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HE. A H 5 AR &R ks & Mythimna separata (Walker) 5%, 2 88 R #1 JR R & Ao kAT 8 /1 8
Hohy, N AACHATF B A AT B AN F 2 R R B 89 & KB AL ILG A 5 KR R AR T A
FTARMEEE N AB AT A G T, EREN, P ER BB LER EEE EREEY
R &, 2B A 6.45.3.74.10.58 mg/g, 12 3-F B H i i 2.8 (GPD) | 3-8 82 H ik B 5L 2.8 (GAPDH) A=
3-ZBLHH B A BLAEE(HOAD) 7% /1 ¥ A%, %) 4 197.09.140.43 #2 17.59 pmol-min™' - g™' protein; 97
Z 6% R FHR IR, L ZEESF RS, 4 0.85 mg/g, kATHE R G, RATEM R R A
1.94 h, & AT9E & F34 4 5.57 km; 97 £ 6 #4640 R AKB 48 5 R4 0k, L 48R A B %K, 4 4.07 mg/g, 12
RATRE ) 3R, RATHN -39 A 4.14 h KATIE B T35 4 13.17 km; IF £ 2864) RIKIR 3845 &R 7,
Hf RS F RAK, A 1.47 mg/g; I Z %k 5B I, 3 B e feH ik Z B A2 )KL 95 4 6.54 mg/g
#20.2 mg/g, HOAD #& /1 5 %, 7 62.16 umol - min™' - g”' protein; J7 £ 5#-4) LK% 685 )5 & R4 7c,
3 GPD #= GAPDH % /1 5 &1, &~ % 4 324.94.275.14 umol -min™' - g protein, & ¥ & &% 4L 2 3 &
TR BRI RARERRATRAA RFE Y0, 2R AR MEEE N5, IR RS AR E A A
TR KA R ARIBAE AR B E ) K AR BE AR R M R AR R AP R AT, B ARERE R ok R kAT
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Effects of high- or low-temperature treatment time on energy material and flight
capacity in the adults of the oriental armyworm, Mythimna separata (Walker)

Zhang Nan Xie Xingcheng Cheng Weining Wu Junxiang~ Li Yiping
(State Key Laboratory of Crop Stress Biology in Arid Areas, College of Plant Protection, Northwest A&F University,
Yangling 712100, Shaanxi Province, China)

Abstract: To clarify the effects of high- and low-temperature on the accumulation of energy substanc-
es, the activities of metabolic enzymes and flight capacity of oriental armyworm Mythimna separata
adults. Biochemical analysis was conducted to measure the contents of glycogen, trehalose, total lipid,
triglyceride, and the activity changes of 3-glycerol phosphate dehydrogenase (GPD), 3-glyceraldehyde
phosphate dehydrogenase (GAPDH) and 3-hydroxyacyl-coenzyme A dehydrogenase (HOAD), and the
flight mill was used to determine the flight capacities of oriental armyworms under different treatment
durations. The results showed that the contents of glycogen, trehalose, and total lipid were the highest
with 6.45, 3.74, and 10.58 mg/g, respectively, but the activities of metabolic enzymes were the lowest
with 197.09, 140.43 and 17.59 umol - min™' - g”* protein for GPD, GAPDH and HOAD, respectively,
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when they were reared at low temperature from egg to adults. Triglyceride content was the lowest with
0.85 mg/g and flight capacity was the weakest with a flight duration of 1.94 h and a flight distance of
5.57 km on average when they were reared at high temperature from egg to 6th larval instar and low
temperature since pupal stage. Glycogen content was the lowest with 4.07 mg/g and flight capacity was
the highest with a flight duration of 4.14 h and a flight distance of 13.17 km on average at low tempera-
ture from egg to 6th larval instar and high temperature since pupal stage. Trehalose content was the low-
est (1.47 mg/g) when treated with low temperature from egg to 2nd instar larval stage and high tempera-
ture since 3rd instar larval stage. Total lipid and triglyceride contents were the lowest (6.54 mg/g and
0.2 mg/g, respectively) and the activity of HOAD was the highest (62.16 umol -min™ - g”' protein) when
treated by high temperature through the life history. The activities of GPD and GAPDH were the high-
est (324.94 and 275.14 umol - min™ - g”' protein, respectively) when treated with low temperature from
egg to Sth instar larval stage and high temperature since 6th instar larval stage. These results suggested
that high and low temperature had an evident effect on accumulation of energy substances and flight ca-
pacity. High temperature increased the activities of metabolic enzymes, restrained accumulation of ener-
gy substances, and benefited migration, while low temperature promoted accumulation of energy sub-
stances, decreased the activities of metabolic enzymes, and suppressed migration. It was primarily that
high and low temperature affected the flight capacity of the oriental armyworm after the pupal stage.

