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AEE, NEMHE, FEm, pWE £ K KHEF, KIOW, BEHE

C AR RL B gi Se AR 9T, kst 100081)

B E: LIFEAE 79-1567 A1 ‘96-1007 D RARCHIN 6 NMERA AL (Pry Pov Fiv Biy Bay Fo)
BEA M, R TR + 2 5EDR A B R RO i R BRTEAREAT T L 0. WAEEE IR, i
BRMEIR (K @ B AR AR AL Ny E-0 LAY, RPN — Bk - BATME 3L + ik - B4 - b2 AR
Fthle PR ERERIE UMM O A, HAZAE I S BAE RN . 2010 4Fi%4145 Byy Byy Fo 20 BSTEAAMN 32
BERAL A3 50 67.3%. 1.4%F1 59.1%, £ HLIABAL 3120 0. 56.2%F01 0, itfLAR S P I{H f R AL
SE1K 60.9%, FREIAR SN R AR SR 39.1%; 2011 fEI%ALE By By Fp 20 BSRRAAN) L HRE N M 4L %
435179 85.5%. 22.3%F1 84%, ZHLPHAEFT /3N 04 24.3%F1 0, ptALAR 7 P4 (E R A AR 1K) 63.9%,
BRSPS A8 o AR 5 1 36.1%. AL VEIR LA LN A% 4 32, [l 2SR B, e L
fRIATIERE, By Fp BIEPIEPE R K M.

KR SEERHWE: miEek: EEE + 2R BET

hESHES: S635.1 XHRERIRED: A XEHS: 0513-353X (2012) 08-1482-09

Genetic Analysis of Head-splitting Resistance Traits in Cabbage

SU Yan-bin, LIU Yu-mei’, FANG Zhi-yuan, YANG Li-mei, ZHUANG Mu, ZHANG Yang-yong,
ZHANG Xiao-li, and SUN Pei-tian
(Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Six generations (Py, P,, F1, By, By and F,) derived from the cabbage parents of 79-156’
and “96-100" were used to investigate the inheritance of head-splitting resistance trait in cabbage ( Brassica
oleracea L.var. capitata L.) by using mixed major gene plus polygene inheritance modle. The results
showed that the head-splitting resistance trait was controlled by two additive-dominant-epitasis major
genes plus additive-dominant-epitasis polygenes (E-0 model) in the joint analysis of the six generations. At
the same time, the additive effect for the two major genes was foremost while there was some interaction
effect between them. In 2010, the major genes, heritability of By, B, and F,were estimated to be 67.3%,
1.4% and 59.1%, respectively, the heritability of polygenes were 0, 56.2% and 0, the variance of the
environment and genes variance accounted for 39.1% and 60.9% of the phenotypic variance in each
population respectively. In 2011, the major genes, heritability of B;, B, and F, were estimated to be
85.5%, 22.3% and 84% while the heritability of polygenes were 0, 24.3% and O, the variance of environment
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and genes accounted for 39.1% and 60.9% of the phenotypic variance in each population individually. It
indicated that the trait of resistance to head-splitting in cabbage was dominated by major genes although
the environmental factors had a great effect on it. In practical breeding, higher hereditability of major
genes can be favorable to an efficient selection in early generation of F, and B; for resistance to
head-splitting in cabbage .

Key words: cabbage; resistance to head-splitting; major gene plus polygene; genetic analysis

