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Abstract: Watermelon male sterile line Sel8 was used as the testing material, changes in antioxidant
enzymes activities and endogenous hormones contents in the lamina and flower bud of this line were

studied. The results showed that the activities of SOD and POD in sterile watermelon plants were
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markedly increased, while the activity of CAT was declined. However, the activity of CAT in fertile
watermelon plants was markedly increased, while the activities of SOD and POD were declined.
Moreover, the contents of IAA, ABA, GAj3, ZR, JA, BR and IPA exhibited different variation trends
between sterile and fertile plants throughout the whole male flow buds development stage, and the
difference in contents between them was also significant at each stage. The declining of IAA, GAs3, BR and
IPA contents and rising of JA content might be closely connected with the occurrence of watermelon male
sterility. But the declining of JA, BR, GAj; and IPA contents and rising of IAA and ZR contents in fertile
watermelon plants. Significant declining of IAA, ZR and BR and distinctive rising of ABA and JA contents
in the lamina of sterile plants were observed. Inconsistent variation trend was found in terms of
IAA/ABA, IAA/GA;, IAA/JA, TAA/ZR, TAA/BR, TAA/IPA, ABA/GA; and ABA/ZR between the male
sterile and fertile plants and the difference was great. Therefore, we speculated that the changes in
antioxidative enzymes activities and abnormal endogenous hormones levels might be responsible for the
occurrence of male sterility in watermelon.
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FHOCHEFUR B, R AR A 0 358 Jolp e DA S 35 R 9 7% Bl A SO st A AN P 0 45 5 A A A 7 D 198 20
T, E AR RIS, M A R R G B (XSO A, 2011), AR A REAGH
MPTEA I RS CRFE ALY EALEE SOD. 4kl POD Al 4 1L &M CAT 55) BeA 20
TEPEA A M, NI A R N R R P AR S R AR T A AT (FRATSR A, 2015). WFAUER
B, BEE /MR EIFRE, MIE A S R SR FE R LA, POD & LR W (2
Sk, 19875 RZESE %, 2003). XEFKIEE (1992) MBS ERY, 788 MHEHRAANE RN EE
BEREH, BAEKRAEKRE JAA) FE™E 6, POD &M W75 .

YR WS AT A KR B INELER T, AT 1R ARG SCEE MR R (]
KAE &, 2002; /s 55, 2012). BFSERB, IRTT GAL HEA coll FERR ARG, 53l
AT LLIE AN R 1) B3R AT W R B S SRR R I RE, A R ARA R I AT (Sun &
Kaimaya, 1994; 8RR %, 2002). #EEEE (1984) WK, L2 IAA JPH 5 H i HE 7
AR, JEMITRERE, SEMEEATRRE. WAFREH, AEHAT IAA THthag]
EUEE R T 7, FEUKHE Y BUCEIERE 2 m s R E (BUGE% 55, 2002; 241 55, 2002;
NGRS, 20060, AAMEFRIRIR, WD RIHESE R E 23] TAA 0], S E g
753K (Shekhawat et al., 2009). IX%EHfF57 45 AR B D METE AT 1 & A0 I BT AL B
MIAYRECE TR, B2 HEEHEIEEEDINCR. Kk, SRR TEE KT
PUEALEE IS TE A N RIS S ARk, XTI AN E R AN UEE DL R AR 2 A R A = o s i TR
BEAEEE L. TERKTNE Gk 55, 2000, AR CEASE) 5, 2003). Rk (A
A, 20100, B Bk, 2012) ERMEIEAE 5 HUAA R AT Y IR X R R OF KEHRIE.

