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Effects of Two Allelochemicals in Alien Invasive Plant Mikania micrantha
on Soil Nitrogen Cycling

YU Han-xia, PANG Jin-feng, ZHANG Xin-yu, GAO Lei, PENG Chang-lian, LI Wei-hua”

(Guangdong Provincial Key Laboratory of Biotechnology for Plant Development, School of Life Sciences, South China Normal University, Guangzhou 510631,

China)

Abstract: In order to reveal the invasion mechanism of Mikania micrantha affecting soil nutrient circulation
through allelopathy, the effects of two allelopathic substances from M. micrantha (i.e. chlorogenic acid and
S-caryophyllene) on soil nitrogen and related functional bacteria of nitrogen cycle were studied using exogenous
addition culture experiments. The results showed that both chlorogenic acid and g-caryophyllene significantly
reduced the content of soil ammonium nitrogen, and chlorogenic acid increased significantly the content of soil
nitrate nitrogen, while S-caryophyllene had no significant effect. The main reason was that both chlorogenic acid
and p-caryophyllene significantly inhibited the reproduction of azotobacter and ammonifying bacteria, and
chlorogenic acid significantly promoted the growth of ammonia-oxidizing bacteria and nitrifying bacteria, while
S-caryophyllene only promoted the reproduction of ammonia-oxidizing bacteria, and had no effect on nitrifying
bacteria. So, it was concluded that M. micrantha invasion could affect the growth of functional bacteria associated
with nitrogen cycle through the allelochemicals, thus altered the soil nitrogen cycle.
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bt th AR S R TR IEA I B G 5, fE4EFEA
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AW ESE B AR RS AR BRI, A NLA
B 2 A F A fe e e i P 2 WL TE AL,
R JEE A E A A R e & AR
ML JF AN, V2R, AR
AR RGNS Thae KEEH L FRR-0],
T AE S Hh R SRR R 1 0 33 . 14
BAIGH LR 5 [ A B ZAdHBE . st 2 (A
P40 ) A SO AL A B 2 DA 5B, S — 5T, 24
BTN, SRR EYH TA 5 Z A B
FA T 3 B HfG 55 A8 S5 40 P 22 A48 T B itz 2k 0781,
“H 23 (novel weapon hypothesis)” AN, AR
TP BT N AR P — A B 2 T TR e At AT ] e 3 k-
1B )7 (alleochemicals) #I i T 4R AR P A2 K &1, N2
R IRE AR, R AR S R G - R AR
VIR R E MG, A R RN EY I
IRAZT IR AR A E A F 2 A B
o, H SHEPFERK SRR B A R, (H
BEEA, 30 N YRR E 1B B e L
BEENEA DR R T 9T

NI 2 M 2, X LA B 5T
PIVE I FEAFEE, R A 5N AR A A B AE
I EAR BN AR TR — e B B 5L . AR 7 DA
i H 26 (Mikania micrantha) 51, FF f& HAL 249 50
L IEEEIA ST RE B R 7T, DU N AR
WIHE NI R P B A A R A e o B H 28 2 %
&l (Compositae) % ¥ 2% J& (Mikania) £ 4F 4= ¥ i
A, TR R SEIN0, B Rl B AR R X
M I APRANARZ B BiH 5 A2 [ B SRR B
B (IUCN) A A () 4Bk 100 F g LB I NAR AW 2
—, W2 3MARNREYI [P H % B 5
(Sphagneticola trilobata) #1 & #L %% (Chromolaena
odorata)]z — 131, 7 H 2 WA EAE AR 58, W) 5 %
GG B (L4181, P B S TA6TR ) [w] I 2808 - A5 0

(simultaneous distillation and solvent extraction, SDE)
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W R AR — R RN R RS, R ZME
Wi 11,

