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F WK T W A [ th I8 Fh 8% 1% 1% 2 B4 RD
ISSR #RiCHF R

EwEH, £ OB, FERE, RER, Ko &7,
FHm, F OB, A OB

(1. mERNKFY AR5, B 650201; 2. HFERBHABER YR ITIEI, YR dUE LY~ E R E S50, Jbat 100193)

WE . NI TG Metopolophium dirhodumus /S [FIMBERFIRE R AE Z8EM:, R ISSR 4r FHaic Xt 6 4~ Hh
D CABfRE L M AR E RG . HRES, AR /22 T B B R EAT TR ZAETERTESY . 23 &
ISSR 51Wd 54k 17 297 &M iy, Hodh 172 & (57.91% ) HAEZHM, LS M R E . ZxMEK
ERHARRIAE SR (57.91% ) & TRHANIEE ZHEPE (26.24% ), AT 07 e Rl Fnias b T 0 A i
RIFVEE N BB iR/ (24.92% ), TALAZFIEF BRI R K (41.75% ), WACATLZAR b X FpRE (BR
WACARE) ZIRNH B w2 . RIEFTEAS SR, H 26. 44% 845728 R IR TRVEER], 73.56% 42
SRHATHRN (6, =0.2644) , AFEHFFEEIFBA HHMEALE (N, =1.3910) . FIFARIMBEARF-1%
(UPGMA) Xf 6 DFHESEAT I8, WD, R 6 ANFEE R TR, P B 5L B IR
FECEARDCE , MR s (8] IR AR [E] 1) S PRI A 7= A 5 i, 22 O A5 I A5 35 R (W st A% 2 e, T 45 P R
()& B R AL R A, AN 5T 522 J0 I B8 o S ]l B o 35 R 9 03 £ 728 S g A 45 il 22 W 8 5 0
HH (A1 2545 By ¥ B b 2 A B 3 45 .

KR ZTMKAEE; HIEARE; B2, ISSR; RIS

FEDES. Q963; S433 XERRIREG . A XERS: 1674 -0858 (2022) 05 -1218 - 10

Genetic diversity of different geographical populations of Metopolophium

dirhodumus based on ISSR analysis

REN Zhi-Meng'*, WANG Chao’, LI Meng-Yi*, GONG Pei-Pan’, ZHANG Yun-Hui*, LI Xiang-Rui’,
LI Qiang'*, ZHU Xun®* (1. College of Plant Protection, Yunnan Agricultural University, Kunming
650000, China; 2. State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant
Protection, Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract; In order to clarify the genetic diversity of geographic populations of Metopolophium
dirhodumus , the genetic diversity of six different geographical populations of M. dirhodumus from Hebei
Province and Shandong Province was investigated with the ISSR method. The results showed that a total
of 297 ISSR loci, of which 57.91% were polymorphic, were obtained by using twenty-three selected
primers. The genetic diversity among populations (57.91% ) was higher than that within the population
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(26.24% ). The intra-population genetic variation was highest in Shijiazhuang of Hebei, and lowest in
Baoding and Handan of Hebei. The genetic variation of populations in Hebei (except Shijiazhuang) had
no significant difference with that in Shandong. The genetic variations were 26. 44% and 73.56% from
the interpopulation and the intrapopulation ( G, = 0.2644 ), respectively. According to Gene flow
(N, =1.3910), there was no obvious genetic differentiation among different geographic populations. A
phylogenetic tree was constructed using MAGE 5. 1 with the unweighted arithmetic average ( UPGMA)
method and the six different geographical populations of M. dirhodumus was divided into two categories,
which showed that there is no correlation between geographical distance and genetic distance. These
combined results showed that there was a high degree of genetic diversity, and no obvious genetic
differentiation among the six different geographical populations of M. dirhodumus. The gene exchange
among different geographical populations of M. dirhodumus was not affected by geographical space, as it
was showed no correlation between genetic distance and geographical distance. This study will provide
necessary data and support for the integrative prevention and control of M. dirhodumus.

