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Effects of Flaveria bidentis Invasion on Soil Microbial Functional Diversity

ZHAO Xiao—hong"?, HUANGFU Chao-he?, QU Bo'", WANG Yue—juan®?, WANG Hui? LIU Hong-mei?, YANG Dian-lin*

(1.College of Horticulture, Shenyang Agriculture University, Shenyang 110866, China; 2.Agro—Environmental Protection Institute, Ministry
of Agriculture, Tianjin 300191, China; 3.College of Plant Protection, Shandong Agricultural University, Taian 271018, China )

Abstract: The influence of invasive plant invasion on soil biodiversity has become one of popular issues of ecology. In present study, the ef—
fect of Flaveria bidentis, an invasive plant, on functional diversity of soil microbial communities and soil microbial biomass was investigated
by using Biolog—ECO technique and chloroform fumigation extraction. Soil samples were collected in invaded area bulk soil (BS ), rhizosphere
s0il(RPS) and non—invasion area (CK) in August, 2012. The results showed that the soil microbial metabolic activity significantly increased
following the invasion of F.bidentis. The average well color development(A W CD ) which directly reflected the microbial activities changed as
following: RPS>BS>CK, with significant difference (P<0.05). The CK was significantly higher in Shannon-Wiener index(H ) of soil microbial
community than BS with significant rhizosphere effect detected. The principal component analysis( PCA ) indicated that the variance contri—
bution rate of PC1 and PC2 were 45.68% and 19.83%, respectively. Carbon source utilization ways of soil microbial community changed

following the invasion of F.bidentis. The main carbon source of soil microorganisms were sugars, amino acids, carboxylic acid and polymer.

Soil microbial biomass carbon of BS and RPS were increased by 27.05% ,121.52% compared with CK, soil microbial biomass nitrogen of BS
and RPS were also increased by 37.40%, 79.80%. Correlation analysis showed that the AWCD had highly significantly (P<0.01) positive
correlation with soil microbial biomass carbon and nitrogen. Therefore, the function of soil microbial metabolism and soil microbial biomass
carbon and nitrogen were enhanced, while the soil microbial community functional diversity was reduced following the invasion of F. bidentis.
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W 15124 (Flaveria bidentis ) f&= 55l HE O 5 1% L 8%
T3 8 —4EA 2R 5L, U™ TR U, R AL BRI |
DI DR A IV I 9 7 — 26 [ 5811, 2001 45, FR K
HRTRAG A A K T B ORI TR, (B TR HET,
HRLE 1996 A A% A TR 2 103 %o A S50 i P
SR, TR ERORAN T 5, AR IRz, B BAEAE e Fh
Frem R BRI 5 T B R AL A RS
AT 2R, 2010 4, BTG W AFREL - A
FEIREBE R (i EEE ZHANR AR RN )
2013 AEARBEAIA (I K R RO SR AR 4 5%
(B—dtt)) .

A W) AR L ) 22 R 1 1) A G
43 SR, 1308 AR i W AR R A R X
SURE T IR 1 2 R AL I A Y
JE AN Ak, DG TR TR X A (i 3 A A8 R
GERYBIEGE R Z A i 18 3R00 E i AN R R 2%
PRSI L TR 7R 2 PR PESE 5 T, A DG T4 AR 4T
IR MR T I RE A BRI ST A 1 JCHGE - Aok
NI AE ) 2 BN A b A S A Yy R Vi 4 R P g
RAEPAN—A> F LR, AT DL i el a4 1
T3 2 EE W A b - S5 AR W RE VR I 45 K FN ) BE 24
P, DT B A AR i A AR BT, B 2Rk
VA e A S f A ) A AR AR R AR Y DB R A, 2 AR
S U P N R AR R A
WA G AN 58 35, Herh, Biolog 43 B i el 5 sk
A 0t B — Tl R R e S R s 2 O R A K- 1
A FRRRTE , DA A DV I S RE AR

