HEYRZEFER 2022, 40(2): 155~168
Plant Science Journal http . /www.plantscience.cn

DOI.10. 11913/PSJ. 2095-0837. 2022. 20155

HHE, KB, THEE, A A E S M R SURCE R A RA N IR AN S e e [ J ] AR 4R, 2022, 40(2) : 155-
168

Dong QQ, Zhang KP, He MY, Huang W. Plant competition and insect herbivory mediate the impact of invasive plants on soil bacterial
community and function[ J]. Plant Science Journal, 2022, 40(2) . 155—-168

BEYZESEMERANRATANEREYX
B 40 = B 5 A0 I BE AU =2 Wi

EEFEOY, ORERTS, M@, B A

(1. VY5 5 = A S S AT ST ey, HEEY 8500005 2. PR AR, $ip® 850000; 3. FERBFF R IUEY
o E R E B K A A Y S T S SEER S, I 4300745 4. W ERMERE R, JEET 100049,
5. Hp E BB AZ A R E ol B 430074)

# OE. D ARHYZS O ¥ T 5 (Alternanthera philoxeroides (Mart.) Griseb) . 7 1 it % M 3% + %5 ( Alternan-
thera sessilis (L.) DC) . 4 pjj R f¥E 5 H Mk i ( Agasicles hygrophila ( Selman & Vogt) ) FlIAS i . g R Ef =4k
fa i ( Cassida piperata ( Coleoptera. Cassididae) ) NWFFEX 4, #r 3 FAaPFAE = (5 0 EF R fp | %
FHRERF | 20T ROFE T RIRAFE ) F1 4 Fh R R 288 (o R RUBCRr | RSSO e AR, S M Ik
FHECE, PR E R BB, 38 sl P BRI e 4 . B U DA S 38 28 1A R A 4% A {24
YIx AR RIS R . SRR, Y BRSO A E AR N T S A TR U 0 ) il 2 R R A
(Observed sub-OTUs) . &BFAIEH (Shannon) . R4k & £ kM 48 £ ( Phylogenetic diversity ) A4 ) B 48 %
(Evenness) ¥ T W50, RN RE O RUIL S 1 R W IR R Y alpha 2840, JFHAEY 7
R B E T AN alpha Z2AEMECE RAIEVE R, (AP 765 D08 T DI R R R 4540, FRIR T &
P ANALRE S R A A A AT SR8, TR T BRAT B B AT B2, [RIE, MW 5 B i IO /Y 38 B AR AT AR
PR TE T RN IR TR BE IR 45 . SRS TSI RS E R SE 0, 130 1 26 W 0 3 X - S ARA: W ) TR 9 2 A A )
AEELA RPETER . HEBITAL SR AR AL ) 1 52 i ) 55 2 2% LT ARAE S M A R 22

KR SCRAREY); Y S, BIREE; HIHEMERAS; alpha ZHPE

FESES. Q948 XERARIRED . A XEHS . 2095-0837(2022)02-0155-14

Plant competition and insect herbivory mediate the impact of
invasive plants on soil bacterial community and function

1,2,3,4 13,5

Dong Qing-Qing , Zhang Kao-Ping®®, He Min-Yan®®* | Huang Wei

(1. Research Center for Ecology and Environment of Qinghai-Tibetan Plateau, Tibet University, Lhasa 850000, China;

2. College of Science, Tibet University, Lhasa 850000, China; 3. Key Laboratory of Aquatic Botany and Watershed
Ecology, Wuhan Botanical Garden, Chinese Academy of Sciences, Wuhan 430074, China; 4. University of
Chinese Academy of Sciences, Beijing 100049, China; 5. Center of Conservation Biology, Core
Botanical Gardens, Chinese Academy of Sciences, Wuhan 430074, China)