Key words: Meiopolophium dirhodumus; geographical populations; genetic diversity; ISSR; cluster

analysis

T AEIE Metopolophium dirhodm ( Walker )
JENAE | M BAGARAPUEY by EEE R
(FEFINAIES, 1997), 7EFREAYILET, WR
=E L VUL, BRVE . CHOR . T RN S S IX
Y hE R, RREREEZXYFEEF L, H
TEERE | PUPEA | 18 SR RO [ 5K 0 R 55 Wi ] AR
ISR G /N b A T S O b
XARABHE Y v e 3% i B A9 BF B F 28 (Dewar
et al. , 1979; Pons et al. , 1989; Honek et al. ,
2018) , ZTMKAEBAK AT IR, Bos 3
w . WRES, L 24P T g A58, 2
CRIE R, BT O, EEETT, R
2T WS /N2 T I BRI A 5 W
e, FAEOK AT e 1 R RE R A A, RS A AR
Yrekoe e Ve IR A 5 A% 4 R 22 B IR i 7
(BYDV) , iFFk/NAEZEN, JFHEIT I HETE
JREE R Y0 AL Ot (20K P48, 19915 M A AE,
2006; RHE, 2011), JEEN/NE B, $E K
BYBR T 27% ~30% (Holt et al. , 1984), %4
Vi 2 S A SN IEZS) & 175

ISSR ( Inter-simple sequence repeat), X Ff i
BH PSR, ML TARICROR,
Hi Zietkiewicz % (1994) {&H#Y, ISSR 50 FH5iC
AR FIAE T PR 52 7 51 1Y 375 5 Sl o B SR A%
TR IS WA T HE D 41 DNA 1 PCR 9734, Jd
T BRI VK 0 B AR YRS, s PR Ry 35 A%
ZREVE (WEIEAE ) 20045 5K B AT 3R AR,
2004; HJRAE, 2007) . ISSR J&—Bfz TAHLE . #H

FRE 8] B 2 X I 2 [/] 24 100 ~3 000 bp ) DNA
R, RPN FE 2R DR 5 4MNF5IE R PCR 5]
Yy, Ferpnl Wy el DL TAEAT SSR 67 (B, =,
PUBE AR ) 3T, ISSR dwid £ EAKH T T
B ZRE, I HBEE TR AU Ry 22 46 A2
fk. ISSR 454 T SSR Al RAPD f9f A5, itk DNA
MRPIFEAT R R, fid s Rk, R
PELE, BRI, 28, R REOFE (F
3R , 2000) , ISSR FRicH AR 7E R[] ZRAE 1Y
WA CHE | B Rt B | AR, wpEAR
SR AR E . R T . Kl A 2
AREVESE T Z N (K14 2002) .

Sy FARCTERF B AN B A% 2 F 5T b N Tz
ZEMG R 2514 PCR X HREF Aphis gossypii
ANEFRL) DNA 28 EEAT TOF5E, UESEAR 7 1Y)
AV RN TCE BF B 54T AR 2E R (38
Ms4%, 2001) . XUKNHI (2010) F] % A DNA
FRicWt e 1T B8 BHKEF Myzus persicae A [7) i 2 F
e AL 04k, IR (2009) AT 2 ARiC o bt
T IR EE RIS Eriosoma lanigerum AN 7)o 3 Ff B
LS . 5KIR (2006) FIHH ISSR 2r FARicif
3% T AN Schlechtendalia chinensis FHE 1A% 22k
PE, TE/NZE B i Z REVERR Y Oy T, Bt 5
(2001) FI i RAPD-PCR i A 43 #7 T % & &
Sitobion avenae —fX I REFBFIE AL K F5F T
) DNA 73 A8 522840 skMEs (2011) FIH
ISSR 73 FARICH A MR I8 4% 27 M FEOF 5T T AN W)
b FRFPE RO A W] €0 80 2 [] 22 4 487 W 19 352 4% 22 Fp
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25 Foottit 28 (1990) JH RFLP # AR T (045
Z IO B TE N ) Z R iy 2280, pFoR %
Wof 35 A% 22 BE PR A R 1 WM SO () L A A ]2 75
ettt oA, e HoR% R, MR MR %
o B AR AR A