AT MR TR A AR b A IR S 42, SR
A 31 RN A BB Y Biolog—ECO oA A il
BOR, S3Hri -8 €2 32 (AWED) (6 ZERIEF
PR F Lo B R 7 B S b, HAOAE T (1R
BB T4 A ) S A DA 5 1 32 S I R 26
RILL BRI [l e I e A IS O AR 52 5 (2) 45 75 B Th 2
NS5 TSR YRR IR A IR AE 284k, LU
V] B B 0034 A2 O BL T B (i BRI | o o B T4 Y
TR AR RS2

| HREHE

1.1 X BE LR

TR b A T R A T A B TR K IX(38°35
30"'N,116°42'45"'E) , 54K 2.4 m, J& TRERAR KRGE
ZE A, PO 5001 AR SR 20 11.8 °C L 4R35 %
KR 870 mm, 4EXJCFEI 193 d, - HE AR ER ik

WA pH B, AR R b T R A A ) A ) R
(Setaira viridis ) J&FE 32 (Salsola collina) \)J‘E'PEE(Phrag—
mites australis ) 1 E# AL 5 (A rtemisia annua )35 .
1.2 RIig it L R E

Ty B TVUAG e T Y LR S b A B TR AR O
T, AR A BT AR X 32 2 M
Hh s (DA TAEYIFEHL(CK) o M N BCA T T4 , (A
KA AEY) 5 (2) BT AARAE I o A3 N AR A B
TR FIAS L AEY) AT IC B 3 T K A AR BRAE 5 4R L)
b RA TR ETE 60%~100% 2 [0] . 5 AR Hh EL
AL S AT 5 mxS m B/ BN 1A4E
M, /DX B >5 m, T 2012 4 8 J1 12 HR&E L
FE, H T AEYRT PR A5 0 52 AR DX A7 B 1S
A I A2 FE L AR R £ (rhizosphere soil , RPS) Fl
FR I 4= (bulk soil, BS)HUFE, RPS RJHEE L, Kf4
ANXH 10 MRS IR AR 14> 14 BS F|
5 RURFEEE CREE 0~10 em R4 A 1 MRA 1
P o TEIBUREHI 22 B b TR AE ) RO PR 95 1 S5 A LR BT, CK
SRAEIT R AARFEHD BS SRAET7 ko AR T IR A &
Lerh VKGR 19200 % o MR/ NOREE R AR 2
mm i J5 5318 2 4y, — Ot A 2E-20 CokAe , T2 1
AW s — Oy T T T - S BRAR M B o L 34k
(I £ 5 AN IR EE R .
L3 R &
131 St oo e

I BT I E R TR B AN InEE , A
B R PR T G B S A S A S SR E
K KCLRAZEM,
1.3.2 Biolog M2

T G Wy ) fie 22 A 1 T Biolog vk HEA T
FEN: FRIBURH 24 10 g - - B 5 08 1A%, e84
TAEG K+ HEI A KA 90 mL 0.85% T NaCl (1)
SRR, B DS ERER E 250 remin” 52 30 min,
HE 10 min J5H S mL WO 45 mL 0.85% JC 1A
NaCl ¥, A UL Bl B8 RHA R RS 1000 1%, ]
8 JHIE IAE f R M B LTI ) Biolog-ECO A2 751 5%
By 96 AL, BEALI RN 150 WL 7 i) &
W o PR B S5 IR 28 “CIEIR BT FRAR T B 5%
3T 24.48.72.96.,120 144 168 h 1£ Biolog fif fL
M3 #4Y (Biolog Inc.,USA) - 32 HUES F U AE 590 nm
1750 nm AT BOEE,
1.3.3 T HERAE Yk Gl W RO E
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HrliE LI, B0 10 g (R T HFe M) Hi57 24 h )5, 3 4

mol - L K,SO, IEHIE IR 3%, i Multd N/C 3100 &
A B, SS R S3 AS (FE FE HR AN 73 B A A o0 28 ) ) i
FrimsE",
L4 HHES

HEITE 0~2 YU HE N ) OD (EEA T 73BT, SR T
SEARAEFLE 0 1475 48 2K (average well color develop—
ment , A WCD )RR WAE PP REARTE Y, AWCD 5375
eI

AWCD=}, (C-R)590-750/n
A C B RRIRROLE AR R X ISR
% BEAH 5n A Biolog—ECO fa~F-#e - b s 5 i) Fil 28
Boon {850 31,3 REHR

