55037 B 13 W) S &~ £ Eild Vol.37,No.13
2017 4F 7 A ACTA ECOLOGICA SINICA Jul.,2017

DOI: 10.5846/stxb201601210145

W, L ARG, DPME | TRAL. IRITF I & i A R0 18 ) = 38 B S G 1 A i A o 2 R 5 . A A5 244, 2017,37(13) .
Wang Y N, LiR Y, Zhu X H, Ma D W, Zhang H.Allelochemical stress effects of volatile oils from Chenopodium ambrosioides on extracellular enzyme

activities and soil microbial diversity.Acta Ecologica Sinica,2017,37(13) . -

THIFFIELZ ML R EX TR REMEED S
=AY

IRFFEE RRR, LI KL
PN S ARV e, S 610101

B A RAEY R AL BT B b S AR PR A M v 44 il S SRR I AR R R LA A D T

— AR IR E LS, B SER AR & W R0 1 3 R hoos L eSS AU E M 2R E s, 420K
B« IR S RV R BE AR 1 R R R AR i | A T RV 19 10 Bl F) 35 1 (P<0.05 ) 5 45 o 511 ek ) 42 2 i b P20 0 5 2
HE T I EAL S (P<0.05) o Kb PRATIE A A - N SNREHE PR WO  (H Bt A B (B, L 2 i 55 5 AL PR 16
d J5 BRI (20 WL A1 50 L) B4 A 1Ak 2R 2H 40 T 00 0 1 T X B (P<0.05) o 8 Aok SR R RICRE ) R M R BUM IR

FREEAE B | o) S A0 R AR ; PCR-DGGE M=K W, Bl 442 2 i Ak T Sk o 1Ak B8 A 170 4 < = 398 v 20 5 A EC T ) Shannon-
wiener ZZAEPEAE RO 4= 1 BESR B IER . Z598 . IR 45 i mT ek - SR A W R 445 R R N A B 1 B - S A T 2
SRSRAA) : o FRIIT  $E A s A 5 SR SR ; SRR Wy 2

Allelochemical stress effects of volatile oils from Chenopodium ambrosioides on

extracellular enzyme activities and soil microbial diversity

WANG Yanan® , LI Ruiyu, ZHU Xiaohuan, MA Danwei, ZHANG Hong
College of Life Science, Sichuan Normal University, Chengdu 610101, China

Abstract ; Interactions between invasive plants and soil microorganisms play a key role in the invasion process. Exotic plants
often produce allelochemicals that inhibit the growth of native plants by inducing changes in the physical and chemical
properties of the soil, as well as to the structure of the soil microbial community. Chenopodium ambrosioides, an annual or
short-lived perennial herb within the family Chenopodiaceae native to Central and South America, poses a threat to
ecosystem structure and function in China. C. ambrosioides is rich in volatile oils, which are released into soils via root
exudation and plant decomposition. Previous studies investigating the invasion mechanisms of C. ambrosioides focused
primarily on its impacts on the growth of native plants and neglected its potential influences on soil microbial structure.
Here, we used the greenhouse flask method to study the effects of volatile oils produced by C. ambrosioides on soil microbial
diversity and extracellular enzyme activities. The results indicated that volatile oils deriving from C. ambrosioides inhibited
the activity of soil urease, acid phosphatase, invertase and nitrate reductase ( P<0.05) , and high doses of these volatile oils
significantly enhanced the activity of catalase (P<0.05). Moreover, the volatile oils had a strong influence on soil enzyme
activities during the early stages of treatment, but this effect diminished considerably over time. Bacterial abundance was

significantly higher in treatment groups receiving high doses (20 pL and 50 pwL) of volatile oils than in the control groups
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(P<0.05) after 16 days of treatment, indicating that the volatile oils greatly influenced soil microorganism diversity; for
instance, Actinomycetes were abundant when exposed to only low doses of volatile oils, but their populations declined at
higher doses. Both Shannon-Wiener and Margalef indices indicated that bacterial and fungal diversity increased with
increasing volatile-oil dose and treatment time. In conclusion, volatile oils produced by C. ambrosioides altered the microbial

community structure and extracellular enzyme activities in soils, and increased soil microbial diversity.

