 469.00+14.93ab 0.937+0.006a  10.56£0.08a  0.999+0.000a
MOO 2396.76£196.87b  2393.67+196.57b  0.916£0.019a  10.29£0.33a  0.998+0.002a
0 2541.00£103.90a  2539.33+£103.37a  0.936£0.004a  10.58£0.08a  0.999:0.000a
F 0.570 0.584 2.154 1.450 1.792
P 0.650 0.042 0.172 0.299 0.227

FLE M 623.17+36.59a 620.00+33.81a 0.688+0.025a 6.38+0.18a  0.964+0.006a

Fungi MOM 481.79+25.21b 480.67+24.01b 0.541+0.100b 4.82+0.88b  0.840+0.083b
MOO 532.15+69.34ab 531.67+69.51ab 0.652+0.056ab  5.90+0.63ab  0.931+0.033ab
0 460.17+87.00b 460.00+87.16b 0.533+0.092b 4.7240.94b  0.813+0.125b
F 4.392 4310 3.283 3.839 2.648
P 0.042 0.044 0.079 0.057 0.120

[ 51 K4l I AN ) /N B s Ak B ] 22 57 2 2 (P<<0.05).

Values followed by different lowercase letters in a column are significantly different (P<0.05).
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PR, 7E EORMRBR R EAEM T e, JH
TE E KA R8BI 0 2 HK - (P<0.05) , B [l
PR AR LR S, (HRRR T
TR E TR A B, VR T4
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P Shannon #5410, H HAE FORMRFRIA S B2
IKF-(P<0.05), FRBARIME AT 42 5 22 & PR I/ 1Y
ZREME, BREAR T EOKRM PR FL R () 24
233 YMBENFEETK

MHE RS R E , TENKE(B 4A) |, Z%
A f R OK AR BR A Hedn W T ok AR B W T
(Proteobacteria) . 2 +F 41" (Acidobacteriota) I
B2 1] (Actinobacteriota), — RLFAVET T 1E B
PEEK . BEERK . AR A MIAIEZR LR PR
HrE E AR B2 5 EE 03 70.94% . 66.43%
68.75%H1 69.08%; LM, Z A& MBRi
PRI TER AR 2 B A B RRAIR , T R R AR PR B A A
I '] (Desul fobacterota) 1 4 B ] (Myxococcota)
ARG = A ERAE S, (AR E, [EI1E
X} 22 4 AR KMLBR A A T [ 20 I E AN f2 35 7

J& /K- ( 4B) |, [AIFEfd %5 41 141 J& (Lysobacter)
F1% Il AT J& (Rhodanobacter ) & £ 75 42 & MR
1 Bryobacter . #4225 ¥ /iy 1] J& (Sphingomonas) .
Ellin6067 . 2 7 #F i J& (Bacillus) . SC-1-84 |
Candidatus Solibacter . Vicinamibacteraceae Filf% 5.
Jtd 7 J& (Pseudomonas) F AR X F= BETE B | [I/EZZ 4
MRPRZ [ TC 522 55 RN, X 10 i EEE A XT
FEAR . BVEF KRR ICE 225
MERBERE , eI IK(E 40) L, 24,
FORMPRILHFLR R 1223 (Ascomycota) |
¥ #1 %% 1] (Mortierellomycota) 1 #1 1 B [
(Basidiomycota), — KALHE I 17EBLAE £ K | [H]
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Figure 4 Relative abundance of bacteria (A, B) and fungi (C, D) in rhizosphere soil at phylum and genus
level.

B D5 AR LMK, AR RE Y AR
ARF 0.4%5 BIHE B 2 3.47%H1 2.86%, 1M /N A=
e V) J8 2 B AE EORARPR, AXT L 0.14%3%
& 3.21%; [z, [EfE# Xenomyrothecium Al

o 55 JB AR T R B E AR, 2 il el
2.98%FFAEE 0.25% 5 2.40%F# K E 0.41%.