Key words: oriental armyworm; high- or low-temperature treatment; energy substance; enzyme activi-

ty; flight capacity

7R 5 A B Mythimna separata (Walker) X 44 Kl

HUE R KB AL RN IR, 27 CE IR 57 ARG
HURATRE S dResik , (H O AT I ol R 18.1~26°C

0 P R R oK /NG FUKRE 3 R ARAED)
HepRde 4 (2G4 1964) , 1958 4R 3R ELE HA
R E A 2 0 (VT SEARAE, 2014) 52012 4R 7R 4
IS Bl N R 22 %, & AR T RRAET 333 05 hm?, O & L)
FEAEZ i (R = 25,2012 B 1R ,2013) . 20164F
ZIEIRJE RG] , 3 [ 22 1 3 A2 00 2 1) 5k e
TR, IG5 ¢ 3 18 AR T 4 B B8, SRkl it
GarERRETEENERAMSE, SR ZH
3R B E A A H P L P I T o S L
K RIS B (T LX) & AE TN 2.67 77 hm?s
TIRGE I H =Tl 2 15 8 B & A= i AN 3.65 J3 hm?;
R e N o E BN = R i e S T2
4.02 J7 hm* (B8 & FRE 4, 2016) X lk Az 77
BT T E R

K AT RE ST BY3stL J1AUR 0.27~0.45, RIS
SERE I HAT R LR R (VLA ,2004) o 5200 H:
RATRE S K5 RATHISC A RE TR o A QI TS ) B
RATHURNDP S & & G A P 3 25 27 A9
(Wang et al.,2006) IR (2261, 1979 855
2002) .4l Hu %% B (B 4L 45 199525 2% vl A1 2 AL
B ,1998) G 0T CEIHE LAE, 1997) el P Ak pl B
1 H I DURFER B (375 45, 2006) 25 o Horp 3 8 X Al

(VL4845 ,200052003) ,30°C LA [ IRAT 647
S AR R AR RATRE ) (VLR A8 A2 AL
B,1997) o KEHRAE RATHI AR B 3 B FA I At
BEBE , B2k AT I R EE H S 2 (AR is A 5F
1984 ; F 52 5 MR FHID A , 19953 B ALE 45, 1999) o
Rl R AR Y 3 - R H i I AL (glycerol-phos-
phate dehydrogenase, GPD) . 3 - iR T v 5 i & i
(glyceraldehyde - 3 - phosphate dehydrogenase, GAP-
DH) 1 3- 72 [t 4 i A i & 1§ (3 -hydroxyacyl-coen-
zyme A dehydrogenase, HOAD) j& Hiif Wit 2 b 5
FERHE R (2= rOm A 2 AL, 1999) o Al HE
A EC I 1] D P AR 56 2 M (BRER RE ST L 19855 27
AL A, 1995b) , ZHOH o0 H v R & R SE i
VAR RIFNFTE 3% (Chen et al., 1989 ; BRHiEE , 1990;
Zhang et al.,2013)

164 1k, Tl EE XD H R TR ORI AT g
JIsEma Y BRI Z AR HOJR A S e R 5
5 HARINE 22 AR, AR R AR F TR HURE IR B AR
B ATRET Z R C R i WAHGE . A, &
AR TR U BETE ) 5 AR R A2 B R A TR B
KARH I AGTE, & AR AL FR 8] ) 7 e R
SREEP B B RATRE N Z AR ARG, KT X
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S 5] R 4 A SR T A [ N AN R DLARGE o % T,
ARSI AR 2 R AT AP RE IR )
[t AHSCACHI B ) [ 5 RATRE T IR R AT H N
S HIBETE S 70T, 51 ARl A o 40 S A 3k
BG4 B o

