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Identification of rice varieties resistant to the small brown planthopper
( Laodelphax striatellus) in Liaoning and an investigation of
their resistance mechanisms
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(1. College of Plant Protection, Shenyang Agricultural University, Shenyang 110161, China;

2. Institute of Plant Protection, Liaoning Academy of Agricultural Sciences, Shenyang 110161, China)

Abstract Resistance levels and mechanisms of rice varieties in Liaoning Province to the small brown planthopper,
Laodelphax striatellus ( Fallén), were investigated. Resistance to the small brown planthopper was evaluated in 42
cultivated rice varieties, including widely used varieties and those waiting for extension in Liaoning Province. IR36 and
Wuyujing3 were used as resistant control and susceptible control rice varieties, respectively, and evaluation was
undertaken using a modified seedbox screening test. 20 rice varieties with different resistance levels were selected to test
their antixenosis and antibiosis mechanisms. Of the 42 varieties tested, one resistant variety, namely Liaoyou5218, was
found, along with 11 moderately resistant varieties. All of the other varieties were susceptible or highly susceptible.
Compared with conventional rice, hybrid rice is more resistant to small brown planthopper. Among the resistant varieties,
diffuse rice varieties are more numerous than compact ones. The resistance mechanism study showed that the resistant
variety Liaoyou5218 and the moderately resistant variety Gangyul29 had strong antixenosis and antibiosis against small
brown planthopper, and the moderately resistant varieties Gangyuan8 and Jingyou558 had relatively strong antixenosis.
These varieties provide ideal genetic resources for breeding new resistant rice varieties. Nevertheless, most of the main
cultivated rice varieties in Liaoning are susceptible to the small brown planthopper.
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JK K&\ Laodelphax striatellus ( Fallén) , J& [6] #
H Homoptera ., 3k 1% I H Auchenorrhyncha | I 1 &
Fl Fulgoroidea , K B F} Delphacidae ( T 4f 4 Mok &
W, 1994 ) & 30 FE KR AR 7 b A — b i 20 o, B
BRI K R TR AL I AR 1% KRG Sk st Al
P K ORI A | R KL A S 2 RO T,
T U F AT A KA R E ) A P ok TR
e F (J 45 45,2010) o JT4FE kK, KR IR H AL #E
(4 2 SO AN G TE 1L T4 H OB ™ T, 40 b X ™
s ek (N QRS =) A M NI O 7 57 S Qo
2007) .

— ELRAR N A DX B Y B R 32 DR
FAAR 2 2% B3R Oy 32 AB AR 22 BT IR O 5™ R R
B, V5 YL PR, I 2z K KRR A I R, B0l B
TR RCR I A 73 BRAE (AR 55,2005 5 Bell & 45,
2007 ;Gao et al. ,2008) ., H4fiE , M L X K & E
CL 2804 LS A HILBE A2 Jk R R R 25 % L A
A TS TR S T 24 M T A R, R [V 95R 45 b K
T H B R Y 32 B 24 50 ntk ok AR B R 4T
P, AL 27 B IR K & EL B OR BN X ( Endo and
Tsurumachi, 2000 ; Endo et al. ,2002; Ty 8% B 4
2007) o 1A I BT S R A 2 B IR KR L
KA T AR, BERE A S B 1E K KR
BHEHCE G AT DL 3 B AR OK R AL B
LA, TE IR 2B e J7 T B A T e X
(Nemoto et al. ,1994; Wu et al. ,2002; N E ¥ 5,
2006) ,

F [ A2 /K R ot o X A RS B P T 9 O I,
Xf 4 CEVH T CER A SR A AR (XD AR,
2003) , fif & F K K E 1Y WF 58 3K JLAE >k A A2 B ¢
E, HARGE K2 46 o 7E HoAL 5 19 2 somt Al b, X
TR REA B W BIF 5 E 8D (X155 45,2007) o
TR AL T M DX A O 1Y T2 R T A RO A K
TRE I PE KT AW ST A s i K R R
PO S 1Y J7 %, TR T 42 oK AR A R, O E i
HEA AT A P 0 56 0 A0 AR T U R A T
B, & BT Bl A2 3 501 5 PR AR RS A Y
& B R SR A

