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Genetic analysis for leaf rust resistance on spring wheat Shenmian 2063
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Abstract: The objective of this study was to determine the number, identity, dominant or recessive and
interaction of leaf rust resistance genes in spring wheat Shenmian 2063. Shenmian 2063 was used as the
pollen parent and crossed with the leaf rust susceptible cultivar Thatcher and Thatcher backcross lines
near-isogenic for leaf rust resistance genes Lr9, Lrl19, Lr24, Lr25, Lr28, Lr42 and Lr43 respectively.
The F,, F, and F; plants were evaluated both as seedlings and at adult-plant stage with different pa-
thotypes of Puccinia triticina that differed for virulence to specific leaf rust resistance genes. The results
of inheritance and allelic verification indicated the presence of three dominant and independent genes
Lr9, Lr19 and Lr25 in Shenmian 2063. Seedling plant leaf rust resistance of Shenmian 2063 to pa-
thotype CBG/QQ was controlled by Lr9 and Lr25, while the combination of Lr9, Lr19 and Lr25 ac-
counted for the resistance to pathotype PHT/RP. At adult-plant stage, all three leaf rust resistance genes
was responsible for the effective field resistance to equal proportion mixing isolate of predominant pa-
thotypes PHT/RP and THT/TP. Lr9, Lr19 and Lr25, typical vertical resistance genes for wheat leaf rust,
are all very effective at present because of their low frequency in wheat cultivars in China, and rational
rearrangement, such as proper redistribution and alternation, is essential to their resistance prolongation.
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BRI EAESC R, L — BP0 & A SEht, — K
T 2800 3 AR, R, SO 3 G X F BT IR AL
BHEATIRA AT . HAE H A, 3 E 73X 7 T
FERED , AW 07 2 A A 2 Z AL (G4 R T
F,2013) . B4, AL o A AHE d kA T HLT R A
T 22 SR B 2 2 LB 2R A, BT R BRI AT 24T
g Pk 5 3 O 1 Al BB PR L R e DL & B Ll 2.
Lr13 Rl Lr34 55 F2A UMK B3R5 H A Fr A BT
PEWSRAY LN . QS A Lrl0 L3 M Lr34 YR/ NE
s A Era, F 1972 476 3¢ (5 B J& I3 1k N R Tl AR b AE
DI, — ELOR 545 B B M (Ezzahiri & Roelfs,
1989) ; & Lri2 Lr31 # Lr34 ) h EF, @ 1900 4F
JE R A )2 BRI R B RALR, 2 AR
F5 25 15 B B ME (Dyck, 1991) 5 B P /N 22 & F
Frontana, & 5 Lri3 Lr34 F1 LrT3, H 1943 4EH4fE] &
A AR RS TR E 1P P (Singh & Rajaram,2011);
I ZTE Oelke & Kolmer(2005) Fl Kolmer(2010)
FRIF A 4B . i Sawhney et al. (1989) #
WK R BT IR LR 5 L1 3 0 L34 55 EEAE Y,
BRI ZEIR T 50 2 IR L Bl ok, mT 3RAS B R 5
AP . Kolmer(1992) Fil German & Kolmer
(1992) W #E—LAUESZ, Lir1 3 F1 Lr34 34 0] B I 352 5 1
WU I R B fo e . (B HRTA B, AL Lrl 3 1E
B3 v TR AR TR X R S 0 28 A 3 BRI S g A
(Pretorius et al., 1984) , Lr12 F1 Lr34 %54 4 DATE TH
Wik, MR EPU RS D An SRR A 8, e
DL A, HHBUm M R e & e e g A it 7
e Z W REA BRI BT E R . (BRI
FAUBFIE 2 (A B B Fh AR Z A Bt (o 42 16F
FFETTRL,2011) o IR, 8% 50 R 5 55
(VA e a0 o VTR A R e g why (D S P N )
SO OREFEAE, 1991) . FRR, stfE i 2 Thik
B FHIE L AL B B EAR, RZF, 8052 F,
FRIE , 5200 T 45 0 A5 BE (5K PR A, 20075 JA
84,2012 TARIFE,2013) P4 2063 JE L FHAR
KM Y P BT RN SR, g8
96091/SY38//1k. % 96/1.252/3/ik. 4. 96/SY39/4/iL &
1057,2003—2009 425 22 15 %2, W50 — B 4%
PR ARE . PR, A6 38 i vt 5 i A5 o i
2, HEE A SO TERAIE S XL % 2063 FEA T4, A
BTk TR 2063 JIT 5 0 45 9 35k R A 0T 5L By L I B
PE HAESCRFARE , I /N2 h -5 i R )
B LA S SRS 48