1 B 7

1.1 ##

HEC R - 2014 4F 5 A FEBRPE A 24T N &
K H R R IR 7R L S5~6 i 4l L TR = N R R &
20154F 6 J (29 11~1240) , L)/ 24 h NI DR T
AEXTR E (75+£10) % G191 14 L: 10 D G RE SR
2178 Ix I N TAURAR N 55 o 4y s 3R 1 Rip o)
BN I SRR IMIE 22, B PSR AR
HoR22/ N TR S 44t B4 Ul g I ], &
KL F08: 00 B4 1 R/NAZ M F, JF 9 BRI ZE A5
Yo B 5% WK 4N E IR

TR+ 3 - IR VR T AR B P AR MR A R
(nicotinamide adenine dinucleotide, NADH) . Z, Fit %
fiti A, 35 [E Sigma 2\ F] ; HHIE R SR PERS A2 TR W R
(nicotinamide adenine dinucleotide phosphate, NAD),
Fii -+ Roche 23 7 ; GPD Il il &, st A= )
FA PR w5 Faikon 24 R ™ A ati

18 B AUCAT R B RS R 2R TR KAy
AR A MGC-450-HP2 N T A5 5k, g —1fa Al
AT BR S ] 5 UV-1800 72-3 43661 1 . MGC-
HP B 7R, HA B #2407 5 100 mmx200 mm P-1
XU EATEL, FHEAF RS A R A 5100 mmx
200 mm TLC il it GF254 , 5 B vE L T,
1.2 Ak
121 AAREERE

ZRJTRE BV SR 8 b B b B 1 R B
2 2184 IR 3 W85 v TR 7 5 A B 2 R B % 5 1
41 AT L 6 18 5 e T ) 5% 5 A B 3 5 B 22 6 UAIGIR
WA J v MR AR 3% 5 AR B 4 Sy B 2 kg e e T ) 5 (g
TRALEEXT R ) 5 Ab3H S A O 22 2 #5403 i I AR
TR S KB 6 S BF A 5 40 HUE I L 6 S I U AR
I A0 EE 7 R 51 A2 6 4l B S R AR AR 5 5 Ak
P8 Ay 5 7 ol A AR AR 5 (IR AL B o o
e AR 3R 1R 30°C, 1] 24°C , AR AR 3R 1K
24°C , p (8] 18°C , o fal g & 44 1R 1.1,
122 R KRR RS HNE

H 25 Ak BRI ] 2P AE 2R D kG OB HUAE 70°CHEF
Hkk 12 b, Bl BRI S 50K, SR T -20°C T 25 H o

AP 10 SR U, BT 3 Uk TR e S IR A
HAIl =R S I .

BEI R FRAF 0.2 g AR ARFE A 1.5 mL B
B, A 1 mL 30% KOH, ik 7K ¥ 30 min, FEHIIA
0.5 mL /K Z R 2], 4 000 t/min K 25.0> 10 min, 5
VEW L AEDTREY N 0.6 mol/L R 1 mL, /KA
2 hJE B0 BTN, A F) 1 mL AR (ZE 50 A2 AL
B ,1998) o BH I R FH B b (e ) e , HORE
100 L Jin B ERR ) 2.4 mL, $547 )5 386 /K ¥ 10 min,
SEZNVKIE 2 min, R EE T 620 nm AN 2 WG, b
FEM RIS BT E T L 0.927 B A K AE .

