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Insecticide resistance monitoring in field populations of the white-back
planthopper, Sogatella furcifera ( Hemiptera: Delphacidae ) in rice

production areas of Hubei Province, central China
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Technology, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: [ Aim] The white-back planthopper, Sogatella furcifera, is a well-known serious cosmopolitan
pest on rice crop. Chemical insecticides have been considered as an effective way for its control.
However, field populations of S. furcifera have developed resistance to many insecticides. The objective
of the present study is to monitor the insecticide resistance in field populations of S. furcifera in Hubei
Province, central China, so as to provide useful information for reasonable applications of these
insecticides. [ Methods] Resistance of four field populations of S. furcifera collected form rice fields of
Putuan of Ezhou, Changgang of Ezhou, Wen’ an of Zhijiang and Nankou of Shishou during 2011 —2014 to
eleven commonly used insecticides was detected by rice stem dipping method. [ Results] The field
populations of S. furcifera have developed medium-level resistance to buprofezin [ resistance ratio (RR) =

13.0 -38.6]. Moreover, the field populations tested showed no resistance (susceptible) to medium-level
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resistance to imidacloprid (RR =2.6 —15.4), no resistance ( susceptible) or low-level resistance to
clothianidin (RR =3.0-7.0), dinotefuran (RR =2.5 -7.0), acetamiprid (RR =3.3 -8.2) and
thiamethoxam (RR =2.1 - 6.9), and maintained susceptible to nitenpyram (RR =2.2 -4.9),
isoprocarb (RR =2.0 —4.6) and etofenprox (RR =1.8 —4.0). In addition, the field populations of
Changgang (2011 and 2012) and Putuan (2012) remained susceptible to pymetrozine (RR =3.1-4.9),
while other populations developed moderate-level resistance to pymetrozine (RR =15.2 -91.0). All
populations were susceptible or showed low-level resistance to chlorpyrifos (RR =1.7 —8.5) except that
the field populations of Changgang (2013 and 2014 ) showed moderate-level resistance to chlorpyrifos
(RR =15. 6 and 10. 1, respectively).

imidacloprid, buprofezin and pymetrozine, resistance monitoring is urgently needed, and applications of these

[ Conclusion] Due to the obvious increase in resistance to

insecticides should also be limited to prevent or delay further increase of insecticide resistance in S. fercifura.

Key words: Sogatella furcifera; neonicotinoids; organophosphates; carbamates; pyrethroids; insect

growth regulators; azomethine pyridines; resistance monitoring
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Table 1 Sampling data of field populations of Sogatella furcifera in Hubei, central China in 2011 -2014

Gk KA ] KA SZEE M o B
Populations Collecting date Collecting locality Geographical coordinates Insect developmental stage Host plant

CG-11 2011-07-30

CG-12 2012-08-03

CG-13 2013-08-15 2P H#E Changgang, Ezhou 114.71°E, 30.36°N

CG-14 2014-07-30

PT-12 2012-07-15 114.72°E, 30.41°N F + BUR Nymph + Adult — 7KFF Rice

PT-14 2014-07-15 2RI A Putuan, Ezhou

WA-12 2012-07-27 118.82°E, 30.58°N

WA-13 2013-08-10 LA 4 Wen” an, Zhijiang

NK-13 2013-07-22 £ 1 1 Nankou, Shishou 112.34°E, 29.73°N

x2 MiRHAFER
Table 2 Insecticides used in this study

2 H17 Insecticides 2 iF Purity (%)

Hz =4l Producers

At H ik Imidacloprid 96
g H Pk Acetamiprid 98
g€ tht % Thiamethoxam 95
1€ i i Clothianidin 96
ik B4 % Dinotefuran 91
g Ui Nitenpyram 96
FEHEWE Chlorpyrifos 98
SN B Isoprocarb 98
fik 2 Tig Etofenprox 95
BEWR ] Buprofezin 96
LAl Pymetrozine 926

Wb B Yk T A5 B2\ 7] Hebei Veyong Bio-Chemical Co., Lid.
IR BEA 1 TAH R/ E) Shandong Sino-Agri United Biotechnology Co., Ltd.

AR 5 28 k5 44k T4 PR/ 7] Hubei Kangbaotai Fine-Chemical Co., Ltd.
LI E R T A BRZA ) Jiangsu Baoling Chemical Co., Ltd.