1 MRl5REE
1.1 #F#

PR/ NZ SRR CGRO) IR . /N S A 5 2063
K H R B R AL FHAO R AFAE ) G =, /N BT
MR T B R 2R Lr9 Lr19 Lr24 \Lr25 Lr28 Lr42
F Lr43 B2 5 F2 B8 i Al Thatcher, 51 F B bR
ANFE FOK R ey, B E e L RO B B A P DR A
WIS AR BT 4L 250 AR, 34V
F IR EEDR 2 CBG/QQ .PHT/RP M THT/TP,
FH Y E O B2 BE AR DRAF I 9 T 22 S5 FL G s T T
T2 341, 4% Long & Kolmer(1989) F/1 Singh (1991)
PE BT R G A 44, T 280 Bt - e 2
H:v PHT/RP Hl THT/TP — B 230 /N2 S 3
FOR I (R TANS,1993; Liu & Chen, 20125 5 1
%5,2015) . k2063 Fil Thatcher i A 1 2% 5
Fl N ASRARAE , Lr9 S G R I ER T RN
AT VKA ORAE , /22 W5 905 T Dl /N L 25 3
RE B IRIR VKA PR -

{0 : RXZ-280B N TAUBAH , TR VLRI s
DW-86L205 #KioKAH , )N T e AT PR A F
1.2 Ak
1.2.1 R 440 Beh) BJa K a9 KA

Bl LT 2438 44 : Thatcherx 3k 57 2063 . Tc*6/
Transfer (Lr9) x 3 % 2063 . Tc*6/ Tr (Lr19) x L %
2063 . Tc*6/Agent(Lr24) I %2063  Transec(Lr25 ) x
W % 2063, CS2D - 2M (Lr28) x I % 2063, KS91
WGRC11 (Lr42) x4 2063 . KS91 WGRC16 (Lr43) x
W 20635 3K1F F AR T )5 , BN 2428 41 A& H AL %
SRR AR A% [ 52, AR 19 S BRIFD IR &
YER FARHENA s S8 5 DA BEAILIZE B 200 FiFh 45 Fh
TEHIELS A28, RIS RAER T FARRER
122 G HFRIEN E

H IR P E E K 35 em % 20 em 75 10 cm
ARG NIRRT, FE R AT TSI 3~4 em B3R £,
FeAZ A A ARG A F AR 10 Kz, Fo AR 600 K7,
F3 40 180 Bk & BBk & 70 KL ; 42 b B0 25 Y
PHT/RP JEA TN BAIE R , A R AR R 1 000K,
F, A B AR 7 7CHE , 7CIR 1 em, 7CHE 5 cmx5 cm,
40 7/ 6L, 5~T RIRIF/7C F AR R 444K ATHE S om,
TRZ9 em, 16 17/&, BEHER 147, 18 % R
A Thatcher., #&FHRT20 d 24 0 5, 742 T 1
10 S 42 i B0 TR o o BB R R S 22 T K &
AR S T A A 0.05% 1L 20 1Y B TRy B R
W, B TR N L 75 20°C SRS 504 N AR 16~20 h,,



806 MY P

E ¢ 454

A E T AN TR, E18°C TR R, B RKL IR
14 h, JE IR EE 12 000 Ix, 10~12 dJi5 , 137 8% X 1R
e BRI, 7 Roelfs (1985 ) H2 H1 142 YL T 43 S b
HEPE A o AR ] A 4 S AT a8 A% 43 A R AR 1
UE, — 0K 0~2 IHAHTR Y, 3~4 I R JEi 25 1
1.2.3  RARHR AT R T

