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(P Rz B ahRbA2Be , FK 400715)

FE: ANRERIEF CHREERRE BN LR RAR , A ER TR R AEERGA
BEGAHE, A) R S ) A 3R SR ATAR SR AL 2R, ML R AR 8] AR A A R SR 9 KR AR, A R E
ﬁ*;& VAR R R E A NE AR E T 5 B ERBORAE , R & FRHENEF TS 51 0T A4
FOM AT RBATE R, LEREY, THAR S B 58 R ﬁﬁ‘%%ﬁﬂi BE A, A AR E T E5 B
HSHELHRAB AN, 55 %5 A AB.C.D.E; &6 & FHIERSHRERAH 0 ITS 57 4
MreER A BRI LT A IRILRIEE Colletotrichum gloeosporioides 123X 2 R AR EA R R 8
B &Y AR BRI ; C AR S T A BB JA A Lasiodiplodia theobromae; D H #RAK S 8 A K A4E#5
J0. 18 Alternaria alternata; E T ¥R AK %% ¥k 30 W1 & Aspergillus aculeatus, A B H #7469 R £ JF
k— b AR EAR IR K69 81.96% , 5T 5| AL JRATAZ o THHAR 2k BAG R K0 L 28R A
JHERA CHM,D ERRAREHARAE,
;eeﬁgﬂ: B ; CHAREE; R AT 5 IDNA-ITS /55 57

Isolation and identification of main pathogenic fungi causing the decay
of ethylene-degreened satsuma mandarin fruit

Li Yang Zhang Xinyi Yuan Ziyi Deng Lili" Yao Shixiang Zeng Kaifang
(College of Food Science, Southwest University, Chongqing 400715, China)

Abstract: To identify the main postharvest pathogens of ethylene-degreened satsuma mandarin fruit
during storage, satsuma mandarin fruits harvested in Beibei District of Chongqing City were degreened
with ethephon, and then the diseases symptoms were investigated, and the disease types and the inci-
dence rates of different diseases were determined. The main pathogenic fungi were isolated from dis-
ease-infected fruits, and the fungi were identified according to the morphology and rDNA-ITS sequenc-
es of the fungi. The results indicated that degreening treatment aggravated the occurrence of the posthar-
vest pathogens in satsuma mandarin fruits. Five major pathogenic fungi were isolated from the infected
mandarin fruit and numbered as A, B, C, D, E, respectively. The strains A and B were identified as Col-
letotrichum gloeosporioides, but they had different colony morphology and pathogenic characteristics;
strains C, D and E were identified as Lasiodiplodia theobromae, Alternaria alternata and Aspergillus
aculeatus, respectively. Strains A and B were the main postharvest fungi in ethephon-degreened satsuma
mandarin fruits, and the disease caused by them accounted for 81.96% of the total disease, followed by

strain C, and strains D and E were the minor fungi.
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HR TR TR EE 77 K 2 — Mg A e
e A A R DT AR AR Ml o A S A (R e
4£,2008) , FLEEE AR I B2 AR A RE R I S5 3] A
BAATHE R R S Bs) ] EE BH  H  S PR B E (]
(Sdiri et al.,2012a) , FH A G & AG R A AT
JRREL 2R M BRI SR HAT R, TR B 75
SR TH B A AR SR S ot o ) R AR M AN R P A
% (Rodrigo et al., 2013 ; FHEREE,2015) . FFX X —
(], A 7 1R F 0% B SR SR A T AR S Ak
B 5 R RS K 2438 B bR 1fE (Poole & Gray,
2002),