Abstract. Exotic plant invasion is an important driver of biodiversity loss. However, little is
known regarding how exotic species influence biodiversity belowground and whether such
impact can be regulated by other biotic stresses, such as plant competition and insect

herbivory. In this study, we used the invasive plant Alternanthera philoxeroides ( Mart.)
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Griseb, native congener Alternanthera sessilis (L.) DC, biocontrol agent Agasicles hygrophila
(Selman & Vogt), and native insect Cassida piperata ( Coleoptera; Cassididae) as a study
system. We established three plant combinations ( monoculture of Alternanthera philoxeroides,
monoculture of Alternanthera sessilis, and mixture of Alternanthera philoxeroides and
Alternanthera sessilis) and four insect herbivory treatments ( no insect herbivory, Agasicles
hygrophila herbivory, C. piperata herbivory, and Agasicles hygrophila + C. piperata
herbivory). We examined how plant competition and insect herbivory mediates the impact of
invasive plants on soil bacterial community using high throughput sequencing. We found that
plant competition, herbivory treatment, and their interaction did not affect the observed sub-
operational taxonomic unit (OTU), Shannon, Phylogenetic diversity, and Evenness indices.
These results indicated that neither Alternanthera philoxeroides nor Alternanthera sessilis
affected alpha diversity of soil bacteria, and plant competition and herbivory did not exert a
mediating effect. In contrast, plant competition strongly affected the composition and structure
of the soil bacterial community, decreasing the relative abundance of Chlorobacteria and
chemoheterotrophic bacteria while increasing the relative abundance of Acidobacteria.
Moreover, plant competition and its interaction with herbivory further regulated the impact of
Alternanthera philoxeroides on soil bacterial community composition and structure as well as
dominant and functional phyla. Our study indicated that such impact was further regulated by
other biotic stresses. Therefore, biotic factors should be included when evaluating the impact
of invasive species on biodiversity.
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AP . AGAEYZS 3 T RUIFIAE , AS: ARHUAEYIE TR ALBRAE , AP + AS: AfRAiiy=s Lo 7 AR M
MYRET IR AR, Control: JRRA MU, AH. AP M BBk SR, CP. AR Ml R A 38
PRI E; AH + CP. PR BFEINIRE, TR,
AP . Monoculture of invasive Alternanthera philoxeroides; AS. Monoculture of native Alternanthera sessilis;
AP + AS. Mixture of Alternanthera philoxeroides and Alternanthera sessilis. Control; No insect herbivory; AH.
Biocontrol agent Agasicles hygrophila herbivory; CP. Native insect C. piperata herbivory; AH + CP. Both
herbivory. Same below.
E1 AELETHRABIINENEE
Fig. 1 Relative abundance of phyla under different treatments
®1 EYESFEEHRNANHAE alpha SHEEBNNEZAESF
Table 1 Two-way analysis of variance (ANOVA) of plant competition and insect herbivory
on alpha diversity indices of bacteria
o H4 e ) <
RS Plant Herbivore Plant x Herbivore
Diversity index
df F P af F P df F P
Yikh Z A4 4
Observed sub-OTUs 2 0.198 0.822 3 0.488 0.694 6 0.068 0.999
e
AR 2 0.297 0.746 3 0.410 0.747 6 0.774 0.598
Shannon
AT AT B B R
PRI 2 0.754 0.481 3 1.037 0.394 6 1.330 0.283
Evenness
e o B
AR E DR 2 0.447 0.645 3 0.482 0.698 6 0.107 0.995

Phylogenetic diversity

T RPEEIE « AR, TR,

Note: All data in table are mean = SD, same below.
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=AU

FIH % T ¥ (1) Bray-Curtis 5 5 # 1T PER-
MANOVA 5381, 4554 il 7= 4 ) 40 6 XoF 200 181 R 45

FAT S 2 MRS A, X VR AR S 0 BN 6.9%
Y55 R R BCE 52 AR 4 B EE S5
W, HRRR 19.2% (% 2, EI3: A),
A, FIHETYRAETE S B Jaccard FE B #F
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Fig. 2 Effects of plant competition and insect herbivory on alpha diversity of soil bacteria
%* 2 PERMANOVA ®lEMESERANAN TIEAFHFEERNZMN
Table 2 Permutational multivariate analysis of variance (PERMANOVA) of influence of
plant competition and insect herbivory on soil bacterial community differences
. ik} J:'Gcy Y < B
A B Plant Herbivore Plant x Herbivore
Distance
af R? P af R? P af R? P
%ﬁ%’ﬂﬁ%%?{‘ﬁ%ﬂﬁ%@ 2 0.069 0.024 3 0.085 0.286 6 0.192 0.003
Bray-Curtis distance
A it B
A 2 0.066 0.016 3 0.085 0.322 6 0.186 0.014