1 #MBR5E7RE

L1 RIEH R
L1.1 Kk  GREPUSX AL 44 43 K 5 41
2 B P PH A K 2% 3L T AR R 2 Bk

PRAPIFSE BT, 3L T K RS BT, 3L 77 48 6 B 3t )
FAWEFERT , T 95 48 Al Bl 2 Be S it . DL 7 R 3
5 Ry % G R R TR36 S Bt B AR

1L1.2 K HBiE 2009 4 5 H AR 7 K fF i
Rk &, A B AL % K I B ( dot
immunobinding assay, DIBA) ( £ % 2 %, 2005) £
g sy e B K R ECRD AR, T AR AU E N (24 ~
27°C,L:D =12:12) fERJE ML A 17 5 A 57
i,

1.2 REAE
L2.1 /K@@ MHRKCRIFM X T REMN
U R ) A0 0 2, 15 1E R B IR AR R v s . AR
BF9E 2 B B i 5 ) 0 % % ( standard seedbox
screening test,SSST) ( Heinrichs et al. , 1985) , 1%
XA (2002) Bl 2 45 (2007 ) 1y 5 v, #E47
T Y Pt

A b b R AT 2 S, 2R K ok 1k
P L6 R, 20 TR AT TR KR Bl 2
DRTIEEE v/ SR D A B SO QN G e W R
R T4 1 ) A AL BB WLZE A (120 ¢m x 50 cm
x40 cm, I AP 120 B 2 A5 AR, &
B, HAZ; kK R EGE R ), A R
T ATEE S em, BEHLHES . BEATHEFD 25 KLk ZF Fl
FOMRE K E 1.5 ~2.0 nH 38 i e B AT 4
d 8] ¥, Y IR 55 B, A D SRR AR B 1S MRAE KRB
— BRSO TR AR 12 SRy T
BEYIMEFE NI SN 2 ~3 WK a4y 1, B A
RYGE IR, L 2 0 Al o AL Se 8 i 3 KT
=2

Z MBI A 45 (2007 ) Wy J7 35, H U, 2 gkl
X B &y VA BE 2R 58 B 90% 15, SBR[ Br /K G AF 5T
JIt (IRRT, 1998 ) il & 9 T £ PF 4 s XS 25 4> 7K A
ai A EAT O PE 2%, G AP X TSR % A Y
X G, d a0 R O AT U VR4 .0, B2
0.1 ~1.9,54H0;2.0 ~3.9,14;4.0~5.9,
P136.0~7.9 K H ;8.0 ~9.0, FHK,
1.2.2 FR[EKFE I ¢ B 5T 1% 5§ 7R
28 1.2, 1L FUIEPFA R , 28 I 22 A4k T AN TR 42 1 7K
SV B KR i ol 2 AT HE A PR DU e AT AR R IR
TP [6) 7K A ot A A e P AL
1.2.2.1 KEmMMKRCEEHAOABEENE

AR HT 1. 2.1 vh J7 356 8 s b 4% T 3% B 0000 4
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hORRA K E 2 MR R R 10 kA 2 ~
3K RECGE R, 24 h 5 T IR A B LRk B
e BR 1 IR, B RO A K L, S Al
Y5153 40,5 d JE TSRS S AD SRR B 2 i
. MBEH 3 K.
1.2.2.2 K% G b 3 Z2c ¢ BB B AY HE R T E

[F) B K A 2 J 1 et b 6 T3 BTN 46 b, B4
mn AL AT BEAT LS MR BEMLEES . FRghii K &2 2 0t
THTRIET , B AR B 10 AR SHE BRI R ik o 10V
40 d J5 , £ R AR B3k o3 BE  H B RR 2 X A
FENGE UL AR b, 45 S 24 (48 72 h 43 5 £
SRR AR B UL, 3 d S T A R R
PR EBE B g, K E A 3 K,
1.2.2.3  7K%5 & b 3 Z2x ¢ &L 7 0P BY HE R T E