ZEPRH WS (Brassica oleracea L. var. capitata L.) TaiFFH R, LHERAERKGEH, w4 HIIFRE
%o GAEFFIE IR . KT H IR REERTER G, Chiang (1972) iz HHHACEBGERAT T
SN, WO HIER R R D2 3RS, UMY 32, BB E, P itk
IMEE R 47%, JEARSE (2009) BEAT T MLk IR IC & ) e SLasi A% D) 430, &5 3 Sl s 38 DR 1 3%
I AT P 25 i S Bk MR AR, HL DO oA 3, B AR R 1] 1R S K hn P 25 . By
d7 LG N . 28 B IG A% 2 2 AT EOAR BT 22 R DR (1) SR RN AT A v, (HANBEIX 43 32 55 DRI A 22 L DRI 4
N, VASSEREMEAERR. sifHi5E (2003) $&H A A otk 228 + 2 L RTR A 1B A
RN 518, ARERSAS A e B MR SR R 2 SE R AAAE, T REAN TF 25 DRSO Ay 22 46 1t
B8, AR AT B HER . RN H TZABA ) iz Mo T K A ) H i A e 2R
SR R BUEAR (R RATE 45, 1998 il X FIEAT 411, 2008) M = FEAR 2R I Z s i RS 4%,
2004; fiilE %%, 2011). Mpfer=& CHKEFIE %5, 2006). FORMRBHE (296 45, 2011) i
TEITR IR R S (A8 55, 2006). HEFM OTER 45, 2007). HiLscfeskdent &3k
R be & (X # 4%, 2009; 25545 4%, 2012). PUEiAHRIE (BRXEAUT S5, 20100, ¥
RIE (IR 45, 2011) FMstE it .

AKHE TR AN H BE T BRI IR A i 22 e AR A S RMSEAR T Piv Py Friv Foo
Biv By BEG A HTHER, I FRN + ZRPNEG 7% (S84 55, 2003), SFif 2k R
AR I — 25T, DU A i i 7 g st AR A5 SR DR A I 5 5, DR H e i sk el € 1)
T St e 128 B A AL PR R AR

1 MRS

1.1 RIEmrs

2008 “E#HZE, H Py (‘79-1567) FIP, (€96-1007) MSEASHLH] Fy, 2009 4F 11 H i A)EXEE M
Fa SR T AR MY R 2 Bt B8 S AE A T-E 9 T 1 [ 373 36 BH I . 2010 SEF5 %) Py Py Ml Fy 23 S 8EAT AL
IR ESE S Fy AT RIS, 3813 Piv Poy Fiv By B A1 Fp 3L 6 AMEARRN . Py (€79-1567)
ey L E AR ERAE AR, RIAFFRIER, M@ LEREIRSE, W2k,
P, (“96-100") & 1996 fEMENEEGIHER) “Bejo Sheetal” HE AL AXHKEM AR AL R, F#IN
FFREFE /N, BREUERSE, MEEisk, HRiyZdek.
12 REHZE

2010 4. 2011 “FRK 23 5PKs Piy Pos Fiv Bio Bo Fl Fp s T4 B ARV R4 B B 52 A6 S F 0 50 T e

FRIGHE L, F IR) I3 R B, 008 K P RHTBENLIX A vevl, 3 IRER, 3 Do @ tAREEHLHES
2010 FERK Py ILAIHY 64 Bk, HE 1 FPAE 32 Kk, HE 2 FIFEE 310 16 ¥k, P ILAMHE 96 #k,
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5232 Bk, FodLRPE 128 Bk, S 1 RIEL 208 48 Bk, #HE 38 32 4k, st Bl B R
PR S AR EL 730k 238 259 1 550 #k. 2011 4EAK, HIANASG vl [A) 2010 4EAK, Py 3R 64 Bk,
P, Fl Fy YA 128 Bk, %73 B AR By Boy Fo FIRELEBRELS) 50l 0 269, 284 Fi1 508 #k. [A Py i 4t
A, ERRARE > . BR LSET MRS, BRI AR E AN I i Sk - AR A K
PR KA . B 15 d I I il sk e R O 23, SRR K S5, AR 5 32 LA
I ERAERTEEA PR SR BEAT 53 2

04 BRM5ehf, M, 14 RIE 1R, S<50; 3%%: HOW2 /2, S<50, s MI%E 1
JZ, S=50; 5%: MW 3~5)2, S<50, B2 )2, S = 50; 7%%: K 6~10 =2, S<50,
AR 3~5)Z, S = 50; 9% RI1K 10 ZLL L, S<50, B IK6~10 /=, S =50, 1%%:
Wi 245k, 0 < ZEREH < 5.0; 3 % MZER, 5.1 < WEkIR% < 25.0; 5% WMZHER, 251 <
HIEKFRH < 35.0; 74 AR, 351 < RPRIEEL < 50.0; 9 4% WHAER, 50.1 < RBKIRE <
100, HH, S (%) =S1/S; x 100. S; = HAR MK x RHEAGE, S = HERYE x B (1/2 ek
JAKD) . HERIREL = X BRI x HHZERED / (HBREEL x REREEJED * 100.
13 Hitoath