VLI AL LA B/ 7] Jiangsu Changlong Chemical Co., Ltd.

TR B3 L T A BR/N & Suzhou Aotelai Chemical Co., Lid.

VLI F AL A B2y &) Jiangsu Anpon Electrochemical Co., Ltd.
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Table 3 The susceptibility baselines of Sogatella furcifera to insecticides
451 AU LCso (95% B AFIX[H) R (hriEiR)
Insecticide groups Insecticides LCsy(95% CI) (mg/L) Slope (SE)
i HL I Imidacloprid 0.109 (0.057 -0.172) 1.91(0.28) "
1% i 1% Thiamethoxam 0.096 (0.040 -0.169) 1.47 (0.25) "
o S W 1 Bk Acetamiprid 0.52 (0.19 -0.82) 1.60 (0.40)
AN A Jf) Neonicotinoids g ol iz Cluthianli)din 0.15 EOA 09 -0.21) 1.40 Eo. 17;
I B % Dinotefuran 0.12 (0.08 -0.17) 1.46 (0.20)
7 E % Nitenpyram 0.13 (0.10-0.18) 1.55 (0.25)
A WL 7] Organophosphates FESEMW Chlorpyrifos 1.36 (1.05-1.71) 1.43 (0.18)
AL R 2 &5 57 Carbamates SN B Isoprocarb 11.46 (9.44 -13.87) 1.30 (0.15)
JPLI: e 2 R 2 % L5 Pyrethroids ¥ 35 Etofenprox 25.08 (16.03 -35.17) 1.34 (0.15)
S H A K ET55) Insect growth regulator BEWRF Buprofezin 0.044 (0.032 -0.059) 1.58 (0.27) *
N B B IV B2 4% B39 Pyridine azomethine A A5l Pymetrozine 0.83 (0.71 -0.97) 1.37 (0.14)

“BUES] B 7KEL5E(2013) Data cited from Zhang et al., 2013 ; ™ %t 5] H #{1°F (2008 ) Data cited from Bo, 2008.

&4 2011 -2014 FRE CEBILSBMNKE B EFB XS 11 FR BF BT

Table 4 Resistance of Changgang populations of Sogatella furcifera in Ezhou, Hubei to 11 insecticides in 2011 —2014

