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Effect of Intercropping Between Wheat and Pea on Spatial
Distribution of Sitobion avenae Based on GIS
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Abstract: [Objective] In order to research the effect of biodiversity on spatial distribution of Sitobion avenae in wheat, the
population density of S. avenae was investigated in wheat fields in Langfang Experimental Station of Institute of Plant Protection,
Chinese Academy of Agricultural Sciences, using wheat intercropped with pea by different patterns, and the field cultivar
monoculture of wheat was planted as control. [Method] Using the Geographical Information System (GIS) and the traditional
analysis methods of spatial distribution, the Kriging-interpolation figures, aggregation indices, Iwao and Taylor’s regression models
were analyzed. [Result] The results showed that the spatial distribution of S. avenae was mainly aggregation distribution in
intercropping patterns of wheat and pea, by the planting row of pea : wheatin 2 : 2,2 : 4,2 : 6, 2 : 8 and wheat monoculture, but
the degrees of aggregation were different, 2 : 2 pattern > 2 : 6 pattern > 2 : 4 pattern > wheat monoculture > 2 : § pattern.
Kriging-interpolation figures indicated that wheat aphids distributed mainly around the field during early stage, and spreaded to the
middle of field gradually. There were many aggregation centers mostly at wheat monoculture and 2 : 2 patterns plots during aphid
peak period. Compared with each intercropping field, there were higher population densities of aphid in field cultivar monocultures
at the level of P<<0.01. [Conclusion] Although the reasonable biodiversity in wheat fields could control the population of wheat
aphid effectively, but the spatial distribution did not change.

Key words: geographical information system (GIS); Sitobion avenae; spatial distribution; biodiversity

ks BEA: 2009-02-27; #EZ HHEA: 2009-05-28

E&WHE: EX “973” HH (2006CB10023), “+—T” [HERHSH#EIRIIH (20060BAD0SA0S) AR EF/=FH TF#2 (2006BAD02A16). Hi-Ht
GAETE (PICSHANDONG). BRI R A R £ %4 (nycytx-03)

TEERN: Bl (1982—), T, WHREKTFA, Wmsed, #9050 B4 4s. Tel (Fax): 010-62815934; E-mail: zhouhaibo417@163.com.
AEEEBRESE (1965—), 2, WA, BT R, 1, §F7005 0 RARAEMNS 55 7Y%, Tel: 010-62813685; E-mail:
jlchen@jippcaas.cn



11 34 JEIERSE . T GIS 1R/ Z2- B S A A 0] A2 R IR A 2 (R A% Jd PRI ST 3905

0 35

L5 7% 3L 22 K AW Sitobion avenae (Fabricius)
ST [ By A X AR AR, n BRI N
WATFARRRT sty INVE, 38w LR 2 18 )
PEERT . KA R A B — A R, RS
TR A, v SR T, DR ORI A A2
b B ARAS R G R U2, i S 5 A Bk R
TR MRS HENARH RS T, RoetEs TR
(3G 2 1 4 e, RS A R b U R A
2R () o AT BN B UM K S @ 2 —, eI R
T AN AR B — W 2047 0 )k R0 B0 5 AT 1 1 2K o g
Mgl DRI, RIS IR A0 RS, AR T
R RE A SRAT 4R A — A & 21, i B R il
AR IR IR D R TN TR 6 BT 4R
TR FEHBEGAE D —FpF R R A [ 25
KRB, FIFHRBETEY K. NESBITRECS
VRN — R R B AR 7 O ABF9E e ] AU
Yk 2 FE ke L R ORERE &R
I, 0 R AR R A L R R AR
AN AENO, s A, e AT O T )
Pt gEAm R, ST RBEAESREMRGENE, R
W0 TR R R R A . BRI [R]
AR ) (1 S 5P S A 5 g B R R B AR A 1)
SR &Y, T H RV 2 E ST S PR TR T 20
T A R R s A it GIS (geographical
information system) FEARTERA LR F Ll H AT 2%
MR 73X — B, O B s e R I s it TR
(Figfe. KRR sRENEhZA A pT O R I A R ik
Rt o VTR A W) e = 4 TR S AL A
B oets), B R R & A m I TN A
AR A S 5 POV 0 GIS B By (#1328 FH 21
AR SR o e, RIS T SR R . EARHIT
FEUIN Y AL G238 43 AT T 9T 2 kT8 A A AR TR A
PO e ERAAETTAR R, T A A A K i 2 )
SRR TR A 1 N SR AT 1 S e A 0] R TN
P BBV AR IR B, SRR
DIRefS 20 T BRI ZE RN 535, Wi 1) GIS Tkt
H2S A BRI ARER ., 3B N R TR
BARKRP . GIS AR Z % (U 3 5 B
IO B AR mT DA T AR R
P, — R BT R PR (T LR T
AN DI PR A (R 3 A G O, 1T HL T 7 kA w] LA

