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Diversity and interspecific relationship of wheat aphid and
natural enemy system in Ningxia

Liu Junhe! He Dahan® Zhao Zihua®*
(1. Department of Biological Engineering, Huanghuai University, Zhumadian 463000, Henan Province, China;
2. College of Agriculture, Ningxia University, Yinchuan 750021, Ningxia Province, China; 3. Department of
Entomology, China Agricultural University, Beijing 100193, China)

Abstract; Cereal aphids are the most important pests of wheat crop in Ningxia, China. In order to
examine the relationship between cereal aphids and their natural enemies, the field investigation were
conducted on insect community by combination of net sweeping and pitfall traps from 2009 to 2012. The
results showed that 97 species of natural enemies including 16 parasitoid species and 81 predator species
were identified. The natural enemies were divided into four kinds of functional modules including primary
parasitoid, oligophagous predator, polyphagous predator, and omnivorous predator. All four modules of
natural enemy had significant effects on cereal aphid population in wheat crop. Furthermore, the
interactions among these four modules on cereal aphids were significant. Aphidius avenae Haliday and
Aphidius gifuensis Ashmaed were the two dominant species of primary parasitoids. In contrast, other three
modules had complex species composition and high species diversity. Complex landscapes enhance
biocontrol service of cereal aphid through providing abundant food resource and refuge for natural
enemies. Additionally, primary parasitism was higher in complex landscape than simple landscape.
These results indicated that reconstruction of semi-natural habitat could enhance abundance of natural
enemy and further improve biocontrol services in agroecosystem.
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TSRS /N 77 D i AR 3 T R /N B TR
DA VERT, T BAL R B , 5 B0 IN A ™ F i 5T
TR E B NE A A RC B 22 2
23K 46 B i RO T RNIE 25 Bl MR R RS
21 FtY . FRE L iC B2 I 12 B, 5F R A Y
PR 20T BV 22 S R ORI A T Al T
5%, VAL X 8 & A H BB A K N F A 4 Fh,
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FRRE R TR/ NS 772 DX A2 R ] 20/ N A A 7 B e 1Y)
FBET 20 i 90 AR, A2 A A IR
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Table 1 The list of natural enemies collected in wheat field of Ningxia

Tite B & fif AL
Module Family Genus Species Frequency
AR woF Rl W W W & Aphidius e WF 9 Aphidius avenae sesgokoteon
Parasitoids Aphidae NI 0% Aphidius gifuensis ok

S UFH % & Toxares

A KB HE B Ephedrus

K JRe 0ok B 0 S Lysiphlebus
= B EE R Triowys

W S W SR Praon

Wi/ N R} Wi/NEYE Tetrastichus
Eulophidae
LUMN 73S WF/NVE S Aphelinusal

Aphelinidae

VU )11 95 B85 ¥ Aphidius sichuanensis
BAT2fi iof W Aphidius ervi

SR M Aphidius rapae

5 W H I Toxares sp.

BYIEIUF H % Ephedrus persicae
AR I M Lysiphlebus confuses
N =S U A% Trioxys asiaticus
B = S HO% Triowys pallidus
RITIFHNE % Praon orientale
WS} M Praon volucre

L WFANEE Praon rhopalosiphum

Wi /NI Tetrastichus sp.

¥ % % ¥ % ¥ ¥ % ¥

*
*

*

*
*

[ 2 55 /N Aphelinusal bipodus
WF /N Aphelinusal sp.