ARG e K RERE = bRiELR LCso {H.(95% EAF X H) R E BPEAE R
Insecticides Populations N Slope + SE LCsy(95% CI) (mg/L) Xz RR
CG-11 450 1.73 £0.21 0.36 (0.29 -0.46) 2.02 3.3
. . CG-12 450 1.41 £0.17 0.28 (0.22-0.37) 0.33 2.6
Mt #1 Mk Imidacloprid
CG-13 315 1.26 £0. 14 0.51 (0.37-0.71) 1.13 4.7
CG-14 360 0.78 £0.09 0.91 (0.56 -1.58) 1.50 8.3
CG-11 450 1.26 +0.13 0.47 (0.36 -0.61) 0.43 4.9
. . CG-12 405 1.26 £0.11 0.29 (0.22-0.38) 0.77 3.0
IE it B Thiamethoxam .
CG-13 360 1.90 £0.23 0.20 (0.16 -0.26) 0.43 2.1
CG-14 315 1.19 £0.13 0.43 (0.30-0.62) 1.19 4.5
CG-11 450 1.84 +0.19 0.28 (0.22-0.34) 0.27 2.2
i st e Ni CG-12 450 2.06 £0.22 0.29 (0.23-0.35) 4.03 2.2
) t ,
JESRI Ritenpyram CG-13 360 1.50 £0.21 0.64 (0.47 -0.93) 1.97 4.9
CG-14 315 1.51 +£0.12 0.45 (0.31-0.66) 3.04 3.5
CG-11 405 1.15 +£0.13 1.05 (0.77 -1.51) 2.59 7.0
o CG-12 405 0.96 +0.10 0.69 (0.51 -0.96) 0.96 4.6
BE % Clothianidin
CG-13 315 1.49 £0.23 0.81 (0.58-1.29) 1.32 5.4
CG-14 360 1.56 +0.19 0.73 (0.56 -0.97) 2.84 4.9
CG-11 405 1.64 £0.12 0.39 (0.29 -0.51) 0.25 3.3
N CG-12 405 1.19 £0.13 0.30 (0.23 -0.40) 0.88 2.5
k1% Dinotefuran
CG-13 360 1.22 +0.15 0.61 (0.46 -0.87) 1.60 5.1
CG-14 315 1.84 +0.19 0.70 (0.51 -1.04) 0.65 5.8
CG-11 450 1.51 £0.14 1.71 (1.35-2.13) 0.12 3.3
. o CG-12 450 1.49 £0.17 2.59 (2.02-3.42) 2.95 5.0
e Pk Acetamiprid
CG-13 405 1.79 £0.15 2.89 (2.15-4.06) 0.70 5.6
CG-14 405 1.51 £0.21 3.47 (2.58-5.09) 0.36 6.7
CG-11 450 1.75 £0.13 4.08 (3.25-5.12) 0.67 4.9
. CG-12 405 1.55+0.16 3.53 (2.83-4.50) 2.23 4.3
Atk 45 Pymetrozine
CG-13 450 1.25 +0.33 75.57 (34.23 -134.60) 0.22 91.0
CG-14 360 1.50 £0.21 71.51 (50.03 —111.81) 4.01 86.2
CG-11 450 1.45 +£0.16 0.83 (0.62-1.06) 1.04 18.9
. . CG-12 405 1.56 £0.21 0.59 (0.43-0.76) 0.25 13.4
WEWEHF Buprofezin
CG-13 360 1.42 +0.19 0.58 (0.37-0.80) 0.39 13.2
CG-14 315 2.60 +0.33 1.00 (0.82-1.28) 2.06 22.7
CG-11 360 1.26 £0. 12 8.57 (6.72-10.99) 0.38 6.3
CG-12 360 1.55 +0.16 4.21 (3.29-5.25 0.65 3.1
FEHE Chlorpyrifos ( )
CG-13 405 1.25 +0.16 21.22 (15.22 -32.23) 2.59 15.6
CG-14 405 1.22 £0.16 13.73 (9.13 -20.31) 2.01 10.1
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453R 4 Table 4 continued
Aot il e e GO ERKR)  Ff ki
Insecticides Populations N Slope + SE LCsy(95% CI) (mg/L) X RR
CG-11 405 1.45 +0.15 37.21 (29.15 -46.67) 0.39 3.2
§ CG-12 405 1.52 +0.18 32.53 (25.37 —40.54) 1.33 2.8
SN B Tsoprocarb )
CG-13 360 1.42 £0.14 51.17 (40.42 -65.12) 5.36 4.5
CG-14 450 1.69 £0.21 43.53 (33.99 -58.74) 1.43 3.8
CG-11 450 1.67 +0.18 100.39 (79.76 —131.76) 1.71 4.0
N CG-12 360 1.41 £0.13 65.76 (52.26 —82.89) 2.06 2.6
fik 24 & Etofenprox
CG-13 315 1.38 £0.18 84.46 (62.35-119.06) 1.04 3.4
CG-14 405 1.00 £0.13 61.51 (40.58 -102.79) 2.87 2.5

FH RIR R AR R

RS 2012 F02014 £ 95 CE ML BN EE HEIFEERT 11 FhR BT HE

W 1;FF, Sampling data of S. furcifera populations see Table 1. The same below.

Table 5 Resistance of Putuan populations of Sogatella furcifera in Ezhou, Hubei to 11 insecticides in 2012 and 2014