AFRFH ISSR 7 FhricH AR, Xt 6 A~ A
Hb DX () 27 T A I R AT kAR ZREPE S BT, ST
AN [F) b AR ) 09 2R 2 OC 2R, DS Bt 1z L
X HZE G B i S AL ES AR A, DA T e
o N 27 TG IO A 7 A0 R B 4 2R

1 M5

1.1 SEIedrst

AREeh 6 NE LMK B R, 20k E
T[ACA DR T 26 B VGRS | TRl b 4 i ORI Tl
T TIAb A G T 2R A I R &
HRE L TerAb A5 TS EA T R YA A L AR 4 O 4 e B
PR (F 1), BIC#E 24 BT Ik S m,
4CIRAE, BDREEL 50 3k,

&1 FT ISSR Sy & o WK E W B¥
Table 1 Metopolophium dirhodm populations for ISSR analysis

FREA =~ o KA [1]
A Tty P i 2Tk Lk
Population ) (yy-mm-dd)
Collecting location Sample size Longitude Latitude o
codes Collecting time

LA O E T 7E 2% EL VY AT AS

DX 50 115°47'9"E 39°12'56"N 2017-05-17
Hebei, Baoding, Dingxing, Xiji
b4 PN T

DZ 50 115°4'9"E 38°36'9"N 2017-05-17
Hebei, Dingzhou, Daduhe
LA 1 8 T 2R B

LC 50 114°45'19"E 37°54'59"N 2017-05-17
Hebei, Shijiazhuang, Luancheng, Xialiang
WAL T

XT 50 114°36"21"E 37°5'4"N 2017-05-18
Hebei, Xingtai, Hequ
L T

HD 50 114°33'32"E 36°32'31"N 2017-05-18
Hebei, Handan, Nanbo
L AR A T T e L 5 , o

GX 50 115°39"23"E 36°28'18"N 2017-05-18

Shandong, Liaocheng, Guanxian, Hujia

1.2 DNA $2H

Pl A2 T 90 45 e AN [ b B R B £ S 204l
(JC#) PEATIEIN 4] DNA $2H0 (S B8 OMEGA bio-
tec 2] DNA X FI & A ) o FIH 1% Biis e
JEE LRSI, [ B R FH 8 A 5 4301 ol B2 A4S e
WeBE FAERE . B0 DNA & vk ( -20C) F
{847, BEFEEZER 10 4~ DNA #£ 5 JEFT ISSR 5t
(EEZ T TR
1.3 ISSR &#f
1.3.1 5|9k

S, M 100 &5k 23 K28
PELF | 457 G W9 519 F T ISSR-PCR ¥ 3% )2 j
(%£2),

1.3.2 ISSR-PCR 4"

PCR SOWARZ (15 wl): 1.0 uL 5[4, 7.5 pL
Taqg Mix, 5.5 pL ddH, O, 1.0 pL BH (c =
40 ng/pl), PCR JZ [ 2% . 94°C A% 5 min,
94°C 7= P 45 s, 57 ~ 42°C Touchdown 1.0 min,
T2°CHEM 1.5 min; 30 NMERG, 94°CAENE 45 s,
42°C72% P 1.0 min, 72°C #E{# 1.5 min; 15 DGR
Ja, 72°CHEfH 10 min, AS[AAY ISSR 5| ¥ HRid 1B .k
RN [F], AR T AE ST Tm {H A X E u F
(#%2), H PCR X A 34k il BE 6 BE 47 0 32
TERM R NAR R T, XA DNA #E479 3%, )
A5 (00 B B DA MRS e PR LA, G Al
MR EEVE IS | il Tm {H
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%2 ISSR-PCR ¥ i/ {EASI#MH&HIE Tm &