ToH s AR bR, Ao b B R,
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B A T F 02021 g T A WL AL
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FERE B 2 7 FRATTRE S0 SRl P AR AL i (1 58 2 2
fi(es-2n, (R, ASHIE T I AN IS 0 CARGE 1Ak
55 2 Pk YRS EBR AN p-A2 Prids, DiE L3RR
IRFH G bR A B T 25 AR AL, 3K R ) B A H 4 A ek
WIS TR G IR (R e R RO 7 1a), AR H 4 TR
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T8 X AR 3 B R, AR LT AR 9 3 mx
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NIEFREER, N5, MARE 16 MER, It
80 11 FE . W LFE A BIZEANE mE . =R KE T
1% W R B RS RS (ELAR 6 em. /= 9 em)H, B
32N 100 g 5+ . 5 4 F9 AR B il A ANIE N
JCH 7K~ 10 F1 100 mg/L 3% JE R 1R 25 A1 100 mg/L
BTG SR REBRAN - 7T I 94 FE 158 B o0 Sl
I T g [ S5 U8RI ity S5 810 45 S . SRR A
BB TS, TREFXMHER5C. 60%iE )
NE IR 44 d, FF HAERS 11 d AhFE 1 YA B ALK
YIRECG W K. RIS ERERS 11 d *h 78 s I 2 Ay
R SeEALIL £ 4 BICRE, E B3R 2R AR
SRS E. RGE IR RN 28 4 K
W, W IR (A . B A A
A 2 ST B R TR A 4 T R e i A 200 1)
1) B 2 1

1.3 LEERERHENE

Fr KR AN 2 s pH B pH T1[T3100,
B WA AR (M) A BR A =100 5E 291, A HLJs
R H B TR A AN A AT A [5 mL IRER TR,
5 mL 0.8 mol/L(1/6) = £ R4 1l i (GB 7857-87). 4=
R LI E &2 (3 mLIRBRIR + 1.1 g fHEALFIRR %)
W 5E (GB 7173-87) . #75%K F el W bb 8kl o 5
A AS SR P B0 i L gy e 1901

14 BRI E

HX 5 g fif Tt 45 mL 2K B 7K i i 3 s U
SR 5 BOE 200 R LI A MU R A T R 2
KA B e v I T SR v 25 S BRI
FEo SRR F R R ARG IR, B R
KIEEY AT AR R ST ek 7R, Jf
TN 1% INRL ZE VA RURN 19685 55 2= (410 1) 40 T4 40 25 7
) B AR T RUE B RR A A F A T
R TRAE FACAN R TR AL R R 5 TR AN

E N QR ESEL L et YRS I (P N s i e

T R A 240 T 55 SR B AR A RS D S B 7 vk e o

1.5 Git4#r

Hedi R A SPSS 19.0 #EAT Gt /. XA H %
BT E A R AT AT R AR 1 IR R AR AR it
TN AEAS t K56 (P<0.05) . ALY 5 78 0
I AT BN 207 220, AR B SNRA I
(FEHE7K 10 F1 100 mg/L &3 J7 B ¥ « 25 1 100 mg/L
B-ANTIGHR), MERREFHARE. A EFH
SRMSHEBEEEGNE . Bl AEREE. 24
A4 AR R AL 4l ) . 4R J5 K Duncan-test i3 4T
% B A MR K (P<0.05) . 3K fH Origin 8.5
BAER

2 R

21 LENERSE

5 RNAZ AR AR L, 7H 26 st Fl o+
B pH [EMESEREERE N, HhEESE &SR
I %1 50%; A ZFIRAZUR E K, HHPmEa
SRR T 4 70% (R 1).

2.2 HNFEALRYI B LA S fa R R s
S GEENIDRR EEWIN iy o s s Do . TN U
frEas (& 1), HACPREEA REZER, WHANES
JFEERAN - it LA WU AN A S BB W
TR R IRINRS R A R R ST BT
a5 11 RS R S ERARE R, H
BEESTRIN TR IE LS, SXHIRAEL, AP RS
BENEHIER. SENIN - ATIGARLE, ININERIEIR 1)
TSR BRI A SRS
BAERTRRI R RS AE , ISINER IR A B T IAH S
REEEE LT, HRR BRI R (st F .
NI AT Hoxs LI AR AT B R