ARG DAV B E AN BOAZ e E R &R “Sel8” AWFFTAPRE, it o #r it A 4E & B 1L FE
7 SOD. POD Al CAT %% 3 Fhipla (LB iHER IAA. VAR (ABA). 5% (GA3). L K%EM
T (ZR). KA JA). MEERENEE (BR) Mo A LIRSS A% 1T (IPA) 55 7 M a5 = 1)
Ak, LA VG AN PRAZ M AN B HLEE 148 R S A R AR B
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QY ViR SRS DARES

1.1 ##

RIS RE N P B E 40 R Y E AN T R “Sel8”, HIPGAbARMABNE K 22 5 22 B o i R 20
feft, ZAFREZMRAK, THEHAF S ELAIFEE 1: 1. WA TTICRMBHE K2 22
e R MRS FE AT . PETOM R T 2015 4F 3 H 3 HEEF & 1, 4 H 22 Hekl, LA 4 17, 17
£ 40 m, PEEE 40 cm, ATFE 2 mo BRE0HARA A R SR FI BT S5 7V, AET AR BRI A B 1
WG HRIEAT N TRRIE, IR T ERRIAN G ARAEA R & & A A e 78 3T Lh R

1.2 HU#

TETFAR IR L PR AL K AR P BRI E RS 20 BE, 20 RS 32 & 2B K M gt s
DL I S AR 35, SERITBRON AT 3R, JEORAE T - 80 CUKMI# FH o AR HE K 24 & N I 5 f Ak
TR R (B 25, 1988; XU 2%, 20065 2545, 2008), KANFEK/NHETETE 0l 4
AN ARk REAN T Dk o 2480 . B XU /N R R I, AR K o 0.5~ 1.5
mm. 2~3mm. 4~5mm A RIFBHELE . BT K AT B A7E T I K Ay 1t

1.3 MEMBSAZ

SOD JiF VLM iz K & DU e (NBT) 25, DA 008 DU M Y. 50% 24 1 /g% 1 547, POD
TP E R @B AREYE, L ODarg am BEATEIHIIN 0.1 0 1 ANBGVETESRAL s CAT V& 2 K41
WL, B ODosg mm TFZM 2B/ 0.01 24 1 ANEREYEAL (ERR, 2006).

MU % TAA. ABA. GA;. ZR. JA. BR fll IPA F4REUS BB E (20100 (53, &
KB S22 (ELISA)D, 3G B b RO R Ak 2 il R 1t

FEANFESL A E 3 k. A PASW Statistics 18 #PEHEAT 22 5 & VE0HT, B 4L B0 (B %
HIYEFE Microsoft Excel 2010 H1 317 .

2 HIR5 0

2.1 EMSUEEENTK

M1 AT CLEH, EEE R G R, v EARMEIE 1K) SOD JiEPE S T RF#aSs, AETENRL I
HIUBARAE A 1423 U - ¢ FW; MR BRI 6045 THEBR AR S,  BR T e 0o 24 01 A1k
TRIERSL, RS W AR (v E AREEAR T, JCILAE B— XU /N SRR R A 3]
I3 AR Y IS S ] B AR EEAE A 1R 1.1 A5 1.7 %

AERE BEAN D 2 AE KR, AN HELERE (1) POD WG MRt 5 vl B MEAE A5 W AN, HLA%
I B 2w TR AT B HELETE (P < 0.05), 73l A v BRI 3.7 f% 1.4 £, 1.8 f5H1 2.9
% (B D

ANERE T ERK CAT iR ARSI . NEE PR, ERmRa i s h
10.3 pmol - g - 5™, LIS AT H M) 2.8 1% . 10 0] EARKRBLUEW Tt =, S {2 IAE e R b
B, R T AEARR B AT R T AN E RS, SLAR B T AN RN BRI, i AN B I
TG LA 5. 1.7 f5F0 2.6 f5 (K 1),
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Fig. 1 The variation of SOD, POD and CAT activities in watermelon buds at different development stages

22 ERNRHZSENTL

M 1 ATLLE Y, AERS T E ML IAA SEBIGEA BARRE, REREESE KT
PR Se T i Ja BeA, T v B AR I e BRI SE T, &N IAS B R EEAE S T 1) TAA SRR T
AT E MRS , JUILAELRR BEAN TR R R0 38 TAA S22 R 3. X T IEW G ey
M, MR 2R A6 BRI, Ed A 5 & oy 210 e R, 75 2K & 1) il
Aem (UZLHE 55, 2014), WX 2, WEMIL T IAA SEWATN I I, BITEHRL %2
AR T il 97.4 ng - ¢ FW, 1M IR B ML TAA & BAUN 7] B MK 67%.