Table 2 Optimal Tm value of primers used in
ISSR-PCR amplification

BKIREE (C)

511 S (5 -3") .
Primer Primer sequences Annealing
temperature
807  AGAGAGAGAGAGAGAGT 54
808  AGAGAGAGAGAGAGAGC 52
809  AGAGAGAGAGAGAGAGG 46
810  GAGAGAGAGAGAGAGAT 45
811  GAGAGAGAGAGAGAGAC 55
812  GAGAGAGAGAGAGAGAA 49
825  ACACACACACACACACT 50
834  AGAGAGAGAGAGAGAGYT 55
835  AGAGAGAGAGAGAGAGYC 46
836 AGAGAGAGAGAGAGAGYA 52
841  GAGAGAGAGAGAGAGAYC 46
842  GAGAGAGAGAGAGAGAYG 52
855  ACACACACACACACACYT 50
856  ACACACACACACACACYA 52
864  ATGATGATGATGATGATG 49
868  GAAGAAGAAGAAGAAGAA 49
873  GACAGACAGACAGACA 50
874  CCCTCCCTCCCTCCCT 50
880  GGAGAGGAGAGGAGA 54
881  GGGTGGGGTGGGGTG 59
885  BHBGAGAGAGAGAGAGA 49
886  VDVCTCTCTCTCTCTCT 45
887  DVDTCTCTCTCTCTCTC 50

1.4 HESIT5S

B IS T A 1 ) 45 M Quantity One #EE 7
Mr 4 3547 43 M. Image-Subtract background 1
Image-Filter Wizard #4842 J5 45 6] v 19 1 5% i
TG, e UsR — g, BIdIkiE, H Lane-
Lane Background $i§4 X} 45 VK18 1985 5t AT HERR
SERCR TP RIS, AT S T AL B

DO AHE B S 1 25, A DGR R I & 455 A IR
WE S A BUG; F Match 48458 X — S brifEdk
i, H Band Set W% E Lk, ¢ T A AR Y
Fric,

PRcse UG, TR R — 07 & 5F B I Wl 19
KU1, EAFECOE 07, HA T ITHR A I,
i} POPGEN32 K {F 73 M die, 7155 2 T M KA
LR B R VAN A o 7 I N B 9 SR
B2 FEE S8, A MEN LN Ne (effective
number of alleles per loci) . H (gene diversity) #l
Shannon-s 12 B35 %0 1 ( Shanon-s information index)
WIEN, =0.5 (1 - G,)/G,HFKF, Hrh ¢ (Hfk
THIIT R EUR BE 8 A7 R0 s I A 1 1] i RT3t 174 2R
ANo HEEPNR N, < 1B, FEPRA S AT LA e gt
AR T | S % A4S 8] 1 382 A% 20 AL B9 HL A AR 4l
Nei-s HE Z R T8 BOn s, X 22 0 0148 05 A
(] M BN RE AT R0, 4% O AU AR -1
% (UPGMA, Unweighted Pair Goup Method with
Arithmetic Means Cluster Analysis) XIFP#EHEIT4811
G3MT, A MEGA 5. 1 R4 122 0 A8 i 1) 2
(s

2 GRE5HMH

2.1 EXLMKEFHHEE DNA B ISSR ¥ 1545 R

FIH I 215 2 1Y 23 2% ISSR 5115381 T 2k H
6 DAN[RIH X 1) 22 T0 WA BE R e, 23 SR 51 WA
DT ST EON 3 ~ 14 ZJE), HAGIH T 297 4575 B
TR R, Hh 2B 172 &% (£ 3),
519 808 KM BN Z B MEM S IR Z, A 14N E
AL 519 874 KB Z 8N S B U,
3INZBNE (R3),