H AT UL, 2R E AR, 224/ ROk
[V AR B ol A 0 4 1 28 B 5 20 T Al b 1) 72

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



VTS A | DU =6 B R X/ TR R RAR R LE W) 2 FE 1 & Th e #r 299

b BIFEXT 224, TOKAR B 20 T R v 1) 52 i 55
N, R WEEHITC R EEE R TEE
B ERER (AT NS 2 G ) RS
4 R kAR AL
234 ERRIEYMIH

i# 14 LEfSe 43 #T(LDA score>2.5, P<0.05)
WiE 1 2241 B R AE IR RAR PR R AZ O
Y. BERFEVE 5), MTTARCERIFKE, 7R
Xof 22 2 TN B AR B 4 T B B0 TR Vi B A R 1Y
oM, XTI, HAEEROK. RIEEK . BAEE
2 AWERLMERR 0 EET 9. 4. 8 FI 3 A
FKRE(EL 5C), TAIEf 22 2 B KRR PR AN B R A
Ykl RI BRI R FORAER
b YR Nitrosotaleaceae, Beijerinckiaceae.
KF_JG30 B3 £l A21b, [A]{E T AR R A 2 1
/MM EHEXiguobacteraceae) . HLAEAE & kR
T B Jifd 14 B} (Desul furomonadaceae) . % A i# B+
(Enterobacteriaceae)fll PHOS HE36 & & & 4,
[ETE (S oy R 7 T == i SO SN v
(Chromobacteriaceae). Xt T HH, HA/EEXK.
VR EOK . AR A | AEZZ AR BR 4000 &
8723, 5. 3F0 17 DERE(E 5D), [EMEEE A
PR B RA RSN, SRR B WA
Pyl , R G s SHEMELEE, [
YEAH FORMPR B2 & % T -5 A BH(Nectriaceae)
Mk IR, H LR A B Rk A R
(Cladosporiaceae)%5 10 /™F} it & I & 2 ik
s [RIEE, AR T 22 A PRl oe 76l s
Hypomyces, Syncephalis. £k 5 J& (Phaeosphaeria)
FIBERS 1818 (Alternaria)4 & o
2.4 IREREITEETN

FIIH Tax4Fun 3A4X5 AR bR 240 B 1Y) 2 e 1
FUAAXT T8, 5K, FratEATh
35 6 577 1~ KEGG Orthologies (KOs), 4
T390 > KEGG i . KEGG level 1. level 2

Fl level 3 KF43 HIFLERS] 7. 44 F1 390 il
. £ KEGG level 1 KF F, RHAHCEE S
KOs M HfilicR, EBREER, BFEE R, BE
AL [AEZ BR300 47.27% . 47.01%.
46.86%H1 46.82%, FHXTF W Z &L 5 B
Ab FRFN B 55 45 AL FRA S 1 LR (B 6A); 7E
KEGG level 2 /K- I, Bz FEikk, H
WA SRR KA A AR R
e, BREERAEE . aeRfi. F9Es.
R TR e A AR R L R AZ T A
(Kl 6B); fE KEGG level 3 /KF |, izt H .
WA 746 . DNA B2 fisE 4 & e 1%
A7, X 3 FPIIRBLE SRR ROK . AR EROK . R
VEZZ 4 A 22 A AR T 5 R0 = B o B0 )
W 12.73%. 12.79%. 12.86%F1 12.82% (&l 6C).
UbAh, S80I T R T R 0 3 B Gt SRk
171 PCA B4, 453 Bow, 7E 3 FF KEGG 7K
b, B AR R AT R ORAR PR AR P 45 A
A % AR AR X T R R T B P R (] 7). %4
5 YN BT VE AL 25 5 B e BTk B — B, X R,
[ A X6 22 4 A T K AR B 40 21 A T BE A (B
S

FIF FUNGuild 4% 5008 e e As BB
(D) REE RN T AR Bk T 40T, I AE D e 22 5+
KA EXTHSETIRIE, S5 REV(E 8A), KEE
Ty Rl A S 5 JOF A AR I DI RE A (A G = B A
P95 DB | 39 A A ) FNAR J5 g A A A
TRERE AR F AR FOK . BIFEEOK . AR
A AWVEZAMRBRP 4518 8.74% . 32.87%.
3.83%F1 10.51%, X3 B4R 22 4 F £OK AR
B 25 BN T AE R IR . R A AR AR
SRR A AR AR LA SERAEA LG, AR R
KT FORMEBR 5 A FL P D ReRE DA X = B, 17
A2 A KRR Hh 2 A TR T BB ARE ()RR G 3 B )
PEE(P<0.05); [MIVESRMET, Y0 5 ) fk

