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Enzyme activities and bacterial community in the rhizosphere of Eupatorium

adenophorum under different soil conditions
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Abstract: Eupatorium adenophorum is a harmful invasive plant in China. To understand the invasion mechanisms, three
soils widespread in Liangshan Prefecture, Sichuan Province, including red, yellow, and purple soils with prosperous
E. adenophorum growth, were collected to study enzyme activities and bacterial communities in the rhizosphere and non-
thizosphere (about 20 cm from the roots). The results showed that enzyme activities such as catalase, acid phosphatase,
urease, and sucrase, and microbial biomass carbon and nitrogen in the rhizosphere were significantly higher than that in the

non-rhizosphere. Enhanced microbial growth and propagation resulting from E. adenophorum root metabolism activities could
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increase the numbers of microbes and stimulate their activities, which could benefit soil nutrient supply, resulting in the
prosperous growth and strong competition of E. adenophorum in ecosystems. In the three tested soils, bacterial taxon types
and principle component variances in the rhizosphere of E. adenophorum decreased or changed more narrowly than that in
the non-rhizosphere, indicating that the effects of E. adenophorum on bacterial community structures varied with different
soils. There were also huge differences in predominant bacteria among the three tested soils. Only Streptomyces- 1 was
common in the top 20 predominant bacteria in the rhizosphere of the three studied soils, and Chloroflexi KD4- 96 was
common in the non-rhizosphere. This suggests that E. adenophorum could grow well in various soils owing to a strong
adaptability to environments. However, Actinobacteria, Proteobacteria, and Bacteroidetes were dominant in all studied
soils, accounting for 60.69—78.75% of the total bacteria. In each soil type, 8—11 bacterial strains in top 20 predominant
bacteria were commonly present in the rhizosphere or non-rhizosphere of E. adenophorum, suggesting that soil types were the

main factor that governed bacterial communities, which could be changed to some extent by E. adenophorum invasion.

Key Words: Eupatorium adenophorum rhizosphere; enzyme activity; bacteria; community structure

$828% 2 ( Eupatorium adenophorum ) JRAGFHE 2 IR 2L, Je = rh 3600, 20 tH4d 40 ARARM i 35 A5 A 3K
JRE AT Fg B DO BT P S Y e DX I DL AR 30—60 km 1Y 3 1) TR AR AR AL AR &
W H T, AR A AR SR TR R AP S RO R T A RGR RIS

TR A A i, 3 Z AR ELAE ISR, AR B 3 A B AR 2 B B 5 i ) W ik
O3 IR MR L 3 53— J7 T MR AR A AT S IR Z MU E AR PRI B B3 A U HR A e e T, TSR 2
PESAR AR P 1 R AU | R A R B R BN, U A AR L A 2 TR R, &
ZEVE 2 ARBR R A RSO R S E R AN DR R O B AR R, A A i B, 2R
PEEAEE ATRARHE R ABLE  EAH DTSR $GE , 7 525 22 AR PR 18 b | R R AN B 0 25 IS
TER HE Y BONSUE TR MR Y 2R, oAb 2R 22l AR R S0 AELRR SR AR 3 R b v
Ii] 48 rp RO T, AN 2 AL 2 LB AR RS ORI R R S A A A
Horp Bl A FPE TR S e IR AR NS A R R AR Y B e S BRI AN TS
B s /b, B AR BRI R R L WML R A R A I 2 TR,
{B 1B B M B ( Pseudomonas ). S EE AL 7E B ( Alcaligenes denitrificans ) | it K KB ( Nocardia ) | fi# PR ]
( Cycloclasticus) 21415 ¥F 1 ( Arthrobacter polychromogenes) F1 . FRES /A S FT 1 ( Acinetobacter calcoaceticus ) 55 1
B A W RE AL P R | UM C R A, O FE A KRBT S R KT e D SR 2R 2 AR
AR oy A HETH TCE R .