BRI P 2 e Wby A B pa A X A
AT o /NXA 11 m, 58 2.2 ms ATHR 0.33 m, BN X
3447, 55 LATRIER 3447 ORI AT, 56 1247 F5E 2347
HNFRAT s BRORPAT AN ZATHN , A ARk 10 40 0
3FRAY AR L m B CRATT BRI R S MR
HR] 24 0.2 m 5454738 BT TN 46 R 1 AT15 R AT .
PR AT RIS AT S AP YAk Thatcher, 38 /£ 70 1944
BELFAC10KE, 2535 , BREE 10 cm, BN A I
R 1A AT FAR 500K, 3% , BRI 10 cm, B4
CEATTI0 KL, 250 RAT T FR 180 MR R B
WAL TORL, 554K, 5 1A PAT7 . SRR A
B FACHE A 800~900 K7, 5 4% , A3l 1. 4 H 4],
21N B, FEOR 2SR PHT/RP il THT/TP 945
IR A MHE LA TR . Tk 2~3 misk 1 M4
i, S TC IR B8, e f SN S ek 2+
e RN, SR P ACKE I 2 BRI 5 A
0.05% I3t 20 119 5760 7By B T, $5 i o MR R
— M, KRN, 7 ] FrbA], £F Thatcher JiHE 155
9 T H 3K 60%~80% IS, AT Ay o, 9 45 45 A ik

FIBTIER S N FI ™ EE . BUJBR S AR B Roelfs (1985)
P& 1 19 53 G HE R A 5 F T 0 4 529% (immunity,
1) . ;b5 )% (near immunity, NI) | 1 A $0JH (resis-
tant, R) .2 Fl X A /1 & $7T % (moderately resistant,
MR ) .3 24 1 B JE 5 (moderately susceptible, MS) |
4 )8 (susceptible, S) , £ 2RI By i+ 5l -,
DIFIR I sl i, "5 4% Peterson et al.(1948)
P2 IR Cobb AnifE” H , # B A HE T AR S RN
o R TR 0.37% . 1.85%.3.7% . 7.4% 11.1%,
14.8%.18.5.22.2% .25.9% .29.6% .33.3% .37% /- i
B, 43505 SCH 1% 5% 10% .20% .30% .40% .50%
60% .70% .80% .90% F11 100% S5 A= [R] 2551

2 ERESH

2.1 HR/hESRT(R) R EGE

AN IO PRI R A5 R, Lr 19 YRR
il 2 Te*6/Tr P& 2R CBG/QQ e FHL i B 180 , Xif
HoB B 2 AU 3R I S0 BR T 9%8 5 YL 4t 2063 S Lr9
S LT JE DR AR i RN 3 AN B S ALY
2% PR 5 0l 3 R E 5 Thatcher %o 58 B E50% 28 A 1y
FEIN R BB o LRI, 5 J8 XTI/ Thatcher 28 91
1 BE I , Lrd3 2R 5 R KS91 WGRC16 E HL
BEBU 2 b BB HE AN R T 65% b e it
AN (GR) PRI e sa g (R 1),

F1 U/ E R (R) BRI TS 1T

Table 1 Seedling and adult-plant resistance to Puccinia triticina in the tested wheat cultivars or lines

HETFI(R) THPTRPE Seedling resistance JRRIHBTR T Adult-plant resistance
Tested cultivar or line CBG/QQ  PHT/RP THT/TP FEHL Y Severity (%) P W Resistant response

L4 2063 Shenmian 2063 7 ; 0 0 I
Tc*6/Transfer(Lr9) v ; 0 0 I
Te*6/Tr(Lr19) 3 ; 0 0 I
Tc*6/Agent(Lr24) ; ; ; 0 NI
Transec(Lr25) 0 ; 0 I
CS2D-2M(L#28) 0 ; 0 I

KS91 WGRC11(Lr42) 0 5,1 ; 0 I

KS91 WGRC16(Lr43) 0 5,10 ; <65 MR-MS
Thatcher 3" 3 3" =80 S

I: Gd%; NI: S5 ; MR-MS: WP 2 P YR ; S: B9 . 1: Immunity; NI: near immunity; MR-MS: moderately

resistant to moderately susceptible; S: susceptible.

22 HEATMEHEES

X Thatcherx I £ 2063 22328 41 & HE AP RO 2 Y
CBG/QQ, F BRI R I s s F.AUAE K, 482 Bk
Bio , 39 MRIE , BRI AT A 15 B0 - 1 B9 AY 3

