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Comparative study on soil bacterial community diversity in
different invasive regions of Ageratina adenophora

LIU Xu, KONG Lingjie, YANG Kang, HAN Yuelong, ZHANG Fengjuan*
College of Life and Science, Hebei University, Baoding, Hebet 071002, China

Abstract; [ Aim] The alien plant Ageratina adenophora can do serious damage to the environment and agriculture production. Com-
parative study on soil bacterial community diversity in different invasive regions of A. adenophora greatly enriched the soil microbial
hypothesis of invasive plants and provided an important theoretical basis for the prevention and control of A. adenophora. [ Method ]
Phospholipid fatty acid (PLFAs) analysis and 16s tDNA high-throughput sequencing were used to analyze and compare the bacterial
communities in the rhizosphere soil of different severely invasive areas of A. adenophora. Based on this, correlation analysis and prin-
cipal component analysis were used to explore the relationship between soil bacterial community and soil environmental factors. [ Re-
sult] (1) The ratio of bacterial content in the rhizosphere soil of A. adenophora to the total amount of microorganisms in each sam-
pling area was higher than 60%. The soil bacterial concentration in Y2 was significantly higher than other samples, reaching 123.74
wg - g ', but the number of phyla, families and genera detected in this area was lower than other sample areas. (2) At the level of
the phylum, the top five phyla with the highest relative abundance in all soil samples are Proteobacteria, Actinobacteria, Acidobac-
teria, Bacteroidetes, and Verrucomicrobia. In all soil samples, the relative abundance of Proteobacteria is the highest, whose pro-
portion in the bacterial community is more than 30%. At the genus level, the four sample areas have different advantage genera. The

dominant groups in Y1 are Pirellula and Bacillus, and the dominant bacteria in Y2 are Lactobacillus, Mycobacterum and Bradyrhi-
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zobium, the dominant bacterium in Y3 and Y4 is Sphingomonas and Psedomona respectively. (3) The environmental factors such as
soil available potassium, ammonium nitrogen, organic carbon, sucrase, urease and protease have significant correlation with soil
bacterial community Alpha diversity index; environmental factors such as soil available potassium, nitrate nitrogen, organic carbon,
invertase, urease and protease affect the bacterial community composition in the rhizosphere soil of A. adenophora. [ Conclusion ]
There are differences in the concentration, phylum level and genus level of rhizosphere soil bacteria in different invasive areas of A.
adenophora. Soil available potassium, organic matter content, invertase, urease are the main factors affecting soil bacterial communi-
ty structure.
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Table 1 The general situation of sample location

i A HhL LI A [E523
Sample Sample location Longitude and latitude Habitat Aliitude/m

Y1 R XA B 22°46'4'N,101°0'6"E  KRIEISIFEHY , 56257 > 3 80% ~90% 1330
Pu’er College, Simao District, Pu'er Off-campus wasteland, A. adenophora coverage is 80% ~90%

Y2 BEWAEKX 24°26'19'N,102°34"14°E HEIATEHN, S 2P 2 50 1 83% ~95% 1680
Hongta District, Yuxi Roadside wasteland, A. adenophora coverage is 83% ~95%

Y3 BRMWEEXEE 24°56'5'N,102°43'25"E Sk, 257 225N 85% ~95% 1890
Baofeng, Guandu District, Kunming Wasteland, A. adenophora coverage is 85% ~95%

Y4 BUIWPELIX 24°58'40'N,102°36'59"E  PHILIJG 11, 8253 2 82 B2 90% ~ 95% 2100

Xishan District, Kunming

Western Mountain, A. adenophora coverage is 90% ~95%
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Table 2 Phospholipid fatty acid (PLFA) signatures of soil micro-organisms
Tl EHZE A Microbe type BIITR Fatty acid
22 [T 10 : 0 30H;12: 0;12: 0 20H;14 : 0;16 : 1 9¢;17 : 1 w8¢;17 = 0 cyclo;17 : 00518 = 1 w5c;18 ¢ 00;
Gram negative bacteria 18 : 1 ®7c 11-methyl;19 : 0 cyclo w8c
2 PG PR 20 11 :020H;13 : 0is0;13 : 0 anteiso; 14 : 0 iso;14 : 0 anteiso; 15 : 1 iso G;15 : 0 is0;15 : 0 anteiso;
Gram positive bacteria 16 - 1iso H;16 : 0 iso;17 : 0 is0;17 : O anteiso;19 : 0 is0;19 : 0 anteiso;20 : 0 iso
HEAE Fungi 18 : 1 w9c
JZE T Actinobacteria 14 : 1 ®5¢;17 : 0 10-methyl;18 : 0 10-methyl, TBSA
M HAREH AMF 16 : 1 w5c