TEAETE KB PR, ANERM R T ABA &= HERANF. NEHEIE
T ABA G e BEEFERE, LT 2 NEE, B TN EMEE me g e
T ABA & S AL S TH G e, JUA 1N (E  AEAER BEAN I 39T, AN 75 HEAE S ABA 55 4 81.8 ng - g
FW, 240l GHEACER) 1.3 £5, BENR—XUZ/NMET I ], ANEHEARTE ABA RIS 2 NEE
(87.5ng-g"' FW),

TEACE KRB AR, NEM AT 1 GA; & E A NBEAIEAR I, #ELHEM
T, i H— BT E S TAERCGE D AETER B Y], 7T B4k GAs &80 159 ng - ¢ FW,
WEETAEHE, ANAEHK GA; HEI 1.58 5.

FEREE T R GHFRE, NERMEATE T ZR SRR E A SR G b, & “S” B W Ekk
HEAERE T ZR e e B a . B V7 B M HER TR R—XUZ /M I, A EREEEE T ZR
i T B REEARTE A, AL 3 AR T AT AR . R4k RLBGA], ANE RS
i ZR SN 9.1 ng - g FW, (U HHEIEH 1 68%, 2503,

A R B LR, AEHRMTEK JA SR BB HAANE, NEE IA SRR EI LTHER,
B T AEARRY REAN M, JCA S 0 0 2 Tl E AR, AT AR JA SRARECreE, R
FREES (R D R4 NMEKRKEN, AEMEET JA SRS EREE 1.1 65 1.7 5.
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1.6 {51 2.3 {5

NAER BEGE I AE R A, ANFHEEE Th BR S8 A K, RN TEH—XU% /M
TWIH s =l 6.3 ng - g FW, HAM AR T AT &Rk, AT & HEAETE P BR & & REUEIM 4 TE,
FEAER BEAI N BR & Bl 9.6 ng - g7 FW, ﬁﬁ&tﬁﬂ‘ﬁﬂﬁﬁmﬁf% BR {{H 52ng-g' FW,
TN ERRIEIE A1) 54%, 25 H2, fﬁ%hﬁk,w HHEAE S BR R 7.5ng - g FW, 1M
PEIN AN B Rk B4 7S BR AU 5.1 ng - g FW, ﬂ%TEE?T G HRHEAETE BR &5, 0] B RHETEE 1
67%.

PEBEE HEAC TS R B RS, A B K IPA S AR Mk S ISG IR 5 T 34, %/\E\Tﬁﬂmi’alﬂﬂ'ﬁ%?
AREHE AT AR IPA & 80 S BUR TR BRI, JCILE R R Y TPA & Bkl 4.8 ng - ¢!

SON LR AT B AR TS 1 47%, 2553
%1 HARAELZEHEEEED IAA. ABA. GA;. ZR. JA. BRAIIPA EBT

Table 1 The variation of IAA, ABA, GAj;, ZR, JA, BR and IPA contents in watermelon buds at

different development stages ng - g

ME KA
Material Bud stage
AHE O AR 91.963+1.261 b 65.008+1.225¢ 15.933+0.368a 20438+0439de 12.762+0.280ab 9.592+0.073a 10.970+0.375a
Fertile Pollen mother cell
JREZ Pollen  76.224+0.752d 764360953 ¢ 12.531+0311b 18.747+0276ef 11.435+0.152b 5232+0.154d 8.961+0.183 ¢
mother cells meiosis
BT 88.942+£0.574¢ 70.082+2.379d  9356+0.199de 17.745+£0.314fg 9.482+0204c 5.146+0.180d 7.678+0213d
Mononuclear and

T1AA ABA GA; JA ZR BR IPA

binuclear microspore
TR R 97421+0.738a 63359+ 1483 ¢ 11.145+0.115¢ 16.170£0.635g 13.152+0236a 7.492+0296b 10211+0.155b
Mature pollen