Table 1 Soil nitrogen contents between Mikania micrantha monoculture and its neighboring area

AfRZ+3% Invaded soil

K N1Z 11 Uninvaded soil

% 7KZ Moisture content /%

pH

4% Total nitrogen (g/kg DW)

A% Ammonium nitrogen (g/kg DW)
T A% Nitrate nitrogen (g/kg DW)

23.38+1.75 21774214
5.10+0.16 4.2540.28"
2.3540.03 2.5640.11"
8.09+0.90 5.284+0.41™
4.52+0.50 15.46 +1.94™

n=3; **: P<0.01.
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100 mg/L g-F 75 ¥ FEIFE .
Fig. 1 Effects of chlorogenic acid and s-caryophyllene exogenous addition on soil chemical indexes. CK: Control; C-10: 10 mg/L chlorogenic acid; C-100:

100 mg/L chlorogenic acid; $-25: 25 mg/L s-caryophyllene; 5-100: 100 mg/L S-caryophyllene. The same is following Figures.
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P 2 SN INERBRIRAN B~ 77 Joxeh S0 v A1 S0 o] B R 5 PE RS o AR T BN IR) 7 BE3R R 22 57 12 2% (Duncan-test, P<0.05). .

Fig. 2 Effects of chlorogenic acid and s-caryophyllen addition on soil bacterial and fungus population density. Different letters above the bar indicate significant

differences at 0.05 level by Duncan-test. The same is following Figure.
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Fig. 3 Effects of chlorogenic acid and S-caryophyllene exogenous addition on soil nitrogen cycling functional bacteria population density

B-100

3 ZHRAITT IR

BRI R, HARNRIELZM AL, 7k
HA AR LIRS FAH SR SRR TR, #%
SRGELZNN, X 52RO 49wt
FUAE R XU IR A N AR5 I 1 3L
Rt i, B KA ERENOESE, AT
RE A2 H T HCH 9 A\ AR 3 B = A4 5 B 2 v 1
R, AR IR BN R 0%, TRER T
BFANSRAT T A IR, A s . E
3 DR AT RE A A 2 xS U Rl v T
SR JLAh, FIRY, BcH 4R 3% pH
1243430, G AR FCAE RANRT . T AcH 2
RS T pH E, ROR IERUE YR

SR ) IRINERSREERA B- AT 1 ek | 3%
R R, BRI IEE R 58,
INZRF IR 5 3 i R A 4 b HcE B G, (H -
AT B IR LA A R SRR B2 22 5+

40 a
- b
=
S ozt c
=)
= d
7 £ d
F3
8 20
.
=
g 1ot
£
Lo

TS AE b2 21
Nitrifying bacteria (10° CFU)

CK C-10
AL Allelochemical

C-100  p2s5 £-100

PR RO 7L S TRES-41, pH (R (3 5 2 5
-t e A L RO, (B S
R 154 pH I3 R kA 8 R B
FRESRE, W HKA . FE5 R B B R
AE43)

ORI S 2 AR, LR
BIAE S BRI MR RS, i, IR
MG ER R AR S RS, AR RS
BN, S T B 4 4 WA R R T
BAS R AR A, LURS AU N 3 T 3
R, BeAh, AR BT AU E
2 o R AL R A MU 6, AR 5
b, VRIS TR RV L B 2
W, 35K AR A TR I BB eI



%3

RIS SRNREYIT SR 2 R B 5o T3 BRI 5 0 297

T eI 4G RN 3 H 20 R S R IR ST AR
B NZ ) R A R R B> . 5, H
T A B 3 R A AL = A A A B R R Ak A T
TP BOR S BRI AR ARHE T 4k
JRER (10 mo/L) @ (2 idF T 4B 1 EHHE, Rl 2 A
A4 P MR PR A 200 T () 58, AT e 1 AR A1
R, A TR Z AR . Hawkes 06 5L 5
i, #eZZ(Avena barbata) 1% % (Bromus hordeaceous)
Nz g 3 P A R B G N . B TR I
IR S FBRA AR, S5 AE, T
AEEGELE TR, HHSASELEERL. X
FERH TN AT 5 = A A 40 B 2 3,
et T A E AN TAEAS . (HR IR 20 i £
HIRCH WEAAN, NIRRT R A B — D
RS o