RS PRI 0.2 g RUAR AT A 1.5 mL &
DA IA T mL 10% =5 LRI, 5 000 r/min
B S min, EISHEEA 1S mLELVE T, EAZE 1 mL
R (25 vo A B ALY, 1998) o T p & BE 5
EREY

SUBE B FREFRY 0.2 g MUK K FEA 1.5 mL &0
B mA 0.5 mL 2: 1 55 : 0.2 mL 5%
NaCl#E % )5 2 500 r/min &.0> 10 min, B R )25 £
1.5 mL & .05, B H & 05 2 %4 5 0.25 mL 758 I
(Fuchs et al.,2011; 2= J145,2014) , HL20 pL £ 4,
90°C/KIBZE TSI 100 pLYEBREZ , 57K 10 min.
RHFIMA 2.4 mLA& 232 B 15 min, 7 525 nm
A G RE AR =R H R APl 1, 2011)

H I =g R 2 2T o TRE 20 pL
SRR, P B I B A0 A UK R B SUFE 100 mmx
200 mm K AR GF254 I ASAEZRIE IS T il 4% 4k
2.5 cm, FEAE 4 4VFE [B]HE 20 cm, AR HAE 3 em.,
FAARFRLE R 1:70:30 A PKEATR : 1E O b : SBEVEJZEHT
JEFFH) A T S o SSRE 5 B Z TR %6
A L5 e JZHHRBENTGL R, g . SENTREZE
Bl %% 2~3 em ALBPERE BTG , B FCA
STV AT 43 R H I =, TS 400 pL
FR) G5 TR A R A , 2 500 1/min #5005 5 min, B
THIEARZE0.25 mL A& (FRAH,2009) . BL100 pL
A I H Y =R, Dk RLEAR
1.2.3  #Efg KB 7E /) b m 2

W25 AL B P14 24 P DR B AR R R
FAE B S AT B 0.1 mmol/L i i 4 22 i
(pH 7.3, % 2 mmol/L ) EDTA) 8 mL, 1E vk %5 4]
IR IR B 4 1 212K W AE 4°CF DA 14 000 r/min
250 10 min, B EIE WA MEI , -20°C N A7, Fifi
J5 AT E (Zera et al., 1999; F #t22 45 2006) .
AbFE10 3k, HA 3R



246

N7/ T S

45%:

3- W PR H I Ml S - B LT R 10 uL, S8
GPD 37 S e B B A T

3B R Y TS IS ST T 3 - A T A O T
25°CF FH 72-3 BUASEOGRETHIGE | B AR 3R AR
124 500 uL, FEINA LI B 10 pL, 7 340 nm &b
D7 W YR, B 1 5 B FH Lowry Ik LA VS & A
RIFRAEIE o AR R A A A 5 e AR B R
/N , GAPDH J I & & 24+ 62.73 mmol /L #§ g £
(EDTA, pH 8.0) . 100 mmol/L H % /8 . 1 mmol/L
NAD. 1 mmol/L 3 - /& H i [ (Shalova et al.,
2007) ; HOAD S W44 % : 50 mmol/L Tris-HCI 2% i
(pH 8.0) .1 mmol/LEDTA 1 mmol/L KCN 0.1 mmol/L
NADH . 100 mmol/L Z Pt iff A (Zera et al., 1999) .
i F1=( A ODxVexdf)/(ex1.0xVs)x(1/C) , Hidr, A
OD J WG E B 53 8 AR AR A Ve Sl RN SRR df
F i B A B s € 9 NADH 7£ 340 nm 4b /4 714 )6 R
6.22x10° L-mol™-em™; Vs N IMABREARF 5 1.0 Al
AR C B BT &
1.2.4 AR & RATAE ) el 2

B AL B FATI A 12 h ARG B R T 10: 00
COTRRIRIE , o 2 W JE 1 B A 5 7 FE IS, FH 502 iSRS
BT ML, B TR & PR 5% i oK, B
FIEEFR A FAAFEEFE 10 h, F20: 00 FHE HL KA F
5 R ARG EH CITRE S (DAL, 1995a) . 8 Ak Bl
AR TR AU AT RE IR AR R (24+1)°C |

FXHIR B (70£10)% | 58 4 PRI 4500 F HEA T, 5[] Oy
12 h, Ak B B8 60~90 S AN 25 BRI 55 KATA
PR i TR IR, AR B S5CEE 40~60 1,
1.3 T\