®3 EAEMTEMEMSEHBERNRSE (n=3)

Table 3 The contents of soil microbial PLFAs in different soil samples (n=3)

- MAEBEIRARITIR & i HABHIRNRI R S MEREBRIE IR A i AME BRARSII R S BUEYEBRIR SRR o

. Total bacterial PLFAs/ Fungal PLFAs/ Actinomycetic PLFAs/ AMF PLFAs/ Total microbial PLFAs/

Sample -1 -1 -1 -1 -1
(ng-g) (ng-g) (nhg-g™) (ng-g) (ng-g)

Y1 16.70+0.57a 2.38+0.06a 0.63+0.01a 2.61x0.13a 22.33x1.15a

Y2 123.74+10.17b 19.69+1.17b 6.94+0.25b 14.81+£0.97b 165.17+12.56b

Y3 44.46+2.78¢ 9.39+0.35¢ 3.99+0.20¢ 12.10+0.77¢ 69.96+7.01c

Y4 55.16£1.99¢ 16.01x+1.02d 5.66+0.31d 3.49+0.12a 80.31+4.45¢

[FIZ R CF IR ER) SR ARG FHE RN E 5% KK L 225 B,

The data ( means+SD) in the same column with the different letters mean significant differences at 5% level.
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Fig.1 Soil microbial community relative content accumulation

histogram in different locations
Y18 AR Y2 BB AKX
Y3 R R Y4 RATPE LR,
Y1: Simao District, Pu’er; Y2: Hongta District, Yuxi;

Y3: Guandu District, Kunming; Y4: Xishan District, Kunming.
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Fig.2 Principle component analysis of soil microbes
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Fig.3 Rarefaction curves of the bacterial assemblages
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Table 4 Alpha diversity index of bacteria in different samples

§ Shannon 54X Simpson F5%% Chaol 5%
s 5 Q, /|

PR Sample Shannon index Simpson index Chaol index PD_whole_tree
Y1 10.14+0.04 0.0028+0.0001 6030.03+334.60a 293.00+8.46a
Y2 9.91+0.10 0.0033+0.0006 4769.31+383.99h 248.83+2.83b
Y3 10.00+0.05 0.0032+0.0003 5855.29+134.59a 268.15+6.79¢
Y4 10.03+0.11 0.0054+0.0010 6183.42+313.05a 301.12+1.22a

[FIZ B CF IR ER ) SR A R/NG PR B FRORAE 5% KK L2257 B3

The data ( means+SD) in the same column with the different letters mean significant differences at 5% level.

4 #HE OTUs 5%+ B E
Fig.4 Venn graph of bacteria OTUs distribution
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Fig.6 The relative abundance of bacteria in Phylum level
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Y1: Simao District, Pu’er; Y2: Hongta District, Yuxi;
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Fig.5 Principal component analysis of

soil bacterial communities
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Fig.7 The heatmap of bacterial relative abundance at the genus level

Y3: Guandu District, Kunming; Y4: Xishan District, Kunming.
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2.5 HEREAMER

AR IR o RN & A 2 R
(FR5). Y3 FEm 00 0 SO e S R M
WM o i 35 i T A DXk, Y2 A R

(RSSO B AS L A AU | TR T | TR T | B 1R
il LA R P il e 2 e TR AL RS
R A, Y1 B S R i () oAt 5% 73 Bl i 5%
BT Y2.Y3 . Y4 KR,

x5 TEESTEEREAMER
Table 5 Physic-chemical properties of soil samples in different areas
B H (i K AR A A SRS = AR
o P Available phosphorous/ Available potassium/  Nitrate nitrogen/ Ammonium nitrogen/ Organic carbon/
Sample pH value ] 1 I 1 o
(ng-g) (pg-g™) (mg - kg™") (mg - kg™") (g-kg)
Yl 7.00+0.04ab 1.90+0.18a 165.27+2.18a 2.69+0.07a 319.83+2.05a 6.27+0.18a
Y2 6.85+0.05b 21.32+0.35b 295.43+3.28b 27.34+0.26b 255.37+7.28b 68.45+0.31b
Y3 7.52+0.29a 47.93+0.31¢ 249.25+3.44¢ 3.85+0.11¢ 420.00+5.77¢ 19.27+0.65¢
Y4 7.13+£0.07b 12.05+0.30d 202.93+4.03d 6.68+0.60d 327.97+5.09a 36.95+1.28d
FE BN & ot 2 TR R il P Ot P i A
. Sucrase activity/ Urease activity/ Alkaline phosphatase/ Acid phosphatase/ Protease/
Sample -1 -1 -1 -1 -1
(mg - g™) (mg - g™) (mg-g™) (mg - g™) (mg - g™)
Y1 4.66+0.28a 2.78+0.32a 80.21+1.92a 61.62+2.81a 12.68+0.83a
Y2 43.04+0.79b 51.66+0.57b 185.92+3.72b 141.30+3.72b 68.45+0.34b
Y3 30.84+0.18¢ 14.27+0.34c 167.33+1.84c 198.67+2.12¢ 43.76+2.04c
Y4 13.08+0.49d 6.91+0.62d 113.68+2.32d 151.39+1.84d 26.35+0.55d