AR Biolog—ECO M AN R] S 18 FL I IR EAE /DN
RIS FR 96 h (A Wy AEHE PR (L1 13 5 )
PRFE/E™, AT

Shannon—Wiener Z 144850 H=-2.(Pi-InPi)

Shannon—Wiener 25 FEF8 % E =H/InS

Simpon {8 45K D=1-3 P
KXrh S A B FLECH PSS ALY
AEXF G 5 A AR WO E R Y HE AR, 35
WA K :Pi=C-R/Z(C-R).,

VEHC 96 h 1y OD fH #E 47 3 i 43 43 #r (principal
component analysis, PCA ),

30 B0 ] Excel 2003 #1740 3, >R ] SPSS
16.0 4725 J5 2% 081 (ANOVA) | F %4343 Hr FiA
KA

2 HRESH

2.1 BETRFNEXT LB R

WA ARG TR ik kB R (R 1) .
BS HEEAHLT MR ST EYEES T CK, 25l
CK & 7.72% 31.34% ; i RPS W] 43 5 tb CK &
18.53% .126.87%.1H 2, 5 CK I, BS ) pH {EHFIAEAS
Ao BN 2T RS, HERRBEKE. A

AP PR LR S R A AE WL AR PR
2.2 TIRRAEMRE THRAEUAWCD)HZhEEL

MEEFRIT IR T, 5308 24 h lE AWCD {5, 1551
ZAELRERT [R] Y Sh S AR R (& 1) AWCD {H AR
JE (RO MR A REIR B A AWCD {EL S T L3RR
Py A —BIIE A RE 7 , 308 55 AR 22 A e JEE R P
i HAT B A BRI I RE T , W HA B i Ak
WA, XA —E R b AT DL S e 3 rp A My
TERVRCE MESH R, I 1, AWCD B2 3
A :RPS >BS >CK, HF 24 h b, 22 553 8 % (P<0.05 ),
M1 Akl LUK B, BE A 5 SR ] R SE S, A [R] A
HAWCD {H LIRS AETE2E 5, BT AR M
RPS F1 BS ) AWCD {i_E TR, 1 W I s )
FH L8R CK B AWCD i EF-HIEAER S48 . X R
IESPN =iy | WS R= 47 X7k iR

077 g K ]
0.6:‘ -&- BS ~ __' ...... ‘
| -m-RPS - 1
S o5t s
= 04 g
§ 03t ) .-!- ........ *
= T~
ﬁ_ 0.2 o 4 _E__,--*'!‘
01t __.-"*Il.. 1N *f _,*_. *
0 -\.m":: ............ 1 '*". .......................
24 48 72 96 120 144 168
Fi 3 [E]/h

B 1 LSRR AWCD ERER B K 3353

Figure 1 AWCD dynamics with incubation time

2.3 TEMAEYETE SHEMIERNTL

TIEMAEY R D RE 2 HEE R S LAY
HEVE PP ZREMEFR S (H) 51 AR 80 (E) AR
FEE(D) 43R RAER) . AR ARG SR 96 h Y%L
P A Y 2R FR R, MR 2 AL,CK W H
= T BS, Bl THRBREUN B AE7E , RPS () H 1% T BS,
2518 % (P<0.05);CK /) D B & F BS, 2 5
(P<0.05),

xR 1 ETRPHNEX LEEEL RN

Table 1 Effects of Flaveria bidentis invasion on soil chemical and physical properties

K pH {& HHLi/g kg 4R/g kg A R/mg kg YA A /mg kg™
CK 8.48+0.05a 20.72+0.78¢c 0.67+0.04¢ 10.77+0.2b 10.00+0.40b
BS 8.36+0.03b 22.32+0.89b 0.88+0.05b 10.17+0.51b 8.11+£0.27¢
RPS 8.24+0.03¢ 24.56+0.76a 1.52+0.09a 12.22+0.84a 14.10+0.78a

TE B IR R TR ROR 22 57 .35 (P<0.05) . Tl
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Table 2 Diversity indices for soil microbial communities

gty ZAEVERREL(H) W EARE(E)  (RR A E(D)