G FARRRFR T, 62 4RI PTG 90 NPT
O3S 10T A5 7 O S PUBMES 14
TR IR L], H 90 N UR A B AR R RN
PUAT R 22 M IS A AR D, 36 4 685 BRTG L 926 B
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B, AR5 27 Ul - 5 B R L. RIATE
2063 X EOR 2 CBG/QQ ML Fh 2 Xl 37 i
() 38 PP 5 R PR . [RIRE SR, X Te*6/
Transfer (Lr9) x4 2063 243841 &, FARC I 52 511
M, R BN S g 5l AT 5 %€ , 5 Te*6/Transfer (Lr9)
BB (R 1), UEHATL %2 2063 & 47 Lr9; [A) BRIk %
2063 %A Lr25 , AN Lr24 Lr28 Lr42 f1 Lr43., %%
FEWT, B8 Lr9 R Lr25 41, k52 2063 A & HEHLEUH
KA CBG/QQ Wy [ . Te*6/Agent (Lr24) x k%
2063 Z5E 4N AL A 5T B RE S AT G 3 4 AP
59 e PR ST s A% R 3 B LU A7, Te*6/Tr (L1 9) <K
H2.2063 Z4 A2 5 1A BTG 2 3 BT B A
M7 ag AL AR L], 4 mT B60E , [R5 3t T 96
Tc*6/Tr (Lr19) X} £ 25 7 CBG/QQ & i B (£
1), Z5FFW, 0L A 2063 il X Bk 2 8 CBG/
QQ HLI M 114 2 XoF S P 7T 455 9 56 P 43 31l S L9 1
Lr25, [R)FH, Pk f 2063 Hf il % £ 2 7 PHT/RP
Brg I ) 3 % M B L DK il a2 Lr9 (L1 9 R
Lr25(3£2),
2.3 WEREIIIM AR R AT

£ Thatcherx< L 92 2063 2238414 1, FO AR AR )
T ARE s AR, 354 BB (b 341 fk e
P 13 PR 2 b BE YU ™ 1%~30%) , 5 1k

TR (L 4 MR B HL™ H R >81%, 1 Bk B8 &2
T FL™ B 61%~80% ) , A5 & 63 P03 : 1 18 139
B, FREIAFERRI, P9 2063 ABT S5 R 3 X7
M7 B AR ) ST S R R . RIRESRETR
%5} Te*6/Transfer (Lr9) x ¥ 2063 2238 25, FoA G
TE 645 1R, 627 (R R ILGLRE 18 BRFRIPUIN 2= Bt
9, HLH B 19%~30% , Y i Puis 2y, IChusarEs
UESEPE 42063 A3 Lr9. [RIFR, YL 42063 543 Lrl9
R Lr25 , A5 Lr24  Lr28 . Lr42 M1 Lr43, J1 1] 5 H
YOG RA IR . L85 AR I TR ORI, Tt
2063 BT 45 ME i Lr9  Lr19 F1 Lr25 3% 3 X5 it 57 35
1 RPN FE 6 o {H X Thatcher> 4 %
2063 225 H A FAR, 2LE 143 1R &R 107 4
B 34 PR B 2 N ER R A E 3T 4
TP 1 26 UEY B 1 AR R B R L], 5
F7E_ AR LG 26 Iy htidsrgirh A 8 1 634t
9 1B , 1240 15 50 = 1IN, 6 104 3 = 1 /%
I, T AT AR BB 0 7 B P AR 2R A Bk
Bl 008 1y 63 B « 1R nl BEAS 2> H B F
B, WL FE A ARG L 2 B A 0 30 B8 L ) T S
45 2P L 18 LA B + 1 2 FRIBK , 1M 107 4k
RPN 34 M PURIT B 2 ER I , BRI AF
AR A SRR L (2 3) .

R2 L2063 EEAMM S IEBEE O

Table 2 Genetics of leaf rust resistance at seedling stage in Shenmian 2063

B R 1 pg MRREIERL
FALHE Ay Gone Distribution of infection type No. 0; fariily &L / P
Cross - . of - — Expected
otype ration 0 ; 1 2 X 3 3 total DUl T ratio
’ 1 4 Re Se Su
Thatcherxi£ 12063 ~ CBG/ F, 7 77 - 0
ThatcherxShenmian QQ F, 363 75 44 7 32 521 482 - 39 15:1 1.1548 0.25-
2063 0.50
F;, 2187 1215 357 51 3810 62 - - 7:8:1 2.1128 0.25-
2863 1385 437 47 116 763 5611 - 90 (27:5) (3.2169)0.50
(0.05-
131 485 616 - - 10
0.10)
Tc*6/Transfer(Lr9)x CBG/ F, 258 253 511 511 - 0 1:0
52063 QQ
Tc*6/Transfer(Lr9)x
Shenmian 2063
Te*6/Tr(Lri19)x CBG/ F, 286 113 91 7 37 534 490 - 44 15:1 3.2764 0.05-
92063 QQ 0.10
Te*6/Tr(Lrl19)x
Shenmian 2063
Tc*6/Agent(Lr24)x CBG/ F, 413 143 14 8 578 570 - 8 63:1 0.0317 0.75-
92063 QQ 0.90
Te*6/Agent(Lr24)x