1.2.2.2 vl o HE B PR E S, 8 KR EES
15 047 A 09 Y25 SRR R AR o SR T SGHE Y ) A BN
Tivk (AR % = 45,2012 ) O ik BERF R AT AR 451, U
e S BB B A B K & 2 10 ming, 4 25 5 1Y
FERRIZ A 95% L BEh ,24 h J5 78 U fif & B T 1
SR Ay Qi AU Y S U T RSl TI - N 7.y
IEE 3K,
1.2.2.4  7KFE G X 2R ¢ B B BT & T E
%18 Sebastian %5 (1996 ) Fl X1 35 45 (2007 ) #9775 1,
K 30 d fbp R A, AR EEA S Sk 1
~2 W R R E AT B, A AN E 10 BRI 4%
M5 6 h FFIR G o0 B, i A A TR 3, R
Giib 1 R, ES %0 5 do P % 40 B (antibiosis
score , AS) T /AR N AS=[ (Al x1) + (A2 x2)
++ +(Anxn) ] x100/(1 +2 + - +n), Hrfn
R ET UGS B KA, An SR iZ KR B B A
TR, AS {HTE 0 ~60% ()2 M bt dh fh,61% ~
80% (1) i i Fh, 81% ~ 100% i Ay Jak sy i F
WEEE 3 K,
1.3 HE\SHitHHm

I GE T4 B i SPSS 20. 0 % 7K A Ht H ik

W72 25 B 4T Duncan’ s 2 8 R 40 B KAl OGPk
538 o

2 RS54

2.1 KESBMIKTCEAMIEEMN
A2 ykFER B R BE 1 NPT H (2.0 ~

3.9) fFh, BRI AR 5218, 5 S E M B EY 2.4% 5
L (4.0 ~5.9) g A € 11 A4S, ki R R
26.2% ;AT R H (6.0 ~7.9) FIE (8.0 ~
9.0) s A, 20 il oy G B8 E A B 69. 0% i 2. 4%
(£1),

FH 45 AL P, 2% 28 A8 1 Btk 7K T3 i s TR
AR, A DBUE R B A thhigon mderk , KEB
3 AR R R O b A Ry By IR R EL . DA KRR B
A EF, BASUER SRR Z SO, & pobE
Ty 61. 5% PG 558 J& T rp A Y (4 T 5
BB ), W B A B bk, K s ALY &
A 0 A B 30. 8% o AE AL T b X P
Ffe 3G 5218 KR4 558 (1L 4R 2006 A 2% A8 i s
filr,C2106 1k 52 5 JFHE 2 5 i A AR DX 0K R L
RABE/NUE 129 R 8 S K R EK &AW
AR s i DT I 4l R, bR S R AR P AR
GG U — 7 5 AL 77 48 N KT AR T % o P e
mn A AT Fh T AT RN L S T s,
LA B, A 2 5 o g SRR L Y R Rl
Xof FECRH 5, 6 28 8 2ot J R X TR

2.2 KFE MRS AR 6 BB I AL A 5T

2.2.1 KERWKCEAZROHEEE hx2
AL, AN TR]ZKORR i o e 6 E T HA HE S T A A
B 22 5 B0 SRR TR36 1 HE 44 M 5 o, R
558 LA 5218 HEF 129 Wy HEM Mt #ak ,  =F B
(R HE R P B 55 o R 4 ot A i) R M AR S
ZFA TR XA SR P K 5 R
He#a Ptk 547 Pearson FHICHERG I, & PP 7 0. 01
K B A (r =0.751,P <0.01) , & ] 4
HHF G TR — R AP R . 45 A BTN
SO RIS HE A R 8
JUAS IR i A SRRl i B R IE &E 17 Y HE R
55 T o B Bl Ok A 265 KA 1 5 AR AL
BT R — 21 6 H AT K 5 4 R
PEIY Pearson FH IC A K, 25 5 W5 2 (1 AH G HEAS I8
#(r=0.502,P>0.05) , &Y m IR 3
AN SR FZEHTRALE . XS A 19 A4S S AR AT
P A OCHE 2 B, 45 R E AE 0. 01 7K1 b g B AH
S(r=0.801,P <0.01), W2 dufEp 25 19
A it B i) T BT HLAL A .
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Table 1 Evaluation for resistance to small brown planthopper in the seedlings of different rice varieties
it A HUIE ) HUEK P st Fof FUTE LR Btk KF
Variety Resistance scale Resistance level Variety Resistance scale Resistance level
1IR36 2.8 LR TO3 6.6 S
Tk 5218 3.5 ik R R 48 6.6 JBHLS
Liaoyou 5218 Yanjing 48
C2106 4.3 FiHp MR ITTF 79 6.6 JR S
Liaokai 79
KL 558 4.5 iHr MR TR 19 6.6 JR S
Jingyou 558 Liaoxing 19
FHLAF 88 4.6 Fid MR P 8 5 6.6 S
Zhendao 88 Danjing 8
WwE 129 4.8 FHr MR T4 294 6.7 SIS
Gangyu 129 Liaojing 294
iL 4 2006 4.8 i MR iTRE 326 6.8 S
Liaoyou 2006 Liaojing 326
HEE 8 4.9 i MR i1k 454 6.8 Bt S
Gangyuan 8 Liaojing 454
thF 47 5.3 Pt MR TR 17 6.9 LS
Yanfeng 47 Liaoxing 17
SIRTIINEE= 5.4 i MR hoHm 228 6.9 S
Liaohe 1 Yanjing 228
RBEHE T 8 5.6 Tt MR THE9 7.0 S
Dasuigangyuan 8 Liaojing 9
wH3 5.8 i MR iR 371 7.0 S
Xudao 3 Liaojing 371
TFHE 2 5 5.8 iHr MR WA 9741 7.2 SIS
Kaijing 2 Shennong 9741
SIRTE 6.2 s B 4 7.2 S
Liaohenuo Tiejing 4
H13T 9052 6.2 Bl S WFE 18 7.2 S
Zhongliao 9052 Shendao 18
Ly 5 5 6.3 JRH S £ 7.3 S S
Liaohe 5 Fengjing
1T K 287 6.3 & it S i K 88 7.5 B S
Liaojing 287 Jijing 88
irih2 5 6.4 Bl S ThHE 456 7.5 S
Liaoyan 2 Yanjing 456
HHE 68 6.4 LS TER2S 7.6 R s
Yanjing 68 Qianchonglang 2
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(4% 1 Table 1 continued)

