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Effects of landscape structure and key landscape factors on aphids-parasitoids-

hyper parasitoids populations in wheat fields
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Abstract: Studies have shown that multiple agricultural structures could affect the dynamics and distribution of aphids,
parasitoids and hyperparasitoid systems. In this article, we designed two spatial scales of agricultural structure and analyzed
the affects of different agricultural landscape factors for wheat aphids, parasitoids and hyper parasitoids in two spatial scales
in wheat fields in Ningxia Province, P. R. China. Through stepwise regression methods, we screened key landscape factors
in two spatial scales that influenced wheat aphids, parasitoids and hyperparasitoids in different population growth periods.
We then stimulated distribution and sequence of wheat aphid, parasitoids and hyperparasitoids with CANOCO software. As
a result, we were able to study the influence of the landscape matrix and composition of surrounding landscapes on the
proliferation of aphids, parasitoids and hyperparasitoids and analyze the dynamics of wheat aphids, parasitoids, hyper
parasitoids and seven landscape factors ( wheat fields, non-wheat crop fields, grassland, tree lands, bare area, plastic

house, and other lands) in 95 fields over a two year periods (2009—2010). The composition and texture of the
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surrounding landscape were derived from high altitude photographs. Seven landscape variables, aggregated at two spatial
scales ranging from 31400 m’ to 125600 m’, were measured from aerial photographs. Regression models incorporating
within-field and seven landscape factors accounted for 37% —58% of the variety of aphids, parasitoids and hyperparasitoids
in the wheat fields. Result showed a correlation between landscape factors and dynamics and distribution of aphids,
parasitoids and hyperparasitoids. In immigration periods, bare areas greatly enhanced the immigration numbers of two wheat
aphids while the employment of a plastic greenhouse sharply decreased the immigration number. In growth periods,
grasslands and tree lands accelerated the population growth rate of two aphids species. As plastic greenhouse suppressed the
population growth rate of aphids, however, plastic greenhouses, grasslands and tree lands accelerated the population growth
rate of parasitoids ( aphidiidae ), which was greatly restrained by non-wheat crop habitat. Grasslands and tree lands
accelerated the population growth rate of hyperparasitoids. Thus, we concluded that, in stable periods, the maximum
population density was highest in the agricultural landscapes with the greatest percent of bare area. Both grasslands and tree
lands increased the maximum population density of parasitoids and hyperparasitoids. The results in two spatial scales were
similar. Overall, parasitoids and hyperparasitoids abundance and species diversity increased with increasing bare area in
wheat fields and with increasing amounts of non-cultivated lands and increasing patchiness in the surrounding landscape.
We attributed the discrepancy between the response of these parasotoids and hyperparasotoids to landscape factors in relation
to differences in mophological and life history characteristics. The specific composition of parasitoid and hyperparasitoid
assemblaged significantly alters parasitism at different levels of agricultural landscape composition. Future studies should
evaluate more plants in landscape, non-crop herbivore densities and allot more time to the impact of agricultural landscapes
on diversity and function parasitoid and hyperparasitoid. Major areas of study covered the construction and design of
agricultural structure in successive spatial-temporal scale, which enhanced activity and predation of natural enemies in

agricultural landscape and suppressed the pest population to the greatest extent.

Key Words: landscape structure; bare area; landscape factors; Parasitoids; spatial scale; wheat aphids

SO SRR T A3 () 5o M LA B S AR S B B G R — T IR s [ AR R AP AE S
AP S BOR B B A 0, SRR RIS RR 1A E] h 2R Z AR YRGS R, BT [R]
F1% 223 [v) B 22 B4 B A Jay B A s AL I8 — AT (9 7 T T X 0 % D e 7™ AR B B, JLAN 22 LUK
A 5 — ELN A SR AR S5 1) A T AR S5 ANt 95 S5 e Ak, iR B M e AL o 1 TR ) 36% |, 11X 48 2 Fif
RIS L, Bt S BTSSR A e A TG 7284, o NS0 2l 5 1 1) 2 TR] S5 WL 25 44 114728 A X sl A ) e It
GBS 5 A A B EERSE I OIS R 1 O LE T8 AR N SO0 45 R 5 e A= ) [ A A
FNS AR AR M RO 2 R A7 A0 SO TS X SR AR ) 2 REPE R AP R AR DGR Rl
SO ARVEY A58 A A R A REMESIT 3 B A BB R | b ) R B S BER A 2 AT — )
TEOLT AR e rE AR AR PR 5 vh 2 R TR I e U 7R AR b S A B am £ Bk, F
A T AN TR A9 A B2 ) B DR A BEAE AR B A RIS, T AP ) A M 5 2 R AR BT AT o 95 A e B I T A
FH IR SIS A A BT 2