TRH 2 2 PR BT (S SRR AN - ATk ) 2
X A T 60 TR R 2 A A R ) B R Iy A A
X 5 RicelSHi it £k J57 IR fie i 1 i ] 260 1 1 A KA
Bk, 5 IR A SO ARE S SR R AN - T BAT B
YERAHFH648, (HZ, McCarty UL HRIE S IF R
XA E A R R, X 5 AR 5T h 4t R R 0T
TS A A FH v 2 b 3 B4 T (204 A 20 B R TR A
W) AREER NS RAR . s, KT g-A
Vs 2 E A R ER, S A TTidE
R FH U R TE AN ] o 388 AN [R) 1 338 B AN [F] 1)
L IEGE R VE RO, A ST S T BT AE R A
A, LKA E R RER Rz —. T HA R
AR BTN AS [F] () BAB A D RE R S AS —, TR
Wi | AN [ETEAS A G AE A BRI R . (H2
A KB Ty e A B o 1) e SR ) R g
— BRI

TUAE YD RN B 358 55 4 20N, +
B A B R B BN A A E K A . AR
HeSESIRIEF 1 A H 4 N AR 6T 338 SRRtk P IR 1 R i
WEREH % N RSemE T IR A YE . R
I 45 52038 3 % i g 13 R 725 (phospholipid  fatty acid,
PLFA)IIE T3 A 8 i, SeRMARLL, 24
MRPR L A M L R B 2 . XS5 AT
R T R AR B I SR SR R A1 ) P Ak B4 BT A1 4G Tn
R B AN B B R A5 A — B Btk A
SRIEIRAN - AT I s ] e e it 1 R R R
B, XAERTRIBCEZ WA RS, A
SRR AR IR TSR (R TR R A

Yo i ST A Ay — 2B

S0

[1] CHEN B M, WEI H J, CHEN W B, et al. Effects of plant invasion on
soil nitrogen transformation processes and it’s associated microbial [J].
Chin J Plant Ecol, 2019, 42(11): 1071-1081. doi: 10.17521/cjpe.2018.
0138.

PRI, T8, B, & SRR LR (L 2
FEBAMRBERIR I [J]. B4R, 2019, 42(11): 1071-
1081. doi: 10.17521/cjpe.2018.0138.

[2] KUYPERS M M M, MARCHANT H K, KARTAL B. The microbial
nitrogen-cycling network [J]. Nat Rev Microbiol, 2018, 16(5): 263-276.
doi: 10.1038/nrmicro.2018.9.

[3] BOUDIAF I, BAUDOIN E, SANGUIN H, et al. The exotic legume
tree species, Acacia mearnsii, alters microbial soil functionalities and
the early development of a native tree species, Quercus suber, in North
Africa [J]. Soil Biol Biochem, 2013, 65: 172-179. doi: 10.1016/j.s0il
bi0.2013.05.003.

[4] SOUZA-ALONSO P, GUISANDE-COLLAZO A, GONZALEZ L.
Gradualism in Acacia dealbata Link invasion: Impact on soil chemistry
and microbial community over a chronological sequence [J]. Soil Biol
Biochem, 2015, 80: 315-323. doi: 10.1016/j.s0ilbi0.2014.10.022.

[5] JO I, FRIDLEY J D, FRANK D A, et al. Invasive plants accelerate
nitrogen cycling: evidence from experimental woody monocultures [J].
J Ecol, 2017, 105(4): 1105-1110. doi: 10.1111/1365-2745.12732.

[6] ZHAO M X, LU X F, ZHAO H X, et al. Ageratina adenophora
invasions are associated with microbially mediated differences in
biogeochemical cycles [J]. Sci Total Environ, 2019, 677: 47-56. doi:
10.1016/j.scitotenv.2019.04.330.

