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Abstract: Agricultural ecosystems are vulnerable to biological invasions. There are a total of 239 invasive
alien species in a variety of agricultural ecosystems in China. Among them, 155 species are plants, 55 are
animals and 29 are microbes. The number of invasive alien species decreases from south to north, and from
east to west in China. Invasive alien plant species are generally introduced intentionally, while animals and
microbes are mainly unintentionally introduced. Among these invaders, 45.04% have a geographical origin in
the Americas, 22.90% in Europe, and 16.41% in Asia. Of these species, 64.85% and 66.53% occur in vegeta-
ble gardens (including greenhouses) and orchards, respectively, while 34.31%, 23.85% and 6.28% occur in
summer-harvested crop dry land, autumn-harvested crop dry land and paddy field, respectively. Among these
239 invaders, 17 plant species, 10 animals and 7 microbes are noxious pests which, we feel, deserve closer
management attention. Currently, chemical control is the principal approach to managing these species in ag-
ricultural ecosystems. However, long-term application of pesticides has led to pesticide resistance in some
invasive species, with 51 of the 239 invasive alien species reported as exhibiting pesticide-resistant popula-
tions worldwide. Therefore, more attention should be paid to management which integrates biological con-
trol, ecological measures, agronomic means and quarantine. We suggest that research into the following is-
sues would be fruitful: patterns and mechanisms of and trends in biological invasions in agricultural ecosys-
tems, origin sources and invasion pathways, influences of biological invasions and pesticide resistance on
successions of pest communities, and biological invasions caused by transgenic crops.
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Table 1 Number of invasive species, genera and families in
Chinese agricultural ecosystems

et ;Y WMAEYw M® it
Group Animal Microbe Plant Total
Fl Species 55 29 155 239
J& Genus 49 24 102 175
Bl Family 38 24 30 92
Fi/J& Species/genus ratio 1.12 1.21 1.52 1.37

FivEl Species/family ratio 1.45 121 517 2.60
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Fig. I Number of invasive species in agricultural ecosystems in Chinese provincial districts (A) and relationships between species

numbers of plant invaders and animal and microbe invaders (B).
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Fig. 2 Introduction time (year) of invasive species in Chinese
agricultural ecosystems

RARFAL R F B IE, FEC LRI AN
WAl RE S AN . HICE A E 18 (Medicago sati-
va) il A2 PG LI I 7 5 A G s BT BRI AR
(2008)FII FH 73 ¥ Fricd B 7~ H 715715 22 (Aegilops tau-
schii) 28— HHZ I LA B B AR AT
24 ANREEDH

JUT A NZ R 5N S N85 3 B #2 8
A OC. bR T DR il 55 B sE N7, WS
2% 2% (Eupatorium adenophorum) ) -5 M 1 43
Sa ot R N F ] 2 i e, 4K 2 Bl i A R
Py RO EESESIN, 13 B A ik(Hyphantria cu-
nea) & i 0 1) B 45 F 40 9% D56 [ | oK, 1979
EH AL TR ORI, 2 JaiuEy sz
WUREAE, 2009). M55 289 22 e ) SO RN I
ZRHE, Z a9 B340t ¥ (Sang et al., 2010), &2
ZH(57.32%) N Z AR BTN, JoI R A
PR NZF(E3),

SR, EAS R, NP 54% 1
RO, LRI 37%, Fk, 24w 1
HbGE 55 A5 0 1 51 3 AN AR B (Williamson &  Fitter,
1996; M A1H 2% 55, 2000; Weber et al., 2008; [ [E
4, 2009).