RIS B R SPSS 20.0 e i 4k k4175 224y
BT, JH Duncan FCHT RN 227561 725 53 0 S HEAG 56

2 BERE5HM

2.1 ARIBRELAENTEREVRSENZI

AN B Ak B 2 A 2R TR UK N 25 RE IR T
HERRE Hrh bR 8 (UP Z K IR A FE ) b
SRS A, N 6.45 mg/g, B TACFE 2 (U & 5 1%
4y R AR 6 %5 il A R ) AL 2 3 (O 28 6 IR
I A SRR3R ) L 430 4.13 mg/g Fl14.07 mg/g, e
AAEIRZ ) T 2 25 5, VAN R B A 0l
JE AR A BT ok AR D B R A i, 17T 6 1 4Ty T A0
2 B e Ak L B S v T A B A TR 2R
o AbHRS AbFE7(HYZ 6 {44 ot i i 0 5 R
T 7 ) ) RS T SR AN LB ) S A, A o
3.74.3.01 mg/g f110.58 .10.42 mg/g, ¥ I} 3 5 T H:
AAbFE, Horh b1 (BP 2 4 IR 3 IR iR
T35 ) W 5 B e fIG, h 1.47 mg/g, A PR 4 (B 2 %
My R A AR ) SR B i m K, O 6.54 mg/g. AbEE
7H M =S AR, 4 0.85 mg/g A FE8 R,
HP AL S 2 AT 4 IR, M 0.2 mg/g (R 1),

F1 AREIBELEXNFAHRETEZRFYRSER 3RS NN

Table 1 Influences of different temperature treatments on the contents of main energy substances and the activity of three

metabolic enzymes in Mythiman separata

s B TR sVt ERl BT GPD GAPDH HOAD
Treatment Glycogen Trehalose Total lipid ~ Triglyceride (pmol-min™-g" (pumol-min™-g" (umol-min™-
(mg/g) (mg/g) (mg/g) (mg/g) protein) protein) g protein)
1 4.89+0.46 ab 1.47+0.20a  9.28+0.34 cd 0.4440.04 abc 223.42+15.01a 239.40+37.61 b  48.05£3.93 ¢
2 4.13+0.44a  1.74+0.30a  8.26+0.29 bc 0.54+0.06 abc 324.94+12.97c  275.14£31.94c  24.73£1.96 ab
3 4.07+0.18 a  2.30£0.10ab  8.01+0.29b 0.21+£0.05ab  274.30+31.02 bc 246.36+18.26 bc 22.05£1.13 ab
4 5.63£0.91 ab 1.97£0.38 a 6.54+0.29a 0.20+0.03 a 252.05+£20.43 ab 224.15£12.54 bc 62.16+£5.23 d
5 4.36+£0.73 ab 2.47+0.38ab  8.01£0.29b 0.26+£0.02ab 210.67+21.04a  168.53+32.89 ab 27.46+1.48 b
6 4.46+0.17 ab  1.57+0.18 a 9.65£0.44 de 0.35£0.03 ab 216.1144.40 a 194.11424.86 ab  24.41£3.25 ab
7 4.3240.64 ab  3.01+0.50 bc 10.42+0.40e 0.85+0.30 ¢ 277.94+8.08 bc  189.58+17.86 ab 20.05+3.09 ab
8 6.45£0.94b  3.74£0.43 ¢ 10.58+£0.55e¢ 0.67£0.13bc  197.09+19.10a  140.43+£7.67 a 17.594+2.46 a

FP RN VI B bR D . RIS 5 AN ] R R 28 Duncan FCBT & M 25 K 0 7F P<0.05 K724 5% % . Data are

mean+SE. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

AN SR R T e AR T A 3L, Ak B 18] 55 n BBk
KW BE IR RIEMSC, ML (b 1~4) 5
R AL B (Ab B 5~8) N0 2 [A] HEAR O . 35 22 5, 6

AR A S 7 SRt Ak P bt S R 75
T A, SRR = S AR 2
ARt Ak ZHE R S0 g O SO U ARl Ak B A