TEYIR K 1 Z 28 PE0L s He iR 57.91%
AL IX 2 TC A A R F 5 e R R
FEBAFPRE KT L, b2 I8 & il ih R A e
B PRE T 2% B VG TR AR Y 22 280 L A1) B 1K
H24.92% , ZAEMEZAA 74 K WALE A KR
TS DR R d s, N 41.75% , 45 B Rh
()2 BNERT 24 R 26.24% , S A5 PEBERDEE DL K
SRR, R BRI 648 A 5% T 284
B UM R R E AN, b4 0y H Al DX AT AR 4y
Mt Ao 255 (R3),
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&3 FATRE ISSR ¥ 85| M EWREBHEL MK EY
BN SERTE
Table 3 Number of the amplified bands using ISSR
different primers for Metopolophium dirhodum

population in this study

T

T i

514 BRI Number of H) (_% ) )

Primer Total number polymorphic Population of

of bands bands polymorphic
bands
807 12 7 58.33
808 18 14 77.78
809 13 4 30.77
810 13 12 92.31
811 12 9 75.00
812 10 5 50. 00
825 16 11 68.75
834 14 8 57. 14
835 10 5 50. 00
836 11 6 54.55
841 15 8 53.33
842 15 8 53.33
855 17 10 58.82
856 13 8 61.54
864 9 4 44. 44
868 14 10 71.43
873 14 5 35.71
874 6 3 50. 00
880 14 9 64.29
881 15 11 73.33
885 15 7 46. 67
887 10 4 40. 00
V44 Mean  12.91 7.52 57.09
A Total 297 172 57.91

2.2 EXTMKEGARMEBEMENSEESHEN
S
2.2.1 Shannon [&f5 BA8EL (1) 77

SRR, A A A G T 2RI R el
R (1=0.1934), A6 T 5 17 7] dh A Ff e 5
/N (1=0.1207), YK 1 4 0.1949, Fhf

KR 1R 0.2177, WA L 2R
BEER (£4),
2.2.2  Nei [RILHZHRMEFREC (H) 20T

PEHTEER (£ 4) Fias, Nei [REEHZFEPE
8% (H) 7E0.0799 ~0.1261 ZIa], #Fh/KFH
0. 1213, FpHEAKFFBME R 0. 1386, H it
TG HR A A RE (H=0.0799) H A H/ME Nei
IR Z A, I AE A 58 0 T 2R3l 2 it A
AR Nei [CEENZHEME (H=0.1261), Bifs
SRR RS, 5 Shannon [R5 BI85 (1) 18
ISR 3, ARUGRE A L IX Y Nei [REEH 2
FEMETL R E 2R
2.3 ZEXMKEFEESUMERRER
2.3.1 AL

YRR BN ZREBE (H,) R 0.1386,
FEEN B ML R % (H) 8 0.1020, Bk
R (G,) M 0.2644, BAZSER) 26.44% K H A
R EERI 22 55, HAL) 73. 56% W78 ok A TFh
TEIA R TE] st 45 22 5, BRI AR R) %) a8t 4% 22 R
PR BE N Z RN (R 5) .
2.3.2 FHEFH

AT I 15 19 22 T < 45 W ) ook o7 b Y 5k
W (N,) N 1.3910 (£5), KT 1, WM
[ FFAE— 2 B PR, F 35 R0 3 J DA 34 o ol st
TR ERAR R A B ] 13 45 404k, PRt 22 T 4
RS BRI ANFEE R 22 57
2.4 BEEEMERESN
2.4.1 BAGHEE

Nei-s Tl A (D) IR RER, %
FPEIB G B 7E 0. 0265 (A AT b 48 22 T 2 2%
SLVGHRFPRE ~ LU 2R 28 Wk i e B R ) ~
0.0761 (FEST AL A Z 0 T 283k 2 i A R ~
AR A Wk o7 ek EL PR R AR ) =z el P g
FREER 0. 0503, &SRR ] A9 AR LV 352 1% 2R 407E
0.9267 ~0.9738 Z[a] (£6),
2.4.2 B4