2.5 ANRFEIEKIR

o O AR 2 R G N AR PR YR T S OO
(F4). KB EIN 545.04%, JUTATG T HoAd &
Z L, ONARE Yok B 29 ) B ) SR s
55.03%; UGG, 1122.90%, 2 J5 2 Wb

B3 FEKIVESRENRHIIAFTR

Fig. 3 Introducing means of agricultural invasive species in
China, i.e. (A) intended introduction, (B) unintended introduc-
tion, and (?) unknown.
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Fig. 5 Arable habitats of agricultural invasive species in Chi-
na. A, Vegetable garden; B, Orchard; C, Paddy field; D, Dry
land with summer-harvested crop; and E, Dry land with au-
tumn-harvested crop. As some invasive species occur in several
of habitat types, the total percentage of all the five habitat types
is beyond 100%.
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Fig. 6 Main occurring period of agricultural invasive species
in China. Feb.—July: mainly threatening crops harvest in sum-
mer; Aug.—Jan.: mainly threatening crops harvest in Autumn;
and whole year: mainly occuring in March to November.
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Table 2 The main serious invasive species in Chinese agricultural ecosystems

WyFh 4 Species

YFh 4 Species

YR % Species

EIHZE Serious weed

ZXI0 TR Alternanthera philoxeroides
BB Amaranthus retroflexus
e Avena fatua
KHZE Vicia sativa
414 Ageratum conyzoides

-4E3% Erigeron annuus
I TEE R Conyza sumatrensis
/NEIE C. canadensis
X e M 5L Regional serious weed
RUIR3%E Eichhornia crassipes
WSS Veronica persica
F AT Vaccaria segetalis

Hf£HE Geranium carolinianum

i 5L Eupatorium catarium

KIRMEEE Bidens frondosa

HiT4%8 Aster subulatus

B4 Sorghum halepense

P14 Aegilops squarrosa
EEER A Serious insect

JRAEL Bemisia tabaci

% AR E Trialeurodes vaporariorum

SEYNPLELE Liriomyza sativae

Fi41% . Pectinophora gossypeilla

FE/K % H Lissorhoptrus oryzophilus

Fs/Nsizi Bactrocera dorsalis

A KSEEE B. tsuneonis

JRSEHE B. cucuribitae

& [ (1% Hyphantria cunea

ZPEMi# Tetranychus urticae
EMREE Pathogens

KRGS P51 Xanthomonas oryzae pv. Oryzae

T KFEFWE Peronosclerospora sorghi

KRR W Verticillium dahliae

FLERA Venturia inaequalis

LA SR i 1E  Phytophthora infestans

KT fgELk L Heterodera glycines
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2009).

He Bz 51 19094 2 Jm H 58 [ 5| 2 P 3L
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Zilgi(Icerya aegyptiaca)ff) b5, B 5 & e
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MR, 1994). MJm XA a5k IGRE s Bl 4L (Crypt-
olaemus montrozieri)Fj ¥ ¥ i (Pseudococcus spp.)
(X525R, 1965), Hotig(Aphelinus mali)Bl i 3¢ H 45
1 (Eriosoma lanigerum)(JEZK 555, 1960), W EF/N
% (Encarsia formaosa)pi; ifi i % ¥y E\(Trialeurodes
vaporariorum)(ix £ 3E4%, 2009), 755 5 L (Me-
taseiulus occidentalis) 1% F) /N 22l Phytoseiulus
persimilis)Bii va Wi (77 /N im 2, 2008), 14 A 1 /Mg
(Coccobius azumai)Bij i #24 5 [id i (Hemiberlasia
pitysophila), #ifFF# ik 4 /)N 1§ (Ascecodes hispin-
arum)Bi A AL FE (Brontispa  longissima) (£/hE
Fig i, 2010), ER 5 {54 (Beauveria bassiana)
B BR 20 KW ERVLEE, 2010), = & H A E

C 7 1
> /MBEIEE Conyza canadensis |

) FTEIBER Conyza sumatrensis it
o RFELW Amaranthus retroflexus |

o B¥79% Pleris rapae

> 1A ELBE! Bemisia argentifolli 1
o M EL Bemisia tabaci .
o WREL¥EH Pectinophora gossypiella :
5 ¥/ EEEE  Bactrocera dorsalis