A IR T K RER = brifEiR LCso {H.(95% A5 X []) A E/INER R
Insecticides Populations N Slope + SE LCsy(95% CI) (mg/L) X RR
. . PT-12 405 1.56 £0. 14 0.37 (0.30-0.45) 2.62 3.4
At B Mk Imidacloprid
PT-14 315 1.00 £0.12 1.68 (1.06 -3.07) 9.91 15.4
‘ PT-12 405 1.60 +0.16 0.35 (0.27 -0.43) 2.91 3.6
1 it % Thiamethoxam
PT-14 315 1.23 +0.16 0.29 (0.20-0.42) 4.02 3.0
i st e Ni PT-12 450 1.37 £0.16 0.55 (0.42-0.73) 0.83 4.2
J t ,
e Rtenpyram PT-14 315 1.40 +0.20 0.50 (0.35-0.80) 11.01 3.8
o - PT-12 405 1.38 +0.11 0.48 (0.37 -0.63) 1.56 3.2
1€ i iz Clothianidin
PT-14 360 0.86 £0.10 1.04 (0.74 -1.57) 1.65 6.9
N PT-12 405 1.47 £0.16 0.42 (0.32-0.55) 3.01 3.5
1 B 1 Dinotefuran
PT-14 360 1.72 £0.13 0.84 (0.63-1.17) 3.50 7.0
PT-12 450 1.44 +0.15 2.86 (2.25-3.74) 0.11 5.5
IhE 1 bk Acetamiprid
PT-14 360 1.56 £0.15 2.07 (1.57 -2.74) 0.83 4.0
) PT-12 405 1.45 £0.16 2.56 (2.01 -3.23) 0.35 3.1
NEEF R Pymetrozine
PT-14 360 1.00 £0.13 81.42 (51.84 -141.65) 1.74 98.1
o PT-12 405 1.70 £0.21 0.57 (0.42-0.71) 0.46 13.0
WEBR ] Buprofezin
PT-14 360 1.54 £0.21 1.20 (0.90 -1.74) 7.61 27.3
PT-12 315 1.20 £0. 11 11.62 (9.05 -14.96 1.39 8.5
FEIEME Chlorpyrifos ( )
: PT-14 450 1.89 +0.17 3.73 (2.51 -5.38) 0.41 2.7
§ PT-12 405 1.64 +0.20 23.19 (17.79 -29.03) 0.13 2.0
SN B Tsoprocarb
PT-14 450 1.88 +0.27 25.51 (19.50 -37.01) 3.27 2.2
. PT-12 360 1.58 +0.18 61.60 (48.67 -80.68) 1.35 2.5
fik 24 1ig Etofenprox
PT-14 405 1.98 +0.15 46.24 (32.01 -70.73) 3.60 1.8

2.2 BECE HEFEE XTI SR A U
I REUH LR (2011 - 2014) (3 141 (2012

15 2014 4F) |

la] % (2012 4F 5 2013 4F) flpg 1

T 1P TR g o) 18 & R 70 1 f s (38. 6 £,

®7),

T 2013 AF At P [R] R X 0 1 A 14 47 44 5
2014 47 15 W P FH ) o A XoF 108 1 i 1 S 2

(2013 4F ) FH AR 8 0F ik 45F 1 7 A= v S5 K - Bt 1
(RR=3.1~98.1) (%4 ~7), il HYiPEKF
BAEPEAT 73 A A B, 2013 F1 2014 A5 FH [R] Fb 3 X Hit
S ERHTIE 5 T 2011 1 2012 45 H (] R R (2012
£PEI FREU L P EER SN ) (4 ~7) , R H
T OREK IR BRSO L TR

2.3 BECEHEMEEXEEIRE T

Hy e S dhE mT R, R | %lil [ 22 7l
T 1 FH IR 2o Wi Wl = A= rp 25 K P- 5Lk (RR =
13.2 ~38.6 1%) (%4 ~7), H 2013 4F T KAl

1o T 2012 AR ETRRE s 1T U FE (R o B 4
[ XTEER I 22 AR B E (£ 4~T7),
2.4 AEEHREMEENFEBHOTE

AN )4 B2 [R] (RN H (R BEXT R SR T A7
TE W P22 5, 2013 F1 2014 4F K 3k H [a] Fp R o 2
FEM A A KCE BT (RR =10, 1 ~15.6 %) (3R
4) T 2011 AFAC Y5 HH R FPHE (2012 45 3 [T HH ) Ao
K 2013 4F 1 171 HH [B) Fob 3 o 2 S0 00 = A I K St 1
(RR=6.0~8.5f%) (F£4~5, £7), LA HEFH
XPREEIMHUR (RR = 1.7 ~3. 1 f) (£ 4 ~6) , & H]