6 b B (1% 22 TG A4S I FhRE R aE A AR 43 BT
B X6 MHLIX A AT, 1 AT LLE ik H
68 e T 24 B V8 WA AL 2R A8 T3 T oef B
FERR P AT B AR, SRS SR )5 Fnin]
628 HRHE T R YA AT AR PSR Oy — 28, B S b
P AU YT A R AR b A8 A 58 T 28 3R AT
FIERCER, SA6A TR & mis iR e R oy —2%
RIEHSH—-KERE (Bl1),
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x4 EXRMKEGFHHANBRESHEEER
Table 4 Inter-population genetic diversity of Metopolophium dirhodum

ABEFEAIENEL Nei FENZHESEEL  Shannon ZHEMEFREL  Z8Mist ZBMEMAL (%)

Pojjfion Nufnber of Nei-s index Shannon-s index Number. of | Populatio.n of |
effective alleles H I polymorphic loci  polymorphic loci

XT 1. 1367 0. 2901 0.0799 =0. 1597 0.1207 +0. 2312 74 24.92

LC 1.2102 0. 3256 0.1261 =0. 1792 0.1934 +0. 2594 124 41.75

DZ 1. 1768 0. 3246 0.1016 0. 1783 0. 1504 +0. 2570 83 27.95

HD 1. 1933 0. 3439 0.1091 =0. 1853 0. 1604 =0. 2657 86 28.96

DX 1. 1651 0. 3287 0.0925 +0. 1759 0.1361 +0.2516 74 24.92

GX 1. 1816 0. 3379 0.1025 =0. 1808 0.1518 0. 2586 86 28.96
SFH5{H Mean £ SD - 1.2276 0. 3286 0. 1386 +0. 1775 0.2177 +0.2535 87.83 +18.55 26.24 +6.244

A3t Total 1.1930 £0. 2978 0.1213 £0. 1649 0.1949 +0. 2379 172 57.91

T DX, WHEEPRE T E XM B PR DZ, b e N REETAS ;. LG, AL A FE T 2R Bk XT, At a I a
IRy HD, e MRS R IA RS CX, AR IR 8 B %k, T IR, Note: DX, Hebei Baoding Dingxing Xiji; DZ,
Hebei Ddingzhou Daduhe; LC, Hebei Shijiazhuang Luancheng Xialiang; XT, Hebei Xingtai Hequ; HD, Hebei Handan Nanbo; GX,

Shandong Liaocheng Guanxian Hujia. Same below.

x5 ELMKEY 6 MBEFHBENSEESULRBEERR
Table 5 Coefficients of the genetic diversity and gene flow within and among the six geographical populations

of Metopolophium dirhodum

MR D LS
i RN A K AL i, " . N,
Total geographical populations Number of individuals
6 60 0. 1386 +0. 0315 0. 1020 =0. 0189 0.2644 1. 3910

TE: H,, FPRENEREEE S B, A DFRENBRE RS 6,, FhREE AL LR N, FIRER] Y R sh R

Note: H,, Genetic diversity among populations; H , Genetic diversity within populations; G, Genetic diversity indexes with

st

populations; N, , Gene flow.

m

F6 ELNKEGAREMIBFEEE T ISSR #Y Nei-s iH4EHE BT B MERS
Table 6 Genetic similarity index and Nei-s genetic distance of different geographical populations
of Metopolophium dirhodum by ISSR

FhFE Population XT LC DZ HD DX GX
XT 1. 0000 0. 9546 0. 9567 0. 9464 0. 9449 0.9319
LC 0. 0464 1. 0000 0. 9609 0.9320 0. 9447 0. 9267
DZ 0. 0443 0. 0399 1. 0000 0. 9533 0.9577 0. 9450
HD 0. 0551 0.0704 0. 0479 1. 0000 0. 9657 0.9719
DX 0. 0567 0. 0569 0. 0432 0. 0350 1. 0000 0.9738

GX 0. 0705 0. 0761 0. 0566 0. 0285 0. 0265 1. 0000
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1.8
XT
0.7
1.6
LC
03 1.6 oz
1.2