Shenmian 2063
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%F3R 2 Continued

R
s BRI p MPRRESEC
T HA KAl Distribution of infection type No. ) p'an i
Cross ath- Gene- of — or family Expected x r
otype ration 0 ; © 1 2 X 3 3 total o A B ratio
’ 1 4 Re Se Su
Transec(Lr25)x CBG/ F, 453 90 7 550 550 - 0 1:0
52063 QQ
Transec(Lr25)x
Shenmian 2063
CS2D-2M(Lr28)x CBG/ F, 515 52 1 13 581 567 - 14 63:1 2.1880 0.10-
52063 QQ 0.25
CS2D-2M(Lr28)x
Shenmian 2063
KS91 WGRCl11 CBG/ F, 367 152 7 5 9 525 511 - 14 63:1 3.4746 0.05-
(Lr42) =34 2063 QQ 0.10
KS91 WGRC11
(Lr42)xShenmian 2063
KS91 WGRC16 CBG/ F, 438 77 23 11 549 538 - 11 63:1 0.4374 0.75-
(Lr43) <31 %2063 QQ 0.90
KS91 WGRC16
(Lr43)>Shenmian 2063
Thatcherxi£ 2063~ PHT/  F, 8 8 8 - 0
Thatcher<Shenmian  RP F. 377 161 18 12 568 556 - 12 63:1 0.7887 0.25-
2063 0.50
Fs 4973 1162 540 6675 106 - - 37:26:1 1.7346 0.25-
2864 563 173 37 324 3961 - 63 - 0.50
17 236 253 - -
Tc*6/Transfer(Lr9)x  PHT/ F, 749 209 958 958 - 0 1:0
2063 RP
Tc*6/Transfer(Lr9)x
Shenmian 2063
Te*6/Tr(Lr19)x PHT/ F, 777 160 4 941 941 - 0 1:0
52063 RP
Te*6/Tr(Lr19)x
Shenmian 2063
Te*6/Agent(Lr24)x PHT/ F, 629 243 39 6 917 911 - 6 255:1 1.0310 0.25-
42063 RP 0.50
Te*6/Agent(Lr24)x
Shenmian 2063
Transec(Lr25)x PHT/ F, 830 84 11 925 925 - 0 1:0
52063 RP
Transec(Lr25)%
Shenmian 2063
CS2D-2M(Lr28)x PHT/ F, 682 233 65 1 5 986 980 - 6 255:1  0.7083 0.25-
2063 RP 0.50
CS2D-2M(Lr28)x
Shenmian 2063
KS91 WGRCl11 PHT/ F, 638 245 56 6 945 939 - 6 255:1 0.8896 0.25-
(Lr42) =31 %522063 RP 0.50
KS91 WGRCl1
(Lr42)xShenmian 2063
KS91 WGRC16 PHT/ F, 698 189 58 5 950 945 - 5 255:1  0.1684 0.50—
(Lr43) 422063 RP 0.75
KS91 WGRC16
(Lr43)xShenmian 2063

Re: Resistant; Se: segregate; Su: susceptible.
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Table 3 Genetics of leaf rust resistance at adult-plant stage in Shenmian 2063

JEEE (%6 ) PRI

and response

AR

@i

Distribution of field rust severity (%)

TR R G4
¥ No. of plant
No. or family

e

MG

Cross Gene- 1-

31- 61— 1-
ration g 30 60 80 30 60
I R- R- R-

MR MR MR S S

31-

L of Fetsl 7 P

. Expected
80 >81 towl v A B

MS- MS- MS- S Re Se Su

S

(o)}

ThatcherxJ{. %2063  F
ThatcherxShenmian F, 341 13
2063

F;