X 6 MEACEEAR T R ER PR AT 8L AT (BB %, 2003) ol AR BRI IECM
BT S IAR . SR AT S8, ARG AIC YEIALE & PERYI0 PR U, SR /s 3
Pl vh B LI AL R ) — W is Al S 8O st S8, Al TE S SR DRRN 22 B TR I ANl A A e i
PRI ZIENTT 2 0pg° = 0y~ Omg. — 07 FIERTIAER (%) hmg” = omg /0p° X 100, ZIER LR (%)
oy = 0pg /0y X 100, Hrf oy opg™s 0> M o P BIRR FIEIN T 25 ALy 25, Ry 2 MRS
Ji e e FARACE I E N v 5 S IR B A 4e k2R H Excel 2003 4

2 HiR50Hr

21 6 MERHEEHRKEERHS®

6 MEACH BRI BT (1) w40, 2010 4EH1 2011 4 5 2456 A P TG A P, [
BIZAERIEEy 7k 75.56. 10.73 F1 86.87. 9.33, Fy (K FHZBkiEE 5% 33.12 F1 30.46, /+TH
NeAZ ), EART PSRRI (43.15 A1 48.10), L HI ) T ZERR A (P #HL L,
ULHLEZH WS M BRI B AL &b, T SEERT 2 MERAFAETR 0 BAEE R . ¥ 3 Ny S AR 24 Bk
5 25 53 B AR 2 SRR BN LU 20 e B A & (B D, nTRLE H, By (Fyx P HARELER

F1 ‘79156’ x “96100° HY 6 tHCEHARRIRABIS
Table 1 Frequency distribution of the head-splitting in six population from €79156” x ‘96100’

FAhy AR Z43R2% 5 Head-splitting grade SRR R EL
Year Generation 0 1 3 5 7 9 Mean head-splitting index
2010 Py 23 9 18 75.56

P, 23 54 10 10.73

Fi 22 42 33 22 2 5 33.12

B, 20 56 58 54 18 32 55.19

B, 42 75 58 64 7 13 41.88

F2 108 172 134 88 18 30 33.91
2011 P; 8 10 26 86.87

P, 54 67 16 9.33

Fi 14 35 67 14 3 6 30.46

B; 15 42 64 43 18 87 56.09

B, 76 110 68 19 7 4 19.33

Fa 94 113 129 62 22 88 38.41
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FATIEARA; By (Fux Py) MACKIU N WA TEES A, I REEA Fy HACE By HAGK )
Aty B ACRAREATABL,  (E BT A 1 TSRO AS 6 1 £ 28 L IO A1, 2 W H R SRR P 4% W) Yt
KU EHRED + 23 N LRI

2010 2011
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Fig. 1 Frequency distribution of the head-splitting in populations of By, B, and F, from €79-156" x ‘96-100"

22 6 MRS N B o ITREAE R R

KHECENPIR I + ZHREDNR SRR RS SEER H I 6 MHACKI R ERTERE T 204
A LREFER (A« 20 RPN (B) « N (C) « DX ETRHE + ZHEH (D) A2 X 5
R+ 2R (B) 3L 5 38 23 Fhist AL R IO UR R B AN AIC (. (3R 2) o AR ¥R/ AIC HEN,
AT g AR R R D A E 2010 SR 2011 4R 1 ik it AR AR R 20 B-1. E-0 K& E-1. A ff e s fliiit

R2 HEERBEMBAMBIARER AICE

Table2 The estimation of max-likelihood-value and AIC value of the different genetic models

Jo ’f&i&]‘%ﬁ@%{ﬁ AIC pom ff&j:ﬁiﬂtjuﬁs{ﬁ AIC
Model Max-likelihood-value Model Max-likelihood-value
2010 2011 2010 2011 2010 2011 2010 2011