5 /AE I Mus musculus

s

TEX]
Microbe

Animal

> WF M Rattus norvegicus f Species 29(18.71%)  19(34.55%) 3(10.34%) 51(21.34%)
BEHEE Tetranychus urticae 12 Genus 18 (17.65%) 2(36.73%) 18(8.33%) 38(21.27%)
o HE B Cylas formicarius % Family 8(26.67%) 14 (36.84%) 2(8.33%) 24(26.09%)
o L TEEIER Phylophthora infestans HH SR 10 5 2 17
o KEHEERE Phytophthora sojae ZHEMR 19 14 1 34
E7 HERVESRG2IFMNEHPEIRELENALEEDEDMHFEIT . ARBAEEVERSROMH. B. &

URMMEREMMERTH —ERBEERY, SRMRTHEERGEF M), (B)RI LR EMF A X X8 )

MG C) P ELTMAED R R ETSRFENEH.

Fig. 7 Number of species with pesticide resistant biotypes among 239 invasive species. (A) Number of species, genus and family
(the proportions from the relative group of Chinese agricultural invasive species are shown in parentheses). SR means resistance to a
single group of pesticide, while MR multi-resistance to more than one groups of pesticides. (B) Number of species in different coun-
tries; (C) List of the species reported as exhibiting pesticide-resistant biotypes in China.
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45, 2010)5, BT T AU RIR . FRIFIRHIA T
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WG T B P SR (I & 745, 2009).

P [H B 2 5] NZI20F0 R T-Bli i AR A4 5,
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Ji Bk T (Agasicles  hygrophila)dss il 4% 0 3% 7~ 2 (1 Hit
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ifolia), ¥4 i (Actinote thalia pyrrha) X ik H %
(FKIRELAE, 2006), AR5 F (Neochetina bruchifi
N . eichhorniae)®t KUK 2% (R & 41 4, 2007). s
L M 0k R 0 Y R O I . AR,
I (A 7 B i (Hymenia  recurvalis) s 25003 1 5t
FATR 5 1 85 2 11 F (R R 22 55, 2006); 7 it 45t
D K B Al 2 Bk )T 3R B2 i T (Ophraella
communa) 3 &3 il (F B AR, 2005).

I BB AE A AR B R ) o A0 1 A
AADHIE (FREHISE, 2007) o rp IR b %
(Nimbya alternantherae) Fl i ff B i 25 1 25 0 3% 1
BRIt R (09 0 (MR D5 45, 2008), A TR
(Alternaria zinniae) 1] DL4% il 48 2% 2 (Dai et al.,
2004) LA B I B K — b B AR A (4F o8 4 A Tk
2006). I H a7 A= HE ) 4 22 1B v N Tl H 3t 5
T — TP I SR BR (R BEE, 2008) 0 TR R IF B %5
B 9 L {L 7 (Collectotrichum gloeosporioides f. sp.
veronicae) X} B LN J& [ 40 A1 Sk AR B B AT B0 T
(H 7 A5, 2002).

WAL, ANV Tl B PRI R AT SR fE AN R A
MO RO ARV ARIE R N BTV
R FE A LUK E LN, EERAEMET, |
TR AL, IR FEOK AR AR KA, AT ELAT 250 )
Hofe s, XSt/ 22 A e se AR il LU T s il
L5 N i SRR 37 S PN S S LN R N
S B GBS, 2006, 2RSS, 2008).
33 HMREBMNEMHERK

B A A Ay 2 4 1) A0 K el B 11 B A (R )
A7 b 48547 ) BE A X 45 il Ak AE M NAR RN AE S R
Gi by EE . B R RS 1995). il