[0 CEE R ER ) JF ARG FRE FRIRE 5% KK L2257 B3

The data ( means+SD) in the same column with the different letters mean significant differences at 5% level.

26 EEF=ZARANEBXBTIEAERHEFEER
B SMERFHXR

ARSI A R A T 25 S K R
B T ERR B DY o A S 0 LSRN T 2 A M
EE’]{“{,,E}%}T&JEH Pearson #1253 M1 A&z Mantel test
THER T 208 F 7 2 PR 4R O 2 5 2% R85 ) 1
ZEP KRR, LHENF5 M E R Shannon 1§
BN Simpson 85070 0. 3 40 ¢, Ui B + 1A 5 X 7
RN 4 AR A LSRR T AR A R e, T
SR B S A A LR | TRERE I | DK I8 AN 2
it AR Chaol 580 1o 35 B0 2 5 A0 G,
VLR L b IR R 7 B 5 T B A R Y R
HE(FE6), MR, L AR A Pk
TREWHG | 2 1l LR JOR A% 5 200 T R 5 4 AT A
FAHK(P<0.05) , RILA b BRIE 73 {2 25 520 1 4
WRERIVAR (R 7). &5 LR, R0 A
BB R e | D 6 LA R 2 P T 52 ) S ) A A 5%
ZEPEARPR LA R A 1) B R
3 itie

e 4 A R R K R ) 2 —
(SKEEAAE,2016) , SMRAE Y K s s 5 ] LA i
B -3 3R 36 A O Y 4R 1 K0 R fin e 4
AIFRIMIEER, 2 o A AR R 0] 13 37 23 i F

PLAE 3t A & B AR K 38 FT T 0 (A 208 A
2007a) , WH ALK EL Spartina alterniflora Loisel. Hi}
s 8 r A A e oK, R A Pl 2
YERT (8 7 45, 2017 ) 5 4% H % Mikania micrantha
Kunth HRF5 58 o 40 7 2 f 0 2 5 T LR 2k
P (B, 2015) , AR SR E S PLFAs 204
LA PCA , K BUASHE m IR rh Al ol 5 1 P
Fe 4 o e, HLARTE % 1 22 9 2 R EUR R AR IX
BB 2 R EEIN R, @i 16S 1D-
NA {38 S5 A& B, & AR DX I A T ]2
Hrr AL, AEAE A XIS ) ) 26 40 T8 1 75 B A7 AR
REFES, i AV ET] R ERER A
WRAT A ] & A Ay, 3K 5 4 2005 45 (2007b) Al
KI5 (2015) BIBFFR S5 RARML, BF9E R BT, IRAT
LB [P S R e e b= 2 ' B S ST S s
BETIZAAAE T AR A ARG h, 2005 L340
KR 5% ~46% , AT BE S {d BfE T3 iU 45 7R T/ (Ellis
et al.,2003) ;AT BRI 1 HIEERERR 178 22 Rl AR P
b R AR, NG Vitis vinifera L. ( Vega-
avila et al. ,2015) \Z1. 255 Phaseolus vulgaris L. ( Suy-
al et al. ,2015) 2§ Helianthus tuberosus L.( Yang et
al. ,2016) s MM ] 22 0 4 3 rp (9 IE 7 A (R
)24 ,2015)
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Pearson 18 &7