[7] LIU X W, ZHOU Y L, QI C M, et al. Effects of Mikania micrantha
invasion on soil nutrient contents and enzyme activities [J]. Ecol
Environ Sci, 2013, 21(12): 1960-1965. doi: 10.3969/j.issn.1674-5906.
2012.12.009.

KNS, JAEAR, FERUE, 5. NIV 50 35 57 0 A i
PR [J]. BB, 2013, 21(12): 1960-1965. doi: 10.
3969/j.issn.1674-5906.2012.12.009.

[8] CALLAWAY R M, CIPOLLINI D, BARTO K, et al. Novel weapons:
Invasive plant suppresses fungal mutualists in America but not in its
native Europe [J]. Ecology, 2008, 89(4): 1043-1055. doi: 10.1890/07-
0370.1.

[9] CALLAWAY R M, RIDENOUR W M. Novel weapons: Invasive



298 s A R R

08 4%

success and the evolution of increased competitive ability [J]. Front
Ecol Environ, 2004, 2(8): 436-443. doi: 10.1890/1540-9295(2004)002
[0436:NWISAT]2.0.CO;2.

[10] CHEN B M, PENG S L, NI G Y. Effects of the invasive plant Mikania
micrantha H. B. K. on soil nitrogen availability through allelopathy in
south China [J]. Biol Invasions, 2009, 11(6): 1291-1299. doi: 10.1007/
$10530-008-9336-9.

[11] CHEN W B, CHEN B M, LIAO H X, et al. Leaf leachates have the
potential to influence soil nitrification via changes in ammonia-
oxidizing archaea and bacteria populations [J/OL]. Eur J Soil Sci, 2019.
[2019-05-17] doi: 10.1111/ejss.12844.

[12] DAY M D, CLEMENTS D R, GILE C, et al. Biology and impacts of
Pacific islands invasive species: 13. Mikania micrantha Kunth
(Asteraceae) [J]. Pac Sci, 2016, 70(3): 257-285. doi: 10.2984/70.3.1.

[13] LOWE S, BROWNE M, BOUDJELAS S, et al. 100 of the World’s
Worst Invasive Alien Species, a Selection from the Global Invasive
Species Database [M]. Auckland: Invasive Species Specialist Group,
2000.

[14] HAN D D, WANG L Y, LUO Y P. Isolation, identification, and the
growth promoting effects of two antagonistic actinomycete strains from
the rhizosphere of Mikania micrantha Kunth [J]. Microbiol Res, 2018,
208: 1-11. doi: 10.1016/j.micres.2018.01.003.

[15] BANERJEE A K, MUKHERJEE A, DEWANJI A. Potential distri-
bution of Mikania micrantha Kunth in India: Evidence of climatic
niche and biome shifts [J]. Flora, 2017, 234: 215-223. doi: 10.1016/j.
flora.2017.08.001.

[16] SUN M, ZE S Z, WU Y L, et al. GC-MS analysis of essential oil from
different organs of Mikania micrantha [J]. Guangdong Agric Sci, 2013,
40(19): 111-115. doi: 10.3969/j.issn.1004-874X.2013.19.039.

TN, FESRE, R, 55 GC-MS MIE PR H 56 A [F 38 Bk il s 7
[31. ) HARANE, 2013, 40(19): 111-115. doi: 10.3969/j.issn.1004-
874X.2013.19.039.

[17] ZHANG X F. Preliminary isolation and identification of potential
allelochemicals from Trifolium repens L. [M]. Taian: Shandong Agri-
cultural University, 2011: 45-48.

KRS, A= SR BRI > B 5 %€ [D]. B
FRARAL K, 2011: 45-48.

[18] WANG J G, LI Y J, DAI Z D, et al. Isolation and identification of
allelochemicals from Mikania micrantha [J]. J Henan Agric Sci, 2013,
42(11): 102-105.

FRE, SH%E, SR, & MR RN RS EE [

TR AR, 2013, 42(11): 102-105.