BAERFICUERT, Al 50l FAREY AESE F2 5 BE 5 2 REIE 35 A 6 A AR AP 210 TE NSRSy
ST A WL E 2 I v HE I 2 S A R 2 K, (LK Aol v JBE S5 o A ) A Ml S5 R A 4] 52 i A= ) ) 5 7 o A
FERABFSE ' IE 10a 3K, B AN S5 UURS Joy FA N 2% 511210 el S5 U A Jrd B B8 532 Wi R LI 22 R, F2 i
RAF A A R SR AU Y SR o7 5 SR 5 Tl TS/ AE B Lk A 5GTE . SEMASHNS B
BRI A A — RE R R (3 BRI B IR AT SRS AR SR R I 58 2 8O R e e v B IS B o2
FR AR SR Al T EAS [R) A S5O0 SRy AT R T T R R B S B St LA 1, LR S LA Jey
AT AR R A AR R A SO T, F R AL T H

http ; //www. ecologica. cn



474 A E = 32 &

STOVLZEA ALY S0 A= 40 TR) ) R B R B R A )2 R ) SR A G 2 A M R B AR W ) 27 A= %8, I,
AN FOUL T Z 409 45 45 5 A B IR RS A R i E A AR i 5 R A AR I ) A AR R, K KB WF Macrosiphum
avenae (F.) . Z W Schizaphis graminum ( Rond) & H E PGk /N2 BiAR DX duf v 3 5 A ™ E A S 27 40
PR 2y 100 T, A E BB /AT, T ELAG R /N2 B0 B , L 28 AN Al 0 2 1 B 35, 20 /N A2 A
W T B RIIEE e B 5% Aphidius avenae Haliday MHEF #09% Aphidius gifuensis Ashmead R 22 W (%] 75 A&
WA A B R S8 2% 45 /N Pachyneuron aphidis Walker B 8586 45 /N Asaphes vulgaris Walker 22 o 5 27 1 1
P, BEE VAL IS B AL A & i Al s & A2 1 BRI ZE AL, X R AR SR 28 Ak R 1 4
Igp 5 2 A SRR 4 L 2] , (BN SFUA Je 8 T A e 0 22 W (R S MR AN AE o AR SCIFSE 1 AR 50U )
Xof 2 W) B £ e K T AF A W ) S , R A Ml S5O Sy X 22 W) 7 A e AT A R U 22 RS e 1Y) DG
WL ¥ S S HAE . EZEAA AT 3 AR, (1) ARl SEOWLEE 1 v 52 e 22 85F K 27 A= R %) S B 550U K -2
27 (2) IXSESCH R WL A 12 AN i) S B0 W e 5 AR MR R AR AR AR 7 (3) AR S5 LR Wi 22 WF e 2 A W A
(28 [ RUBE . BIFSE 22 WA PiRE S KT A A 38 X0 X ol 22 FH R e 2 285728 A %) e 7, % 488 75 22 W7 1% sl AR 9 A2 4k
H ARG I S B R S
1 #R57EZ%

1.1 BT

IRIHFFE o0 4 2009 4FA12010 4R 4—7 H AT L5900 2 a, WFFEIXIE T R RNITSR X EH &
(38°25'45N; 106°22'21E) , i85 X0 HUN BB BEIEA L /R JEPd X, A 3T 0.1 J7 hm BB IR , 107 HLL4F
R AW R H, T A IR B X SOt R A X AN O A ARl S A, AR, 2R
ARG, /N2 oK KA AR5 MRS R A A AR 20 5L, 52 A% 8 ARl S5 WL ] B i Al S5 WA,
FPRAEY) SRR M 2R /N A 2 AR EAVEY . MM Google Earth (Hitp:// earth. google. com/) 2
BB TR (PR 2 m) 7R B AR 10000 m (19 BTG A, DL SR BEURT A 23 [ AR iy vk | 2iicd
INAEBERR 95 B, IR 676. 55 m* (& 1)