A-1 -2776.60 -5994.11 5561.20 6029.06 D-0 - 2727.66 - 3006.09 5479.33  6036.18
A-2 -2815.24 -6215.21 5636.48 6425.28 D-1 -2731.91 -3005.57 5481.82  6029.13
A-3 -2825.39  -3384.68 5656.79 6775.36 D-2 -2731.87 -3005.57 5479.74  6027.13
A-4 -279250 -3072.12 5591.00 6150.24 D-3 -2792.79 -3150.87 5601.58 6317.74
B-1 -2713.21 -2982.81 5446.42 5985.63 D-4 -2731.91 -3007.25 5479.82  6030.51
B-2 -2768.29  -3008.24 5548.57 6028.47 E-0 - 2706.64 -2957.28 5449.27  5950.56
B-3 -2850.95 -3326.65 5709.91 6661.30 E-1 - 2705.77 -2983.58 5441.54  5997.16
B-4 -2815.38 - 3245.08 5636.76 6496.17 E-2 -2752.30 -3007.62 5526.61  6037.24
B-5 -2824.39  -3370.72 5656.78 6749.44 E-3 - 2766.37 -3035.32 5550.74  6088.65
B-6 -2824.39 -3370.72 5654.79 6747.44 E-4 - 2808.26 - 3151.50 5632.52  6318.99
C-0 -2779.07 -3150.03 5578.14 6320.06 E-5 - 2796.55 -3151.51 5611.10  6321.02

C-1 -2809.49  -3151.50 5632.98 6317.00
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LRI, WX 3 MREAT (U, U2y Uy WP HI DY) iESTERE (23) , gt aiks W
%m%Aﬁﬁ¢%ﬁﬂﬁﬁﬁﬁﬁﬂa ghRW, 2010 4E4E 30 NgeitE, B-1 B 19 ANt
AR 2 R WK, E-0 BEAT 13 NGtk B s R K EH?WQEA%ﬁiﬁﬂ%#
¢%K¥-2M1¢84&ﬂﬁ23A%ﬁE¢ﬁ§ﬁﬂ%K¥ E-0 B 19 Ngeih Bk 3 £ 5+
FKV, E-1 B 21 M RHRIA R E R “m¥oﬁﬁAmﬁﬁﬁﬁﬁ@%m%,W$%m%m
%ﬁﬂﬁ%Eﬂﬁﬂ,%Hmﬁ&ﬁﬁ%%m%ﬁ%ﬁ%ﬁ—Eﬁ—iﬁﬁi%ﬁ+MMfﬁT—
A 2 PR

%3 B-1. E-0. E-1 ERIEESMHHRE
Table 3 Tests for goodness of fit of B-1, E-0and E-1