O JGARERA P o R B SR S R LR
FT2 K B AR (Sdiri, 2012b ) , {1 FE 2 G R He 4% |
e (RS RS O R T H AR AR AL,
H XSRS PN ER S TG (Porat et al., 1999; Tanaka &
Tanaka, 2006 ; Mayuoni et al.,2011), {HZ # R &kA0
P ) A7 SR 52 DGR M R L 3243 (Cronje et
al.,2005; Zhou et al.,2010; Sdiri et al., 2013 ) , Jill i 2%
175 5 52 HL 5 i 7% (Brown & Burns, 1998) , 31 7t
I R A A B 3 S A 3 3 MR G M T 1Y
&M (Cronje et al.,2011), JHrp g IRE 247548
LRGP ) RS, AR TR AR AL PR
FHA%E 8RB Penicillium digitatum 5| LR FE AR
DI R KRN P italicum 52 01075 5590 f ™
UK Ry AR R T e (FE W45, 2014) o CAfhl
SRALP I AR SE A B buw e S A T TR, S EOR
Sy A 0T A2 4% (Sdiri et al., 2012¢) , H 2
e R B AR TR S AR AR S FE Y SRS AT AR I 22
5o BEAN, SZAR RS SRR M BEEREE SR SRS AR
DR PR 25, A [ b, XN A7 SR S R e b 3/ 1Y) 3 22
S0 EL R AN FNEON AR ) WAFAE 135 25 57 (Ismail &
Zhang,2004; Plaza et al.,2004) . ANVGHEA FLAS P IV
7 DX A AR SR fe 50 (O8O B L T T &
IARER T, R SR A T Y A (Moscoso-
Ramirez & Palou, 2014 ) ; 11 4 J& g W) 2 5& [E i & HL
TRAH ARG P2 X A M A 32 R 5 % 3 (Brown & Burns,
1998; Zhang,2004) , H AR &3 FE rp 24 AL B2 I
Kz XA G A R I & A . O T C i sk
RSN LR R SR ER I i B A2 AL A 9T 4
Z (XREESE, 2013 XBEN AT A5, 2017) 1 TR L
S BB Z I B A SR ST R 1 S0 BT 1 JCHGE
TG A S0 T A B B R AR i, (EG

TR RS IR AR R HR T HHOR IR R
ANGes, HRTAE ARG 3277 X, A SR S i ek 4k
P 3B F 1 B0 FL A AN SN EOR R AN T
FE T TCE R S T A AR e, R 2 T
CIERREREARTE T R ) 2 E i) TSP
S HTREMERR S AN [ G PR AE & [B] R R 25 5, 74D
R AFIL AL AR (REFHR,2007),
AR ITS J¥ 910 43 BT A R AR Vi A 2 A IOk 05 o AT
7 AR o R A e (] =55, 2017) i 4 A I (X
AEFEAF ,2013) FA e A% 0 (5 14655, 2013) 4§
Z ARSI O I R A TSR Tz

A5 T H I B R R A P SRR AR X
PR BTG SR S A TR AR AL PR | G H I s aod 7 v il
A P B AR S S T R R B B0 EL TR R
25, RS AR S A 25 B0 LA, R R S A
WIE A TR AITS FF A0 A 7 kX0 5 [ £ 4
TR L Ah 35 I 8 A SR SIS e iy = O B E AT 45
BB, DU Je Bl e A PR R B 4 il it
PEALHETE .

1 MR 57F*®
1.1 #

B RE 050 F 2016 4F9 H #1110 A A HEK T
AU DX B B FR AR S el SR A SR A R SR e Ry (1
(AL AT SRS SR SRS 7 B s [ S0 =, B
T 5~8°C A T HUALLBE 24 h, B A/INY A PR
—F0 T R TOH U SRR I AR AL

BE SR AL . I RS 4 % B 318 (potato dextrose
agar, PDA) 532 56 . THAA 3000 g A5 05 20 ¢ B5ilg
20 g ZEMH/K 1 000 mL; T 4% 24 45 B 1A (potato-
dextrose broth, PDB) 15 3¢ 5t . 44 28 200 g 1] 45 bl
20 g 717K 1 000 mL.