1.2 W55k

ST X G2 A0 §5 42 BF . 2 K& 8 Macrosiphum avenae
(F.) A X ¥F Schizaphis graminum ( Rond) ;) %3 4 1
(Mop AR ) L e WF HOE Aphidius avenae Haliday 45 1F
B ¥ Aphidius gifuensis Ashmead 5 5 7 A B (4 /N 1%
Bl 5F 98 2% 4 /N Pachyneuron aphidis Walker 5 #
W 4x /NBE Asaphes vulgaris Walker, PAAS[A] 77N 2 H B
SIREHE, GPS JEAL MU A2 I A AR AL 455 27 A ey
B A, JE A B 2 3 o oy 22 B R RS A (5- 02—
5-15) FUFARER K] (5- 16—5-30) F1 22 0 Fob b v i
J51(5-30—6-20) . ZEAIFAY 1 AR08 0 0 S BE M A A0S T 7 bRF Bt 7D 25 1
TR IR R AR AT (] S50 28 (R SR A E |, ARSI ISR L ] 8 3345 Pt SO AN [] 2 A 8 7 4% /1N 22 BRE R P 14 ol
e,

SOES R o ACAON R 23 A T AR AN bRl Bt M RS e B R, LR
ANZEBEBFLL A, LA 100 m A [ AN JE R R B, 36k 2 A, 242505009 100 m 5 200 m (9 [F].Cy [, 7
Tl RUEE 7350120 31400 m? 5 125600 m® , 242 — D hilr | 3t 2 AN Genhaly | 44> G2 iy 1) SOULIA 10 6 22
HAVEY) AEZZ A Fodh At JOM, Fof 50, 4t 7 Fhso Ul A 7 B S TR, 22 H T b BEsR  f eg i 5 %2
FHAS SRR S o BT RS ] 5oL S5 1 /N A2 TSR, AT AN [] 22 FH B 1) 22 008 S5 A0 ) I A, o) 8] A 42 0F 2
A VRS SOWLPR ¥, SRR 140 g D7 i 3 ao b T 5 0 R ORI AR S A AT

E1 #RRiEm s A ERRETEE
Fig.1 The satellite map of study area and sampling sketch map
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Table 1 Effects of landscape structure on alate wheat aphids in immigration periods

ik NE (] =15

RZ
Name Scale/m Regression
ERKEW M. avenae 100 MA=1.43BA-0. 16PH+5.01 0.100,0.52
200 MA =1.83BA+0.36PH+0.09GL+11.98 0.71,0.77,0.78
% ZWE S, graminum 100 SG=1.32BA-0. I8PH+5.71 0.44,0.46
200 SG=1.99BA+0.28PH+0. 17NW+1. 94 0.69,0.76,0.77

SG. A 7 X WF A R SR Population density of S. graminum ,WF 77 SR 11 e 1) Percentage of wheat fileds, NW ; JEE A S A+
A LA Percentage of non-wheat crop fields, BA ; #f4 5% W8 K -/ HL ] Percentage of bare area, GL: 3l 5t MK T 1) Fb f51] Percentage of grasslands, TL:
ML 79 EL ] Percentage of tree lands, PH . HUBIRHH SOUE 1Y L] Percentage of plastic house, OL: HoAZEHAL S B F 1 Lt 5] Percentage

of other lands
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SRS 7R R RN B B RE A 22 K A5 I (1 AR BE RS K %100 m 5 200 m SR T RE4 31 0.43 5
0.77(3 2) , AL EZ LAY E IR RRE RN A AT I ARG R R b X 22 = SIS A RR I 4 5 B R A2 if
YEFH,100 m 5200 m REE T BIREUM 0 1.54 5 1.68 (3 2) , SURIIE 5 bk 0 22 — SOl i RS K 24y
FIRBEAER