CK 2.23+0.33a 0.68+0.10a 0.98+0.01a

BS 1.95+0.40b 0.55+0.11a 0.73+0.17b

RPS 2.77+0.08a 0.67+0.02a 0.93+0.01ab
24 ERSHHT

2.4.1 AN[FEBRIEAE F 55 E AT (E
TR T AR XS I YR R
B RE 1 B2, R R RS % 96 h %R , %) 31 Fi
PRI P BCHEA T 500 o R o3 B i
2T (B P S WA [] S m P A FH ) 2 5, A X B
K, 2R W2 A S M B K, TE AR 22 Al 5t v ke 5 5y
SAYEARY, Biolog—-ECO # 1 31 FIERIEAERT 2 4~
A b E AT E L 3,8 Biolog—Eco—Plate 1) 31 Ff
BRIEIEY) 73R 6 RS (T Fl) (= HEBR A (6F1) |

R (O F) REY (4 Fl) 26 (2 Bl AR ™
PrFIUC AR (3 ). ik 3 mIA, ZR— o
(PC1) HAB R AHKIERBRIEA 17 B, LB s
P IS 4 Fh FRIRE 3 Bl REW 1 AN MR 1
i AL 3 b, BRI R — FE o BRI 3 A
2 SRR FRIRZE . M55 — F o (PC2) HAY
B PR R IR A 8 A, LR RS 1 Fl EEIR 1
M RIRS 4 Fh REW) 2 Bl RIS — 810
IR T A RRRIENR AW -
242 IEGLEDIREE M IR A SR o0 B
TSl WA R DI RE T A TR S R
PSRRI A B A o e 3 L 3 A T A E R4 i
8 F2 o 1] o s 0] PR P 7 U S e AN ] 1
SRR SHREZ AR A4, AR i), 3
TP T 6 AFMY, RITTIRRIE 96.72% , KX
6 M F Mo T LU RER A B Ryt L Oy 22 0 P s — 32

3 31 MERRMER S HETE T

Table 3 Loading factors of principle components of 31 sole—carbon sources

FF5 TRIEE R PC1 PC2 A2 iR PC1 PC2
A2 B—H B - DA AW OB 0.971 -0.02 E2 N-ZJ-D # A (FE%) 0.806 -0.049
B—Methyl-D-Glucoside N-Acetyl-D-Glucosamine
A3 D-2RZUBER v- R GRIRSS) 0.860 -0.00 E3 - T RORME) 0.156 0.807
D-Galactonic Acid y-Lactone y-Hydroxybutyric Acid
A4 LKA R (BHERRZE) 0.493 -0.610 E4 LR @R (R HERRE) -0.740 -0.078
L-Arginine L-Threonine
Bl PR H i At 0.920 -0.206 FI B CRE) -0.066 0.804
Pyruvic Acid Methyl Ester Glycogen
B2 D-AMECHEZ) 0.400 0.860 F2 DA BHEIR (RIRE) 0.602 -0.670
D—Xylose D-Glucosaminic Acid
B3 e A e 0.837 -0.122 F3 AR RIRZS ) -0.425 -0.173
D-Galacturonic Acid Ttaconic Acid
B4 LRI 14 o flie (A LR 2L ) 0.918 -0.155 F4 HEB-L-4 20 (R ) 0.189 0.322
L—-Asparagine Glycyl-L-Glutamic Acid
Cl i 40( AW 0.422 0.588 Gl D-£F 2 ZHE () 0.417 0.331
Tweend0 D-Cellobiose
c2 (NS A P 0.827 -0.054 G2 1-BERR AT I (CFiAR) 0.952 0.034
i—Erythritol Glucose—1-Phosphate
c3 2RI IR RIRE ) 0.090 0.776 G3 o~ TR (BRI 0.023 0.848
2-Hydroxy Benzoic Acid a-Ketobutyric Acid
C4 L NE R (L) 0.857 -0.114 G4 ROk (H) -0.710 0.151
L-Phenylalanine Phenylethylamine
DI ntift 8OO S 0.645 -0.707 H1 a-D-FLHECHER) 0.616 0.587
Tween 80 a—D-Lactose
D2 D1 M (Hi2%) 0.987 -0.012 H2 D, Lo~ @R H i (A 0.818 0.367
D-Mannitol D, L-a—Glycerol Phosphate
D3 - EIEH A ORI 0578 -0047 | 3 DR () 0201 -0316
4-Hydroxy Benzoic Acid D-Malic Acid
D4 L-22 Z R (BHERRZE) 0.915 0.254 H4 JE R (k) 0.903 0.206
L-Serine Putrescine
El - CREY) 0.477 -0.247