st ER e Sl Ltk K it FuRER S| Btk K
Variety Resistance scale Resistance level Variety Resistance scale Resistance level
K 912 6.4 O S ol 7.6 B S
Liaojing 912 Qiuguang
LE15 6.5 S REMEI S 8.4 & HS
Liaoxing 1 Wuyujing 3
215 6.6 B S WA 265 8.7 = HS
Liaoxing 15 Shennong 265
1 : R, resistant; MR , moderately resistant; S, susceptible ; HS , highly susceptible.
x2 AEKERMMITRK CEF HAHEE S
Table 2 Antixenosis of different rice varieties to nymphs of small brown planthopper
st il A (k) it A A (R /)
Variety No. of nymphs per seedling Variety No. of nymphs per seedling
F 5 9.7 £0.69a LIT 79 7.2 0. 43defg
Fengjin Liaokai 79
i 17 9.2 £0.37ab TS 7.2 £0. 36defg
Liaoxing 17 Liaohe 1
Ak 265 9.0 £0. 76abc TLR1% 6.9 +0.6lefg
Shengnong 265 Liaoxingl
Yl 4 5 8.8 +0. 80abed i 294 6.8 +0. 40efg
Tiejing 4 Liaojing 294
HhAF 456 8.7 £0. 18abed 47 6.2 +£0.29fgh
Yanjing 456 Yanfeng 47
K9 = 8.5 +0. 69abede th 1T 9052 6.1 +0.34gh
Liaojing 9 Zhongliao 9052
10K 454 8.1 =0.08abcde R 8 = 6.0 +0. 16gh
Liaojing 454 Gangyuan 8
REE3 5 8.1 +0. 66abcde HHE 129 4.9 £0.09h
Wuyujing 3 Gangyu 129
TO3 7.9 0. 68bedef iLfIt 5218 4.8 +0.13h
Liaoyou 5218
SERCIR - 7.8 +0. 60bcdef L 558 4.6 £0.73h
Liaohenuo Jingyou 558
TR 371 7.5 £0. 49cdefg IR36 3.0 +0. 691

Liaojing 371

E R 5 B A A RN S 5 8RR TE 0. 05 7KF 22 52 AR .35 (Duncan” s B &2 ) o TR,

Data followed by the same lowercase letters indicate no significant difference at the 0. 05 level by Duncan’s multiple range test.