Key Words: Chenopodium ambrosioides; Volatile oil; Allelochemical stress; Soil extracellular enzyme; Soil microbial

community diversity

Callaway F1 Ridenour #&H (19« #rik#s " B 15 ( novel weapons hypothesis, NWH ) ARy, #F R Y Fh &8 i #5 k |
MR M0 FRAR I A S5 R AR 1) ] R B 35 e T SR ) o 411 1) AS AR AR, DT A A %5 v BT 10 34
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1.1 Aok

AWEFERT LIRS RERR F 2014 4F 10 A Ol o SR K Z2 R 28 IR 3R - JR 0T 2 bk (046 . B
SRR R AT ) 45 K, 7R 0.8% , JoK Na, SO, THRG 4 CH-AF& ™Y . GC-MS 4rHr R W 3 st sy hy
Xt AL Z (1-isopropyl-4-m ethylbenzene ) Fll o-iifi (it 45 ( a-terpinene ) , 75 14351 16.9% Fll 13.5% ",

PR 5N IR AR Z A e R B UK F R X (30°56'N, 104°20'E ) £ = 5L 46
RBERFIE (R A Kt H3000F) . HIERAHUR SN 4.90 o/kg, BAGH 0.61 g/kg, MBEAH 0.34 g/kg, B4
T 13.46 g/kg, K HIREE G 1.0 mm G5, GEFER
1.2 fhEfE A2

FREL 50 g +3E 8 T IS E IR ORI EAL 6 em, 55 9 em) FP L fIIA 10 mL ZE48K | 56 357, BT 25 CH;
FrE Wi SR 24 h, WUIEFRES IS, 23906 0,2.5,5,10,20 F1 50 pL( FiSE 86 vh %A 8500 H S i ) 45 S g
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pL, 205 F B D M E FoR, HHERESLSE 4] DNA 4 BRI ) & (FE W 4 4 3 3 R 24 DNA PR 72 5
RAE)  HEEUS ) DNA £ 0.8% MIBINEHEEERS T VKA G 4% 5 —20°C FR-17 .

16S rDNA V3 A28 X A4 14 . 16S tDNA V3 XH 145142 55143 942 . 534r :5'-ATTACCGCGGCTGCTGG-
3" F1341f :5'-(GC) -CCTACGGGAGGCAGCAG-3', M4 TAY TR (L) B AR ARG, PCR 4%
145 94 CHAENE 5 min;94 CAEME 30 5,68 CIB Kk 30 s (B MEHFEME 1 °C),72 °C A 1 min, 10 DMEH,
94°C 7EM: 30 5,58 C Bk 30 s, 72 °C FEMH 1 min,20 NMEFR, 55 72 C ZEMH 10 min, F=HK N 233 bp,
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(i ol

LA 18S rDNA FI4 1 . ELR P 44 18S +DNA [l F# X, 514" 5514351 4 . 5'-GTAGTCATATGCTTGTCTC-
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20 MEA B 5 72 °C EAH 10 min, YR 350 bp,
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(At E PR A Y IR A R AR 4tk 8% RPN BB , A8 LM Bl 30%—60% (100% 1175
PERES I A 40% 17 H IR 42% (R ) . 80 V fHEH K 60 C FHrLtiik 12 h, H P PCR =¥k A
7% B TR BE R EE I , AE VERR BE N 15%—50% , LR 50 V,60 °C FHr&eriik 16 h, HLIKLEH)E,0.2% AgNO,
Yeft, | FH Bio-rad GelDoc XR System & % R Gt fAME

DGGE i#{& K15 217 ] Quantity One 4.6.2 #F:( Bio-Rad) #EATACTE | JA5 S5 Al RH X 228 B ) Ay 2 35k A 48
HIAIXT 2B (Pi) , H UPGMA 34 X5 #4720 81, H- R H] Shannon-Wiener 2 #1418 %0, F & B ( Margalef
Index ) 1 Pielou #J2] £ 45 %4 ( Pielou Index) AEFERRIT A TR S AR RV B SRR

H=- 2 (n,/N)In(n,/N) =- zpilnPi
i=1 i=1

E,=H/H,_ =H/(InS)
A, H 24 Shannon-Wiener 845, £, A5 B, n 250 | R ZE N SR T A A S 2,
H,, =InS,S AFEVEFE RS H B ER 8, H B/AMERN 0,5 KIEH In S,
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Fig.1 Allelopathy effect of volatile oil from Chenopodium ambrosioides on soil extracellular enzyme activity
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Fig. 2 Allelopathy effect of volatile oil from Chenopodium Fig. 3  Allelopathy effect of volatile oil from Chenopodium

ambrosioides on cultural soil bacteria quantity ambrosioides on cultural soil actinomycetes quantity