FA B AL

2 2 2
Year Model Generation U U Us s Dn
2010 B-1 Py 6.24 (0.01) © 571 (0.02) © 0.01 (0.91) 0.96 (<0.05) © 061 (<0.05) "
Fy 0.54 (0.46) 0.07 (0.79) 15.49 (0.00) © 146 (<0.05) © 0.29 (<0.05) "
P, 4.18 (0.04) © 5.68 (0.02) © 2.61 (0.11) 0.79 (<0.05) ° 056 (<0.05) "
B, 0.32 (0.57) 0.28 (0.60) 0.01 (0.94) 1.16 (<0.05) © 0.8 (<0.05) "
B, 0.40 (0.53) 0.52 (0.47) 0.19 (0.66) 158 (<0.05 " 018 (<0.05) "
F, 25.05 (0.00) ~ 22.83 (0.00) " 0.07 (0.78) 598 (<0.05) "~ 0.28 (<0.05) "
E-0 P, 0.02 (0.90) 0.18 (0.67) 476 (0.03) © 044 (>0.05) 0.40 (>0.05)
Fy 2.91 (0.09) 0.04 (0.85) 3421 (0.00) © 203 (<005) © 0.33 (<0.05) "
P, 0.00 (0.10) 0.54 (0.46) 8.44 (0.00) ©  0.38 (>0.05) 0.40 (>0.05)
B, 3.71 (0.054) 4.44 (0.04) © 0.93 (0.33) 141 (<0.05) © 018 (<0.05) ~
B, 1.41 (0.23) 0.80 (0.37) 1.08 (0.30) 1.92 (<0.05) © 023 (<0.05) "
F, 0.06 (0.81) 0.15 (0.70) 6.21 (0.01) © 391 (<005 ° 023 (<005 ~
E-1 P, 2.55 (0.11) 1.47 (0.22) 1.77 (0.18) 0.65 (<0.05) © 053 (<0.05) "
Fy 2.10 (0.16) 0.10 (0.75) 17.83 (0.00) ©  1.64 (<0.05) © 0.31 (<0.05) "
P, 0.91 (0.34) 2.55 (0.11) 7.27 (0.01) © 049 (<0.05) *°  0.45 (>0.05)
B, 0.79 (0.37) 0.77 (0.38) 0.00 (0.95) 1.16 (<0.05) © 0.8 (<0.05) *
B, 0.62 (0.43) 0.50 (30.47) 0.02 (0.89) 155 (<0.05) © 0.8 (<0.05) "
F, 8.31 (0.00) 6.20 (0.01) ~ 1.45 (0.23) 451 (<0.05) © 0.26 (<0.05) "
2011 B-1 P, 3.62 (0.06) 2.75 (0.10) 0.54 (0.46) 1.23 (<0.05) © 034 (<0.05) "
Fy 12.17 (0.00) ~ 559 (0.02) ©  16.43 (0.00) ©  3.20 (<0.05) © 0.4 (<0.05) "
P, 1.18 (0.28) 5.67 (0.02) © 28.17 (0.00) ~ 2.85 (<0.05) © 034 (<0.05 "
B, 11.36 (0.00) " 17.91 (0.00) © 14.99 (0.00) © 2.64 (<0.05) ° 023 (<0.05) "
B, 0.13 (0.72) 0.27 (0.60) 0.49 (0.48) 3.06 (<0.05) © 027 (<0.05) "
F, 8.82 (0.00) ~ 15.33 (0.00) © 17.31 (0.00) © 335 (<0.05) "~ 0.0 (<0.05) "
E-0 P, 1.07 (0.30) 0.54 (0.46) 1.17 (0.28) 1.06 (<0.05) ©~ 030 (<0.05) "
Fy 13.88 (0.00) * 6.86 (0.01) © 1560 (0.00) ©  3.33 (<0.05) ° 0.5 (<0.05) "
P, 5.44 (0.02) 12.01 €0.00) © 23.33 (0.00) ~ 336 (<0.05 " 038 (<0.05) "
B, 1.92 (0.17) 1.11 (0.29) 1.32 (0.25) 1.63 (<0.05) © 017 (<0.05) "
B, 0.41 (0.52) 1.77 (0.18) 8.12 (0.00) © 298 (<0.05) © 027 (<0.05) "
F, 0.32 (0.57) 0.27 (0.61) 0.02 (0.88) 2.04 (<0.05) © 0.6 (<0.05)
E-1 Py 1.31 (0.25) 3.74 (0.05) 10.94 (0.00) © 1.28 (<0.05) ° 0.42 (<0.05) "
Fy 2.10 (0.15) 0.15 (0.70) 16.62 (0.00) © 237 (<0.05) ©  0.27 (<0.05) "
P, 0.64 (0.42) 429 (0.04) © 26.84 (0.00) ~ 2.72 (<0.05) 033 (0.12) ©
B, 8.28 (0.00) © 7.94 (0.00) © 0.02 (0.90) 2.10 (<0.05) ©  0.19 (<0.05) ©
B, 476 (0.03) © 7.16 (0.01) ~ 5.07 (0.02) © 333 (<005 " 030 (<0.05 "
F, 0.85 (0.36) 1.78 (0.18) 3.13 (0.08) 2.23 (<0.05) © 017 (<0.05)

e U U Us® ASMERIG G4, 7 Sk Smirnov K64 it H: Dy A Kolmogorov KB 4iit 4. * 375 0.05 K Bz R B,
Note: Ui, U,?, Ug* are the statistic of Uniformity test; W2 is the statistic of Smirnov test; D, is the statistic of Kolmogorov test. * indicates
the different significance at P < 0.05 level.