*

*
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gk 1
oIz #l J& i 3 A L
Module Family Genus Species Frequency
SRR R K2 AR Hippodamia £ 39 H Hippodamia variegaia -
Spjfi?llists Coccinellidae + = BRI Hippodamia tredecimpunctata wok
SO AUE Harmonia IR Harmonia axyridis s
B HUE Coccinella LRI Coccinella septempunctata o
FEBEBH Coccinella transversoguttata *
REHF B Coccinella trifasciata #
/NG ELHUE Oenopia ZEBEISENR Oenopia conglobata s
KBS Coccinula +— BB Coccinula undecimpunctata *
W-EEH Coccinula quatuordecimpustulata *
fa8UH S Propylea . 8ZH Propylea japonica o
NEIHUE Scymnus TR Scymnus bipunctatus *
JEL LIPS IFNR)E Syphus IR AU Syphus corollae o
Syphidac [ W WE Syrphus nitens s
R EUFNEE Episyrphus BN W Episyrphus balteatus stk
NG A4 8 Sphaerphoria 75 E £ R Sphaerphoria cylindrica -~
SRUGF S T Melanostoma BEBE L W Melanostoma scalare -
R WM E Scaeva H BES A I M Scaeva selenitica *
RHBESAT W Scaeva pyrastri *
FISR} BWRJE Chrysopa W% Chrysopa formosa %
Chrysopidac W AAFWS Chrysopa phyllochroma *
HHE S Chrysopa sinica %
KEEWE Chrysopa pallens Hokok
B} WF ISR Aphidoletes BRI Aphidoletes abietis *
Cecidomyiidae
ZaEM I} #IS)E Pantala WA Pantala flayescenx ok
B bR Sympetru BRI Sympetrum frequens .
WER} Aeschnidae T KUEJE Epophthaimia N TN KWE Epophthaimia elegans *
£ iRk IR HUJE Neomochtherus FTEZ801 £ B Neomochtherus kozlovi s
Asilidae AL HUEIR Promachus KA U Promachus yesonicus .
WEsE AR Wil & Nabis /NS Nabis ferus *
Nabidae ARG Nabis sinoferus *
HIERL Miridae % JNEE)E Deracocoris £ B INE % Deraeocoris punctulatus o
KIERE KIRKIEE Geocoris FH KHR K% Geocoris grylloides *
Lygaeidae
] WASIR Oncocephalus BERF S Oncocephalus sp. "
Reduviidae
TR /NAEWEIR Orius HRW/NAEE Orius sauteri -

Anthocoridae
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k1
i i & i I Ai AR
Module Family Genus Species Frequency
S en s B Rt [ R Staphylinus A7 KBS 5 Staphylinus maxillosus ok
PN Staphylinidae KRB R Stenus TR B AL Stenus tenuipes *
Omnivores AR B E Calosma H4E B Calosma maderae *ok
Carabidae H W& Chlaenius EH W Chlaenius pallipes ook
G2 Chlaenius circumdatus ®
WA W E Prerostichus EAAEZAE Prerostichus gebleri *
WA W & Scarites BAYGER AL Scarites terricola otk
KWK Scarites sulcatus *
W21 W8 Dolichus B Dolichus halensis o
hEEL B & Pesudotaphoxenus SIRRFEL W Pesudotaphoxenus brevipennis *
KRR Corsyra KW Corsyra fusula *
N5 H R Nebria S0 Nebria livida H3k
HHE Carabus oW Carabus sp. *
30 W8 Harpalus AW Harpalus crates Kook
BT Harpalus calceatus *
1235 Harpalus salinus *ok
EFSEH Harpalus griseus ®%
K W8 Cymindis WEEAEA B Cymindis binotata *
2PAEAEH Cymindis daimio *
52 Rl JR W& Cicindela ZEUR Cicindela elidae *
Cicindelidae HABEREW Cicindela hybrida o
BPEREW Cicindela raleea *
TRIER} FIWk 8 Pardosa BBk Pardosa astrigera —
Lycosidae VAR Pardosa laura *%
RIKJE Lycisa PIEIRYK Lycisa coelestris okok
HAERR I Lycisa sinensisi e
T AR Lycisa erudita ®
AR BURYE Lycisa pesudannulata ®
SRR Y 14)8 Tetragnatha FE Y W Tetragnatha shikokiana *
Tetragnathidae
e =H kRt Tk & Agelena B Wk Agelena opulenia ok
Agelenidae
- JE R IR JE Gnaphosa R T IE W% Gnaphosa kompirensis *
Gnaphosidae
BRIE kR F 5 WEJR Enoplognatha MEBEE K Enoplognatha japonic *
Theridiidae BREGWRJE Theridionocto JNIBEEREEWR Theridionocto macutatum *
LA} INBIRE Erigonidium Al /NBER Erigonidium graminicolum etk
Linypiidae BT k)& Erigone BT Sk Erigone prominens seofleok
(5] ik Fo} B KR Neoscona HAB T WK Neoscona doenitzi *
Araneidae SWRIE Argiope RESU 4k Argiope bruennichi o
[R5k )& Araneus KGRIk Araneus ventricosus B
SRS Singa U S SE Rk Singa pygmaea *%
PREESE R Singa hamata s
B ELRR} B HIRE Clubiona R BLI Clubiona japonnicola *
Clubionidae BB Trachelas H A W Trachelas japonica *
i LR & Misumenops = ZRAEWR Misumenops tricuspidatus Hokk
Thomisidae HIEWRJE Philodromus 8B R Philodromus cespitum ek
TEBEMRIR Xysticus TICAEBEWR Xysticus ephippiatus otk
FRBAETE R Xysticus striatipes *
S ALk Xysticus mongolicus #k
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PEIRFL DL FM 372 K ) P I o 52 2% i
2 AR SRR, AN TR) DX IS (] B T PN K 85 26 45 %
2 ARK HEE L R R R B
o RL Al PR R | RO R RL L R R IE MY
Z PP, AP A T AP R OR AR R BRI A 22
F(E1D)