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



300 A iE R Microbiol. China
A Cladogram Cladogram
== M == M
—%8[6/1 -\: 's == MOM
[ | a3 Yo u"?--m-u;.,,“ Poo
=0 . N 777,
S .*"‘ \\\&.\..u ."""u/// '.._° 5
SRR 7% 2
SO Nleyly,
SSONGal -.f-/‘!;ée :
[ N q§' “ O . ’o/étﬁ‘
S0V Z =
=SSN, == ¥
"({/‘7-(]’.-[.!/;,!! nﬁ\\\\‘\{\\\\\\\\\ o
AL A=
- mm |: ¢ Dothideomycetes

r

mm a: f_Nitrosotaleaceae
mm b: 0 Nitrosotaleales
e== c¢: f PHOS HE36

mm i: f KF_JG30 B3
mm j: f_A21b

= d: f__Desulfuromonadaceaewm k: f__Chromobacteriaceae

mm h: f  Beijerinckiaceae

mm a: {  Cladosporiaceae

mm b: fCucurbitariaceae
mm c: f_Didymellaceae

mm d: {_Didymosphaeriaceae
mm e: f__Leptosphaeriaceae
mm {2 f  Phaeosphaeriaceae

mm m: {__Pezizaceae

mm n: f_ Nectriaceae

mm o: { _Sarocladiaceae
mm p: { Stachybotrvaceae
mm q: 0 Hypocreales

- Yl

o__ Enterobacterales

. == MOM

f Enterobacteriaceae

. mm MOO

o_ Desulfuromonadia

EI:IO

g Klebsiella

f Desulfuromonadaceae

g PHOS_HE36

f PHOS HE36

g Erysipelothrix

g_ Vogesella

f _Chromobacteriaceae

s__ Gorillibacterium massiliense
g Desulfovibrio
o__Exiguobacterales

f Exiguobacteraceae

g Exiguobacterium

f Beijerinckiaceae

f_ Nitrosotaleaceae

o__ Nitrosotaleales

f A2lb

g A21b

f KF_JG30_B3

g KF JG30_B3

g Gemmatimonadetes bacterium
g__ Nitrosotaleaceae

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




VTS A | DU =6 B R X/ TR R RAR R LE W) 2 FE 1 & Th e #r 301

D =N = MOM = MOO =0

s__Humicola nigrescens : : 3 }

g Humicola : : : |

s Zopfiella longicaudata :
o__Pleosporales
¢__Dothideomycetes
s__Pyrenochaetopsis leptospora
g Pyrenochaetopsis

f Cucurbitariaceae
s__Alternaria alternata
p__ Zoopagomycota

g Hypomyces

g_ Syncephalis

c_ Zoopagomycetes

o Zoopagales
s__Acremonium nepalense
g Phaeosphaeria

f Piptocephalidaceae

g Alternaria

f Phaeosphaeriaceae

f Pleosporaceae
o__Hypocreales

¢ Sordariomycetes

f Nectriaceae

g Fusarium
s__Acremonium furcatum
f Filobasidiaceae

g Filobasidium

f Didymosphaeriaceae

f Sympoventuriaceae
o_ Venturiales

f _Stachybotrvaceae

s__ Xenomyrothecium tongaense
g Xenomyrothecium

s Gibberella avenacea

f Didvmellaceae

g Epicoccum

g_ Scolecobasidium

g Neopyrenochaeta

f  Pyrenochaetopsidaceae
s__Epicoccum thailandicum
s__Epicoccum draconis

f Cladosporiaceae

s Parasarocladium debruynii
f Sarocladiaceae

g Parasarocladium

g Ampelomyces

f Leptosphaeriaceae

f Pezizaceae

0 1 2 3 4 5 6
LDA score (log,,)

5 WRIETEARMERNRREZOMEYIR LDA BIE  A-B: MRFr HIEA R A ER B R
YROBUEDR ARG R B R ; C-D: MER LA R (C)FI L (D) URMEAZ O UE Y 9 LDA B{E i &
Figure 5 Representative core microbes and their LDA scores of bacteria and fungi in rhizosphere soil. A—B:

The phylogenetic trees of the representative core microorganisms of rhizosphere soil bacteria (A) and fungi (B);
C-D: LDA scores of the representative core microorganisms of rhizosphere soil bacteria (C) and fungi (D).
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Figure 6 KEGG functions analysis of rhizosphere bacterial functions in the Ophiopogon japonicus-maize
intercropping system. A: Level 1; B: Level 2; C: Level 3.
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Figure 7 Principal component analysis of rhizosphere
bacterial functions. A: Level 1; B: Level 2; C: Level 3.
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Figure 8 Column diagram (A) and cluster heatmap (B) of rhizosphere soil fungal functions annotation.
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