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Allelopathic effects of aqueous extract of exotic plant Rhus typhina L. on

soil micro-ecosystem
HOU Yuping *, LIU Lin, WANG Xin, YAN Xiaoyu, MEN Hang, LI Weijie, XU Weiming
College of Life Sciences, Ludong University, Yantai 264025, China

Abstract: Biological invasion represents one of the most serious threats to ecological diversity, and the invasion ecology
research has become one of the central issues of contemporary environmental sciences. Multiple hypotheses have been put
forward to explain the remarkable success in many exotic invasive species, but one, allelopathy, proposes that some
invaders gain growth advantage through possessing allelopathic, defensive or antimicrobial chemicals to which native
organisms have not adapted. This hypothesis has been regarded as an important mechanism for successful exotic plant
invasions. Filter paper bioassays, though repeatedly performed in laboratory in many studies, were insufficient to evaluate
the allelopathic potential for lacking the incorporation of natural soil, which consists of important space and carrier for
manifestation of allelopathy. Rhus typhina, an exotic large shrub or small tree introduced from North America in 1959, was
identified as a main afforestation species in Northern China. However, as the distribution keeps expanding, it has been
increasingly realized as a potential invasive species in the introduced habitats. Previous research indicated that the aqueous
extracts of leaves and stems of R. typhina significantly inhibited the growth of tested plants in filter paper bioassay
experiments. In the present study, the allelopathic potential of R. typhina on soil microbes, enzyme activities, soil
nutrients and N transformation was investigated after 80 days’ aqueous extract treatment. The aqueous extracts of leaves and

stems of R. typhina were sprayed in 18 pots filled with the same soil (300 mL extracts per pot) with compression sprayer.
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Each extract concentration was sprayed in 6 pots. The concentrations of the extracts were 0. 005 g/mL, 0.025 g/mLand 0. 1
g/mL, respectively. Distilled water was sprayed in 6 additional pots, which was served as control (300 ml water per pot).
Spray treatment was conducted at the beginning and repeated thirty days later during the experiment, and a rainproof shelter
was put up above all the pots for two weeks after each spray treatment to avoid extract leaching by rain. Results showed that
the aqueous extracts of R. typhina had effects on soil micro-ecosystem by (1) increasing the amount of bacteria and fungi in
a concentration dependant manner; (2) significantly enhancing the enzyme activities of urease and acid phosphatase along
with its increasing concentration but not of invertase; (3) accelerating the soil total C, total K, available N, available P
and available K content, as well as the inorganic nitrogen supply through significantly increased soil mineralization, but not
soil water content, pH, total N and total P. All these suggested that R. typhina could modify the composition of soil biota,
the activities of soil enzyme and turnover of soil nutrition, which in turn may facilitate its invasion in the field. Although a
large number of studies have demonstrated allelopathic effects of R. #yphina extract in laboratory, our experiments with field
soils help to put forward these allelopathic effects into the context of natural conditions. This study provided experimental-
based evidence both for assessment of impacts of exotic plant R. typhina on soil micro-ecosystem and for prediction of

invasive potential of the species.

Key Words: exotic plants; soil microbe; soil enzyme; soil mineralization; allelopathic effects
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JEAR O R B T (= A TR AR B SRAAAK 20 iR B A SRR B
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UE , LATE TR A BRBHRIVE 3 FPHEEE(0.1,0.025,0.005 g/mL) 1 K AR KR
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FHIRIRE B 7 AL FRAC P 4 4 1 WK, BRI Wit /K R R, FH I 1 A0 B RN 2 ], DA A M i 114 7K 98 YR 48 TR 7K )
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ANTL e BE 1 KBRS KRS [ R BE s 1 I E Y i C e N & i IR E M RER 45t (R 1) .
Wit KRR FE G I, IR i C e N B i B 38 DR A TR R L T AR S G K, TR R TR R
A

5XTREC0) A EL , KAERS KR AE 0. 025 g/ mL B 5 2 & 50N T 97% W0 4 o B0, 76 fe i e 0. 1 ¢/mlL
I 240 TR0 3k B B KB, BN IR 5 T 182% X T HLIE KRR AR SR i W2 0. 1 g/mL B S 535 1 FC AT 4K
XTI 8.57 A, MIXS T4 T, Bl 5 vk BE A 15 0, i 2 TR AR 5 3 M s /D i A B S AR R A B I 2
K-,

F1 MIERDKGR R R MR
Table 1 Effects of aqueous extracts of Rhus typhina L. on soil microbes

Wz MR C Y N

Concentrations Microbial biomass C Microbial biomass N gm]fﬂ( ><.105 ) ﬁkéﬁ%( x10%) JUH (x10%)
/(g/ml) /(me/ke) /(mg/kg) acterium Actinomycetes Fungus