Jaccard distance

. HRERTE P < 0.05 K FHAT BERN, TR,
Note: Bold value indicates significant effect at P < 0.05 level, same below.

PCo2 ( 8.03% )

B CREREE Control B BEHEfr AH B e CP =8 JLFHEIE AH+CP

0.157 A X B
0.101
—~ 0.107
0.051 &
< J
0.00- : 0.00
o)
(&)
-0.057 & -0.10
-0.10+
-0.20 -0.10 0.00 0.10 -0.20 -0.10 0.00 0.10 0.20
PCo1 (8.93% ) PCo1 (5.55% )

A: %F Bray-Curtis; B: LT Jaccard g,
A: Based on Bray-Curtis; B: Based on Jaccard distance.

3 PCoANHEYZESERANEZ ATEAREEERM
Fig. 3 Principal coordinate analysis (PCoA) of differences in soil bacterial community
between plant competition and insect herbivory
© Plant Science Journal http://www.plantscience.cn
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ARHFFE RN, L)AL A X R T T R R A TR
A BEZm(E3), £ 3MEmasT, EF
FEARP I R R T ((4.22 + 0.64) %) FI&R 75
7((10.84 £ 1.75) %) WA F R e, A4l
HHRBIRE N TAERXBRITETT, T E
U1 BEBREA ], BB TR 1] A AR A R A
WX 3, B4), MFRAFEmNS, FELR
U R SR P e R A, A 0 S T A

IR AT T T Y AH R S ((22.57 +£1.94) % K
(22.51 + 1.06) %) 5 fm1 o 7F MR B =2 44t o FH A 3
LN 0 R ) G i N S o | ERIINS L A o R
F ek /2 FF TR 1T M A X O B s ((21.31 ¢
0.88) %), XTI T, EIFH=EpfaH
BRI, S5 F 5 8RR i LR BT A A X
((11.22+ 8.02) %) i, FE MRS B B A3
A 0 S G = i N A | BN e e
ISy FRAF BT T B AR F2 8 ( (10,13 +£ 6.96) %) fix
o KT T BUBR R T 1IM5, 76 % 55 E M Bk R Bl
HUREERE P R R, RIS O E TR
Fofv et J8 L AT 1D B AE X R B ((2.31 £ 0.24) % K
(2.57 + 0.22) %) f o XF T 28 5 MLAT 58 1] i
T, fEJCR R IR S B IR, A0
T - BRSO BN TR T A AR X SR ((7.58
0.55)% M (7.17 + 0.35) %) fic &, &A1 76 240 1
BT HEAT WUE 2 o b, 45 A & BLAE W) 48 5 %

®3 EYRSSESRANAMNEREITHNEERLTESHT

Table 3 Two-way ANOVA of plant competition and insect herbivory on bacterial phyla