23 6NMEREKENBOITREREEES T

FIFH f5e /N — v 20 SR AF ) B s AL A B E-0 Bl pH I —Fhist e 500 st 240, ik
4 B ZHnr AN, 2010 A, PR S BE DRI RO AR SRR R 1,73, A 10 3 BE DRI AR SR PR RN Ry
-1.36, #FHEELLN -0.79, HEYEHNNTINTERNY, BEAF R SIERN . 5 2 6 FEE B R
M4 1.00, #AfELE Ay 0.58, LRV /NFIMERON, HATIE ) R RON, U6 P 32 5L PR g4
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BICAIE RN R 32 o oAb, PR 2 SE PR AE B SR 1AS AR FRT BT RN, I xRN (D
fiioh 171, B2 x BYEEAEKN (D 4 1.18. PX EIEREAFAE M x BrEEAERNY Gap)»
BYE I EAERN. Gea) A - 1.34, SAEINYE AR RN AR R Hob G, AR T ek MR R B
2011 4F [r)igt AL S 404 SR 2010 AFEAHL,  BARRLNAE A BT AN, 2011 AR F R P vERN . 8
PERONV I KT 2010 4, HARELL A AT, WO BEEEEINME x BYEEAERN G N 1.88, B3
KT 2010 45, Hw HAEMN S 2010 SFAHLGAREA T . ol WL, H i ks AL, P 3= 3 R n
PERON L S RON Be b A M A B e 3 FE AR
% 4 th I SHT 40, 2010 4F, %414 Bis Bo. Fo 20 BRI T IE AL 0 51l K 67.3%.
1.4%F01 59.1%, ZILRIALHRS WA 0. 56.29%A1 0, LA TP 5 R AL 71 60.9%, FFBEAL
SR AR (1) 39.1%; 2011 4F, %414 By Bow Fo 23 BIREAA () 2 KL DK 18 4% 2 43 5k 85.5%.
22.3%R11 84%, ZHEEDBALR NN 0. 24.3%H1 0, ALAR Pt L RAS ) 63.9%, FRIEAR
S PRE T R AR S 36.1%. PAFEIRIG S5 R, Rk IR R MR DL RR R A o 3, &2
WS mARCR, PAXE R HIHARIATIERE, By Fp BREFIERHCRE .
%4 ARHIERZR -0 MERE ST

Table 4 The estimates of genetic parameters of head-splitting in E-0 model

Al N .
WS Estimate T fiiitfit Estimate
1% order parameter 2010 2011 2" order parameter 2010 2011
B: B, F, B B, F2
da 1.73 1.89 apz 7.61 5.82 6.05 10.54 2.92 9.75
dp 1.73 1.89 amgz 5.14 0.08 3.58 8.89 0.65 8.19
ha -136  -179 P 0 3.27 0 0 0.71 0
hp 1.00 1.82 aez 247 247 247 1.56 1.56 1.56
i 171 1.81 hmg2 (%) 67.30 1.40 59.10 85.50 22.30 84.00
Jjab 0 188 ho? (%) 0 56.20 0 0 24.30 0
Ja -134  -173
) 1.18 0.91
hald, -0.79 -0.95
holdy 0.58 0.96

e da: 5B LR TSI s dy: 35 2 0 BIERAGIPERON : hae B8 1 X TERERIR BRIV hp: 35 2 0 IR I BN, i
Ik x PRV s jaor BB LR M x 58 2 X R B EAEBUN: e A LA FIERIRNE x B 20 BRI E AR 2 2R
X IR BAEXES 2 X VLN WAL BARNY s hlda: 55 1 FIERIARELUAE: holdp: 55 2 LIERIBRELLAL: o™ RAT 725 omg’: EIER
Ty opg: BIENTTE; oo REETTTE; hmg’s TIERBULR; hy’s ZIERBLR,

Note: d,: Additive effect of the first pair major gene; dy: Additive effect of the second pair major gene; 4,: Dominant effect of the first pair
major gene; hp: Dominant effect of the second pair major gene; #,/d,: Dominance degree of the first major gene; i: Additive effect plus additive
effect of the two major genes; jap: Additive effect plus dominant effect of the two major genes; jp: Dominant effect plus additive effect of the two
major genes; /: Dominant effect plus dominant effect of the two major genes; %,/d,: Dominance degree of the second major gene; apz: Phenotypic
variance; amgzz Major-gene variance; apgzz Polygenic variance; oe>: Environmental variance; hmgzz Major gene heritability; hpgz: Polygene heritability.