a-Cyclodextrin
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WA (PCT) BElk R A 45.68% AT e s 55— E WY 7000 -
(PC2) TTHkHSE: 19.83% ;55 3~6 TR0 BTRk % 70Tl & T 600;- a B BS
12.94% 8.75% .6.13% .3.39% , [ FL 5tk 80/, B LA P : ¥ RPs
DL PC1 I PC2 AR, LUK AN ) Ab BE 1A e &
W AE. = b
W 2 TR i R pC R bmm T § g0
B2 5, Horh RPS 58 10 P 4 R b & 2001
A AR 5 CHMBT B 10) TR TT A 1 i 100f o b .8
BS RPS 1945 i 4 A 75 PC2 kil |, CK 43 7 0l .| L2 .wl;ﬁﬁﬂlé ........
ARk AR

TEAN L, BT ET T8 AR L S A e v X B )
FRBHRFIE = A T 2257

B3 TEREYER BEYER
Figure 3 Microbial biomass carbon, nitrogen of soil in

sampling sites

d " CK 2.6 LI MINAE SN S IR B A X
N . :BS‘ £z
| . 4596 b TR (AWCD), ZRHEHRL
o (H) F5IRE4E30(E) Simpson PR EEHE4C(D) 5 1 g
. BT B R R ARSI . 2% 4
of AWCD 50y R R A R B A 5 1 A
af . S (P<0.01), ZREPESRSL () 5 (R 35 B4 50 (D) 52 6
-1t * A K (P<0.05)
I— MR N ,

PC1
E 2 AE4AE T ERE IR R ER S 5
Figure 2 Principal component analysis for carbon utilization of soil

microbial communities in different treatments

25 EMBENEN T EREMENZ M

T HERUE YRR RR TR R AT T 5x
10° wm?® 1) e sh Wy LA S - e rp e 16 A AL B A=
P, NI 3 ATLUE BT AR 25, TR RE
Wik BB E FTH(P<0.05), Hih, Af2FEHE BS
1 RPS 9 1 A= W) i ik 43 5 b CK & 27.05%
121.52% ; BS F1 RPS &4 4= ¥y 1 & 2 9 e CK &
37.4% .79.80%

3 itig

X - SEPA5E ) H MR 2 — S AU Sl
IR RIE . SR ARAEY AT U S AR 2R 20 |
KT R 5 00 TR i 25 T T AL IR o e A -, e
B St Gt/ I NIIEIR G R ) N e g L e
AT RESEHEH AR IFM AR LR K o Biolog T
T IR PR BT IE , B RABUE 5, 7 BEfE
J158 s JoT R AR I T AR > B TR s HWE T ik
] S5 D0 A o P IE 2e F Z5 Ao B — R P 4 R 45 5
B AR Py B ACHMRAIE , 20 B R BRI Bl N
ARk, A AT A A BIR FE 3t £ B TRl A W A DA e A Qi

SR, 1207 IR B A BT T LSRR Y B

x4 TEWEV S HLS T EREMENEXHE

Table 4 Correlative coefficients among soil microbial functional diversity and soil microbial biomass

Wi H AWCD ZREERRE(H) WS EEFREU(E) (D) Tk P aE Rk MAEDEA
AWCD 1.000 0.480 -0.118 0.014 0.981" 0.964"
ZHMEIEE(H) — 1.000 -0.209 -0.617" 0.597 0.523
Yo AR EU(E) — — 1.000 0.411 -0.080 0.071
EFEEFEE(D) — — — 1.000 0.103 -0.010
[BEXEq — — — — 1.000 0.942"
[BEX/AReA — — — — — 1.000