TR 5 S AL %% : TransStart® FastPfu Buffer .dNTP,
TransStart® FastPfu DNA Polymerase, 5 /= #) T #2
(K% ) A BRA A Hoe im0 o8 B4 i sl . BX43
AR M) A, H AR Olympus 23 7 5 1000™ 846 i
PCR 1% .PowerPac™ Basic ! F, jik 1% , 5% [Fl Bio-Rad &
Al R O R A4S K 150 mm 55 150 mm | JE )
290.015 mm, PUJI| R SRR A PR A A
1.2 &

121 EHRFELREILAE
NG F SR R LR A 2 9 H A R U



186 LR/

S [ 464

RS, AT AT AL, BRI B T 25°C & il
TR 35 d; 10 345y SRS ) A SR S, AN AU r] ik
P IR EE T 25 CEIR I 50 d, BRI
i TR 7 360 ARSI, T4t 720 1> RS RS
O 2 41 AR R S A IR B e R IR S
TR . SR ZAER : WIS IR G €, LU
7 S LT RS % 5 A S R etk A AT iR &
I, DASR S Ry b K BEIR IR S B , o 7 SR
B A BN G S A8R 5 T AR A IR «
WAL R R PRk (s T A IR )2 s HE RN
FERIFARTFNGE o DUB R SR SR S0
HONER n g g =R (i S s

s BB E b 3L 5 A7 R S R M L TR A 2
2% NaClO ¥ iR ARG A S 1 min, FH F RZK Mgk
T4, BRI 5 FH 1 000 mg/kg M5 FVA R kb
PR 1 min, DAV 7K I3 90 2 A7 SR S 0T BR SRS H R
T, BRI BT 20°CERES ik , 1541 b PR
WEFSL 3604, I F A2 2 K, FEAG SR St b 7
Jii,25°CE M PV 18 d, Wik 25 e , 10 5% LAl
ZRAD PREEAT AL S AR, B A2 Bt R
iR, TR F AR R I LR A .

122 HBAWS BHANABEFET

G RREFAE B S T2 s e A AR S0 JHL Ji
BT RS RE o 7E L AR AR A PE ) A7 SR S v
RAEIA T A F WK, L, A0 BAT B
I 5 T AR A R T DR ) 0 R o A SR S 1)
o B AT B E o SR TRk (1998) 7
P BEVEIE I, TEEC R IR SR ARG AR 55, T 70%
TSN R TS EE 1 min, DA TCTE T A 7R fase Sk
P HH 3 He /N R 5 mmx S mm (978 He, ToE K
/NI B 3 G BT K B A AT PDA AR I,
BT 25°CIIR AHNHREE 95% WS4 N B 7 3~7 d,
TS 7E PDA K AR 3K 5, K A PRI
V& Z5 0 TR 22 F KR E0 19 PDA SE-AR_E 25179
JE PR B4 25 43 B 2ligk , BE A2 3~5 KA 15 31 H P VK T
PR, S dJE AR TS TR AT A IR,

PRI SR 5 d 00 I TR T 7 3 % AT 22 T 400 %
TR R 7 8 s T IS HIE 2SI 4A IR, PR
RiFR 24 14 d 9FF T 200 fi5 ORI 27 B fe
UL FIE A IR R LSS 3 AP . AR L
WETWH (B, 1979) , % alidb 5 B E AR 700 25
1.2.3 AREEEAG R 00 BUR AR 09 Bom k] 2

¥ B a5 B HRE T PDA A, F25°C

THEFE 14 d, FITCH /KSR N AT, SR A sk 4o -
AT EBRIRERE 13104 /mL, HHCK/N
Bj— Jois B E T Y LR sk s A R S,
JowE T R e R R 12 mm*2 mm 505
1K 53 B8 21045 3] 1) 3500 EL TR P 22 J% 20 pL 461+
BRI A B 2 A RS 0 L R E
LR 3 IRE R, LR, T 25°C R 5%, g%
TSR RE AR , A0 SR P 00 B SRS & R
PR SRR S 1 & e R A [, D)X 350
HHI T FAEYE S E

124 REEHREBEZABRAA ST EMFEL

SO BT B R T 223K TS AR B BOR B A
FEFPE%E A £ 100 mL PDB AR RS 535 19 = M
H, T 25°C (180 r/min ¥R 85 9% 2~5 d J5 WL R
22 2 )2 K IEAET ol e s+