[19] ZHU P, MIAO X L, CHEN Y. Degradation kinetics of chlorogenic acid,
cryptochlorogenic acid, and neochlorogenic acid at neutral and alkaline
pH values [J]. Acta Pharm Sin, 2016, 51(1): 122-126.

KM, W, VRE. SRR, FRaR IR B A S R ERE R MR
pH 254 R IR SN %7 [3]. 2%k, 2016, 51(1): 122-126.

[20] CHEN B M, PENG S P. Effect of allelopathy of Mikania micrantha on
N cycle of invasive system [C]// Academic Seminar of Guangdong
Botanical Society. Guangzhou: Guangdong Society of Plant, 2010:
51-52.

PRI, 3200 SH 50 AR S N R R 48 N DB RS R 4
[CI T RAEEW AR . M RGP, 2010:
51-52.

[21] HU W F, ZHANG L H, WAN S A, et al. Effects of Spartina alter-
niflora invasion on sediment nitrification in a Cyperus malaccensis
marsh of the Min River Estuary [J]. J Subtrop Resour Environ, 2017,
12(3): 19-26.

FAED, SR, JTINE, S ELAEOK B ONAR R VLI YR AR
X VTR RS AR FE s (9], MBS R PR BE AR, 2017,
12(3): 19-26.

[22] LI W H, ZHANG C B, JIANG H B, et al. Changes in soil microbial
community associated with invasion of the exotic weed, Mikania
micrantha H. B. K. [J]. Plant Soil, 2006, 281(1/2): 309-324. doi: 10.
1007/s11104-005-9641-3.

[23] LI W H, ZHANG C B, GAO G J, et al. Relationship between Mikania
micrantha invasion and soil microbial biomass, respiration and
functional diversity [J]. Plant Soil, 2007, 296(1/2): 197-207. doi: 10.
1007/s11104-007-9310-9.

[24] LI J M, ZHON Z C, DONG M. Change of soil microbial biomass and
enzyme activities in the community invaded by Mikania micrantha,
due to Cuscuta campestris parasitizing the invader [J]. Acta Ecol Sin,
2008, 28(2): 868-876. doi: 10.3321/j.issn:1000-0933.2008.02.052.
ZERR, BPEEAR, MY, MEFH L T (Cuscuta campestris) 7 AE it 7k
‘H4§(Mikania micrantha) \ 12 B 74 3550 A= 1 A 1 AR M 1 5%
m o [J]. AEA&%:AR, 2008, 28(2): 868-876. doi: 10.3321/).issn:1000-
0933.2008.02.052.

[25] ESKELINEN A, HARRISON S. Exotic plant invasions under enhanced
rainfall are constrained by soil nutrients and competition [J]. Ecology,
2014, 95(3): 682—-692. doi: 10.1890/13-0288.1.

[26] PORAZINSKA D L, FUJISAKI I, PURCELL M F, et al. Plant

invasions from a belowground nematocentric perspective [J]. Soil Biol



%3

RIS SRNREYIT SR 2 R B 5o T3 BRI 5 0 299

Biochem, 2014, 77: 213-220. doi: 10.1016/j.50ilbio.2014.06.004.

[27] SARDANS J, BARTRONS M, MARGALEF O, et al. Plant invasion is
associated with higher plant-soil nutrient concentrations in nutrient-
poor environments [J]. Glob Change Biol, 2017, 23(3): 1282—-1291. doi:
10.1111/gch.13384.

[28] WANG R L, YANG X Y, SONG Y'Y, et al. Allelopathic potential of
Tephrosia vogelii Hook. f.: Laboratory and field evaluation [J]. Allelo-
pathy J, 2011, 28(1): 53-62.

[29] LIU G S. Soil Physical and Chemical Analysis & Description of Soil
Profiles [M]. Beijing: Standards Press of China, 1996: 24.

XGRS, HIEBA M SHIEIHRGA M) AbRC o bR ARAL,
1996: 24.