2.3 HFREITFHE R IS R U ) 2 AR O S )
16S rDNA f*) PCR-DGGE H,3k &1 1% 43 # 5& BH | Bl 25 #4 % 1 350 1 389 i DA R Ak 3 Bsf 1] f8) 92 4K | 1 398 441 1 A9
Shannon-Wiener$i§ B0 F1 3= & B 5 B0 18, 3 S R B AL K (1)  Hd R R AL B [E] 950 L

F1 THFER M LERMEY SEER N

Table 1 Effect of volatile oil from Chenopodium ambrosioides on soil microbial diversity

RESL Shannon-Wiener 544 Shannon-Wiener Index HEIBEHE AR Pielou Index F 5 BEF B Margalef Index

Sample 4T Bacteria L Fungi 7 Bacteria L Fungi 44 Bacteria L Fungi
IF 0.693 1.678 1.000 0.862 2 7
1B 0.688 2.288 0.993 0.892 2 13
1D 1.082 1.582 0.985 0.883 3 6
1E 1.776 1.874 0.991 0.963 6 7
8F 0.690 1.885 0.995 0.969 2 7
8B 0.689 2.516 0.994 0.953 2 14
8D 1.088 2.561 0.990 0.970 3 14
8E 2.191 2.651 0.997 0.956 9 16
32F 1.592 2.300 0.989 0.926 5 12
328 1.367 2.301 0.986 0.926 4 12
32D 1.609 2.639 1.000 0.952 5 16
3R2E 2714 2.451 0.979 0.987 16 12

AT B BRETE R 1 d .8 d A1 32 d, #ELIMFIEER 0 ul,5 pl, 20 uL f150 wL, i F.B.D 1 E 4 5I0E
R IMAL A (1E 8E F1 32E) [ Shannon-Wiener $§ 50CF1=F & B 48 $i053 771 S AH [R) b B [ b i) e KA, HL 32E
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Fig.4 Clustering analysis of 16S rDNA genge and 18S rDNA genge of soil treated with volatile oil from Chenopodium ambr
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3 e

3.1 IR A AR T - SR A 152 )

+ A AN S EORIE T AR R A I | A W B | sh A R A S i R RIS X R B
IS - ARG TR RGNV R A, P RE EHER MR RS L M AN R AR AR
AR EEAE AR T A AR ST 5 ) S A A T DA T S ) 1SR Ay 1 R
AR FEASH) T TR B A 1 A, DTG R 5 8 L 8 SR KPR B (A 2 AR e s SRR W, RO
FERAMEE T LM ANEEEE 1 AR AL BTS2 e B Bt A B I TR R ) 2 5 o LR R 2
Wit 5 A FER R [ 2K | 19 PP AR AR 0 4 35 Bl R A 1 S Al B ST DA T 2 S T AR R sk R R T
RUE I AR BRI TS | A0 (R A ST Pt R AT, S AT A5 R

g PR Tl TR SO T AR TR MRS BRI T AR DLBR S AL G W e A RS B DR A R
I it T S M) ) AR T Ao S A S I T S R - A A IR B A R AR A ke R 1
BRI RS M5 . —43% (Annual Fleabane ) TEH AR RE 1 B F 50T A S3 IR | 12 A Wt 1 g A0 2 1 i
15, I AGE (Erigeron Canadensis ) W /b 173X 3 ARSI B T3 ( Flaveria bidenti ) $&78 1 LR Fn
W RR TG 12, 2822 (Ageratina adenophora) Fl KUK ( Eupatorium odoratum ) W 4 IR Fr 1 S8 ik i | JeE B
Wik PG MG TR ™) 5 SRR (Rhus typhina ) S0 AR b SEWRA 5o S0P S0 MG 1 1k 0 50, T O 05
R R IRIF A K AR R MR P 6 Al R S T B A S SO SRS 00 3 T v, ORI R AT, 8
G T 8 TR 0oL S S A T M A 3 R R M 25 R K AR ST v | IR 4 2 AR [R) R B AR
TDRT R VR TR T | R IR R D T M B R B B4 R I A A R A T o R SRR R X R
25 5 AT RE5 R [ AR A R 1) AL SR TS ) A G, DA T X AR I - 398 e /I s P e AR TRl s 10
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PROE AR IF 5 e K R AR 2 M P 2 A J ) o v i - 3 Rl V5 M B2 5 1 1.58—2.66 fifr , REABBEVE PR EE = T 2.
08—3.20 1% 25 PRIV O RS e I PR K TR R | AR R 1) S TR R P AR T A6 4E (Arachis hypogaea ) HR B 13 JIx
ity BEEME T WERR TGV . ASHE ST 45 R R IR R Ak ) BT AT REAIG 5 T S I T AR DG 1% T S il i S g
T