0.1 421.93+28.07a 90.47+6.35a 385.0+146.91a 15.3+4.61a 25.7+9.24a

0.025 290.43+11.31b 67.47+5.01b 268.8x106. 88a 15.0+7.00a 12.0+0.00b

0.005 209.27+27.10¢ 64.55+4.31b 141.3+37.50b 23.3+5.77a 5.7+2.31b

0 184.50+21.70¢ 50.37+7.36¢ 136.3+59.35b 26.5+2.12a 3.0+1.00b

TR AR NER , n=6, F—F AR TR RIE 5% KF 12257 B3E (LSD test)

2.2 JHER ARBTG5

XERR KR O B 3 o A RGP AR TR R R B s (2 2) o ORI RN B R 24 A B K IR MR
JEE BN S R kA Horp IR AZ 5% d K, FE K IR IROMR TR 1 0. 025 ¢/ mLL B R AZ 31 i 35 52 W, 7 i
T 0.1 g/mL KRB KAA, 70 A0t FEER =T 375% F1625% . WEFRBEHAEfe i W% 0. 1 g/mL 32 3 g 2
SN T HRARE B 147 % o KCHEARS 7K IR AL 3HUXT JREME ity T35 44 1 52 ) AN B B

R2 NERIKR B L IREEE R R0

Table 2 Effects of aqueous extracts of Rhus typhina L. on soil enzyme activities

R/ (g/mL) JRAE/ (me/g) Wi/ (mg/kg) TEMIRE (mg/g)
Concentrations Urease Phosphatase Invertase
0.1 0.29+0.02a 19.54+6.58a 46.88+4.75a
0.025 0.19+0.05b 10.61+4.17b 50.94+7.29a
0.005 0.07+0.02¢ 10.20+3.42b 56.26+9.34a
0 0.04+0.02¢ 7.92+3.32b 54.25+9.31a

FHRBM AR EZE , n=6, [E—F AR FRERIRAE 5% /KK 1225 B3 (LSD test)

2.3 KIEREKIZ O e o B AR IR

KA KIS R I R 38 0 S AR v T AR A SR A A R B e, e e v
0.1 g/mL AbFRF, R34 fk 280 SR A R GRS 2 BUE X IR 1.37 1. 161,22 1. 20 5. 25
. KIERIK WAL + 85K pH 2R S &S A BERM (R 3) .
2.4 KIEREKIZ O e b3 R A

556t HEAH EE , KBRS AR AR B 2 5 T R H0R 0 L AN i AL B (B 1,2) , Horp g sk g
0.1 g¢/mL KIERAKIZACFE T, + 200 1b 3 S A il A 3R 43 i 2 X BRZH 1 3. 83 4. 73 £i%F, el &
0.025 g/mL B, T IEAGFH™ (b R NG 10 3 38 50 5 2 X B 4119 3. 10 4. 83 £, fIRMKJE 0.005 ¢/mL T, &
SRR b TR A TR 43 ] LU X R 5 T 73% (188% o,
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Table 3 Effects of aqueous extracts of Rhus typhina L. on soil physical and chemical properties

WE/ (g/mL) FIKE/ % pH fH ik (g/kg) 2R/ (g/kg) 2B/ (mg/kg)
Concentrations Water content pH value Total C Total N Total P
0.1 15.60+3.70a 6.51+0.07a 27.41+4.56a 1.54+0.28a 234.90+24.77a
0.025 17.20+1.67a 6.48+0.06a 25.30+8.72a 1.44+0.21a 218.72+5.06a
0.005 15.92+1.35a 6.51+0.04a 22.96+3.65a 1.35+0. 10a 249.64+6.82a
0 18.20+4.04a 6.49+0.09a 20.04+3.84b 1.46+0.20a 231.56+22.75a
W/ (g/mL) 2/ (g/kg) HAE/ (mg/kg) A/ (mg/kg) MR/ (mg/kg)
Concentrations Total K Available N Available P Available K
0.1 5.39+0.29a 136.50+10. 62a 9.01+1.08a 740.17+31.53a
0.025 4.99+0.24b 127.17+9.30ab 8.28+0.36a 227.22+27.26b
0.005 4.69+0.20bc 121.33+19. 13ab 7.55+0.28b 176.38+5.03¢
0 4.65+0.27c 112.00+19.80b 7.49+0.36b 140.92+24.53d

TR VAR NER , n=6, [F—F AR FHRRIRIE 5% KF 1225 BH (LSD test)

S, 09, b 509 b
HE 08} i b HE o8t b
wE 07} [ = 07| b [
Z 8 0.6 | b Z-2 06} b
25 05t 28 05t
S5 044 a ( < E 04 T
¥5 03] %2 031
BE o) RS a
= 0. 52 02¢
=2 o1} =~ ﬁ
= E Fond 0.1+
& 0L - + ;E 0 L L
. 0 0.1 0.025 0.005 ° 0 0.1 0.025 0.005
YK JE Concentrations/(g/mL) K Concentrations/(g/mL)
Bl1 RIERKEREN T ESTLEENZM B2 AAEH KRR R R A 2
Fig.1 Effects of aqueous extracts of Rhus typhina L. on soil net Fig.2 Effects of aqueous extracts of Rhus typhina L. on soil net
mineralization rate nitrification rate
3 g