0% B E DNA 1 2 B 5 14245 (2003 ) Tk
FEMEAEAE B, B 50 mg 7853 M1 0BT 6 1 22, TR
WFEE BRI 2xCTAB $2:HUZ8 ik (0.7 mol/L
NaCl, 100 mmol/L Tris-HCI pH 8.0,20 mmol/L
EDTA . 10 g/L PVP-360.20 g/L CTAB.0.1% g-%iJ
LBE) 600 pL, FEAHFES S F8 A 2 mL B0
65°C T £l 30 min, il 45 it (19 58 05/ 5 I B VE 6 W)
(AT R 24: 1) 8438257, T 4°CF LA 8 000 r/min
B0 5 ming B PSR E R 2 mL &0,
10% 1A F11#4 3 mol/L pH 6.0 1Y NaAc ¥ 2.5 {514
% CTEDUTE , T 4°C F LA 10 000 1/min 2.0 5 min, 7
FVE L FH 70% RSk 2~3 YK, BT, 20 pL TE 28 ih
% (10 mmol/L Tris-HC1., 1 mmol/L EDTA pH 8.0) 5¢
YU IGTE-20°C FARFE4

SO FLIE TS J¥ 5 73 B - R FH FL R GE H 519
ITS1(5’-TCCGTAGGTGAACCTGCGG-3" ) F11TS4
(5'-TCCTCCGCTTATTGATATGC- 3" ) %t H bk k17
PCR #"#4, 25 pL PCR WA : ddH:0 15.5 pL 5%
TransStart” FastPfu Buffer 5 ul..2.5 mmol/L ANTP 2 pL,
e FE 100 umol/L 51 4145 0.5 pL . TransStart” FastPfu
DNA Polymerase 0.5 pL . Z0J E B DNA AR 1 pl,
PCR J v 2514 : 95°C T A 1 3 min; 95°C AR 14 20 s,
52°CiR k20 s, 72°CHEAH 1 min 20 s, 3£ 40 M EIE
72°CHEfH 5 min, 4°CAETF . PCR ¥ /=&AL T
A T AR (L) ey A BRA B13iE4 T DNA T .

o B R L 7 91 EL5 5087 : I DNAstar 7.1
B 43 )% DNA I 75 31 (4 B0 B B 5 I8 51
TPtz B PHER R P91 114 2 GenBank %R
B E (http://www.ncbi.nlm.nih. gov/blast) H1 , {8
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BLAST I e A T [RIVEYE HLXT, T 2% R4 e i A
U BE R IE FE ] . ] ClustalX 2.1 #4426 T 20
FEBL B R 2 IR 51) B 30 B0 B 2 X3 4 2R A T HE S
8 FH MEGA 5.0 5 R AP I i i R G R B,
K HRE RN RGE R EWIEITK R, B
1 000K,
1.3 B

RIS KR B FH SPSS 17.0 8 A HEA TS840 b, R
FH R0 s A 7 25 5 B R 5

2 HER55H

2.1 ZIHBFELEBERERRINERER

75 35 d F150 dJim, F AR GEUR S8 i B Kk s 32
h 33.38%, i £, i ik 3¢ 65 A7l S S 9 6L R R R
52.17%, %% = T [ AR Y 2 05 % (P<0.05) , &
] CARARER IR T 2RISR HE A . IR H K AEIE
AT, A SR FE S 5 B 3 A A A3 S
R R R 20.90% F17.29%, T GELE RIEHE N
4.77%; £ I R R A B AT AL 52 1) 3230 8 R AR L
I S, H 00 R 00 ) R 42.76% F17.70% , 7% I
5 BRI R I 81.96% , LA AR LRAL P 2 A T
LSRR Y R 28 (P<0.05) , [H 24 BB 4 B A%
SRR LT SRR E (R,