[30] ZHANG Y. Tutorial for Physical and Chemical Analysis of Soil, Water
and Plants [M]. Beijing: China Forestry Press, 2011: 61-64.

FRHR. 8 K B T EGE (M), dbgt H EARO B R,
2011: 61-64.

[31] LIN X G. Principles and Methods of Soil Microbiology Research [M].
Beijing: Higher Education Press, 2010: 369-370.

MAETt. LR RUR IS 75 M), JEET @A RRAL,
2010: 369-370.

[32] CHEN L. Invasion mechanism of three invasive plants of Compositae
and preliminary study on biological control of Alternanthera philo-
xeroides [D]. Fujian: Fujian Normal University, 2011: 19-21.

Ve, 3 AR R N R WL Je 25 03 7 B A M B V6 (X 4T 20
BEST [D]. MR FREITTE A, 2011: 19-21.

[33] CHEN W B, CHEN B M. Considering the preferences for nitrogen
forms by invasive plants: A case study from a hydroponic culture
experiment [J]. Weed Res, 2019, 59(1): 49-57. doi: 10.1111/wre.12344.

[34] WU S T. Effects of Mikania micrantha on plant community and
physical-chemical properties of soil [J]. Hubei Agric Sci, 2011, 50(18):
3711-3713. doi: 10.3969/j.issn.0439-8114.2011.18.012.

FXUHE. PR HN N AR AR v e AL R T RS 9] )
Jegalk R}, 2011, 50(18): 3711-3713. doi: 10.3969/j.issn.0439-8114.
2011.18.012.

[35] LI W H, HAN R H, GAO G J. Effects of Mikania micrantha invasion
on soil microbial biomass and soil respiration [J]. J S China Norm Univ
(Nat Sci), 2008(3): 95-102.

P4, HECE, SR SOH R SRR E R R A
WEIR R SAM 3], AERE TR 24 2440 (AR B2 R), 2008(3): 95-102.
[36] FIERER N, JACKSON R B. The diversity and biogeography of soil

bacterial communities [J]. Proc Natl Acad Sci USA, 2006, 103(3):

626-631. doi: 10.1073/pnas.0507535103.

[37] HARTMAN W H, RICHARDSON C J, VIGALYS R, et al. Environ-
mental and anthropogenic controls over bacterial communities in wet-
land soils [J]. Proc Natl Acad Sci USA, 2008, 105(46): 17842-17847.
doi: 10.1073/pnas.0808254105.

[38] LAUBER C L, HAMADY M, KNIGHT R, et al. Pyrosequencing-
based assessment of soil pH as a predictor of soil bacterial community
structure at the continental scale [J]. Appl Environ Microb, 2009, 75
(15): 5111-5120. doi: 10.1128/AEM.00335-09.

[391 HAN C C, YANG Y, LIU B R, et al. Influencing factors of soil
microbial diversity in grassland [J]. Pratacult Sci, 2014, 31(12): 2242—
2250. doi: 10.11829/j.issn.1001-0629.2013-0680.

B, BBH, XUSEAR, 4. R REERCEM 2 R[]
LR}, 2014, 31(12): 2242-2250. doi: 10.11829/j.issn.1001-0629.
2013-0680.

[40] KOURTEV P S, EHRENFELD J G, HAGGBLOM M. Experimental
analysis of the effect of exotic and native plant species on the structure
and function of soil microbial communities [J]. Soil Biol Biochem,
2003, 35(7): 895-905. doi: 10.1016/S0038-0717(03)00120-2.

[41] HAWKES C V, WREN | F, HERMAN D J, et al. Plant invasion alters
nitrogen cycling by modifying the soil nitrifying community [J]. Ecol
Lett, 2005, 8(9): 976-985. doi: 10.1111/j.1461-0248.2005.00802.x.

[42] WANG Y K, HONG K. Effects of soil factors on microbe distributions
in mangrove soil [J]. Chin J Trop Crop, 2005, 26(3): 109-114. doi: 10.
3969/j.issn.1000-2561.2005.03.022.