WA LR E B, 25 A PUTRER SR 5tk S5 M il FE YRR AR SR B AL A )
SRR IR R VDA OC Y SRR 2 SRR AR R A WA IE A S T RE S e R ) B Lk
FFH RS, JE M SR B TS PERRETE 45, W 58 250 22 0 IR E W) B R A £ T e s H AR
AU, A R0 o 58 255 2 SR AL 22 A . DT Tt LM 2 58 250 22 AR B K DX o 3 T AR o Wi 5% T
T 20% . GRS VEFF Y 2 21 g BRI SR RS Y ORI T SRR
HRERAAEAR b 38 (BE B AR R 24 20 em ) 4 TG 14 R0 B RREVS 4540

1 RS

1.1 ARSI HELL

WG S A T DU N L N P B 1T (27°47'—28°02'N, 102°10'—102°16'E ) |, Ji V. HAH f S B EE PR 2 KUK
fo 434 H BR 2423.1 h AT & 1013.1 mm, 5 H o A)—10 H da) iR 2 29 5 240 90% , 4F 3425 & i
1945 mm,, 4 E L HERRONLTHE BRI O 4 R UM 255 22 0 A B RN R R R X 22— |
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1.2 FEHbBESRE SR

REAE 8 A AR i SRR L A i e KA ], R T 2016 4F 8 H Al AT, sl R B AR
FMERLIIE IR (R 1), o BIE S 2RB 2 AE KRR Y B R i A AP 18 1 & 388 5 4> 10—
15 m’ AR, ZE R MR N AL 5 8 T BMR R SEAR PR 1458 IR AE S8 28R 2 HHIAR SN2 20 em Ab 25 MR 5 45
[ 20 R AL AR 358, 78R A1 IR R 24 , B T ok G, Ay o] 52 6 = 0 7 fl B P it e L, R e — 2
Oy R R A S M (G AR S R YR IR B DR | AR ) 5 03— -20°C ORAE, H T A IR
T

R1 EZFIHMAMIEER

Table 1 Geographical information of sample sites with E. adenophorum groups

sy B4 stk HEHK/m DI
Soil type Site No. Longitude and latitude Elevation E. adenophorum groups
Z13E Red soil 1 27°47'15"N,102°15'33"E 1579 PEFC
2 27°47'18"N,102°15'29"E 1588
3 27°47'15"N,102°15'35"E 1602
4 27°47'14"N,102°15'30"E 1593
5 27°47'16"N,102°15'36"E 1582
HIE Yellow soil 6 27°49'59"N,102°16'13"E 1664 ik S
7 27°49'60"N,102°16'14"E 1650
8 27°49'57"N,102°16'15"E 1670
9 27°49'59"N,102°16'11"E 1677
10 27°49'63"N,102°16'12"E 1666
244+ Purple soil 11 28°02'27"N,102°10'53"E 1571 Tic H b
12 28°0225"N,102°10'52"E 1580
13 28°02'29"N,102°10'53"E 1559
14 28°02'30"N,102°10'56"E 1570
15 28°02'28"N, 102°10'55"E 1566

1.3 ik

KA B 75K, SO, 12 12, FE 4% R B A T vk A B 9y 5 Lb €23 20 00 52 IR Wi 0 L iR
FHEEBY i Fo Ak 3, 5- 83K IR bk Bl A — Ak R v e TR A0 v D0 MO e | T Tl T 12 1l T
Fist L S EETE T Hod o S S PR 20 min B 5T MY AL A (2T ) o IR | REWE
KPR VE W IR S PR 24 h B 50 T 387 AR 1) NH,-N R A BRI (Z250) 2R,