o i R i x
ME] Plant Herbivore Plant x Herbivore
Bacterial phylum
af F P af F P af F P
.Mﬂlﬂn. 2 2.333 0.119 3 0.225 0.878 6 2.915 0.028
Acidobacteriota
.ﬁi%lﬁlj. 2 7.365 0.003 3 1.535 0.231 6 1.932 0.116
Actinobacteriota
ARJR
Alpha-ZEJP AT ] . 2 0.777 0.471 3 0.911 0.450 6 1.996 0.106
Alphaproteobacteria
Armatimonadota 2 0.287 0.753 3 0.672 0.578 6 1.707 0.163
?H*T‘lill? 2 1.344 0.280 3 0.407 0.749 6 4.040 0.006
Bacteroidota
LA
R %‘ﬂ. 2 6.207 0.007 3 2.468 0.087 6 1.313 0.289
Chloroflexi
WG] 2 2.694 0.088 3 0.947 0.434 6 2.575 0.045
Desulfobacterota
ARFL G
y LA ) 2 1.200 0.319 3 0.115 0.950 6 1.117 0.382
Gammaproteobacteria
%ﬂ@@” 2 0.458 0.638 3 1.904 0.156 6 3.758 0.009
Gemmatimonadota
Latescibacterota 2 1.008 0.380 3 0.690 0.567 6 1.014 0.440
Methylomirabilota 2 0.845 0.442 3 0.744 0.536 6 1.522 0.214
Myxococcota 2 0.717 0.498 3 0.072 0.975 6 1.917 0.119
NB1.j 2 0.814 0.455 3 1.686 0.197 6 0.359 0.898
ﬁﬁﬂi%.m 2 2.983 0.070 3 0.353 0.787 6 1.124 0.636
Nitrospirota
Planctomycetota 2 1.531 0.237 3 0.134 0.939 6 1.554 0.204
ST
JERUAT] 2 0.211 0.811 3 0.050 0.985 6 0.722 0.636

Verrucomicrobiota
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Fig. 4 Effects of plant competition and insect herbivory on dominant phyla of soil bacteria
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Table 4 Two-way ANOVA of plant competition and insect herbivory on bacterial families

o i W Hi x Bt
AR Plant Herbivore Plant x Herbivore
Bacterial family
af F P af F P af F P
ST Y N
Beﬂi%ﬁﬂ 2 3.384 0.051 3 1.640 0.207 6 1.236 0.323
Anaerolineaceae
Bacteriap25 2 0.724 0.495 3 0.691 0.567 6 0.806 0.575
Chitinophagaceae 2 3.134 0.062 3 0.925 0.444 6 1.665 0.173
AT ERIEF 2 0.255 0.777 3 0.098 0.960 6 0.360 0.897
Comamonadaceae
11-24 2 0.456 0.639 3 0.862 0.474 6 1.908 0.121
WA AR
/‘ﬂ:%].ﬂ 2 0.752 0.482 3 0.151 0.928 6 5.200 0.002
Flavobacteriaceae
%$H@Eﬁ4 2 0.620 0.546 3 1.842 0.167 6 4.671 0.003
Gemmatimonadaceae
Haliangiaceae 2 3.995 0.032 3 0.380 0.769 6 2.164 0.083
Latescibacterota 2 0.942 0.404 3 0.718 0.551 6 1.069 0.408
NB1-j 2 0.814 0.455 3 1.686 0.197 6 0.359 0.898
.W‘Eﬁﬂsiﬂﬂ[ﬁﬂ 2 1.750 0.195 3 1.745 0.185 6 0.673 0.672
Nitrosomonadaceae
ﬁﬁﬂ:ﬁﬁ%ﬁm@ﬂ 2 2.875 0.076 3 0.373 0.774 6 1.091 0.396
Nitrospiraceae
Pyrinomonadaceae 2 0.202 0.819 3 0.707 0.557 6 1.406 0.253
Rokubacteriales 2 0.744 0.486 3 0.646 0.593 6 1.697 0.165
SC-1-84 2 10.144 0.001 3 0.921 0.446 6 0.889 0.519
s .
%Hﬂ'qﬁ‘ﬂ@mﬂ 2 0.544 0.587 3 0.513 0.677 6 1.014 0.440
Sphingomonadaceae
Subgroup_22 2 1.021 0.375 3 0.462 0.711 6 0.485 0.813
Subgroup_7 2 0.814 0.455 3 0.765 0.525 6 2.655 0.041
TK10 2 1.452 0.254 3 0.653 0.589 6 0.876 0.527
Vicinamibacteraceae 2 1.194 0.32 3 0.228 0.876 6 1.813 0.139
Xanthobacteraceae 2 0.302 0.742 3 0.919 0.447 6 2.027 0.101
AR 2 0.822 0.452 3 0.772 0.521 6 1.896 0.123
Xanthomonadaceae
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Fig. 5 Effects of plant competition and insect herbivory on soil bacterial functional phyla
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Table 5 Two-way ANOVA on effect of plant competition and insect herbivory on bacterial functional phyla