The same below.
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2.2.2 KFE AR XY AR T B AL B E B KO0 R HE
M R4 PR B L Levene J5 22 5 PEAG 0
Kt 7 258 5, o 77 B S KH 20 X RO e Ak B
PR IE A o0 A, 7 22 558, 15 1] Duncan’ s 3 52
BB E R R FEM, MR 3 MK 4 ATEL, A
(7 7K e it ol g U R i S 7 B9 ) HE o P A
TEBRZE 5, (H R HURCS 7= B0 /9 2 D IF A+ o

—Eo XATR KA dh Al b RS R B
L Bl TR K BEAT T R DG R HE B, 15 3 25

ai AT R 9 K T R R B A O R =
0.347(P <0.01) , HA R AN ; i B BT 20
5K A= IR A OC R K r=0.425(P <0.01),,
SR A S 5 K TR B H RS 7 B Y R G
B r=0.515(P <0.01) , BA B F ML

R3 AREKERMIRCEMRPHEYE

Table 3 Antixenosis of different rice varieties to adults of small brown planthopper

i o IR (/B
Variety No. of adults per stem
SISE =2 4.0+0.21a
Liaohe 1
WA 265 4.0+0.95a
Shengnong 265
REMW3 S 3.9 +0.95ab
Wuyujing 3
SIRGE - 3.9 +0.03ab
Liaohenuo
TO3 3.7 £0. 59abc
T I 79 3.5 0. 81labc
Liaokai 79
HE 1S 3.4 0. 67abed
Liaoxing 1
HhE 47 3.4 0. 44abed
Yanfeng 47
95 3.3 0. 34abed
Liaojing 9
M 456 3.3 0. 76abed
Yanjing 456
T4 371 3.2 20. 62abed

Liaojing 371

i IR (L ED)
Variety No. of adults per stem
F 48 3.1 0. 35abed
Fengjin
H1iT 9052 3.1 0. 52abed
Zhongliao 9052
PR 4 5 2.9 +0. 50abede
Tiejing 4
174 294 2.6 +0. 71abcde
Liaojing 294
T 17 2.6 +0. 34abcde
Liaoxing 17
{7 454 2.6 0. 12abcde
Liaojing 454
IR 8 5 2.3 +0. 44abcde
Gangyuan 8
Tk 5218 2.1 £0. 41bcde
Liaoyou 5218
B 558 1.8 £0. 26cde
Jingyou 558
HH 129 1.6 £0.39de
Gangyu 129
IR36 1.1£0.02e

HIE 1 Rl Y, POk o Fl TR36 s & 129 L4
5218 KEA 558 HE YR 8 o, St il b 1L T K AL RE
454 F AR IDRE 9 T3 By A e 5E J 5 7 BN
PR — H, WX 10 A4 fh B AT AR, K
PR R AR B = IR A G R K r =0. 797 (P <
0.01) , LHE S5 HUME SN A K R KL r =0.536 (P <
0.01) , /=Bl SHUIESN A KL R K r =0. 616 (P <

0.01) , ¥k 1 3 1 AH ¢, 156 B 7K ARG & A X KR
B HRE S B B ) HE PR =X 10 A4S S Al — T
WEHENLE], BoE V% T X f EEdi s S
rn ARBTME SR IE AR DG, BT SRR 1 R
W R AT 9052 (15 A 17, B R I AR 265 AR
KR A i R BT, KK E B HUER 7 O R e A
GO AHKA O, e W B e J B o iy fE B AN
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x4 REBEAEKERFH EWNTNE

Table 4 Numbers of eggs laid by small brown planthopper on rice varieties

i o 72 CRL/ )
Variety No. of eggs per stem
TRE9 5 29.1 £3.19a
Liaojing 9
TR 371 29.6 +5.99a
Liaojing 371
= 4 24.5+2.11ab
Fengjin
TR 17 24.2 +1.56ab
Liaoxing 17
SIRE 23.0 0. 96ab
Liaohenuo
T FF 79 22.1 +0.90ab
Liaokai 79
T0O3 21.8 1. 17abe
REHR 35 21.5 +1.34abc
Wuyujing 3
Rl 4 5 20.5 +1.45bed
Tiejing 4
1T K 294 19.6 + 1. 88bede
Liaojing 294
SISE = 19.1 £ 1. 10bede

Liaohe 1

st A 7 B0 Chi/ )
Variety No. of eggs per stem
B 456 18.4 +1.22bcde
Yanjing 456
Ak 265 18.4 £ 1. 55bcde