N ==}

ERCEN )
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B , P A B A e B A1
2.2 AREIREAIERT 3 FRSIESE HBm

AN TR I B A B 22 [ 2R TRl B A4 P 3 F st ity v
NEFRE B2 (P SRR 6 15 F iR
T 3% ) i) GPD Al GAPDH % A #1 4 (B 25 a R 34 8 7
T 3% ) W HOAD 1% J1 £ , 4390 o8 324.94.275.14
62.16 umol - min™' - g”' protein, Zb ¥ 8 (HI %= Al HL PIIK
IR 3% ) i GPD .GAPDH 1 HOAD i J1 ¥ & 1% , /¢
91~ 197.09.140.43 .17.59 pmol - min™' - g”' protein (&
1), XFEeiEs MR AL BR A E] % 38, GPD Al GAPDH
T S A5 b B A [R] 2 AR DG, AR E AT S
1 e R A B R P 3 RS g v R R S
SRR A B T 7 AL A R S ) K A) 2P A i s £ G

K47THF ] Flying time (h)

il ki AP ALL BT PR A A il 1 R AT
2.3 AEIRESIEITIIL AR R ITRE SRR

IRITRE TP U AEAS R B AL B2 [H] 7
APIFIA) R RATHE B 25 5% W35 . A H 3 (U & 6 IR IK
T I SR IR ) CATH R S 4.14 1,
AbFE 4 (O 2 A R R SR ) IR 2, 2 3.94 h, kb PR
75 AR 1.94 h, HAS A ) TG B 35 22 . Ak
P3 RATIE S feat , P44 R 13,17 km Wb FR AR Z N
10.48 km, i 3 5 T H & A0 B ; Ab 31 7 AT R B i
5,4 5.57 km, Zb B 8 (P & Al IARIRIAI TR ) IR,
4582 km, HoARAb#LZ [ 0 B 25 55 (&1 1) o JBEk
TORE AT 5 A S A 3 A TR ) A AT
B TR R S KR AL HE

16 1 c

—
B
1

12 1 be

104 ab ab ab

KATHEE Flying distance (km)

S Treatment

E1 ARIEELSEZG TR BB R TR ER $ITHES
Fig. 1 Flight time and flight distance of newly emerged adults of Mythimna separata in different temperature treatments
PR A B S T BB M R . AN R B3R 7R 28 Duncan [ & 22 046 50 78 P<0.05 /K F-2£ 5 i % . Data are mean+SE.

Different letters indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

XA [RI AR BR 2R 7R AR AT [] e RA TR S
HEAT A BE b K B, B AL 3 4 FR LA AD BRAR 2 K AT
AR 1~4 W AMARPT 7 LUl K IR 51 27%~48% 5 5%
Ab 3 6 SR LA A BRAR & RATH R A 8 h DL EAMA
ol f /)y, o b B 3 K AT 8 h DL AR £
22% , Ab PR 4 FIALFE 6 IR Z R 13% , A3 5 e /DAL
3%. SACPRESE RATHE /N T 5 km MA IR Z |, 35
#35%~56% A0 CATIHE B 5 MR ET b7 L[] A 5
TR WATHE B KT 15 km 158 AT
DI TR 35222, 9 39% A BRA YR Z , M 29% Kb FE 7 F11
ALFR 8 /D ¥R 7% (R 2) .

3 it

i B T B AL RE TR SRR SR G 1 A RATRE
T —E BN . ZEHEZL(2014) BF5E R, AN

sF 1] 1) e iR AL B S |, RIS Spodoptera litura (Fa-
bricius ) ¥ P A HL 22 (8] RE PR M) o 5 TG0 3 25 5+
TR0 v A AL T 3 45 4y B N Tl =R 75 i B 3
FEALR, T W 5 B 5 T 5 R X AL Ve O He
Grapholita molesta (Busck) & N 7] i PEAE & A
PSR A TR R] AT o e AR (X =
K,2013) 0 ABFFTLE R RIS IR AR TRk
WG 5 AT RE ) 24 LU AR ) B iy  (H RE IR ot 2
YRR, X ST AN A—E, TRER T
A [m] B A W e 1) 22 5 DA K e T A R TR
IR R ) 22 5 T 250, oy ARG LA SRS 2R J7 Rk E
REJR Y AR RN AT RE ) s AR 2 )5
177 g 0 4l B A R B AR R e AR 4 0 2 )
(VLSEARAE, 1998 ) , Ud W 11T K ARt 4y B i e it i