BT RS BRI, MM B GE vt 7 vk AR G A )
AT TR S WA I () 3 A oL, W]
CAAERA . BV DL L T SRR 1) 2 TR R JRpIR DU
FEMIZSA o (ERF TN 22 -8 MRS ST 2 (KA IR 2
A OL,  JCHOR R T 1P B AR GR35 8] 73
ATWFTUEEATIRE . LRI OCHE I ] A SC R EER
WA G 22 [A) A 73 W1 7 2580 GIS 22 [ 73 Hrnt /v 22
-5 ST AN [R] P A AL ST 22 A 0 Pl 2 [ 3 A 2R 0 S
HEZAAERIAT THIPWTIE, DU 22 KA I Y
CREA PR LB K, (RNt o R 2 R AR
Ok B U LBE AR SR A 2 S

1 MBS

1.1 E &

/NFZ (Triticum aestivum) = Jbat 837 (i
DX ER A S Ay E AR RFE B RIS BT R
TRAT BBABF L LR B (05

i (Pisum sativum) : HH&i S 5, g ELNL
R U W= RN T S R
1.2 RWPXIEE

RIG AR LA AR i o AP R B ) -
SRR (116°69'E, 39°52'N) #47, Lk 54
WEE: WIS S5/NESHILL 2:2,2:4,2:6, 2:8
ATEOBIEAE, 4r5hcfE 2 : 2 Bk, 24 Bk, 2: 6
By 2 0 8 B, N HAEAE IR ANX TR,
67 m?, FTAT AR AL 3 . B R e 4 X 41BE AL
Wil NXIEBE 2 m 25 M, 3R HH VY FRPAE 1 m 5811
X IRUNEZAE R T

ANFEET 2007 410 H 20 IR, [H] I 90T H R
WG XA, Wi T 2008 453 A 11 H4EFR, 3R
i 5 RIS 1] 23 51 4 2008 4E 6 H 5 HAT6 29 Ho
/NFEATHEY 30 em, B ATEEY 40 cm, Bt 5N
Z B AT TR EE A 40 cmo BT TR E6 FH - 390 x5 K H i)
B ARG ANt AT AT A% 24 R R
1.3 HEHRERE

WA 4 A% 6 A, k4 d i1
o KM “27 FHLS fBOREE, B aELLHE 10 bR
INFERERE, ERRE AL ki R, S 750
ANBESL WA 9 K.
1.4 HWAE
141 RS A AT R AT T ik
1.4.1.1 REFEHT St RS HEEIE, KIEEHE
FCER B (m) L 522 (VD TS E I E (M™=m

|



3906 eE VSO S 0%

+FVim—1) . PECRE (C=V/im)  IEFRRE (1=V/m
—1) . BHPEERE (MUm) . B (Cas(V—
mym®) . I AR K $EkR (K=m?/(V-m)) , %
B o AT 2 AR 102 1A ) o
1.4.1.2 Iwao By M-mEl AR AL KIEFEAT
BB 5 5, 150 M =a+B-m e EH 5L,
FWT R AR B
1.4.1.3 HREEHEFERSE KA
BORN T ZE RO BE, 13 1gv=lga+blgm £ [n[)470
T2, BB L
1.4.2 AT CIS WZE A %R 24 FIH ESRI
ArcGIS8.3 A, K i Ax x 1) 25 () 15 A 1 £
2 [A) A3 ATl 5 I, KA R A 1) 2 I R IR AE b
JEMEEIE AL B RS, FIHE%E Kriging 4%
(R (7 VR T Al T, BRI AP () 2% W) 43 A 1Ak
fltiito
1.5 HuEikiE

Hed K] DPS #AFATge, AT SAS9.0 #ft
K 2% 4k BEBEAT J7 25 7 BT Al Duncan K £ L #¢
(P<0.05) .