TR, Y ORAR R o AR B R R [0]. Fh
WAEYI AR, 2005, 26(3): 109-114. doi: 10.3969/j.issn.1000-2561.
2005.03.022.

[43] ROUSK J, BAATH E, BROOKES P C, et al. Soil bacterial and fungal
communities across a pH gradient in an arable soil [J]. ISME J, 2010,
4(10): 1340-1351. doi: 10.1038/ismej.2010.58.

[44] XU H, DENG X Y, CHENG B J. Effect of Wedelia trilobata and
Mikania micrantha compound community on soil chemical and biolo-
gical characteristics [J]. Hubei Agric Sci, 2015, 54(16): 3932—3935. doi:
10.14088/j.cnki.issn0439-8114.2015.16.025.

YRR, IR, TRZE, =R AN T A S S R g
FHAEW SRR 0] #HER LR, 2015, 54(16): 3932-
3935. doi: 10.14088/j.cnki.issn0439-8114.2015.16.025.

[45] RICE E L. Inhibition of nitrogen-fixing and nitrifying bacteria by seed

plants: IV. The inhibitors produced by Ambrosia elatior and A. psilo-

stachya [J]. SW Nat, 1965, 10(4): 248-255. doi: 10.2307/3669300.



300 s A R R

08 4%

[46] WANG S K, XU Y L, PAN M, et al. Research on the extraction of
chlorogenic acid from sweet potato leaf and its antibacterial efficiency
[9]. J Anhui Agric Sci, 2010, 38(11): 5862-5863,5876.

FHEE, VIR, W, S5 H b SRR R SRR S AT 1
WHot ). LHURLAN, 2010, 38(11): 5862-5863,5876.

[47] LI R G, CAO D. Extraction and bacteriostasis of chlorogenic acid from
sweet potato [J]. Jiangsu Agric Sci, 2012, 40(4): 266-268.

FhiE, WO HEaE RN E A [ IRk,
2012, 40(4): 266-268.

[48] HUANG M S, SANCHAZ-MOREIRAS A M, ABEL C, et al. The
major volatile organic compound emitted from Arabidopsis thaliana
flowers, the sesquiterpene (E)-S-caryophyllene, is a defense against a
bacterial pathogen [J]. New Phytol, 2012, 193(4): 997-1008. doi: 10.
1111/j.1469-8137.2011.04001.x.

[49] McCARTY G W, BREMNER J M. Effects of phenolic compounds on
nitrification in soill [J]. Soil Sci Soc Amer J, 1986, 50(4): 920-923.
doi: 10.2136/ss52j1986.03615995005000040018X.

[50] ZHOU J, LEI T. Review and prospects on methodology and affecting

factors of soil microbial diversity [J]. Biodiv Sci, 2007, 15(3): 306-311.
doi: 10.3321/j.issn:1005-0094.2007.03.012.

JERG, BE. IR 2 R RS R R R R S VE R BUR S R
[0]. A2 et 2007, 15(3): 306-311. doi: 10.3321/j.issn:1005-0094.
2007.03.012.

[51] YU X J, YU D, LU Z J, et al. A possible plant invasion mechanism:
Invasive species affect the growth of native species by altering the soil
microbial community in the invading site [J]. Chin Sci Bull, 2005, 50
(9): 896-903.

TNE, TH, FEE, & —ARMEDNEIE: NS
BN R SRR R S A R R ARG 3], REAEIER,
2005, 50(9): 896-903. doi: 10.3321/j.issn:0023-074X.2005.09.011.

[52] YANG Q, LIANG Y, YANG J, et al. Soil microbial characteristics in
the rhizosphere of exotic invasive Mikania micrantha [J]. Ecol Sci,
2015, 34(2): 148-155. doi: 10.3969/j.issn.1008-8873.2015.02.022.
BB, BR, B, 5. NREYRCH SRR SR ERAE [J].
A=A RHE, 2015, 34(2): 148-155. doi: 10.3969/j.issn.1008-8873.2015.

02.022.