HU-20°C PRAF R Hr ek T 4R, 2 18 454 Sl sl )5k, E.Z.NCA Soil DNA 51 £ (OMEGA , USA) , #2H
THERLA , alifb )5 1% BB e e F UK A DNA SR/ b R Be s B M, NanoDrop2000 #5:U DNA 4fi i, TBS-
380 #5ll DNA ¥, H] ABI GeneAmp® 9700 % PCR 1%, ¥ #4414 16S rDNA V,—V, X, 5[4k 338F (5'-
ACTCCTACGGGAGGCAGCA-3") 1 806R (5'-GGACTACHVGGGTWTCTAAT-3") . PCR R WK 2 ; FastPfu 2%
7 4.0 pL . dNTPs(2.5 mmol/L)2.0 pL.531% (5 wmol/L) 4% 0.8 wL FastPfu A 0.4 pl BSA 0.2 wL ARAR
DNA10 ng % ddH,0 % 20 pL, PCR ¥ #4F2 % . 95°C FAEME 3 min;95°C 281 30 s,559C iR 4k 30 s,72°C L4 30
s, 3% 28 MMEIR, 72°C L LEH 10 min 253, BERRSE R 3 WK KRl —FER Y PCR PR & 5 H 2% B s W ¢
JBE PR L KRG, ] AxyPrepDNA B [F1R ) £ ( AXYGEN, USA) U1 (M1 PCR 724, 3 ] QuantiFluor™-
ST Wi (A5 E 1 R Ge e AN, L PR 2 e 7 B i 56 35 AR W RHEOA BRAA w47, D7 /5 O 454 GS-FLX
(454 Life Sciences/Roche Diagnostics, CT,USA) , MIFZ5HG XA RUF 3T L 0% B 5T | LBR i & A7 5155
L UEAL I 1S BNALF S, R Usearch(vsesion 7.1) FBAXHE AT 51 47T IR 500, i 48 7 51 97% AR RI 1
TE WA 4325 .70 ( Operational taxonomic units, OUTs ) , Xf & GenBank ( http : //ncbi.nlm. nih. gov) H i £ H1 ¥
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5,433 OTUs 432245 8120
1.4 HdEab
REEEH Excel 2007 F1 SPSS 19.0 AT NG 87, R FHECKT ¢ A8 303 X AR bR A AR AR PR 2
[ 2 Rl L A T 25 MR B0 (P <0.05) . FIHT 16S tDNA JEFEH 40 s devs £ w2 |
FEERER=N/N
K, N AP IR, N AN @ 19 16S tDNA 244,
2 HER5H5H
2.1 hHEREIETE
e 2 MIHT FE 50 2R P 2 AR B, 3G M D 3 e TR AR B (R SE 0 1 5 A AUl , DL B SR a1 1
R A | LB IR R 35 8 27K 7 ) AR IR AN 2. 74%—62.84% (3 ‘A AL A T ) . 7.66%—439.68% ( BETR T )
2.69%—92.73% (K[ ) F11 89.18%—562.68% ( KERHT ) .

F2 EEFZIRERFIERER L IEONEFEG

Table 2 Enzyme activities in the rhizosphere and non-rhizosphere of E. adenophorum

T4 i AL i TR 1 Wi 2 i g ity HERHG
Soils Catalase/ Acid phosphatase / Urease/ Sucrase mg/
(mg/(g-20min)) (mg/(g - 24h)) (mg/(g - 24h)) (g - 24h)
R PR Rhizosphere 0.298+0.022 * 5.99+0.14* 1.41+0.26 " 36.21+4.96
Red soil JEARBR Non-rhizosphere 0.183+0.023 1.11+0.11 0.73+0.09 5.46+0.28
B HRFR Rhizosphere 0.310+0.014 5.31:0.20" 1.42+0.22" 30.85+5.18 "
Yellow soil JEARBR Non-rhizosphere 0.296+0.021 4.93+0.16 1.07£0.19 16.31+2.70
#6064 HRBR Rhizosphere 0.337+0.011 5.52+0.19* 1.49+0.18 27.02+4.38
Purple soil HEARFR Non-rhizosphere 0.328+0.028 4.73+0.16 1.45£0.21 4.28+0.25

FREAE N EIME AR NEZE (n=5) o+ FORMRERSAARPRIEI 2257 1K 5 5% 8K (¢ 180)

22 LEEAEYE

Bt ¢ A0 FE 0 7R 2R 2R S AR BR SR W Rk R 3 e T AR AR PR (2R i SR A, HLH e A 5k
KT A MR B T AEAR PR 39.60% (£13E) (47.47% (H53E) A1 26.71% (£t ) ; U E 8 25 e
FARMRPR 18.51% (£14%) (48.13% (¥HE) M1 59.77% (@ t) (K 1),
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E1 EERLTERNEENER T
Fig.1 Microbial biomass carbon and nitrogen in soil with E. adenophorum
* TR S A RBR )2 5234 5% 5 KOF 0 Kot
2.3 LHEYNE
2.3.1 JPHVECRI S HITEL
M2 3 Al 0,454 md I A 3 - 48 rh 3545 21284—39974 4% 16S tDNA 551, 43 L3 820—1222 4>
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OPIEHIL, BCRT ¢ KRR, CORARMR PR PR 2 i TARPS 55 60 EARBR I S 802 5 TARAR B, 107 3 AR
Pr-SARMRBRARL ; LR PRAN R 0 S SRR AR TARMR B, SR AR (4 R ARPRS ARARBR AR,