3.1 KSEREXT R ) e

AR AR R G TP E E M ECONG IR AW T, IS SEYEE Y 5 TR R
AFNMIEA SR GRS HEY AR e RS R U RE AR E A & R T AL T
LRI 2R A B O U R E TS 45K . IR 4288 ( Centawrea diffusa)) 123 [ PY ER ML IX )2 AR, fE 3™
R R 0T LABE R B 06 P A A B ) 835 ks Ik ( 8-hydroxyquinoline ) , 5|58 - HE R A= ¥ BE 75 10 AR
12 7E3k ] 4 e b DX ™ T 1 3 I AR AMRAE 45 H 45 ( Mikania micrantha) , AR BEE A ALY it
REAS IS + A VR 45400 ARIFSE v | Bt KRR AR /KIS TRV B 1, R i € N AR
v, TP AT | LT AL TR R AR AN 3 (3R 1) 5 R W JAER AR M ) A 5 5 |k
- S WA v S A U AR B R AR A

AR I 3 WA A B ) 5t 5 - S A W DR AR A R b T TR, DL I R AR R ) S A P R
VA IR A ] AR BAE T . ASRSE | KR S A v T 5 0 AR TR 2 0o VR B 1 S
SR -3 PR YRR, AT T REVETE RS2 A S A RO EAE . 0 AR I, SR AR AR B
2% (Chromolaena odorata) FIAR 2 73 MA W HE 5. 25 B8 AR B rh AR R FE 4 4 205 1T, 38 1 X 2B AR 9 7= A 1 B 24k
JEIEHIARAR S R34 . 0T (Alliaria petiolata) 2 I AR FERMI 2 B F MY, XBMY KL ReE™
AEFE YRR FCER A ( glucosinolate ) W) i HEA 35 , 07 IO RITDTRR, S 80 3800 E W e V% 0 ig A8 D 1 3
PN TR AR B R 0D | e 28 B80S M AR R IR AR
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3.2 KSR A SR ) 5 e

T sgeh— 1A A SR AR AR RIS 5 R SR, S 1 %) 1 AT B S e HE A W0 v A - A 1k
JRE 5 P P b SRR P A A M ) T B AR T L ARG Y R T R 1 9
YA WA IR KR R B 48 g TS R AR A A (3R 2) |, T DL JCHEARY T -0 14 A ) S5 %o L 8 g it A Tl 2
P TAEEVE . XFER250% 2% (Ageratina adenophora) F T4 ( Flaveria bidenti) B FX WAESE , X P AP 7P
FPI AR = T DREE AR R BG4 DRI AN BERR I 43 5047 B T4 HLEAL A P R DL Ak & 4 1 TE AL
WAk, A A A PR HEAE g, 30 T e 3 2 1) A X BRSO B 7 A R RE ), AT REEAE B JCHEA A
i A b HE R

TR A — 0 S BRAIR ERAH O A /K eI . RERH G LU RS N IS , BESS R HOK i o s A . i - SRl % M 1Y
AR AR T LA BB 5 e S R AR A 5, DTS2 1 ARG AT IS 1 — R AN i i sh ) AR SR b TR
VRSO 35 (3R 2) |, HEI AT B8 5 JCHEA AL Bl oA
3.3 KIERIXT SR R

IR AR S R G P BRI A R B SR R ER VTR A ) A5 e A 4 3 57 40106
PNt ST PEAS SRS 3 ) A SR AE A A R SR SRR AR R S A A AN
[FlA Jms % AR 22 AR ) I B ELAT B + A SR I BE T . A AROBT P 22 I 4 LU 38 ( Hieracium
pilosella) ) AR I E B LA 5 ( Halogeton glomeratus ) SO DL AR R B R R 22T s R — kA
(Solidago canadensis) """ FIH T4 > o9k K B 0T AS R B a8 A (2l 39635 40 IR L . A9 b R B, A1k
T JCHERR B KRR A v 1 LA P OO A AR AL A S i (R 3) o RIESR MY EGE
AR A PR FI 55 1 Al E A 5 AR M ) 9 5 4 AR A U 35 ISR AR T
3.4 KIERXT 5 A e

HE ISR AR S SEIR AT EFRGR™ . 40 Windham 55 (ORFST & B, 36 B R0 52 AR Fh
P25 ( Phragmites australis) 138020 AL 202 B AP 3 4%, X 2PN P25 4H 4 B o R e, T
A E VAT L, RS IR R B, N R — B B AR RIS S 3 Te AL 0 A, T4 12 +
BTALARIBEL . ABFTE I, JER IR WAL B 1) 1380 Al AR B0 A B W3 (181 1, 1 2) 3R Bk
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