SERE A L 051 XoF o 2 e A B 140 A 1 D o R, AS T RUBE S e e 2 Mo e 5 0 g 8 0 20 A 4 R A 1 0t A
FH 7 R R BE T %o JH6 252 M e 1 25000 R 0. 78 15 1. 47, XA e Y 28043 R 0. 25 5 1. 23, R HAE 200
m SO RUE R R, R 100 m SO0 R #9434 i e th oA B R AR b VE L AR 22 3P AR B
Xof HF BB PR A T T, 100 m 5500 RUBE T o] 286 A2 MoF A e 5 IR R P 04 1) el R 4000 301 -0 12 55-0.03

R Hb -5 R ) B A e A R ) (R R R A . R TR) S O RUJE T A8 b T MR 6 /N 6 (1 52 i) 3 500 301 K
0.62 5 1.10, XF 55 H1 55 5% 4/ NE IS 228000 318 0. 78 15 1. 23, BRI [R) e ) 8 25 2R e R RE AT 554 F
YEFH 100 m S5O0 R TR 22 H AR BRI o BIEC G IF R 58 2% 4/ N 40 VR, 52 R 40h 0.05
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Table 2 Effects of landscape structure on growth rate of wheat aphids, parasitoids and hyperparasitoids in growth periods

4 R )9 75 o

Name Scale/m Regression

FREWE M. avenae 100 MA=0.43TL+0.390L-0. I6NW+0. 15GL+17. 19 0.30,0.43,0.48,0. 100
200 MA =0.77GL+0. 26PH+0. 26 TL+0. 27 0.44,0.87,0.97,0.98

MU S, graminum 100 SG=1.54BA+1. 19PH+6. 16 0.74,0.83
200 SG=1.68BA+1.13TL+6.73 0.84,0.89

A WF B A, avenae 100 AA=0.78PH+0.77BA-0. I2NW-0.04GL+5.03 0.79,0.84,0.86,0.86
200 AA=1.47PH+0. 83TL+2.08 0.72,0.75

JHIF B A, gifuensis 100 AG=0.25PH+0. 18BA-0. 03NW +0. 63 0.76,0.80,0. 81
200 AG=1.23PH-0. 17NW+2.25 0.36,0.53

WF e 4> /N P, aphidis 100 PA=0.62BA+0.48TL+0.34PH-0.24 0.70,0.81,0.87
200 PA=1.10BA+0.89TL-0.09PH+5.29 0.54,0.59,0.60

U 1 G 2 A /N AL vulgaris 100 AV =0.78TL+0.71BA+0.310L+0. 12PH-0.05WF+1.39  0.57,0.77,0.79,0.80,0. 81
200 AV=1.16TL+0.93BA-0. 09PH+5. 94 0.100,0.58,0.58

AA . M IF B I FIEE R Population density of A. avenae, AG; NHEF B (AL B Population density of A. gifuensis, PA . W HU M 4 /NI 1
FIRER E Population density of P. aphidis, AV : W HU S8 2% 4 /NI (R AR & Population density of A. wvulgaris

http ; //www. ecologica. cn



478 A E = 32 &

2.2.3 UG SOULZE A X 22 0 K AT A e AR AR 5 T

o A AN ) S5 UL R o) 22 05F R 2 A W AR E AL AN [] . AR X 22 06 B R B 5 5% il e K, JE L AE 100 m
FRUBE T B0 52 0] fie R, W 22 4 A8 I 15 22 — SR AR 52 il R 85003001 Ry 29. 05 5 73,72, AR SOULRUEE R S8R
XS 22 057 1) e K AP B R A TRIVE 6 22 KA I s i R Ak -2, 72 5 -8, 21, 4 2 — SIS 9 2 i) 32 48
3R 5. 69 513,34, FEHEASEAE 100 m SoULRE R X2 KAE A (R HEVER , 22 FAEBETE 200 m SOWRE T
Xof PR e el 1 g KRR 2 B A e VR

b A 5 A 1% LU X B A AR 0 £ VR FH B K. 1000 me 370U RUBE T B b A 53 X6 o P e 1Y) g K el
TESR T MR R, S R 5003 M 0. 78 5.0. 49,200 m St W0 FE T #5 Hln Xof o 2 6 116) 5 R b 7R 88 3 S i e K,
SN ZEY 0 0. 68 5 0. 43, WRHLAR B X I B 1) R KRR R B A IR VR

ey W SR A bt A 455 %o 2 A 0 1 i KRR % B S A e K, 200 me RUBE I X6 2 7 i 2 A4 W 14 52 il 3R 2504 ol
90.35 50,19, HR B AE SR 100 m RUEE TR XTI A0 4 /1N e 1) i ORI A 4% B850 Tt 5, s i) R 0K
0.79, PRHIBERIETE — & B AL oF d aF A W A e KRR AR . 22 HZE 8 S R A AR A B 0 J 2 AR e 1)
YA IEIAE