22 5| RBRERRLEEERERNESEEE

M ATRBERAL BRI 2 ) AR SR s 4
SEREUR ELH , 70095 0 A .B.C.D .E,

AVAPRAE PDA K53 B A KOs A, 7 d Rm]
B SR L, RV IE T 2 e, R R &0k,
B BYCIR, BTR 22 F BETE  K
Shy PR 05 5 T SR W A AN R K A, S AR Sy
ARG 1-ARIE 1-A1) . P Bl e,

O3 A AL B O, W B s AT e et i
B A0 (&1 2-A FE 2-A1) o AR EL P S T, 4
M 5 A A e JH I 55 B Colletotrichun gloeo-
sporioides

B EHETE PDA B5 57 0L LB TUMIB L1 68, ih & R
BRGNPt NG IS UYE- 2 2/ T R4 G52 )
HE(E 1-BHAIE 1-Bl) . W2IES oA TIES
IFi) A TR i EE AR (18] 2-B RTA 2-B1) o ARG BB
TE T K FI P4 5E N R R Colletotrichum

C HIRTE PDA K5 b AR ACHGH, 5 d BT 4 s
BAEEFRIL, W ) 5 B, UE R 22K 5K, 250
AR, B BT T KA, B A 7 PDA B
Fedk =R e (& 1-C RIE 1-C1) o 434N
R G BB T, T 22 IR, 81 5
, Jo e (E2-CRIE 2-C1) o R SRR RS &
RILRIFREIR B HA 20 45 5E Ry $8 8 I T Lasiodi-
plodia theobromae

D R TE PDA i bk FA R HebR, 7 d RIVAT St i
BEANTESRINL, W I S BRDE , K@, B 7L ol s
o, SRR 225800 B SR ISR AT B i SR 4 (A 5 2
(B 1-DFIE 1-D1) . fEG 3 AEE T, 22540, &
IR T EMEIEIE , A 3~5 D HEE (& 2-D F
K12-D1) o AR FC G % T, o HoA) 20 48 5 ik
AR Alternaria alternata.

E FIHRTE PDA B3R5k F A= (K4, 5 d B ]
R i e 31| N R PSSR (O R il AR S Rk
W22, BN TR TS AN, AR 220 B SR LR R 5
HE (B 1-EFE 1-ED) . 6 BHdE T 75
B, B, BRI, TR TE 60, THAE S IR B
(K 2-EFIE 2-E1) o MR FC % T, 5 )
WU N TH R Aspergillus

*1 ERRLARER ZHREVNEENERHERZRES T

Table 1 Disease types and decay rates of mandarin fruits treated with or without ethylene %
R DA H I AR b5V e e
Qb P Treatment .
Blue and green mold  Anthracnose Stem-end rot Unknown disease Total decay rate

ORI 380 (5 K 0T SR AL 21 4.77+0.14 a 20.90+1.68b 7.29+0.38a  0.42+0.04b  33.38+1.93b
Without ethylene degreening treatment
(water treatment)
LIG B RAL 2 0.00+0.00 b 42.76+1.67a 7.70+1.01a  1.71+0.16a  52.17+2.81a

Ethylene degreening treatment

FrP R N T B E 2 . RIS NG P IR 48 ¢ K 3046 560 7E P<0.05 /K F-2253 3% . Data are mean=SD. Differ-

ent lowercase letters in the same column indicate significant difference at P<0.05 level by ¢ test.



188 MY R i 4645

1 S EZHBEERRIELEN SHBRE RN E S ESHIE

Fig. 1 Colony morphological characteristics of five pathogenic fungal strains causing the decay of

ethylene-degreened mandarin fruits
A~E: 535120 A~E BBR R 7% ETE S FRE 3 A1I~EL: 435108 A~E BBR# 7% 7 THE S HFE. A-E: Colony morphological

characteristics at the front side of strains A, B, C, D, E, respectively; A1-E1: colony morphological characteristics at the back side

of strains A, B, C, D and E, respectively.