Shennong 265

TE1% 18.2 +0. 49bcde
Liaoxing 1
hE 47 17.9 £0.91bcdef

Yanfeng 47

13T 9052 16.1 £1. 11cdef
Zhongliao 9052

i1 K 454 15.7 +1.97def
Liaojing 454
i 558 14.6 +2. 19¢fg

Jingyou 558

W8 5 13.5 £1.27fg
Gangyuan 8

T4 5218 11.7 + 1. 42gh
Liaoyou 5218
WH 129 9.0+1.11h
Gangyu 129
IR36 6.3 +0.41i

S X2 A A T2 BT BOPL A o R PR TR LK
57 BN AR G OO, 32 2R T O ALK
LW O 1S W P o ST e
RO H LU VR 00 Mk B £, e R v R 3 D T
A7 86 it b R 7 U /DN LY D A B fE A £ A5 A
HUE Ji 57 BN BUE FE o
2.2.3 KiEmMXM &k CAFERNTERENE
5 MR HA M EEA Levene J5 22 55 PE R 0 4G
W7 22N 5% B dls & e e ) T 225 AN 5, TR
S BT o X5 2% AR BT AR 1R o B AT 2 A
SEFEAR ) Kruskal-Wallis BRI 56, 15 51 @ it 2 3%
PE 0.238, K F 0. 05, F W45 bt T A= E 0 K 2
AR R SR

HIZE S AT, A [ K AR il Aifr b KRR 1L A%

W B AF TG R I e, KZ 76 80% L I o RIRIK &
mn AP K R EGE R E R AR PUAE T
I3E AS A5 AL I 7E 84.27% ~96.04% Z [a] , i A
M T A (B FE P XS IR ) AS E34 7 81% L I 4%
2T TR R UA S R R 5 R R e R T
I N = T /I o e Rl 7 W o
BBIA = Z B r=0.283 (P <0.05) , 7 0. 05 /K
b SRR AR G HAR DM RN, r <0. 3, 3R B K
e it B X RO AR P S T SO
AR MA IR, JLAT Z W, HF I 5 L PR
FPIL {5218 (IR36 K b4t P s & 129 1 Ho 2k
Fei , T P T R U 8 5 EhF 47 WP R
Bk A5 T 4 AR R R RO 558 5
TLIA) 15 (0 A T A 559, 0 2B R AR S 33 7 A i
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The relationship between the number of small brown planthopper

x5

adults and that of eggs laid by them on different rice varieties

AREKFERMI K CEAF RN ENRE

Table 5 Reaction of antibiosis to nymphs of small brown planthopper on different rice varieties

i HAEIE 2 Survival rate of nymph( % )

st ol LA PR B AS
Variety 1d 2d 3d 4 d 5d Antibiosis score( % )
1LY 4
97.33 97.33 97.33 96. 67 94. 00 96. 04
Liaohenuo
iTHE 454
100. 00 99. 33 98. 00 96. 00 92. 67 96. 00
Liaojing 454
LR 17
98. 00 96. 67 94. 67 94. 67 94. 00 94.93
Liaoxing 17
P 4
97.33 96. 00 93.33 92. 67 92.00 93.33
Tiejing 4
TO3 98. 00 96. 00 94. 67 93.33 90. 00 93.16
A 265
96. 67 96. 67 96. 00 91.33 88. 67 92.44
Shennong 265
REM3 S
99.33 96. 67 94. 00 92.00 88. 00 92.18
Wuyujing 3
F 4
97.33 96. 67 92.67 92.00 88. 67 92. 00
Fengjin
KA 558
98. 67 94. 67 92.67 91.33 89.33 91. 87
Jingyou 558
T 1
98. 67 97.33 93.33 90. 67 88. 00 91.73

Liaohe 1
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(43R 5 Table 5 continued)
i MU R Survival rate of nymph( % ) Pk P L AS
Variety 1d 2d 3d 4 d 5d Antibiosis score( % )
ITRE9
96. 67 94.00 91.33 90. 67 90. 00 91.42
Liaojing 9
LT 79
98. 67 98. 00 95.33 90. 00 86. 00 91.38
Liaokai 79
EhHE 456
96. 00 94. 00 93.33 90. 00 88.67 91.16
Yanjing 456
e 47
98. 00 96. 67 94.00 89.33 86. 00 90. 71
Yanfeng 47
HE 8
98. 67 95.33 93.33 90. 00 86. 00 90. 62
Gangyuan 8
iz 9052
96. 00 94.67 93.33 88.67 85.33 89.78
Zhongliao 9052
1A% 371
97.33 93.33 92.00 88. 00 86. 00 89.47
Liaojing 371
LR 294
96. 00 91.33 90. 00 88. 67 84. 67 88.44
Liaojing294
TRE1%
98. 00 92.67 90. 67 88. 00 80. 67 87.38
Liaoxing 1
IR36 98. 00 95.33 90. 00 84. 67 76. 67 85.38
i 5218
91.33 88. 00 87.33 85.33 78.67 84.27
Liaoyou 5218
#»BE 129
92.00 88.67 87.33 84.00 79.33 84.27
Gangyul29
Fift i 3 24T BB ) IV 2 7 K RO R B R, TS
s LR A AR
3 g