2.2 AEIZHMRHNEAREHEXXER

AN TR 22 W5 Kl ) i A =2 8] % 22 Mop 40 2 B 5%
EWERNEPNG Iz ROE - A FiE A (RN
PR PR RN B £ M R ORI B X6 22 M e A AR A 5 i) dn
=L M2 EYERES 22 8 P R FOR R X 22 WF Fh i zh
BILBEXM(EK2),

K2 ARXFYEAMNEFHBENZMEEEXR

Table 2 The effects of four modules in natural enemies on cereal aphids and interactions

HHE 77

Varied resource Degree of freedom df Mean square MS f P

FATPEREYL Parasitoids 93 639.73 147.34  0.0001
FHAPEREL Specialists 93 342.44 134.35 0.0001
ZEMEREL Generalists 93 254.25 6.45  0.1094
ZRErPEREL Omnivores 93 618.43 2.46  0.3663
AR REL x ZEEME KL Parasitoids x specialists 93 498.34 198.34  0.0001
PR PR x 21K Parasitoids x generalists 93 438.23 164.23 0.0001
PAEPEREL x 24 B MK EL Specialists x generalists 93 624.92 67.34 0.0001
FEEMERTL x ZEVEREL Specialists x omnivores 93 298.34 46.23  0.0001
FEATPEREL x A2 M KEL Specialists x omnivores 93 487.23 28.34  0.0001
ZEMERTL x 24 B YR Generalists x omnivores 93 518.23 3.23  0.2415
AT PEREL x R PEREL x Z MR 93 428.23 137.39  0.0001
Parasitoids x specialists X generalists

HAEMEREL x SEETEREL x 2 MEREL 93 487.23 93.23 0.0001
Parasitoids X specialists X omnivores

AT MERE x ZPEREL x Z4 KL 93 397.34 25.36  0.0001

Specialists x generalists X omnivores

AN 22 05 KB e A 22 [R1 A A B HEAE
TR AEAE B0 28 EAE R, e 35 o) 22 1oF 4[] 42 ol 119
YRR, APk R8s (P ) S H e 3 KL fg
WA BEN ST mEN, F B XHE 2
BRI B M R BALAFTE S W3 28 B
ZEPERE S Z2 & R B (WA B B 0 38 TAE
o AERE 3 P REII R Z [ A7 1E B 38 B A
YEF . KECHBEH IR R* =0.7973, %W 4 MK
TR BEIXT 22 BF B 52 W0 322l 79, T3% | 22 BF KN
AE AT AR ELVE T S [m]4 h 2 22 rRce iAK
2.3 AEMREHLZEBR

WXL T RN R ARAEY) 77 X 22— 22 8
e (0 B B R, 22 W o B ™ R R IR 1525
S/ ERR, AR BCR R 7 Sk/m® | AT A B A R AT AR
HR 2% AR B, BAEPTIR Y 2 ~3 IR,
PEAF 5T DX Sk AR 2 35 1 U A, AR 19%

ST X 11 A1 R R VR = X, 22 15F
e B AL R A W WA e
ik 1392 Sk/EbE, S SR B 9 h/m?, T A

(B i AT LR RN 24% BEAEWIZY 1 ~2 IRBiG A& 9T,
BERIFSE XS/ A B A L AR, 23%

IFFE XIS AR X AR R A 5 o
LR, O T3% ABAE KRR AOY SEUES Y T, 42
IOF B i o o AN 217 S/ PR i BHL KSR
23 Sk/m*, A A B 9 B A AL RN 39% , e AF AR
it EMIZY PR AW (K 3) .