F3 EEFZIRERFIEMRER 16S rDNA F 5 H 5 EK BT

Table 3 Number of 16S rDNA sequences and operational taxonomic units in rhizosphere and non-rhizosphere soil of E. adenophorum

N B Ve LiVH
I Soils Number of sequences Operational taxonomic units
Z13 Red soil #RPFR Rhizosphere 21284+290 820+45
JEARFR Non-rhizosphere 39974+729 1222474
HHE Yellow soil PR Rhizosphere 30654+483 1188+44
JEARBR Non-rhizosphere 29650832 1187+85
244+ Purple soil HPR Rhizosphere 32455+766 1199+84
JEHLBR Non-rhizosphere 27610+592 112941
TR N IR R (n=5) ;5 + FARMRBR S IEARBRE] 2 7355 5% B F KT (¢ %)
232 ERWS AT 600
X .
[:’\r' 400 O AR PR
K2 02 LA BE I8 0 i B g ol Hrp, & 200 — o
PCL I PC2 P51 /R AN 5 41.37% 1 34.47% 3 ST st
Y Y —a - A Ay ~, =
(A SR, (ELTHERI SR RPRE R By B
ZRLE PC o ROy RBCS AR PR 22 5 3 Joakbs & 20
N - e
FAET AR E ARG ; M58 0 L AR B ARBRATE £ 400 A
- o R i)
BRI W5 T 22 FIFE PC Bl L A9 A5 4> R B JEAR PR § 600 -
0 5052 5%, HAS R SOABEACE - i
233 B -1400  -1000  -600 -200 0 200 600
EE [EI 3 Al , E%%Yéé*ﬁﬁi*ﬂjk*ﬁﬁﬂ?, éﬂ}%ﬁjﬁ F 41 Principal component 1(41.37%)
H J& T it £ B '] ( Actinobacteria ) , 48 JE B I'] 2 HREEEENIRSTR

( Proteobacteria ) . ﬁ ,‘—% _'la_%l_ n ( Chloroflexi ) . @2 H: —'E*I— n Fig.2 Principal components variation of soil bacterial community
(Acidobacteria ) . Y\ ¥ B ] ( Bacteroidetes ) F1 5 7 [
( Cyanobacteria) 4F 16 M35, Hoh k] ARIE T TR 16 S E 1Y 60.69%—78.75%

FERRPRANAEAR PR Z 0], 20 TR [ 1SS A0 =F 5 BE N L e AVRI A B T 1 AR 5 DA 3 A3 1 26F 414
B DL R AR R TR ] AU TR T TR IE TR T AR B i R T 1 10~ B SRR PR AR AL, A2 T T AR BRI T
AR  EALFF R T 1 AR S 5 2838 1) DL A BRAR U O TR T T T TR TR T TSR S TR ] AR B il 2 v 1] 1% ~F 58
SARMRPRARRL, 2SI T TARPRE TAERPR (B ERS T ]5 2% 5 TARRPR ; 226 AR BR 9 LA AR U 28I T
T AT T IR BT ] ARAR PR R ASTE B 1] SUAT IR T TRBRAT R 1], b AR TR T 1 ) 2 v TR 1, B
ZHE AR R TR
2.3.4 RHER