ANE  AeH Rk 66376+ 1.138 ¢ 81.841+1.679b 10.063+0.182d 21.862+0.278d 12.077+0.227ab 5228+0.135d 9.746+0.198b

Sterile  Pollen mother cell
IkE53%¢ Pollen 74.373+0.538d 64.288+0.909¢ 8.904+0.279¢ 31.264+0.991b 9.226+0.254c 4.726+0.161d 7.554+0.234d
mother cells meiosis
H—XUZ /T 87.350+1.201 ¢ 87457+1.083a 8.639+0.335¢ 28.929+1.188¢c 11.915+0.364ab 6.254+0.207¢c 7.642+0.140d
Mononuclear and
binuclear microspore
PERPAL 3 65.889+0.502¢ 63.717+1.148¢  8.946+0.112¢ 36.679+0.773a 9.066+0.979¢c 5.073+0.179d 4.758+0.104¢
Mature pollen

TEe RAPHIME + brHERE . AR TRRRERAE P<0.05 KFRE. Th.

Note: All values shown are mean + SD. The different letters mean significance at P < 0.05. The same below.

23 MAREHZRSEMILR

A TS B T P BRTFAE00 12 85 Ko 1 R R (0 i, SRR 2 s, R
TR T GAS R IPA $h, Hik S B2

2 BEMARKEMREN A EHURE R LR
HOIE B ACE . HPFAFRIH 1 TAAL ZR

Table 2 Comparison of various hormones levels in leaves of

1 BR &5 4 60.138. 9.434 F1 4.309 ng - g_ watermelon nuclear male sterility line  ng- g’
FW (£2), SHfes E8MY G D, By ﬁfione iﬁle gfﬂe

T EHEK 77% 75%K1 57%, RHPEABHRT IAA 77.530+£2.739 a 60.138 = 1.652 b
FRRIERIGE, AL ZRABR I 2 ey emn.
I Z OMASNEE ABA f1JA Qgﬁ%ﬂﬁﬁg, JA 18.350 £ 0.802 ¢ 19.759 + 1.169 ¢
S BUERTE BRI PG 1.06 15A1 108 15, SHAEHE o 03 43000208

éjl‘l:% (% D )];B,fy\ . IPA 9.398 +0.126 ¢ 8.297+0.437d
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24 HFPRRHRZEHFEXR

AR R FR AR R b 2 7 A AT AR B B RS PT AE BRN, R AR T A A
HRZGEEER (Y] 2, 20100, 7387 TR K AL RE T 7 i A AR I sl a8 22 e
HiRWA 3. WTLAE I, 0T TAA/ABA, ANF R 1 HUA AR AL a3 5] F Rk 10 BUARE 5 58 A I
R TAERS 2 NIRRT EARSN, R 3 AN IR LU AR T B AR, X T TAA/GAs, AETT 3 AN
W, EREEAE R T AR LT, i L RATAR R T E AR, SRR A, A E R
AT AR LEEAS TR, (EURANE R TR LT A AR K. X T TAAJA, MAEKY BRI 9 21 . —XL
BRI, AE AT AR L E AR AL SERE IR T, (HAEAER LAY, W] A AR LU (4R LT
i BB (6.0), ANFRRHLE R, IXBIRME (1.8). X T IAA/ZR, AFHHAATHRE
BACEHSE A, FH PRI e OUE S —XUZ /N, AN E RN B DR R . T
TAA/BR, [AIFEZ W] F AR IK e i (E  BLAE S— XU LT 1), AN R BUAE Do 248, e AT A2 te
T REANF, HAESETHE . TAA/IPA, ANHRRELEBEE 1EH 1R H AW ETE, ZEER kLAY
LB, MR AR LU 2 BUETE R B G S . ABA/GAs, ANE AT FR LR E A
A, BAREAE X%/ M T DU i fE, (FREA TR ILESRZ ST k. X+ ABA/ZR,
ANERAAT TR BRI ST B, (HA T IREEAR BN 122,  HACAEN BEA AT E
LA AR 2 v T R E R