3.2 RIRGTERE A AR R T A P s )

SRR HHEZ [0 AR BAE LR S AR T RS RGE T AR — A B . AR
YU 1 S YIRS B S5 A RN D BE X R AR AL ik ok s Xf AR A ) (0 R RIS 4 72 A At . ARAER )
£ 33K o AR A ) 23 AL 30 3T Ry A 9 AT B R AR KR YRR A T 4 T R T ) I 4
ZI BRI LR X Y 3 P RIS T AEBARIR B (50—150 mg/L) TXF 5 Fh AL VR A 2 i 4 i
PERY . ISR —ALHAE (Solidago canadensis ) (AR ZR 53 WA W16 N Y -39 v () SV A8 1 40 7 <Mk 1 2 [T L
T A A BT 2T A B RN SR 2T 4R 3R 40 it T S DD 1 SR A A TR TR A T 4 3R 3 T 0 S A 1
BRASCR  R AT S e R Ak 9 A BRSO - S R 5 L DA R U AR R
AR BT AR T PR E B CR AR AR TS AT EIE R AR R A R T A R R AR B
Herh o Y CRE I L RO SR E SR, X SR R T 2 AR R A R FEARTE G R AR
FITFHELAMVE T, 3] 355 40 R A ] S b B e v 2 A AR AR | R R, R W
AR 35 e 42 2 ik YA AT SRR A A 135 Bl T 0 T DU X v R 4 i 38 it A2 1 K 2% 5 16S rDNA DGGE &
TR ¥ & AL FEAE AP 3G AR TR IR T 18S frDNA B DGGE [ H | Bl 25 14 22 1 751 42 A0 384 Jonn A 42 st
] Y S , H B TR B AR AIE 2507, DA 1 2 2% ) 0 583 L 28 9 2% # R AL RS b A TR N BT Y
Shannon -Wiener $880F £ & B+ 5038 B 2100, H EA B A] -5 =200 . UPGMA RZE4Hr R0 | 45 A& il i 28
TIE P AN B A REE N PRI IR uih ) AR JRARON USSR

FEAMIFFE B AT 55 35 000 R g b, 7R s 700 i R v #8210 w20 L F150 L) Zb¥HE 8 d .16 d |
32 d JE ARSI B 1 TP RE G RAS I BN EE TR . X P RESE 22 B TR RS 1SR T T AS T S 1 B ) D T
PRA BT A 1E SR T A B P B AR BRYE T B T AR B A IREE DT R T AR R A A, [FIE A
W52 FTIR T 2 | RT3 S il R B0 L T BT — 8 RO AR FE T L A vl A A v ) 4 R il
T R0 b ) R AR BRI R — 2D R i DA IE D3 Ak AR B Y IR T R
AL AR A SO (R i, SEPR b FEERAN R, R RIS R S R S Z 2R R
LRGSR R AR, R S SRR ST A 26 BT T IRT AR BRI A il 2 i | T S GOAE W e 7 2H A8 B 2 R
WFFEHRE A ST, X e A R 7R 10T 5 LI RUE Y Z M B ARG AR

TEWFFE 7k b AL ST L SR 6 0 o By T %) Lo RS v AN v, 4R AR BT LA G . H iR 8L 0 %¢
T MBS LA O G FRIC RV E R ERET 385 9 5m B8 1 728 Ak ke sz il v M, AT R0U% v FEIRHE XA
MR FERMAE Y Z R, BT PCR HR 1Y DGGE FRAFM 4 %) DNA S8 38T 100 4, 1
DURRAG ARSI, Fenilxd T g fid > (HHAA FEE D RE 1Y 138 Gk M DX 2R G D D)2 AR 1) Jg BR
P T A R IR R BB A S 4 TR A 1) S e MR A W VR 25 4, UL RE B UL Hb fz e v
MR EZIREMAEY ™ o IS SE0F 5 v I T 22 R P SR o3 vk DA i ARG 1

4 %t

IR AN A A I8 R T SR IR RO PR A TR I A TR i A R S P 5 1,
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