E2 5| EZHBREEFBRIBLEN SHBBREENEZ R FRESHFE

Fig. 2 Morphological characteristics of mycelia and spores of five pathogenic fungal strains causing the decay of

ethylene-degreened mandarin fruit
A~E: 5350 A~E BRI B 228 B F-IE 5 A1~EL: 53918 A~E BRI T IE A 4#E. A-E: Morphological characteristics
of mycelia of strains A, B, C, D and E, respectively; Al—- E1: morphological characteristics of the spores of strains A, B, C, D

and E, respectively.

23 5|RHEFEBRLELCHFERENEIRGE

G TR | £ 0 8 % B A R S8 2 1 BUs
FLIA A~E RS, S R 52 & 0% (81 3-A1~E1) , H
5 AR RS AR AR A (B 3-A~E) , Kt
B 2 3 5 R TR RR 348 15 | dbe R 4 i 2 A R S e 1y
FOWELE . S PREURECAE T, A BRI B B bR 32 %
1R YR ER AT R IR AL, A IR E R AR R
AT, AR YR ATBRAOL , HAS 5 r= i (8] 3-A FillA] 3-
A1) ; B AR [F] AR s SR B2 e R R EB AL, K s i
5 WAL A 467 (18] 3-B Fl13-B1) ; C B bR A2 YL hl 2

FRGR T G R E B SR G R R A, Ak
FER ) R A7 57 (18] 3-C A1 3-C1) 5 D H kAR Y
BRER AR AL S W A G (AR YL S B B R,
2 1B 5 B0 B 1Y R AT A A
(1#13-D Fi13-D1) ; E T A= YL iR 43 2475 S 52 5 & 0
TG i) ] PRI R B PR, B [ SR AR A, 1B
ki | R R e s (K 3-E f3-E1) o
24 S|IEBRERECHFRETNS FEVFEERE
5 1 A B e A SR S J = B L A B
C.D M E B A% () tDNA § 34 - BE o3l 544,548
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514,543 F1537 bp. A B I 5 T 10 I F6L A JE
T (OB 575 IN887346.1) 18S rDNA HIAHBLEE 1% 99% ,
H JBAE R IE 100, 5B AP0 4w 45 0 — 20 R
P HUE 8 MR R I C. gloeosporioides ; C KL
L 21 B4 B S8 T (B 55 KU377483.1) 18S tDNA [
AEALE 35 100% , A FE{E =3k 100, S5IE &) 0
URE BER B B L e AR T L. theobromae;s
D TR PR E 1) 28 B e 76 1R (8 555 KF380824.1)

18S rDNA F AR EE 5 1K 100%, H {7535 100, 5
TS 22020 B e A5 A — 350, W L 58 A REAK A6 T
A. alternata; E T8 -5 B 80 ) A0 th 55 5 (5 %5
KR296866.1) J¢ H A< it & I& (%5 5% 5 AJ876880.1)
18S rDNA [ AHLLBE 13K 99%, H A ¥ 513k 100,
T T A5 2 R AE 5 At i 2 TR SRR B AR R, 4
HSE T MR M B R 4. aculeatus(E14) .

B3 5EZHBEEZEBRLBEHN SHBFERNEZFRER (A~E) R RELEEZEEK(AI~ED)

Fig. 3 Disease symptoms of five pathogenic fungal strains causing the decay of ethylene-degreened mandarin fruits (A-E)

and the disease symptoms of relative artificial infection tests (A1-E1)
A~E: 53520 A~E B BRI E00 31 F AR ZORAEIR 3 AT~E1: 43531 by [l 432 2065 4R S B AR 0005 EL TR A~E TR RS 18 28 52 R e

MR, A-E: Disease symptoms of strains A, B, C, D and E in ethylene-degreened mandarin fruits, respectively; A1-E1: disease

symptoms of strains A, B, C, D and E after artificial infection test, respectively.