1218 B 2] Acta Entomologica Sinica 59 %

F6 2012 -2013 £ HE YA ML RIT A% A IEFHEEXT 11 FR BT i
Table 6 Resistance of Wen’ an populations of Sogatella furcifera in Zhijiang, Hubei to 11 insecticides in 2012 —2013

il i v B R o MOSABRRA)  Fhl ek
Insecticides Populations N Slope + SE LCsy(95% CI) (mg/L) X RR
. . WA-12 360 1.48 £0.15 0.56 (0.44-0.73) 1.57 5.1
At B Mk Imidacloprid
WA-13 360 1.34 £0.16 0.87 (0.33-0.60) 1.31 8.0
WA-12 405 1.82 +0.18 0.31 (0.26-0.39 1.82 3.2
g€ it % Thiamethoxam ( )
WA-13 360 1.84 +0.18 0.23 (0.16 -0.30) 4.86 2.4
i e Ni WA-12 450 1.39 £0.14 0.42 (0.33-0.53) 2.74 3.2
J t .
e Rtenpyram WA-13 360 1.40 £0.16 0.34 (0.25-0.45) 1.46 2.6
o WA-12 360 1.18 +0.11 0.45 (0.34 -0.58) 0.63 3.0
19E 1}z Clothianidin
WA-13 360 1.12 £0.15 0.49 (0.35-0.69) 1.46 3.3
) WA-12 405 1.51 £0.14 0.34 (0.27 -0.43) 1.22 2.8
1 1 1 Dinotefuran
WA-13 450 1.09 £0.13 0. 48 (0.35-0.68) 2.03 4.0
WA-12 450 1.67 £0.18 3.14 (2.49 -4.12) 1.71 6.0
g &1 Pk Acetamiprid
WA-13 405 1.20 £0.13 4.21 (3.14-5.84) 3.59 8.1
. WA-12 405 0.78 £0.10 12.63 (8.66 -20.34) 0.65 15.2
NEEF R Pymetrozine
WA-13 450 1.84 +0.20 20.40 (13.39 -39.72) 1.09 24.6
o WA-12 405 1.52 +0.17 1.52 (1.21 -1.93) 0.22 34.5
WEWR ] Buprofezin
WA-13 360 1.66 £0.17 0.90 (0.57 -1.28) 1.14 20.5
. ) WA-12 315 1.44 £0.13 8.15 (6.50 —10.24) 0.67 6.0
FEAEH Chlorpyrifos
WA-13 360 1.42 +0.19 2.33 (1.49-3.21) 0.39 1.7
§ WA-12 405 1.59 +0.18 53.03 (42.06 —67.97) 0.44 4.6
SN B Tsoprocarb
WA-13 360 1.58 £0.20 47.92 (36.78 —62.90) 0.41 4.2
. WA-12 360 1.69 +0.21 80.34 (62.03 -112.78) 1.52 3.2
Jik 24 T Etofenprox
WA-13 315 1.36 £0. 15 66.21 (50.20 -87.63) 0.83 2.6

x7 208 FATXAMILEEEOEBEME 11 FREF0HRE
Table 7 Resistance of Nankou populations of Sogatella furcifera in Shishou, Hubei to 11 insecticides in 2013

A it B RER + bRifEiR LGy B (95% B A7 X [7]) RHME EIRELizy s
Insecticides Populations N Slope + SE LCsy(95% CI) (mg/L) Na RR
L HLk Imidacloprid NK-13 360 1.79 £0.23 0.92 (0.65-1.54) 0.43 8.4
IE H B Thiamethoxam NK-13 360 2.45+0.39 0.66 (0.50 -1.05) 2.92 6.9
I WE HUI% Nitenpyram NK-13 360 1.24 £0.14 0.42 (0.29-0.58) 1.08 3.2
BE 1 i Clothianidin NK-13 360 1.62 +0.23 0.73 (0.54-1.09) 0.52 4.9
15 f1 i Dinotefuran NK-13 450 1.69 £0.21 0.63 (0.49 -0.87) 1.80 5.3
BE Pk Acetamiprid NK-13 405 1.47 £0.18 4.24 (3.26-5.80) 2.55 8.2
LR Pymetrozine NK-13 450 1.36 £0.23 45.25 (30.03 -89.01) 8.53 54.5
WEWR R Buprofezin NK-13 360 2.08 +0.29 1.70 (1.34-2.23) 1.32 38.6
FEALM Chlorpyrifos NK-13 360 2.66 +£0.36 8.25 (6.73 -10.69) 4.22 6.1
S B Tsoprocarb NK-13 360 1.53 £0.18 44.34 (34.24 -57.30) 1.25 3.9
ik 45 fif Etofenprox NK-13 315 1.71 £0.19 76.16 (59.49 -99.29) 5.41 3.0
KA 2013 F1 2014 AR UE HI R REXS TR 20000 SRS,
PE ETHRE s A, [R)— 4T B A [R) 1 i T (R e o o5
SEMHTPEREAE B E VIS (R 4 ~T) 3 itig