HD

1.3
0.9 DX
0.9 GX

0.5

| e |
K1 FIH POPGEN 2 1Y 2 Jo M4 5 6 /> M BIAH B H] 14
UPGMA R HrE

Fig. 1 UPGMA dengrogram of the six geographical populations
of Metopolophium dirhodum produced by POPGEN soft

3 S

MK G IR ARABMEY I E 2 FE il
FEFR E R AR A X e ™, 2 W T b X R AR
BHE W b fe 3 i E B BF RS (Dewar et al.
1979; Pons et al. , 1989; AT IMFELRH, 1997;
Honek et al. , 2018) , I FHARRI /N Az 36 06
AEFEE . T CRRIRERE, LMK H
A—E B2 FEE (B85 4E5, 2004) . B
2\ h, PR i s A% A8 502 th SE e 1Y, 4b
T A 78 S5 T A PR 1 0 4 28 A6 A AR AS T TR
et T DNA 0 F0 3L 78 k4 T2 (&
SERE WS, 1995 M4, 19965 R JGH A,
1997; FHEZR, 1999) . FIHsrFAricbt 5t 2 M
KAFIF i Z R, 2 WA A i I 48 7 Hoast
AR SHRIE (FRARAISK IR, 1995) , AWF52FI
ISSR FE AN R [ A [v] HiL X ) 22 T6 W K 45 o b B 0k
sl ZREEIRSE o0 B, &5 R 0 on 22 oI K A8 i
YA AKFE L (P =57.91%, H=0.1213, =
0.1949) FMAEFPHEAKF- L (P =26.24%, H =
0.1386, 1=0.2177) #RFIMH—E Mt te Z M,
A% Z2RE P 2 W b R T B IR BE I — P X B
HARSEIGIN, BEAR i B AN AT A T RE A A
WA IREE A S R AR S 3K AR ] RE A
Wk, PR AR AT AR 3 Y AR IV BE D 5
(Chang et al. , 1997, W & & 1 F ¥k Fr, 1998;
Gurdebeke et al. , 2003) , 72 JC W 4K 4 0 Fh B g5t A%

AR, UL 2 E KA I B — o IR BE
ENREST

WAL ML REL (G,) REWE W22 T W K 8 i
FREE] At 15 AL FEEE . AR Wright (1978) 5t
534l BT X B0 18] 358 1% 43 10 72 BE 0 R 43 A e
WAL RE (6,) HAT 0 ~0.05 F B4
FEFREEAR, 40T 0.05 ~0. 15 F WAL 4L AR B v
8, AT 0.15 ~0.25 RIS LR EE &, st
EAMLEEL (G,) 1H0.25 Lh FI R G40k
FREEM K, AWFFE h 2 KA B 1) 6, V- HI{E R
0.2644, FW 6 M2 ToMH A EE 15t4% 73 AR BEA)
Ko 7bh, wite AL ZEFRE N & TR e, Fb
BN R Z, UL T KA 1% ik £ %
RUETIHAVEE AR AL 5, SKIESE (2011) BF5EAD
K PR KA o st A 2 BEPE AR RE DO B
B IRAE (2015) TEXT R4 45 8 B Rhopalosiphum
padi FIPFFR WA BRI Z5 0, ZRKEM, R
45 R O A I R 3 R R B /N i
IR B KR RRPEAE — R AR T R R ]
MIFEZE Ui, A I 4% 22 W b B Rl AR B de,
WAL R BE AR, 25 iR R) 9 A8 S 3 2 S 0t
SR AL AR S BT /N, R S DR A R ) L 35
oAb BN R, — GO, B0 i Y b g
P25 5 | RS /N ) S P st A% 434k, T AR 19
Yy 3L PR K OF 2 51 R K 1 ) R sk A 4 A
Wright (1950) Ah: HSFPREEIZEANG/NT 1 (N,
<1) B, FhEEP PR AL AR T L5 R R () 33k 1%
arAk, FE R R R R 5 AR A Ak i 3 A I
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