i m AR E o AR E R
YT HE A P B 0 A R D s B 45 2R, o0 B TS [l K R
A AR BT RAL o AR AR BT R R R TR36 1T
5218 R HL AR E 129 975 i R B
FEEN R, FRWIAX 3 A ah AP EA SR 2L HE
P, 2545 FLPTAE PR AL AR X B, B WO 3 A it ol
PUIE 22 HEE R AT A PR 5 P i A s U5 8
S AU 558 A HE A P e AR R, (HL BT A= 1 AR X 8
55, PR 2 At B ) 32 2Bt AL HE R O
24 hpiah R S 47 50 15 XK TR EE B
HA —@rHE Tk, i % p B e Ja K 59 i HE
PEAR S, HHTAE PR AL T S 7K SF I 7R 5K 2 A4
Foft B A B (4 TR P DAL I 3K S R B AL

ANTR) K AR ity Bl KT I BT A R B 4 R R
B, 2 S A UM Ak 98 T LA, U4 A A Ak 2
RZ R BHOM 3L 7 48 B K R & R B8 23 o
HUh Al ML T D Bl R O 2 10 47 BT 4 A
BRI 5218 I 129 HA 5 HE#
PUAE TR, BEOL 558 TNk 8 5 B A HbE i, 2
HAE AP R B B, A I k2 TR A BIE 5 4 it
TEARRRL . SR, O T M X R R
MU it b 2 O QAL X — BN 51 R AR R A
P TAEE R R . AR, th T AR 46 R UL (b
77 A B B Z GV A Rl SE TS 2 R AT K
RN AR AN B TR, R RS B T R
T (X 1) AR 45,2006 ) , 307948 2 KR LAY 2
S A DX, ARk AP B AR B0 R KRB — H
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RIS N 205 10 T 4 KRG A 77l ok BRI 2K o

PURE &R R B R 4 5 AR S8 e AR pT v B
FEIE KRR PURE OB b B 1 TR 2R A (DB AR A,
2002) . F[E FH 20 fitad 70 AR IT 4R X T Y
W5, i 8 1 R PR R EL BT R EU KA
Pl BE IR (X AR A, 2003 ) o K 6T K AL B
() 2% S0 2 AT S AR A R LR R R, BT O
g R, PRI T B0 K R L K R il BT S IR B
8 5 2D o Bl A A5 (2007 ) 388 3o B 1Y e 3
S VAT e 3k, %F 138 {73 o H 4 [ 221 b IX RGOk A
P BHEAT T 90K TR B E 5 I, i 2 Y AR
2 My BUrE R R O 43, T HTAT R 14 £, X S T
il R 22 O B 7 4l DX A T AR B AR X809 2
Pl EL ¥ Oy g el A g S R 52 R (2011)
LR FH A E 4 o B S O R 0 HEAT T K R A
YUK CEEEE , N 2009 4 fil 4% 0 B J5 50 43 v G
TEHY 17 AU B, B T7 /K A8 B 5T 150 433 7
et SO A BTk dh A LA E W AR #EAT T
A it bR R T B P (S R S i A E A )
AHTANE I E (AR5 08T 45,2000 5 $) BE 2 45,2006 5
X5 45,2007 5 PR3 25,2010 ), Gk K Dz H 035K
U DEREE N N DG I R N T L DO/ L 7 e
B B RIE ST , 2 38 AT ] IR A 1) 55 AL B0 45 4 (X1
F7 45,2007 ; KR SCHRAE,2009) B R EU FE R R A
W4T o SRE (X1 57 45,2009 ) A K 7K A8 i B Xt Ik
TREPTE AL T 5T (BN A 2, 2009 ) 45T T E AT
TEIRABFS EAT & Bt — 22 0t 5% LA B BT R
LD DA B AT R R R E B FRAL Y . 4 T 3R E
IR TR B IR D A B, 45 T 0T R B
RO BT R A O e 4, ok AT PO T IR
AT, OF B8 F (2 K R EEE Y, BEAT ST A
P H S TAERA T EENE .
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