2.5 BECEMEBEMEXSAEMBH R
FRE 2011 - 2014 AR il M TR) 22 R R
1 P PR b AR A 3000 245 2R R B, T I ol R 2 5o S
B(RR=2.0~4.61%) 525 (RR=1.8 ~4.0
A8 SRS, I ELTR) — Tl R AN [] 45 J32 ) X S5 P ol 15
RPN, [ — 47y A [R] AR T 57 TN
SEEBRTIE R A R (R4 ~T)  RIBTIK

HTRHBRIE A% HURE B A AS B A U A% HUR
Z—, E A A Rk | W R R I LY U |
kAU | BE HUKAE (Elbert et al., 2008) o ISR B
FRZ AR RS £ PR JIEL A 52 1A e s, 1 B sy o
WP R GE s BAT N Sl R AL AR T 53 0, 1% 26
ARG R RO X L S A 4
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SEGA LB A RIS ADNBR JUg e 2R 25 4%
B30 JC A2 B #i P ( Wollweber and Tietjen, 1999
Matsuda et al., 2001; Tomizawa and Casid, 2005;
Elbert et al., 2008 ; Jeschke and Nauen, 2008). H
1991 4E i R kAR BT 3 AR, — B2 Biia Gl
FEEZG), b T SOk AN B B T A A
RE L CELS a2 H A B (Su et
al., 2013 ; Zhang et al., 2014b) , Su % (2013) {18
IR FH R] b 3 0T Ak st bk 4 Sy SRR 2 vh 45K
-5 Zhang 45(2014a) W45 5K 0], A CEH ]
TP Xof Nkt bk Ak T BB P A BT Ko S ARGEA
L, FEABFFE b, 1 CEGISIAG 2 FH (R o ) bk o mbc
Pt dAb TRURE AR A I BTG ¢
A\ 20 4F 4 KELT 2000 ik Hmf™= A= KL
P (Zhang et al., 2016 ) , {HEE: I 2 22 BT, ik 4L obk
XFEE CEURRA BRI E (£ 4 ~7) 0] L4k
SLAg I B B RE, X AT AR S pute e
YRk S YEAH 5% (Su et al., 2013; Zhang et al.,
2014a) , [AINAWFSE R R BT, ETF QIO IEk Sk )
PUMEAT B TL RS TR, 7 52 B b 200 ™ A 42 ol £ P it
HUkBIT G T R IR, e RS S TR A 2w
RS —AUHHRZE AR B, T 1997 48 F i (Elbert
et al., 2008) ,2000 4E7E & E E L Bjia fE CEl, Su
Z5(2013) WA SRR W], B R EU i HU R b T
J&EKPTKFE(Su et al., 2013) ,Zhang 45 (2014a) 4
T T () R T g e R AR, FEARAE S
FI T QUL 2 FH e o g g 1 el i b A B0 41K
UK (£ 4) X T RE 5 W JUBRLE 75 CEBIA T
WAL A 5K (Zhang et al., 2014a) , 535k, BT K
B\ 1 DR o e HOgR A 19 6. 9 A5 BTk nl g5
IKFE AP AR KR EEA S (Su et al., 2013) . WEAh,
A BT AR IS A H 7w e AR 0 H i | vk e i | E
Bk A KRG B T Ria R CEl, I g d
e A E U R R KRR B B R
(24 ~7T), [A] ] Hy 3 28 24 55 % #8558 7K A2 A= PG
B, H 5% 250 BA SR A s HHUE , iR K
Fi B REH ]RGS Rl BCE TR A I R &
BRG],

B SR ] Ay A B 2 2% HRH , HAT R 4 T 5 =0
e A5 R X T R A 30 e A 1) 2 A
FUEFBHZERLN , S RIS 1R BCED , YLER T ZE ( Harrewijn
and Kayser, 1997; He et al., 2011), AN, BT
I ML AR 5 Wikt O A7 AE S B (Yang et al.,
2016) , W ARAEFRAEYMRTE . I, 2009 4F 95 B 1