HH 3% 4 AT 0L 7R SR28 P 2 AR PR AEAR B 3 vP | i 20 FPOE AN A9 & B AT 5 4l B2 1) 17.40%—
36.57% . TEANIA] L322 [0] 20 PGB AN EERE PR 1 ( Streptomyces 1) AR ZEPE L MR BR I I 41, 2055 1
(Chloroflexi KD4-96) NAEMPRILA YR . FELLIE D, SR80 2 PR FIARMRBRA 11 FhAH A B9 2058, e A TR B AT
B 1 ( Flavobacterium 1) . ¥ ¥ H# 2 ( Flavobacterium 2) . B fT 3 ( Flavobacterium 3) . 18 4= #H B
( Bradyrhizobium) 2= BR B ( Blastococcus ) 13 ¥T 18 (Arthrobacter) VBERE A 1 AN 1] 15 32 ¥5 B8 5B B ( uncultured
Kaistobacte sp.) . IS 0] 55 % 41 {4 #F B ( uncultured Solirubrobacterales ) . /A~ 7] 1% 3% [0] 1 ¢ B ( uncultured
Intrasporangiaceae ) FI/NEAFIEE 2 ( Micromonosporaceae 2) . HH BEFFIE 1 BEFF A 3 8 AT & 2 A AT E R AR
PRI 25 A BRERMIAS 1] 395 57 ) F A8 B £ AR P A 5 3 B THEARPR 6.24 14,48 (4.411.43 1.38 HI1.11 1%
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B JifZ %1 Actinobacteria o ASJEH ] Proteobacteria B 4255 ] Chloroflexi B FRFF T Acidobacteria
B #AF ] Bacteroidetes B % ¥ ] Cyanobacteria Saccharibacteria B I ] Gemmatimonadetes
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Fig.3 Bacterial phyla and abundances in rhizosphere and non-rhizosphere soil of E. adenophorum

T/NEAFRL R 2 T B AN TS IR EL T T 0 2B AR R T 0 B 2 T 7 AR s 1) 2 T B8 U AN [ 2 32 AR T AR AR P
TEBCHE D G250 A ARBR MARARPRAT 8 FIAH R O AT, 20 S0l A8 A AR TR BB T 1 I AT A TS IR B IR B
RO AT 5% 57 4 22 3 5 (uncultured Hyphomicrobiaceae ) | 2§ 25 B8 AN 1] 5 3% 8] £ 28 o8 A1 22345 R IR A 1
(Marmoricola 1) . HH 184 MR BERE A 1 AW 537 A 22 G0 RO A] 55 37 B I M TR 7EAR B 19 = 88 B2 4
S ARARBR 3.46,1.76 (1.58 Fil 1.30 1% ; MRS 1A AN ] Br SRl M3 18 8% R ICH 1 A FF R AEARBR Ay 3 5
BEMTAERIR, 7E5E b, S22 2 MR 5IERPRA 10 Fiodd [F 240 &, HOR A 7T 55 55 W 2F 48 76
(uncultured Cytophagaceae) , /A~ 1] 1% 3% £F % 52 I# Latescibacteria | 2% J [# ( Proteobacteria ) | /N 7] 15 37 V% 5 1#
(uncultured Planctomycetes) 4% %5 [& | A A] 5% % 77 88 & (uncultured Alcaligenaceae ) | 5 FF B 2, A\ B HL g
( Comamonadaceae ) \#FT i ( Flavobacterium enshiense DK69) FIBLATE 3, Horb AR B FIAS 0] B 55 0 5 W TE AR
Brrd =68 BE 4 e TARARBR 1.45—1.05 4% 5 {2 AN AT BE FRMELT 4k BORIAS AT 55 3745 %5 8 1 Latescibacteria 7E4R
PRFEARARPRAY 4= 6 BETC 35 22 5, HARTA s (i) A9 45 i BEAR BRoA T ARARPr

3 e

LR L IR Y R, S SR AR DIAR G IR AR IR R B AR Y
AR RERIG S 5 RO KA | 5 R B LA HLIRE M s BERR AR A A BLBE K, SR W i S8 T U e 2
AR, R B R R RS R AR ] AR SR AR B A h 1A R A 0
2 TR, Bl S R A R S5 AW oT 4 SR 207 | BAMITE 48 2R3 22 AR, A BILITC G AL TR IR, Ul A 0
PEES A 8 TN SR IR, e R AR I 4R SRR AR AT S P RE ST AL, R R PR Y
AR A D T ARMRER TR 52508 2 MR A A A i 02 R A W AR A BB, B R, 3 TR
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