H.(Xanthium spinosum)(B4 FiE4E, 2006) JISZ (KK
SIUESE, 2008). Fi/NLIE(FIER S, 2010; 3 E3
28, 2009) JE¥y BN J7 55, 2009) FE (B 84
£5,2009) LYPNBERF IR ORT-AE, 2004) LA KK 25
A9 D 1T B8 B 1A ™ i G 5 1 1B 1. 2007
TEMUAT BT NS A AT T AR A sk TR LR T 146
@) 6P EARE . 20FP & HL . 125Fh FL B
S8PPANTR « 3OFMRNEEESITE . 41N JE AR, Horp
AR ZHE AN R RN R RN AES RGN
SR FAEY) . X WARAEF T sl A /DA A7 X LA
TN R RS TEEEN. (12, X A5
AN JE CLRE 8 7K AT 55 AR () NAR (R TR A 5
2004; JiJ7iAE, 2005). AMKA F AT 2 T T
H) 4 S (AR AT 58 i, 2004), 1 T05 BT I skl
W FUTT IR RIBR I, V8228 AR FHAEYNE B
BN, REEVE 2 AR Y R A A
Wy [T RE G A A AR (Xu et al., 2006; We-
ber et al., 2008). Kk, FEAZANKAEYINAZ KPP
PRZR, Rl A A A 5 | R AR IR IXURS: P DA o1
oA IK AL HE R A R RS PR B
ARIER L AR RN B4R R (Pheloung et al., 1999;
van Kleunen et al., 2009; Chen et al., 2010). 7% [H 7
B — D s ARk HAY NP, ek
SLAERIE TN AIE B IL AL, AR T
B2 ¥ R A0 KA 35 R W) 44 sk S A R0 P A
HERLF 4K Hi5 (Weber & Li, 2008).

SIEEINAR B (1) A R A A ) A T 1
—HEI@AE. e KR ST (Procambarus clarkii).
RPN 71 | i AFUR A DA B )52 308 i XG0 (B Ak
FHEIRK, 1992). F34bh, HaAFIRIE R 1E R K754
(AR (PSR A, 2009). A, 785l rhopfog pE4r
], ) FH A S R M AT s o) SR el e R
(1 €5%, 2002); RUIRE 200 T A5 T D A HL
NERL AEPIRRLAE, SRS MER— R el
IEREA R HRIVE A YRR R RS, KRB, &
K—H At . —4F % (Erigeron annuus) A AT AT LLAE
ER T R IR (B B2 4%, 2008).

I 0k NAZ FE 40 10 A 4 s 4 B ) K BT v
RHEAFEYCAEHADIIE, FIUEZFRE NE
Kt sAe PELUE], 5 B, /N TR,
IRTEWEL, 4. B4 (Flaveria bidentis).
BT %(Galinsoga parviflora). w3025 (Wedelia
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trilobata). 137 (Chenopodium ambrosioides). />
16 1L Bk % (Gaura parviflora) . J1 . % (Oenothera
erythrosepala). ¥f#1% b (Daucus carota). 7 %%
2l (Veronica persica). 522 }(Lantana camara)Zs
(Sun et al., 2006; 4= [E %, 2009).

AR RNZFILERE Y & R o] LU AR . 4
W Z R N AR G N A S P 2 — (DS A
PR, HAL T R A A 22 5 AP AR
KTk, 8k A AN LA VYA AR /N 2 —1
AN LA B 7 v OO R R 2 R PRI
PN =R S ik N S A e 378 S PN N N S B Vi o
PRI a2~ S PN N 717 B 5PN I 71 o 52 = P N 1
HEBIER . HUREARIESCRE IR . Polg DR Pk &6
S0 % N PN I L U ST N PSR N ER ) ARy
W PERIER DL s oy A R W S (il =
&, 1999). X, BI04 W] RERLEVE N & R 5
TEUE AR 5] R GE T ok 1 (e 0 A
2004).