2 HRSa0Mh
2.1 FRMEER FEREFOMBNT
UNERRUE N NS v

BRI PRI TEAR 5 g, 754 A 27
PR 22 KA R R I 2, e Bt P2 10 8 35

7000 —e—2 :
—a—)

2% 2 ¢ 2pattern
485 2 © 4 pattern
--&-=2 1 68K 2 @ 6pattern
D8R 2
—o—/NZ H4E Wheat monoculture

2 8 pattern

—_ [ ] (%] S W (=3
[=3 (=3 (=3 [=3 b=3 [=3
< (=4 < =4 < =3
(=3 = = = < =3

T T T T T

FREUFH R
Number of S.avenae per 100 wheat plants

f=4

422 427 52 5.7

512 517 522 527 6.1

UM HHA Investigation date (month.day)

1 EREGEFARLEA X TS Hdi-rE
hRAELR)
Fig. 1 Population dynamics of S. avenae in different planting
patterns (Means+SE)

HOPP AR N, 5 H 17—25 HikBlmig. ZK
R S KB Ry /N FAE S 988.7 Sk/E
FRCHAL, FIRD>2 : 245304 711.3>2 : 44534 696.7
>2 : 8 i 4 252.0>2 : 6 15X 4 218.7. /N HAEN
f 5 TR N RERER, =Rl R (d=4,
F=26.67, P<<0.01) , 2:2 #i:L 2 : 4 il a) 2
FAEE (P>0.05) , 2: 6852 § B 02
FEAEE (P>005), H2:2,2: 4852 :6.
2: 8 2 M ZEREZE (P<0.05) .

R AN [ (i) A e o e e v 0 SO A0 A AN R R
MIREARAL, FEHA IR, S22 B B AN [ AR A
K H A, FACEE R AAAE B 25 (d=4,
F=10.83, P<<0.0012) . HSH&ENHI4: HAEH 14
827.7 k>2 : 2 #1314 243.3 3k >2 : 4 £k 13 403.0
S>2 6 ik 12 869.7 3k>2 - 8 #iT 12 204.7 3k, /)N
EHAES 22 )2 4 BRH W R 2E T (P>0.05),
A5 268X j 2 8 BIAZERMNEE (P<0.0D) ,
H2:48, 2: 6. 2 A MW EER
(P>0.05) o Zi& LA oyt Fomrsn: [RAESE G RS
AR KA AR E, H2:652: 8k
TR AR W AR I e e (s e 25 R
2.2 ERZFELSHREHOTER
221 REFEFT FREUESFRBIA N RE
JEFRRRIE SR (R D R, AT, £K
PR () A0 AR A AR — 3. 7R AR N3y
S)orAn (4 AR S AaD , KSR A
I (5 A FRD BRSNS, A ET
B8 A, HARMEEET,

AR R, A KA R R (] 4 AT AR
WHaRAMFE, (AARFBAREREGT 2R . K&
RASEFRbR v R0, JE MRS/ B, Ref e i
FUBFI SR AEFRSE . DA KA AR W S i R 4L
C PR, 2 : 2 80k 2.70, 2 : 4 B0k 1.66.
2:6 B 2,08, 2: 8 BIh 1.02. NERAER
1.40, FH 22 Bk, 2 4 Bk, 20 6 HIR RS
FEHRW] v TN ZE R, T 2 - 8 AU TN A A
AL, RS S T A B — i R A R G n 22
FAF I % [P SR A AR B (A
2.2.2 Iwao Wy M-m B35 ZR¥4e%E)ET i
A M-m [ RE (R 2) Algn, IR R R
XFAEIRT 1, RALEATATRE T 2 KA I A4k ]
TS|, DA EA R AR, B RS0
i,



11 JEFIBEAS . BT GIS FR /N2 -0 L [R) AE 0) 2 R A5 I R AR 2 i) 6 s £ 5 ) 3907

F1 FTEMEEXTEZRKEFHREEER

Table 1 The aggregation indices of Sitobion avenae in different planting patterns

T H# M* I M*/m Ca C K

Planting pattern Date (month. day)

2:2 4.22 1.920 —0.847 0.694 —0.306 0.153 —3.266
4.27 3.582 —0.918 0.796 —0.204 0.082 —4.903
5.2 74913 —0.653 0.991 —0.009 0.347 —115.679
5.7 134.188 —0.212 0.998 —0.002 0.788 —635.139
5.12 199.781 —0.952 0.995 —0.005 0.048 —210.830
5.17 354.112 3.045 1.009 0.009 4.045 115.277
522 471.485 0.351 1.001 0.001 1.351 1341.026
5.27 166.939 —0.195 0.999 —0.001 0.805 —858.965
6.1 16.477 —0.556 0.967 —0.033 0.444 —30.637