%3 ARTEALEMREREETRESEENTL

Table 3 Hormones ratio in watermelon buds at different developmental stages

M R

Material Bud stage TAA/ABA TAA/GA; TAA/JA TAA/ZR TAA/BR IAA/IPA  ABA/GA;  ABA/ZR

CIN=j AR REAN I Pollen mother cell 1.4 5.8 4.5 7.2 9.6 8.4 4.1 5.1
Fertile  J8%053%¢ Pollen mother cells meiosis 1.0 6.1 4.1 6.7 14.6 8.5 6.1 6.7
i—XUH%/MEF Mononuclear and 1.3 9.5 5.0 9.4 173 11.6 7.5 7.4
binuclear microspore
AERPRLI A Mature pollen 1.5 8.7 6.0 7.4 13.0 9.5 5.7 4.8
el TR RN Pollen mother cell 0.8 6.6 3.0 5.5 12.7 6.8 8.1 6.8
Sterile )53 Pollen mother cells meiosis 1.2 8.4 24 8.1 15.7 9.8 7.2 7.0
F—XU% /ML Mononuclear and 1.0 10.1 3.0 7.3 14.0 114 10.1 7.3
binuclear microspore
1R L% Mature pollen 1.0 74 1.8 7.3 13.0 13.8 7.1 7.0
A A)
3 W

3.1 EMAESRSMEEENXER

SOD. POD. CAT %5 &Mk il Brim M R 2 i a i (BRSCH: 4%, 20160, HAAHEE
AEERThRE, HHEMEAEMSAE HECR RS %5, 2014). BF5CR, MR 3T —
RYVEBEA R N R R, A 7=k — S B A E T TS A, AN S B 2 0 ka4 = A4
B, IFGHRAN AT ZEEL S 2, 2014). FREZESE (2001) BFFTREL, IEOGCROUZIEN:
ANE/NEZ C49S TEACk BEAH Bl £ 7 AN B AL 2510 SOD yo M 3 = Tl B2y PR R A VA
199X BBUZ AN B /K FEAL K BEAN I TE BRI ok £ > 24 40 REAE 24 POD 5 PR TIN5 , 45 SRR,
ANEHRLFEAE 25 POD W Tl B kK, 2 I8 B 7K o 5K /K %5 (1994) #F50 R B, Ot Gl
BAZHETEA B /KAG 8902s FIELIE 64s TEMA BB n B W B AR R, 4B I CAT 31
PR T E M. A5, ChEEL2NE LFE, SOD iR BN e 5 TH BRI, BT e
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ooy 2R Tl G ARAh, LR SHI SOD v 34 m TAH N (1 o] § AR EAL s POD & AR LRI
HANE ML = T B R s 0 CAT G PEARALIR N R Ra3A, BR T 4er BRI w1 nl & 1
TEEAL,  JLART IR T AH R (1) 0] B AL -

TAh, AWK, POD FEME I AN TAA KPR E CBIER, AN TAA
RSN E RN R, ANE & POD itEThm, Al KR MMELL TAA, i
PSS B R B R TAA 55, YRl 3L, e o i, IImsIEBEEAT IR A (HEE %,
20000, WAWFFIR, WIE ABA &R LS S NESE R s RIA, B 4 i R
(e, FRACBE R A AR R, DRUEIRE S5 R AR e 1, B9 PitE (Chen & Li, 2002; Yang
etal., 2011),

32 EMABEESREHRERSENXRA

TAA ZHEEF AR N A KACIHE LN, EE R MRS, MDA KR
S B S (P 3, R — e R R SR K Gl 5F, 2014). FakEAE
(2003) WHFFURIL, FISEMEEA T W R 0T EAREENMETE . ThAR RUORRE I TAA &&=l A
IR 22.7% 92.1%H1 38.3%, YW A EARBFIETE 1 TAA b= o [FAIFE, 78 R2K Gadkte 55, 2003).
/N (Zhang et al., 2006) “FRZIEMHEAT ZUFFTH AR T BRI R . AL REY, 7oK
‘Sel8’ BMEATHRAME LY, BT IAA SR —HE T E®Z, O SE0ETIE
FE, BT TAA E 56k, ST GO 45, 2006) WF5T4E 5. HEH% (1984) A, TAA
GRS NEFRYRA L, SIERMITRERERANE, SEIEEAT R A SR HGE
1FEIAA S 2 5, JLRUR AT RE S TAA BIWRIE I 51 R S0 i s = A, AT b i o 3 A i S5 e
P ANE (Shannon & de La, 1969),