4 MREE

AN R G B 5 PR AEDANR LSS,
DL, WETTAN R AR B AEAR ML A2 35 R G N AR A
Jis BULS AR, JRRR PG H G T AT
2 AR 7R BAT Tl ) T XR LA 55

(DR L2 Tr i, il A0, BARAR
MR, AN BT I ARl B SR A T
HER AR ER . Jf HBHE SRR, X3
GO T o BOEAR Y A AR FE B AR M X F
AR PR T IREAE P, B8 I T AR RN AR 1R R %
PE; AERURAR R ARG AN AR Fh AV 23— 259
Ko AT IR T A HAS R F AW T
(R . DR it tH A B AR B R G fe &
PR RAT BB ER, BIEIT S AERIAZHL, M
A AN SR RSB R B Y 1 i G T . AEAAR
PR AR AR, SO R bR T F K
A, S SR G AR AR A AR PR 1)
HRRBIRE (I T B AR OUE, DR 2858 Rl A=
PR oy P R KA B M B (A R . eAh, X
T S AR LSO IR e AR (R ) A A
A TS 2 1) W DU TR AN T A

@A R E AR AEZ R G Ak
NG FmATER . — i, WERIAEEY

PR AT BEAE F o7 28 A 10K 0T [l s A2 Al e i o
M2, BT ICEBERSZ B O TENE I FrEm &,
IARSF T AW 2 H AR B AL T 25 52 A ) SR Y5 R i A
(WA 71 TH, nIRESH 78T 2 R B KR P P (1)
BERM BRGNP SRR, 27 EY2%
FORWAT B THR7RVE 2 R A I I S A, M
M0 A R 2R 6 5 A L5 1 P A S VAT k4K TP 1K G R I
W R L. T — 7, FREEA X &R
Yy UL BRHE « RSB R IPEAN NP 44 s (L F
PiRh. Dt R AR G RS SR AR BiBR T
ZV A TERE o X L0 il B o P 1 95 47 R A FEL S S A
AR A .

Q) FEFERIED RPN A 2 Nl “ A7,
5 DRI 4 K T R R 5% 3 BV B P R R 355 5 5 B
B9 N L VTR CIAPUST N ey S ¢ i S Y ig
(T H DU, i 3 30 A AR 2 R k> A
PEREAR 45, Hil g9 NS0T B AR B A ER ST ) 2
IR FNE g0 Lk, IR RIPUEAE Y 0 R T A AR
B SR S b g BN TR, BPT 2 1 AR ) R v
o i1, Lus5(2010)FRAE T ] RIS ol 4 Ik A
YU P EUE % (Heteroptera: Miridae) KA ; 1E
TR A, e B MR = 42 (Sorghum  halepense)E 7
1 5 kB (Binimelis et al., 2009). N, itk
B DR AT e B A B A B AR AR AT B ARE D AR
o T 3 T R S T A, 45 1 Song &5 (2010) HBIF
GYAEH, B HL KBTI B ) S (Brassica napus) I Hit
PEREDA W] BE 45138 22 Y ¥ 32(B. juncea var. gracilis)
e Bz, WHE A TR ERERAEY R, A1
IR 22 A ) 5N 1249 31 0 ) AR ER R I,
ML AT 2 e e s T &

4) AREMAR RN AT RS, 5L S
TR TAE R RE RS N KIA 2R I KB E G AT,
KA F AP B2y PR, SR T B R
(V) DRI o DU AR AT S LB R B2 M 1k — TR I
MREATSS o RN AR ER 2 oo E RSB, T3
DA ER PR

B3 3k

APRD (2010) Arthropod Pesticide Resistance Database.
http://www .pesticideresistance.org/. html(2010-4-26)

Binimelis R, Pengue W, Monterroso 1 (2009) “Transgenic
treadmill”: responses to the emergence and spread of
glyphosate-resistant johnsongrass in Argentina. Geoforum,
40, 623-633.
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Appendix I  List of invasive species in agricultural ecosystems of China (totally 239 species)
(http: www.biodiversity-science.net/qikan/ manage/wenzhang/10148.pdf)