3 ik

ARG A 6 ASTHACI A 20 85 20 Hridend G5 Bk H I R R AT B AR 7 M, JE 2R S 2 0
DRIEAR RO NS R B EN h 7p  HH R, RE TS A M 1 AR SRR P IR ARt AR A by Ak 45 R 5
AR, AWESCREAT TR E R, SRR, TR BRI R TR R, e
XPIRPE - Bt - EALPE R + ot - W - AR IR B (E-0), &It SH
it SRR A B PO DA LU RN O T, A7 8 S PR A R R AV P2
B, X ETASRE LA (Chiang, 1972; FEA 5%, 2009) AR, Z#& 65 (1994) WH5Tikh, H
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W SRR IE B T R IR S, AR 3 DB, By Fp BRERBHE R s, L
BRI N A2, 2L 0, 1MAE By r it AR, ZIEREHER AR KILE, ZIHHETE
RAFFEEAE . IR AR 7 P 200 i R A S PR {HL 1) 60.9% 1 63.9%, B H I i 24k
YRR FZZ AL, T A4 A

AARIH S M EREANS 5 ABRSEARAFAE T o> WAEAE ], RBP4 BR (1) A P, IR
W) N N R B A 2 — T R ERPE SR I i 2R, 7RG BN A AR, NIl AL, RICHE
T, EE B R R P R IE R DO PE RN, R R A By, fE
U HEAT B PRSI B BL I I 280U . 1X 5 Chiang (1972) HRGE 1) 5 245k A 38 4y Wtk AN IR, o]
Refe th TR AR R TS, IEANEARIFTH, By BEARM) L L R /N T By Al Py BEAR, 1
Z IR R W W TR, X0 e SRR SE A AL 15 50, DA 2R3 DR P 1 23 Sl 1 2
AT, LR EAERIARRAIE T, A IR ) W 2 it e e I . (B4l 45, 2006
Hgs i 4%, 20105 7% %%, 2011), AL 5t.

BrisL R AN, BTN N AREE I A AL . 1 08 97 e N IR R A58 5 H i 5
BRAFAE— MR R CEMAFIZR R, 1995; oean 5%, 2008; X 4%, 2009; W 5%Zfs 5%, 2009a,
2009b) o AHHGUH, PHAEFREEAR S Y35 (E 530 o R AR S BE ) 39.1% K1 36.1%, & EAEE T
FABRPERE R AL, B TR IR 22 5, R T SRR 2 IR RIL, DL KRR ] 1
FAERN, AFWAE R — Bk 2805 I BE S AN . (0 e galie A S B2 A R K
A% (i DH RELEA AL R) A — DT FREH + ZIEPRIRA LT, DL
KR

A K H WE T REERE VAN T Rbs e, BT A T LT, (HE B SIE bRiE . DAfE
BT — Bk A ECRAE S debs (B8 55, 1994; fajscA %% 2008; JEA %%, 2009). #
FH Bk ] e oA ) P O s s A R, (EAS R A T s e H A e 1 Bk R 5 e S ERAFRAE
FESERRAEFA R, I H R ILRER, (H R O R BRI O R/ NS AR K 2200 o A ST
FLOEHCRR IR/ ORI A ERCR IR E /0 B A A, VB H IRk % 2 15 b
YN T W I 2Bk PR BT VPR, S0 4 b S e H W BRI AE o AN 90 FZ 7 VR AT T WIAE I
SRS, JLOFFU A IR —8, XD RWNZ VAN v I P R AT AT 1
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