s i B Hiy > e
Uit Rt Plant Herbivore Plant x Herbivore
Functional bacteria
af F P df F P af F P
S oy g
fenest 7w 2 3.293 0.055 3 0.189 0.903 6 2.333 0.065
Chemoheterotrophy
S e =g =\ F)
Eﬂﬂ:ﬁh#%i 1.858 0.178 3 0.266 0.849 6 1.762 0.150
Aerobic chemoheterotrophy
W i A [ TR
m@*"“ﬂﬁi. 2 1.728 0.199 3 0.460 0.713 6 0.345 0.906
Nitrate_reduction
i/ it 76
ILTDE%%* 2 0.788 0.466 3 2.004 0.140 6 1.562 0.201
Chitinolysis
Y it R
AR G 2 0.947 0.402 3 0.475 0.7083 6 0.904 0.508
Phototrophy
/ 1
W?ﬁ%ﬁ¢ 2 0.132 0.877 3 0.367 0.777 6 0.407 0.867
Ureolysis
e [ Fe T
e AR 2 0.839 0.444 3 0.534 0.663 6 1.072 0.407
Photoautotrophy
TN
B o ' 2 0.834 0.447 3 0.503 0.684 6 1.034 0.428
Cyanobacteria
b -
ﬁ%@ TR 0.834 0.447 3 0.503 0.684 6 1.034 0.428
Oxygenic-photoautotrophy
T I g 5
. R ¥&. . 2 1.092 0.352 3 0.565 0.643 6 1.574 0.198
Nitrate respiration
R
AR 2 1.092 0.352 3 0.565 0.643 6 1.574 0.198

Nitrogen respiration

3 g

3.1 HEYEHFEEHRAX LIEME alpha ZH#
4 B 4 i

AR, AR AR LI alpha 24
PERYRE M2 30261 TR R, SR AR
SN HEAN T AR Y Zheng 4B ZEXTAN R
K H 48K 5 ( Spartina alterniflora Loisel ) {5
KIS Chaol F5EFN Shannon 554 bE & 41
KA ARG AN, (H, WA Rk
NRAEI N SR alpha Z2FREPETC W32 5 ),
TS e T H R R IR ( Stipa) MR PR
TR AE W AT T 5T & R, LA B A 48 40 T Y
alpha ZFEMERA W25 . Zhang 555 (AR A
12 AHY) /N %& B ( Erigeron canadensis L.) FI#F5E
KA AN Richness 8806 AS [R] AR B Bt A4 i
M, X SGAHRE R 8, 7R DR
—HEE . TR R DA O T RO S O
THRIRFIH G, HIRAERIEH Observed sub-
OTUs. Shannon, Phylogenetic diversity } Even-

ness fREN L # 2 5, RS LEFFMAR
FA I IR alpha 2840, - HA5 0% 7
5[] & S T e At RN B RET I alpha Z2EETE
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AL, AR d R R R T AR ) 1 4
AT alpha ZFEPERY R Bildn, Zhou %1
KIGEA B RECEML, SN AR T Ak
FE52 3 B AR 5 2 S 4G i - e A 1 PLFA &
. BRI, AHFFTA, R I B e AR - A e
7% alpha ZFEMT0 R E 5, X rlaes R A iE i
SRIEAT I, DA & 0B QUL IR iR B2 L) i
KRB EAES R E Y R R YR, (B
v IR 5 BE ISP K 8 ( Oryza sativa L.) A bk 1 2
A P A i ST 2 R AR AR R AR
BRI E R, AT RE IR R EE G, A
SIS R R IE fEERREL N 5% ~ 10%, A
& DLBOE A R , TR IR LS T N %%
SR R ENAFERE, ik, SRS OET
FR A YN E 1Y alpha 2860, - HAE
Wsedr, B AR G AR W IR 2t A X A A P
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