3 it

PadliE , ALSe (RO | rg 38 DL R AR A S sk o A
HINEY) A2 W IRl AT e B 2 — X A
FEANEW AR X0 22 5 KRB R 5, A ) X
W KRB FEE SR 25 Y, LR E I E
BRI TR, B0 D) e £ I g 55 R, A B ARAL
23 H 22 W R AL 150 Ff, 1 BRI A 38 M
T, M Y Ha vk DA S B AR M S R BRI R
BELLS Bottell 2557 Fll Bowwei 251 BfF 57 F6 0 2 H
U5 R Eos i 1 100 B, REL S BE AR R A
M e, 22 F KO AR 22 AR 6, X
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Table 3 The effects of agricultural landscape and management on cereal aphids and natural enemies in multiple regions

e R (AW EE PR (o/m?) oo et W2 UL ARVEY AR BT LA
WFFE XI5, . IR AP AR .
; The abundance of aphid The abundance of . Pesticide Percentage of
Study region o Parasitism (% ) L.
(individuals/100 straws) predators application non-crop (% )
XX i‘l
SRSERA I 1525 21 2-3 19
Study region |
7T X 13
LI j?]l 1392 24 1~2 23
Study region Il
7% X 1
BRI 217 23 39 0 73

Study region Il

Je i) 22 W PP RS ) 028, O[] R ORP AR IR A A
[, Wik 2 K 0 R S R BRI A5t LU AR | A 22 07
R TR RS K, SR T A B Y R
B, A AR WA IS D R M W I O BRI R A 22 I
A R AR R R R A s o 2 W e
R, TR RO A 22 9 & A T R AR
SR S A T A ) FE R
FWFRECY R 2R B W, R
PERELME— R, 3K 2e REIL [ 3 — P
LRSS NIESE S RPN OOE L iy iibiss A TRTE A
MRS % 8 M K B0 22 1 F i sh A5 52 R B
ERTZEMRES 2B RS M BA I WA
L HAEHAN , A AN [ K ) e A 22 6] 34 7716 26
WA, BRI 20 Koy 524 R —Ff
) AR 27 v 22 1 1) 22 b R B B) I A A2 AE
BETEG RO ORI K S g A 2 e AR
MHESEGCR MR ZEFEE W B s AR B
R —FAHE AN TS M B PMERI R, R4 R
JE A I RHG A T B AE 2 — , R Fh KT = 7] Y
e SEREAER BT, E—Fh [ KDL
LB, AR P55 A O RSN S PR, It
X 22 e 5 P A T L H R E R R
Thies 25" 717 WF 57 3 B 5L LA = (14 15 B 5 0040
A RESE MDA A R R, U HAE RECH IR N
FEEY T, X LS USR] T EE%E Landis
EVSVRGIATE] T B TR /INZ P X I R Rl
W, YN E—RAE S AR, AR Fh
T R w1 DR VR ) 2 W R R & AR
SREVMEIVER . RECFIRE 40 T —Fhsh &4 4, (A
BEAN B3 22 o R 2 R AR A S, U R Wb AR
FEAE Y A= 35 e v B AR b S b, 22 F R B 2 R
PR, 22 L AN ZE R, X AR 5ol R AR AR
YIHES 5 70% VA b, R 0 R 8OR R0 il 42

SpF AR | DRI R 22 T v 2 o O 5 3 1) 1 4 o
ABHEARFA RIS, L8 LTE AR AR R
TENA X TCIR S 1 DXk S X, 22 5 KR i
KW, SRR R, 505 SRR 22 P Ay &2
IF R Z RN R, 22 BF R B (B AH B M |
HAANERI G R  SEF R RSB T CRIFAM
A 10 R A A P4 i 22 A Bl | 5 L ol g
FRELE 20 B LA R B AR o
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