JK FHEE TS AR i 222 8 18 7 3 e R FH ) b
(1 B2 (XIPE A, 2010) . &k Z4AE0E T, A3
TR 0 A IR A T B2 (Su et al., 2013
Zhang et al., 2014b) ., t4h, KBS & B, 2013 -
2014 AR MM 45 R 5 2011 - 2012 4EAH L, HE KA
FE [ Xof Ak A 0 b ) S, Ak H S R K
V(4 ~7) 0 HE B ISR P PE A e, Pl fg
5 W B A AR b ORI AT O (Su et al., 2013
Zhang et al., 2014b) . P, 7E4 5 HE CalBiiE
SU 3 SV RA i 2 LG AR Ry O ) | W R I
245790 (4 A T U, AE 52 s UG it A R 47 1
R,

20 iz 80 AEACH S IR R i 4 5 | AT = By iR
i RELCFEARMRFITE A B, 2000) o 75 2010 4E2Z i,
FIF QBT EE R B 1 e 92 1%, AEREE UK 241K
HLKF-,2010 455 1 CEUGT I 18 R ) 0P Sk
P, 7 A S OKCE P e (5, 20115 Su e al.,
2013) , AL (2008 ) BFFE R, 1R UG HE BR
W 2 A B T e KU . HA, WA B R
()RR XS e R I A T AE BT K (R 4 ~7), 5
Su 5(2013) FI Zhang 55 (2014a) fLBEAHL, [F],
552009 -2010 4E%HiE (G, 2011) #HLE, B KL
Xof IE R IR (1R B 1 i Jre s bR, T R 5 W R T 7 /K A
KN HA K (Su et al., 2013) o HIL, HIES HH
R I R AP R, vy L R 1 R £l FH Y 8

20 {42 70 2 80 4E4L, BiivA 1 KEU F 22y
IR BB 5 2 ik FHY IR TR 24 A% Ha 7] (0 2 A
ZA, 2013) 20 b4l 80 % 90 4EALH), I CElE
Xof IX PSR H) T A R 23 2% R AR B (Endo et
al., 1988; Z=i(55, 2008) . HHT, BFALIE | 55 P B
B CEUEE )8, P 4 4 TR U R AR P
(24 ~7), 5350, Al —4F B B R\ H (8] Fp R
FEMRHUPEAFAE 035 1 22 5 ] B8 S5 /K et i A L A G 3F
BE M HE B8 WA G2 M X A% 00 AH O, Fukuda 1
Nagata (1969 ) W} 7%t W], A [a] (18 G m\ FH (8] Fh e
XA DU BT EA AR 22 57 o [l TR A
S PR AN R 1 A B T (I SO R R
1990; #BX>%42, 2010) , PR 7E HE CEUIE B Al
A A HOR A ]

PR, FABR H 4 15 2 A% H) Ik 4 16 © A2 /KA
BRI TR AR CEl (R Ak — 52, 2003)
H A, B8 QRO 4 R IF R 7 AR B R B S,
Matsumura &5 (2014 ) SR ] AU 2% 22 8 AR I 1 H
AR I FH [ A o Tk 2 T 1) SR, S 2R 3R
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FCEU B A P AL TRURE AP AT K F (RR =
1.3 ~10.9 %) o Iehh, #IAL4 75 L (] M e
FHARXSBEAG ™ AW B (R 4 ~7)  BEA T A] A
HBFR AT CEGE R R
22 BT AR B A B B A e T, PR
7K$E$H&E’JE%T&E@(% et al., 2013) . {Hili T
FARGKIIA GBI, B CaE S X5 OB
2R HUFR 7 A A ) 2 8 A L1 (Su et al., 2013
Zhang et al., 2014a) o PG, LAZ50NN5E KA
Pitkia s, DIEGHGieitht— 2 L . AREH
LA P9 % HOR e fe (ot P sl TR P vl Aol R A R %
Jis, 2% 3 ML 25 PR 1K™ AR (R AR AR 4 iR
IR 25750 Z B AU Bk o TR GRIE BT i ) — 3
BRI ZRENE Ekﬁh%?ﬁ?ﬂﬂﬁﬁﬁ?%ﬁtﬁﬁ‘é
WA B ML B LAY A R ek A 24 1 it P
i IEGARO T RBTPER R SRR
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