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Abstract: The Locusta migratoria tibetensis is an important pest in the Qing-Tibet Plateau. In recent years, it causes serious
damage in Tibet, Yushu of Qinghai, plateau of western Sichuan. The super-cooling points of Locusta migratoria tibetensis
were determined. The physiological and biochemical indexes related with the super-cooling capability were also determined.
The results indicated the super-cooling point and the freezing point of the egg was the lowest, which was —22.02°C and -
16.36%C respectively. The nmphs supercooling points increase with increase of hepatin ,fat and glycerin content from 1 to 4
instar stage, which was —9.28°C, - 8.51°C, - 7. 18C, -6.46°C, respectively. However, the super-cooling point
descends to —8.07°C at 5" instar stage, when the contents of fat, hepatin and glycerin were highest . The correlation
between the contents of fat, hepatin and glycerin during different development stage and the super-cooling capacity in vivo

was also discussed in detail.
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Ak CHE ( Locusta migratoria tibetensis Chen ) /& K48 ( Locusta migratoria) TEREK 3 MMz —, BE RS
FAEE RS, AR, POl WIS TR R B R R R v E +amEY

B 2RI S, om R R BRI Y S R R # AR T, L HAEA R B’ RIEF 5 B RS ) i R
HEBCNIRER I8 0 RIE T —F W EEHRD , REMNFWHREZRHRNRIENEX
Tt SE A LR R R A AL 2k MR S M AR B BT T O R B AR
H WL BB S A TR R BB SR R A T A A B MR, SR AR
B9 A By ARV HE AR BT o LR ® T SRR SRR S I 2 A 4 S AE R R AL B A TR A i 9 B
BOBRT T TP G A P A AR A AR, T ) A B SR T X T SR M IR A R E R
TXHZE AR T B B Py ek A A R Kook Yo A0 T RE , DA SRR 12 R A LB T S 1R 08
W — B R R PG R A KR
1 HEE5FZE
1.1 st

Tt SR 1 A FLAE A ARl E BT A R RERR B U1 TH B0 A 3R B (34K 3300m ) YR /& BUVG 3 R4E, BRK 20
TV 2 S RS VK R E R EEREST , AR T R i 3 5 T B UM IR
1.2 F¥:
1.2.1 R ARSI E

SREE)GH %", veIBUE R TR S P B T 8, RGBT RBR N E LS, 4 5%
FA T IR, IO R AR, WA Yo 20 A1, LATRIRE R 7 16 0 G 3 8 2 % 4 ML S o L )3t v 20
S8k, &I BE7E 20 KUk
1.2.2 K4HsE

SREE)MEER", 2 PIEHOR 6l &, 2539 (2F) FFBURE, PRI il & R R 4% 1, 76
T0C THRAE ML S IR H R ER m, (1 -m) g MRAEFIFERENKGT &R, BEE 3 K.
1.2.3 fRiE

BRGEITE" 43 BRI digh KR TR , B FRER 0. 5 ~ 1g, BA TR AR R AR , 57 , k75
JRABIRACF G B E E m, , BBV RICREGE T, FIEE & 30 ~60°C iy A B S0°C Kl 12h, R E 0
PRUEIR3 ~5 W, MBS, IBAE (AR T0CHT , FERKE(FR WEAEEm, R3IKEE, &
R RN &8, HHEALY BB &8 (%) = (my, -m)/m x100, X m HHBHHER,
1.2.4 FHREENE

RAAEEIEN RSB 0 &I 8 0m K AR R TF 60°C B4 fE IR BLAS b it 24h, UM BRI K &
R, M0 g iy M PR 0. 1g, 0 1ml 30% KOH, 3% 3 (RE R, Ji /K 30min 274 , BB H LUK AR IFHROE T
WRNIE, BHEBABLE, MA 3ml 95% 2.8, ¥ &E.0BRAEKMAAERE, K HE.L (10min, 3500/
min) , 3 L5, B UTIEA T 1ml 818K, IE0A 4ml ZBE(95% ) , ZEVKFEPIILE 3 ~4h, .03 LIEW,
VIVE AR IB K R B E AT 25ml BT EVEH SR

BARFIAE SR Lml BT oOKIRA YA, BNA Sml BEEHA, %59 20)5 B KB H 10min, B
JE R T 7oK T 7ERE AL # B 20 ~ 30min ZEPEK 620nm HEAT LA, MG TOLEER B & A& e
R RS R RIS E RS BT 0. 927 RS S KB AN EIRS &
1.2.5 Hm&EENE