ABA {E AR 3 BB AR, B dI g o R K R GB/NG 5, 2012).
XIZLHEAE (2014) N ABA #AR W RESx PRI fEA) BEA ML ) 22 /00T, S5AemI s FIEEAE
IR AEBEDIM G, AT, ANERBELE PN ABA 850 BIAE N BEAN AR R —XUZ% /N
THIEBNEAE, B Tl S AN ABA &, Hi i ABA s Trlaek, Bk
ABA W3 55 SAEHARE RGO (AR EB] 7, B R (1996) M EIAEK HE
ANE LM FCHAEA T KRR 58S BHiaS B ABA S ik TR 58, MR ATAEE ABA &
(17 AR R RE S 555 PUIE AR DG 1 SE LU iy 1) T 7 & BOR B smAE A P e (Bl 4%, 2015), S84EY)
ANfE ) IE N BHGTAN A AL, MO RERUA T HEEA T AR (i, 2006).

GA; 7T DMEREEAR 0 CBEIR 45, 2015), SHWIE2 R G R B E EE DI CR G5/
f GF, 2012). M (2012) XFBRBUZIEYEA B P R HWS8AB #H5TKIL, {E/MIT KB KIAR
N, AEMAETE T GA T EYEH T EHk, CVEE 30.19% ~ 84.5%. AW, 4 A
[ R & AN EREEIE T GA SRR T I E R, Jorh et BEAH M« 9808 o3 2RI A0 R Bl B A
GA; T REZERIIEREKY, HAFKH A GA; GEMICT T EE. AUF0AN, GA; &I T
AT AET L 2 [l 1) A BB AR, 3BT SRR, XAl e S HEYEAN T R A ¢ QGIFEI 25, 1997).,
WAVTIAN, GA; SR BT S PUARSE A As IR IR G, R A & 4 i b 7R 87 328
HUAAR G B, CBEPT, 1998), 7EPUSMART I, ANEAETE 1P 7 fl 4 v 1) 1A S5 40 P 85 B S b
MM LG TR OR CAEME, 2003), S8 GA; ST, FIk GA; L= TR SAF KA.

ZR GEVEVEIR M R My 2458, B T RedWibil- S = I, SIeE g sy 2 (EZE s
3O, WA SARREE FRY s s Oy I A A EH CRWZR 45, 20060, ABFFUEREH, B
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TH—XUZ/MET I, AEREERTE B ZR ' T MR AN, R 3 AN T E
WRIEAETE o POWBEARE W, AEFWMEALT ZR SEOERI YIS . 5XEMEE (20060 KT
VUL HEYEAN T P RIEAE R ZR & BRI TTEs RAH S . TR AT RE AT RAEA AL P & s &
SR R OKFR 2R ot A2 ok 0 ) B 1 0 T B e A S A i 4 € B AR AT PR AIG T 4 24 1) i
WPIRR S, NI BUNMEFICE MIEEPEA T R A (Miller, 1985).