2:4 4.22 5.294 —0.972 0.845 —0.155 0.028 —6.445
4.27 4.668 —0.899 0.839 —0.161 0.101 —6.193
5.2 52.116 —0.484 0.991 —0.009 0.516 —108.756
5.7 136.776 —0.457 0.997 —0.003 0.543 —300.223
5.12 140.274 —0.792 0.994 —0.006 0.208 —178.037
5.17 309.287 0.554 1.002 0.002 1.554 557.275
522 470.434 0.767 1.002 0.002 1.767 612.016
5.27 199.036 —0.164 0.999 —0.001 0.836 —1211.250
6.1 19.143 —0.824 0.959 —0.041 0.176 —24.245

2:6 4.22 2.457 —0.910 0.730 —0.270 0.090 —3.700
4.27 2.513 —0.353 0.877 —0.123 0.647 —8.110
52 42.389 —0.878 0.980 —0.02 0.122 —49.298
5.7 95.707 —0.693 0.993 —0.007 0.307 —139.200
5.12 168.988 —0.745 0.996 —0.004 0.255 —227.706
5.17 375.379 2.312 1.006 0.006 3.312 161.358
5.22 421.718 —0.149 1.000 0.000 0.851 —2829.740
5.27 136.134 —0.399 0.997 —0.003 0.601 —341.918
6.1 39.814 —0.053 0.999 —0.001 0.947 —759.244

2:8 4.22 1.756 —0.877 0.667 —0.333 0.123 —3.002
4.27 6.091 —0.975 0.862 —0.138 0.025 —7.244
5.2 30.239 —0.728 0.976 —0.024 0.272 —42.537
5.7 107.454 —0.546 0.995 —0.005 0.454 —197.695
5.12 165.809 —0.057 1.000 0.000 0.943 —2885.850
5.17 273.135 —0.065 1.000 0.000 0.935 —4221.620
5.22 425.296 0.096 1.000 0.000 1.096 4418.256
5.27 158.290 —0.443 0.997 —0.003 0.557 —358.309
6.1 48.057 —0.743 0.985 —0.015 0.257 —65.641

N AR 422 4.737 —0.963 0.831 —0.169 0.037 —5.918

Wheat monoculture 4.27 5.269 —0.831 0.864 —0.136 0.169 —7.339
52 34.964 —0.636 0.982 —0.018 0.364 —55.979
5.7 87.227 —0.739 0.992 —0.008 0.261 —119.006
5.12 133.627 —0.707 0.995 —0.005 0.293 —190.112
5.17 370.301 0.768 1.002 0.002 1.768 481.369
5.22 598.891 0.024 1.000 0.000 1.024 24859.610
5.27 204.570 —0.864 0.996 —0.004 0.136 —237.856
6.1 38.310 —0.923 0.976 —0.024 0.077 —42.509
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Table 2 The regression model for population dynamics of Sitobion avenae in different planting patterns

Ak AR Twao |5 77 F& R Taylor [F[ )75 F2 R

Planting pattern Iwao regression equation Taylor regression equation

2:2 M*=—0.89878+1.00502m 1.0000 1gV=—1.15607+1.42995*1gm 0.9201

2:4 M*=—0.93392+1.00383m 1.0000 1gV=—1.81204+1.74352*1gm 0.9804

2:6 M*=—0.78058+1.00401m 1.0000 1gV=—0.86059+1.29789*1gm 0.9261

2:8 M*=—0.83026+1.00257m 1.0000 1gV=—1.58333+1.62377*1gm 0.9781

N AR M#*=—0.89646+1.00216m 1.0000 1gV=—1.59636+1.54124*1gm 0.9546

Wheat monoculture
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Fig. 2 The spatial distribution of Sitobion avenae simulated by Kriging interpolation on 22th Apr.
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Fig. 3 The spatial distribution of Sitobion avenae simulated by Kriging interpolation on 2nd May
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Fig. 4 The spatial distribution of Sitobion avenae simulated by Kriging interpolation on 7th May
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Fig. 5 The spatial distribution of Sitobion avenae simulated by Kriging interpolation on 17th May
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Fig. 6 The spatial distribution of Sitobion avenae simulated by Kriging interpolation on 22nd May
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Fig. 7 The spatial distribution of Sitobion avenae simulated by Kriging interpolation on 27th May
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Fig. 8 The spatial distribution of Sitobion avenae simulated by Kriging interpolation on 1st June
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