®3 BEPRHSEVNEMERNZYRFEESEAMBEZTENZN
Table 3 Effects of landscape structure on maximum population density of wheat aphids, parasitoids and hyperparasitoids in peak periods

i R Bl 3757

RZ
Name Scale/m Regression
FRAEW M. avenae 100 MA =29.05BA+13.99GL-2. 72PH-194. 18 0.75,0.77,0.79,0.81
200 MA=12.88BA-8.21PH+3. 53WF-138. 65 0.60,0.63,0. 66
HXIF S, graminum 100 SG=73.72BA-5.69PH +224.63 0.68,0.87
200 SG=-38. 140L+35. 07BA-13. 34PH+3. 26 WF-168. 67 0.74,0.77,0.79,0. 80
MW HME A, avenae 100 AA=0.78GL+0. 54TL+0.49PH+0.07WF-1.84 0.54,0.47,0.57,0.60
200 AA=0.68BA+0.43TL+9.26 0.37,0.44
JRAF B A, gifuensis 100 AG=0.49GL+0.01WF+0. 49 0.67,0.68
200 AG=0.43BA+0.04TL+0. 22 0.35,0.48
Uof H e 4 /N P, aphidis 100 PA=0.79GL~0. 11PH-0. 06NW +6. 64 0.41,0.100,0.52
200 PA=0.35TL+0. 22BA+0. 11PH-0. 05WF+3.76 0.28,0.34,0.37,0.38
o W FE L% A/ N A wulgaris 100 AV=0.74TL+0. 23PH-0. 04NW+2. 11 0.55,0.57,0.59
200 AV=0.66BA+0. 19TL+1.87 0.49,0.52

2.3 SRULAEHENS A2 UoF 4] 7 A= e - A A I AR LR

HIPE 3A AT, 100 m ] FIAO 5000 BF B -0 A AR 3 A7 A e R G0 BV L 52 SR i) B2 I — 3
(9, BRI AR5 5 b (8 R I HL ) 2 A 06 - B A7 A B R G OGBS OL IR 1, 22 TH AR 2 AR BB R
5 AT N X F - A A - E A A e R G A IRV, BRI A SIS e A A S I T ) e
SR 1 BRI (BA) 75 Sk 55 P 2 05 A7 S F (TAP) i Sk e f bl /N i T F B, Ul TR M BE A8 A ke ot 42 15
AR A, ML TL) 55503 (GL) WA fe AT A9 AR, S RSOR B — 2, AT /e #R M (BA) I
AP IR B REAARAE . BRI (PH) J24M A 5 3 AR e RS LA - SRS AR U AR A2 264 2 15 K
b, VR IO RRAR 3t 15 BRI i 336 S48 AN TR 0 Rl e 1 3 A A B 500U A 7, 3 B AN T
W A RS 315 B RIRR I 2 R B A OC R bRt 5 B I AR IR R IR A OCOCR  DRR AR A 2R
Ve F2 T 55 HoAt S5 Al T/ E AR R AR B 5 18] B BERZ IS, S0 AR A Ui sss o PR S Ml e e B0 1 2 2
Yo A A e ) TR SR UL PR, S R s RE R A A 0 A AR M Y B M B B, A RO T A
TR P TS 0 g WA 00 A2 0 B R 8 E A D SR AR, 3t S PR Mt RE O 22 B A B R, R
WP T2 AR, 394 ST B8 4 XoF 22 F 199 4% 1) 77 ( GCON) S2 bty (TIL ) S5 WL 1 ) 52 el e K, 71
Sk AR /N, 3 ANREHL (GL) SRR (BA ) X 381 U 008 s e g 42l 0 A P A, R S LN 7 3 AN )
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FREERGPPHIVE R o RS T A 4 ) ) 32 AE 22 A E M AR B (NW) 5 HAlL (OL) s fie K, 22 HAE 3% (WF)
WA GEHEVE R, SR L AS 52 M o e 048 XoF 22 Mo %) 4 VB T, S SO A1 7 %o e U e ot e 10 42 ol 0 6 0
HIVER