Table 6 Pearson correlation analysis of environmental factors

and soil bacterial community diversity index

Shannon  Simpson Chaol
HEiH T EizEd Ei=Ed EiEd
Environmental factor Shannon  Simpson Chaol
index index index
pH {H pH value 0.173 0.073 0.453
LMW Available phosphorous  —0.297 0.155 -0.136
FEZLH Available potassium -0.490 0.197 -0.640 "
Y%A Nitrate nitrogen 0.097 0.040 0.504
A% Ammonium nitrogen -0.452 0.123 -0.738* *
A PR Organic carbon -0.537 -0.086 -0.634"
HEWERE Sucrase activity -0.528 0.217  -0.666*
KT Urease activity -0.500 0.177 -0.775 " *
TRPERHREG Alkaline phosphatase  —0.544 0.169  -0.579
FRPEWEIRME Acid phosphatase  —0.408  —0.080 -0.089
E 4 Protease -0.517 0.178 -0.687 *
K Altitude -0.279  -0.371 0.147

T REBENE P<0.05; " T fREEE M P<0.01,
* indicates significant differences at 0.05 level; * * indicates sig-

nificant differences at 0.01 level.

x7 HEESEEBIIAERE TR Mantel 156
Table 7 Mantel tests of bacterial community and

environmental factors

HHE T

Environmental factor " P
pH {H pH value 0.053 0.357
MR Altitude 0.332 0.020
FEAHE Available phosphorous 0.068 0.221
B Available potassium 0.710 0.001
A Z Nitrate nitrogen 0.935 0.001
2%, Ammonium nitrogen 0.188 0.102
A ML Organic carbon 0.918 0.001
WEAHEE Sucrase activity 0.691 0.001
WX Urease activity 0.838 0.001
R PEBEFREE Alkaline phosphatase 0.562 0.201
FRMEWERLEE Acid phosphatase 0.173 0.112
FE T Protease 0.761 0.001

ARSI A A SRR S v A R X T B A
FIR) 200 T D 2 T 1D 08 1R B T s R A e P
J& TR BT 18 A B T s R RE T DAY 2R AT
TR A B A 248 AT 11 1) e 2 O J A 0 4 DX B B
i PR R A, AR AR A (2007h) BB, SRR
2R PR L A T R 2R AT BRI B B A
3 X ELAT S A B R AR PR A 25 1A 0
BRYER 75 56250 2 B E 5 A Y e e b T
ARIHAL, PRI TR R | T R R A 2
WE A S 8 b 0 a8 AR W R RE (Ot TR A
2018 ; Chaintreuil et al. ,2000) , 7£ + 5% R IEH H
WEZMER, X2 ARE, HREE R4

PR TR | A= 181 5608 5 ATt D RE T 25 v T AS A
PImRPr L3 X SETIRE R 2 5 T AR B, AT ) 42
FEYIPR A AR, P S 2 AR K HAE S A
HAE Y5 2 TP AR 3 (EESE,2012)

I TR U P R e R AR R R R
Z—(EEHEF ,2006) . ASHESERTE 13 AN T
B> P, A0 R TS B E AR BE L A B
e B 22 5% b, 20 B 5 Murdannia nudiflora
(L.) Brenan PR L IEF AU & i 5 i AL &
it | PR it | 2T 24 2% Tl R U W8 9% 1 A7 E — S R G
P (SRTHEAE, 2016) 5 17 EL ALK FEAR B 13 b 40 7
PLFA 5 e LRk RERRG i A Ak S0 22 W A
KA (FBIEAE,2017) o AHIETE 4 A RAFHb A AR 5
PR AR 22 30K 38 o 0 T 22 R ki BOF 1 33 )
TE ) Pearson AH IS Hr LA K2 40 BT A 7% 4 G 2R
B2 KT 1) Mantel #6556 0] H1, + 38R R g IREE 55
il 2 5 ) 5 2508 = AR 9 A TR U 1 2
R BHEIRI SAC ) A OC, B A Y
K, BIERMZE Y TG BRRAS S T IR T | e R BR
HHIE, R A ) B B 55 (2015) KB, 3%
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R AR SN .35 5 B S I AF (2016) X e 5L 5
J 4 Fbi DA RE R L3R 0 R U E M IS K
B, RHEALE AR A S IR R A
TR FIEAH KOG R AW S 45 R Wow , A LT
LS RS LIEME R H SR EY] . Zhang el
al. (2013) 45, T3 pH {H UL E 2 M (A W) AP
M EZR R EABE A &P 3% pH (B X 143
AR HE % S 2 FEPEA B W2, ] B 5058 h i A
FRE S pH (A B A X (pH=6.85~7.50)

AWFFEFIH] PLFAs 4387 H 16s tDNA 25 3 5 U]
FPOT ARG & | BB TR R AR 58 251 22 M B - 1
AR RETE A 22 5 A B0 R 4518 AN TR AR R 2R
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FIZE e B, (EAS [ 171 2 04 20 B8 AR X 3 2R
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