Tc*6/Transfer F, 627 18
(Lr9) < 52063

Tc*6/Transfer(Lr9)x

Shenmian 2063

Tc*6/Tr(Lr19)x F, 67539 3
52063

Te*6/Tr(Lrl19)x

Shenmian 2063

Te*6/Agent(Lr24)x  F, 606 22 1
52063

Tc*6/Agent(Lr24)x

Shenmian 2063

Transec(Lr25)x F, 583 36
W5 2063

Transec(Lr25)x

Shenmian 2063

CS2D-2M(Lr28)x F. 677 51 4
52063

CS2D-2M(Lr28)x

Shenmian 2063

KS91 WGRC11 F, 583 38 3
(Lr42) <1 %.2063

KS91 WGRC11

(Lr42)xShenmian

2063

KS91 WGRC16 F. 584 47 1
(Lr43)x1%.2063

KS91 WGRC16

(Lr43)*Shenmian

2063

1 4 359 354 - 5 63:1 0.2229 0.50-
0.75

37:26:1 17.1763 <0.001

45:18:1 1.4003 0.50-

0.75

107 34 2

645 645 - 0 1:0

mnro1T - 0 1:0

5 634 629 - 5 255:1 1.6597 0.10-

0.25

619 619 - 0 1:0

6 738 732 - 6 255:1 2.3854 0.10-

0.25

626 624 - 2 255:1 0.0012 0.90-

0.95

2 634 632 - 2 255:1 0.0002 >0.95

I: i NI: T 6% ; MR-MS: T EEHiE 2 i

JB; St 2K . 1 Immunity; NI: near immunity; MR-MS: moderately

resistant to moderately susceptible; S: susceptible. Re: Resistant; Se: segregate; Su: susceptible.

3 it

TR (2007 ) 30 8 FE U HE S 0 RS S BT IA
R, AN 5 2063 S5 A 1 XTSRS DA T S A
RATRESE Lr9, %3050 A 8 2 AR I A9 B PEEom 2671
W Lr9 WBTIe Tk ot e 35 T HE LT BT SUm L R
HOET IR W wwEa 2 s [P IS R N 3 S B eSS

AGRIGAE iR TAERERE b | 8 i 384 o B A 457 1
YRR B, B Lro Ah , T 90 2063 I8 & Lrl19 Ml Lr25 .,
FIELA B A% 2B SR RSO IE 5L DR 5 R0 2R3 40
Wra§ kg Gk, a5 A8 A (R T

S 1991 AR LR 53 E/NE AP (R) Bt 45
S SE AT DG S I HE R 2 Rt AL A 4
T Y SCHR , VE & R BT, Lr9 Lr19 R0 Lr25 7 H B
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BRIY WL 0 2.6% .3.6% F110.4% , Hoh 22 Jy /N 47t
S R T BRI, B PR (TR R R R TR .
1M 7E 2000—2006 4 &[5 /N 2 i G s e Ak b, L9
Lr19 1 Lr25 BV 2000 0.2% . 1.5% F10.3%
(Liu & Chen,2012),7£2011—2102 =38 [H 6 & /N A&
% A b, 3 56 35 PR A B3 R AR 40 1A 0.0
1.4% (58S ,2015) , BT B0k 3 X SRR A7
DI o T DL, R /N2 -5 95 T 3480 2%
RUGHEAT PRI E , 76 ORI, Lr9 (Lr19 1 Lr25 1)
XA 5 & Te*6/Transfer . Te*6/Tr Fl Transec Y7 7
P A ARK IR FH A B (0 BURIZE BRIR L 2002) , 5
X 3 %] R A R B A R B A LAk 2
PRI AL RN AZ A AR /NG 1T R I LR
T E ORI, QAR R A R — AR, b i
A BEAR PR (R ZEM AR T AL, 2011) o 420 tH2d
90 ARG, 7 9 R 1w s R T AR IR AR £ A4/
A2 RV 2 8 AT B 5 9 S5 R L9 (Kolmer,
2003) . AHRHY, FE/ N AR TR REIA N, Lrg A EE RS
R 1999 4 1) 4.8% AR T+ 2001 411 45.8% , 1
RS Lr9 i Coker 9663 45 A, 78 2000 4F 34 & &
PUdw , ) 2003 4F W] 528 A8 A5 LA i , DR 4t Ihi
R T K, 1 R RE 55 2 AH N, 31 2006 4F, Lr9 19 8
PR S 9] 7% 21 9.8% (Kolmer et al., 2008 ; Kol-
mer,2010) . JIrLL, REARHEIX 3 %) 35 P () R s B2 4
B, Qe AN TR i ) A2 ] b A7 2R SR s e e 855
BRA M Z RS AR o B I BURAE
H L GzbimtE ek, SER AT F5 i (85 -3 kg i
1986)

WA — ST R B L R 2 TR E NS
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