JA &) ZAAAE TR P ) —RBERLY L, AMSHEDASHPIHRS BRKERE, S
Fih—f BB AR AA . TEFI R SE SRR B PESE CERAIT 45, 2015) i 040 pe 7+ S AR AR R U B
5 JA R A OCHERESEE DR A A2 SR B JA AR 5 B A R AR SRR I AR R B A IE , e 33k
PEANTE (Feys et al.,, 1994; Browse, 2009; Santino et al., 2013); Bae %5 (2010) XJ/KFE 7T
KT JA Z 5iREOKBER R TR (HEEUTRY, JTA SRR K IR ATk
Wk, (Ebds R RTESE, 5 ABA MLz (GBIt 55, 2008). AWFFTH, ANEHELTE T
JA SRIEA R T T, M T mERER, Bl 21 JA BB S AE R EE DI,

BR &M EEE RN E, SH5REMYZ AR TR, EaisS o2,
MY E VST IR FEE LW R . JCHAEMEMESS TR B 710, W ERE WEAE A ] AR
BRI F 46, 2014). Ye 55 (20100 XU S 400 K B OB AL R IA TR IR, BRI S ANEBUK
MRAR PG Z M RE W, U R, M DL e Ho Wb, IF HaohX
SEIE NHEEAE R N . AT, ANE ML B BR &8 —XUZ% /M ET 1 I =
A, Sk 3 AN IR T Al & bk JUILAEAE R BEAN I 30T, il AR M E 8 BR S i b 9.6 ng - &' FW,
11 A AN B AR EAE S BR AXAT 5.2 ng - ¢! FW, A BRI 54%; ™/ BR SR BT E
MR, ARG R MR #ORE T 5 % .

IPA S R —Fh, R HELE (RNA ARG, AR S A A A R CRIAR 5,
20060, AHFFUARFN, AEH IPA FEAIERKE S DNIHYHBACT G, HEEEEE KR
H RS R RS, JCHAETER R Y TPA 5 RBAR A 4.8 ng - g FW, U [F13Y] ] & HEAE 75 1)
47%. VLI TPA 15 ] G 3 B 5 H A G B E A BE & I & b, B E
kA CRINZAR 4, 2006),

33 HEMABESHEILENXR

T S PP R LEAE D R N AN 2 B AE 1), e IE A B AR B s R U M ) AR KR B R
WEEER, B AHEYEASE 1R AE A e TS Rh i 28 & s (0 3G sl />, 5 s AR R Gk T8 1)
(PPl CREYT 4%, 1992 MKAE 4%, 2002; RWAKR 55, 20060, AWFFLLREY, AEKDHE
FILLE I 3 At #5 T E RO N LU E AR A AR . TAA/ABA. TAA/GA;.
IAA/ZR. IAA/BR Hil ABA/ZR WAELHL N 56 TH G % TAA/JA I ABA/GAS LUAE R BN Je b Jo T B
1M IAA/IPA LLAERI N — B LT, FEAek Rk 2 i mifE . Rk, ANEEh 2 FhiEn
M THRRRAET R, RATTRSHTAENRE. SHM QLR 55, 200600, ZHE (X
ZIHE A5, 2014) ZRGN MR RETE AN T AR X P R ST A S0 R I IR 4 SR AL, B U T L 2%
TEANE 5 B MAE R W 2E 5

MYEEA T & BRI — R m I g GB/NG 58, 2012), 0l 43 st Ak A s 45 il i A A
B EBUR AT A B AT S (K, 2003) . AREGHR G RGN BuAZ ETE AR F
R ‘Sel8’ JET MR R HIMMEEAGT R, BYHEZAE hal A% N 5T Bk S0 I Rl .
FERY, W O BT E PR EMAEME Gty 5, 2012), 8 TAEBEHUR A
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HEMEART, HHAARE B RS — E IR O6) 24 FRIUDVEMEART , e 4R O
BT RENE . REXFATRGAERAT R F, HEXESMEKEEE, HHEA
BT EAER), & HRE ERER R YUE ) G 55, 2000 X — ri G AR A EAEE,  #2
AERHNMRIESH T/ MMETIRE, (FHAFAERE R4 B AN (CERBARZE, 1989),

zE FRrk, Ay LA R AEAE T SOD. POD Ml CAT HITE AR AL 5 HETEAS & 1 A= 35 A 5,
1 FLICEE 0] P IR 40 AR HEEAS B 1) R A e — R A P 1 RS, 2RI TAA. GAs.
BR Al IPA 11755k, JA [ITFR, ABA Rl ZR ¥ 574 9 8l LA R A5 B 2R TR 1 2R Al
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