Bl o A BRI B TS S A PR (] 5 VLSRR 5
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(1998 ) AN52 4= — 25, (HIR UG 2% AR, BV i 7 % i 14
R AR A K . A B IE B, S e vk

NEDL UM A0 AR 4l B R BE IR T
AR (FE R, 2014)

®2 AEIREABEZHTHRAR RPN BREF AR TR E K $1TEE B8P & EL 6]
Table 2 Individual proportion of newly emerged Mythimna separata adults with different flight time and flight distance

in different temperature treatments %
s NGRS E ] ANTE) AT T L)
Treatment Proportion of different flight durations Proportion of different flight distances
<lh 1-4h 4-8h >8 h <5 km 5-10 km 10-15 km >15 km
1 25 46 25 4 54 25 7 14
2 29 46 14 11 50 22 14 14
3 25 31 22 22 45 8 8 39
4 31 27 29 13 35 25 11 29
5 38 44 15 3 56 29 6 9
6 29 48 10 13 52 2 10 16
7 37 48 11 4 67 22 4 7
8 30 48 16 57 25 11 7

TR T R R M R
F (VR4 ,2014) BT ST 4 1H 18 40 (B AL
B, 1998 ; VI 3E 45, 2000) , T ASHIFFE A AR L T 1Y
o AR A B IR X P Ak BB IR I 1 R R
TIRE A RFERREE R . B 2 A 7 R PR
BT A AR A, A P AL B R AR R B B
AT 6 X S VAR A (2000 ) Hi3E 19 1E I 30°C 5
24°CHAF N A K B B VA TRE S E R E E AN
], AT fig 5 AR 0 R AR IR AR AT K

SACKTE AN TR ] ) R MR AL PR , 2R RS He A
PR A AR IR 5 B S AR, AR R ) R AT RE
i ARIR AL B (Rl RE IR 0 & e, RATRE
FIEAR, 1A B v R AT 1 BE VA B A SR H B LR
FFREST , AR A A T RE VR 9 o AL R A H AT
RES1 o AN HOPIER 24 h N H BT K RLA
Je& BA AU AR DG I (VT SEAR 45, 2014) AR50 Hh i
PI1E 24 h PRI S PR AT — 20, B AR IGIR S S
T iE KA A AR Sk JE B A (5K 3R, 2006 ; Zhang et al.,
2008 ; Jiang et al.,2011) , 17 iy 49 il B HU AR BE 2R 52
BB AT COLEMEE,2000) , 85 R TR
(A BE B — ook H 4 UL 2R, 55— 450k H R
#hFEE IR CHAELAE, 1996) , PRI, A 56 v = T A
PRI R R AR P BB A o B B/ AT RE 34T
{14 i DR R R s RO 0y R AR SR D 72 1 BE R A T
YIRT AT, mRIEAL B2 T A5

AT, MR A TR EERD A THE B ERT LA
FOFF4 AT () 3 BT 45 R P I T AR 3
J e U DA S AR i T s RATRE T R 17 A

T v T D) ARt DA B AR 2 A T L RAT RE
558 5 FOAR AR AL BRI () %) RAT e ) T L
Wi 5 e Mg i A BT 2R TR SRR R AT RE T
TARIEAL B, phy st w] DU ZR 75k e = 2 ph g 7 1)
ALT5IE AT R F T B il AR . A
TS AR A& AF T i AR LA BRAS [E) XS A< T RS L fiE
IS AT ) b RATREIHEST T INE , th Tt
AR I BRI, R 2 e tR 2 (R REVR A AR R S
FIFH 22 5 (S5, 2002) , A FE1EA 5 6 H T
LTI IHETT
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