FH & 3B AI%1,200 m RUE T 5o B 7 X6 22 W0 ) A A e - o 27 AR e R GE S S 22 57, R B R IR e Y k)
K (PH) 5% HL(GL) 1,200 m RE N R ENS e UEA 0T 8 A i, T L5 b % 22 007 - 1 27 A 0 - 3
AW RGN K, SiE AR PG RKOCR AR KM S AL T R EE R,

9
23 78

© A: 100m

B: 200m ©

GCON %
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B3 ZEF-NFERE-EFEERGERELSSUETFHESEX NS HTE
Fig. 3 PCA ordination diagrams of wheat aphids, parasitoids and hyperparasitoids
TAP: ST AWIA I S, GAP: HU IS W RERG IS SAP ., i 0152 WF SR KA 2, GPA ;. 3K 1 0F BRI FIY 1, GPA . il
1 0F A e e B AR E o, GHY ;. BRI T 25 AR S PO AP I K SHY 3y 18 400 B 95 A e die ORI AR 25 152 o, GCON . 4S9 0 i e s
SCON ;7 eI dof e o

3 itig

WS L5 B, SR X 22 W A7 30 W 1 8 A AT AR S A B0 V5 % 22 B e SR ie 28 B AT il 4 T, 28
RERIRAE— B BB AR T Wi A5 3 (AR A RO ST A — 8 M RE EAE T, B 1 0 22 W 1 3
A AR B R T S OC R U, AT RE A A A2 T W O AR A S B T LB B R IR S
PGS, T vy A SO A A P4 T D B0 A2 ARVE R AR B I AR S MRk A 85 5 R R DGO R XA AT e AR A A
FE TR A AR PP X 22 e O 2 T ) M A R RE AT AV T T R WA SO AP R, | ) e
TSRk 55, MR RN R ] T 22 A S A RO L X R A e A 0 S A s AR SRR, 53R
ITAESE—27  BEAMEA FE TR A4 At 2 R e A R I 1 A T B2 R 1 X e 238 5 AR SCAY S 4
SEUMAAT AR 2 W 0 R, AR AR S R A TR A A ] AR — S Bk R B AR
R fa E AR (6—7 ) AR, R LA 31 25 A 0 Rl o R A9 AR A7 R 3 AR W BT IR RO SRR
Bianch B 48 76 7 A 23 (8] R BE T 3555 4L Mamesta brassicae 12525 Z88 SR Ho ] 2 (A DG R B FF 4
A EY A 3500 JE AP AE A7 AL PR R 8 AR i R A B 2080, Thies DA H REHIA: 5547 78 25 A 16 (1) B A R85 5 vh
8] 2 3, H 20 W% 1) 75 A 4 b Ty A B A B 0558 100 Langer IN R 7 L M FEAF R RGBS 27 EAETE I 25 1F
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Landis 75 % 8RR A58 2 BH 2 REPE AL 5 00 5 2 A2 8 X Pesudaletia unipuncta W75 42 3R 5100 Langer
AR OB N TP ZUSE 0 2 A 38 A RE VR 2EL A0, T A 22 W PR 58 368 o7 1, UL Ay B2 MY 1 T
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R KN oA 78 S i RO ARLAT 22 5, TR M UL Ao 70 A1 4 22 S 0 IRYE - 78 R RUBE R AR 5oL, JR
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M) RSO, A5 AR S MR 0 A o B 2 S8 AR S VR AR S5 LU B b T 2 W e YRR B AP T, BRI AE
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Je R PR, SR A A e R S AR ) 18] ) G 2R, HERR DA FE A A AR R T R 0 R S A ) AT RE R R
PRy DI BIA A 5Ty 102 DR SRS SR R AR R 2 PR R 1 S g B 1 T
GE A MRV I Z R E S DR B B R
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