L BIRAE, “#* "FIR P<0.01, “*”FIR P<0.05,
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NREZHEIER. i T Biolog 751k BRI T A= Wit
VR LR BRTE VR NSRRI R R 2 HEPERY Oy
ATSRAFAE—BEA L, Qi 48 P T ARG A 5
A bR AR A B B IR E ISR R T A, T AN
Tk 3 A KBS B BERT SR R IE R -
B WIAE Biolog AR A AE I, B TR B0 T
pH B EEI 284, 235 G Y1 i I 5 bR
BT AR AR, A SO i IR W) D R A R
2 BV FF AR B 3R 1 , 8 A2 S I A= 4K
DI RE R A o T L e DD RE A= Wy 2 Ak U2 10
DAY R (I DGGE \ T-RFLP #1 RT-PCR %)
Xof e BE LRy 91 SRR EFAR B P RR AR L L R FE 1
B REERE T IIAE C 48 AR 1y 2 S Ak
TSI AN T | F e AL T 5 , R 20 A L A | 3st
1B ZREE

TSR Wy vE X Biolog fF- Al P 2% 2R Bl A
PG00 22 5 B e 1 3 s A= W e v A D RE Y
AR, BT 8 Al 3 D e AR HOT
DA Bt SEARAE W R0 M B LTl RE AR, A5
o, LIEBUAEYIREEEIROLE (AWCD) RN
RPS>BS>CK., #1) AWCD fHEWRAT LA IRE
VAT R YRR ) AR [R] B R 00 IR S 1
IR WS A AR o R R TR, BT
NG T IR ARG M . X S RRAER
BRI RN . TERE A KRN, -
SRR Wi v LUE LS A s AR AR P RS 2 Y
AR FR IR LSRR A IR L2 5 8, B
FNRAE I AR FEYIRE T, Z R ™, T
MLAEEER ] Biolog—Ecoplate™ J5 il 5E 1425 2%
(Eupatorium adenophorum ) ANAZX} + 3 41 B BE V& FR1E
FYSEI , G551 R U - SEAN TR T8 T B 58 2802
AR — A EH L R, SR AR A AT L
T U AR S U MR 5 B AS A )
PR TR . ASBFE R IR, v 08 AR PEAIR T T3
WAEYSIIRE I Z R, (AAFTE BT B AR BRAR Y .
HRBRAN 2 TAR AR 28 7 A= 1 23 WA ) R0 7 0
R DX A SR W HR AT SO AN LA, PRI T AR B i
T YRS AR B IR PR IR Y £
Iz R — R 5 A A R 0 i BN, S EUR
PR L SERRAL L 57 5 A= Wy R AN [] T AR AR B 43, B
I AR PRV (rhizosphere effects )™, [a]HT, AXSCHY
F AT TR, BT AR S T IR YR TR
XS BRI A AL o

T IERE Y AR R TR B b RRAR S il G
A PRTE I, H TR PEN A ) TR M S A
TR IR NAZFEYI K (A mbrosia artemisiifolia )P0
2k B 1LMIEG (Hieracium pilosella) ™ B Az 4R T 14
TAE YRR R AN R I, BTG AR HE
T YRR VA S RIS T CK, HAAER B
HRBRALN. o 3k 2R B 2 T8 A A2 A b U 0T 322 L CK
FR A, SRR LR AYF- 2 R A Pt L CKAY
5o AWTTERIARSCHE TR BH AW CD SRR Y it bk |
R AR S 2 E ARG o H 0 B - S A A G T
AR AL AT B T B A Yy A 2R A
LI, FEY R TR D 3G I IR Bt T E A
LI BT, it 1 L3RR Y ) R B A, B TR A
5 RE PRHTE R IL VS , HA o, b R 7%
Yy - BER AN 2, SEC A A TR,
SRR R 0

4 ZEig

EMSRUL, BTG RIS 1 L3R Y na A
Wk, S T LR R T BS BUEYIR )
REZ RN, (HHEIN T H & RPS A=W S REZ et
Ko AR AT BEA T2 A 7E I il A AR A
fR TRl 858 B B Sa R ST, SEBE— B B AR
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