10

| S

100]

100

Colletotrichum gloeosporioides (JN887346.1)

100 B

A
Colletotrichum gloeosporioides (JN887341.1)

Aspergillus aculeatus (KR296866.1)
| Aspergillus japonicus (AJ876880.1)
E

100 Lasiodiplodia theobromae (KU377483.1)
LcC

100, D

| Alternaria alternata (KF380824.1)

B4 ETI18SrDNAFFIMESIEZHEBEAERRIBLEN SHBAFERRHEEERERRERNRELEN

Fig. 4 Phylogenetic tree of five pathogenic fungal strains causing the decay of ethylene-degreened mandarin fruit

and their highly homologous species based on 18S rDNA-ITS sequences
A~B: IEABIHTATERE ; C: SEIEW AR ; D: SRR B AR ; E: B R Ak . A-B: Strains of Colletotrichum

gloeosporioides ; C: strain of Lasiodiplodia theobromae; D: strain of Alternaria alternata; E: strain of Aspergillus aculeatus.

3 iTig

ARG/ B R R SRR T TR
FE R SRS BRI R R, ISR G 5 R T Ak
S (REEWIAF,2014) (o JEC (faTEILAE, 2013) (45 )6
95 SR JEEE (ZRLT 45 2015) 25 F M R AE RS . A

WFFEE RN, A AR THOR S8 S R0 R 8 33.38%,
B N BN R RANTT SR 1T LR
SR R RN 52.17% , W s T A AR
TR A0 3R, T B 3 Ry ke A A R A S (8 SR AEL I
FIREIEG o X AT RESE 1 T Z M 2R b B IN T i 7%
R DR B35 P , 325 PN A R i e e L TR 18 02
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I (Brown & Lee, 1993) , P 1 2845 S 51

AW FE N [ B PR T 2 M AR A A SR S e 1Y
FEEURE AT T B g, N2 sz It
3B S AR B FUIA AL EE 2 BRI A TR | 1 kAR
JEIRTE 1R SCHERS A T DL | AR AR I B B . 2 Bk
U A6 S TR LA AN (] 118 TR 7 T 285 B BOR R, A TR
BREOR ISR PR S PR, 2 EAR Y £ R R 2 A SR
B, B R RECR R S PR 4T i A, BT R {R
CIFABLR AT H IR A, 3 7T BB -5 7R A JET B 1Y)
ZREVEA 5 (K 2%%:,2003) . Brown(1975) #F5%
FH] , Robinson 4% 5 YL BRI , i A JE: L IRk
SEFRE AL LR YRS B B BRI P A 3, A58 45
SRR B | o R T A R SRRt i R A ) s At A 9L
PRV (A5 e SR TR 1) JEC 76 1 9T D , A [ A e 2
178 SR B2 R SR PR ) R S A I T, L DA [ s 2
IR H RIS PR 1) 200 PR Jg 6 A A TR Oy 32, 3k ] R
15 o B DL K b XS A 22 5745 5% (Moscoso-Ramirez
& Palou,2014) . FE&JE 5 B 5 | R 179 5 3 s e 3 [0 o
B HLIK A A% 77 X 2 AR R Ak PR S Y B
(Brown & Burns, 1998) , i ASfiff 7% 4% 5 2 HH Ji 00 ¢
I DA 5 | R R T A SR SRR I JR 2 ) S 30
T, HG R AR SR LR 7 I iRk A R
SRS SRR R 81.96%., ZRLT M4 (2015) 48
SRR FL TR 5 | S 1) R AT AR 4B BRES 76 4= [ A T
TR, J8 TR E ARG R 5 3 o e th 25 1R fig
A3 LR AE R (IR E],2014) 3 AT RE & IO ih 25 B
FE I 7 | db e A SR SIS e B B, AR 2, AT W v
o WA, FEZIRBERG R I P oR R ITT  B A
RS XS PR A AR b PR 5 | A J A A I T X L
B DAL RS, I L1 D 87 2R S X6 Jg b 7 AL TR 1)
U (Brown, 1973) .

K EH IR AR AR H AL T B B, AT
FEIBA T S AR E B 5 R P A DA e 5
{1835 T 2 T D T 2 S R o B AT SR S I i A i
FEE AR EH X, e SR AR TE 2 ki
S5 E ORI AN R AR R AR
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