BRBHAFTA AR E " BEOE—4H (5Sml) , £HA 0.9ml10% CuSO, WA 2. 9ml5% NaOH %
WG 5, B Cu( OH) , Bk o BUSt T 4 A Y & 8 e i Ko U B o &% Lg, SR AT R IR A4 HAR B 42
L BUAR 2SR B 0. 1ml FEA 10ml 3K P, indk H,S0,2ml, 7E R K&+ i1k o

g3 AR _ERE R AFE B 0. 4ml AN ABLSFHY Cu( OH) , B, 743 #8559 , B0 (5000r/min ) 738,
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B _ETEW 250 BT 630nm 40 Hufs, S HPOL RAE, EinEih R NS H & &, 2T B T &R

g K AR P H Il A & .
2 HER5HH
2.1 HEREHBEARHSSHEKS

F1 XKW, IR H BB RS RT BB
N1 A2 RS R R R (8 ) JBRR(2).3
14 1%, B A S A S B R -22.02, -9.28,
-8.51,-8.07,-7.96, -7.86, —-7.18, —6.46C,
kS BHBRARNERTIE I #R.2 % 8HR
() S BR(8).3 .48, HEWK S EHES
B% -16.36, -7.13, —6.64, —6. 11, — 6. 02,
-5.89,-5.67, -5.05C, &i4rrEWIEM LY
HEBERTHESRTHNE, SEEZE, 1%
BE, 0 -9.28C 4 REBEE, N -6.46C,1 it H
HBEMTFIROIRIE -7 18CH 4 &M
—6.46C .2 WAAHH -8.51CEBEM/KT 4 B
-6.46C , HARWER A B, B E M E RS %
HEZFARE, 5EREIRNENERARE,

#10FW, EEKE -16.36C, BEMRTH

F1 EF RIS RMERR
Table 1 The super-cooling point and freezing point of Locusta

migratoria tibetensis

REBE FRHE(TC) ZirkR(C)
Developmental stage Super-cooling point Freezing point
Bl Egg —-22.02ab -16.36a

1 #3 1° instar -9.28¢ -7.13b
2 % 2™ instar -8.51cd -6.64b
5 ¥ 5" instar -8.07cde -6.02bc
HE A male adult —7.96cde —5.89bc
MR & female adult —7.86cde —-6.11be
3 #% 3™ instar -7.18de -5.67be
4 #f 4™ instar -6.46e -5.05¢

DARFTHBRRARREHEHFEBZEES (P < 0.05)
Different letters represent significant differences (P < 0. 05) between

developmental stages

EEABHE, ] RIBHSKSEERT 4. BBRRBREKITLBEESR, 7508 -6.11C, -5.89C, 5

ZRZEBILBEER,
2.2 KaEE
2.2.1 FHRWEEAASESE

FHRR RARS 38 I R K & & B = B A B i
SRIA S W4 I3 IR 2 i1 i, AR K S B
4y B K 77. 38% . 76. 66% . 75. 23% . 72. 10% .,
71.78% , 5 REHENKSSEEBERT 1 #.2 #.3
i, W1 RS2 23 RS 4 B2 E4 RS R
ZHEBKSESETHBZR(FR2),
2.2.2 FRIWEAKSSESSAHED

FEAR RS R i A Y 7K 2 B R B R R A 38 I T

£2 BEGEEER) SREASISE
Table 2 The water content in vivo of each instar nymph ( gregaria)

i J
A KA ER(%) EREHE
Insta Wat tent Significance level

star stage ater conten (P < 0.05)

1 #& 1°* instar 71.78 a

2 #% 2" instar 72.10 a

3 #% 3 instar 75.23 b

4 #% 4™ instar 76.66 be

5 i 5™ instar 77.38 c

TR (E 1) ,1 @3] 4 RIgRS e A s B R BB =, R B2 S Wt , %A TR, 9 -8.07°C, 8

34 BTN HIE -7.18 ., —6.46C Rk,
2.3 JRHiSE
2.3.1 ZFEREMBEERNEBHSE

R BTG 5 QIR AR I AR & & = BV B B A A Bk 5 i 4 S R (8 ) JBUR(19) .3 iR
2 i 1 b S S B4 BN 14.51% (11.44% 8.37% 7.61% .5.74% 4.90% .4.09% (3£ 3) ,
2.3.2 FRCWBREATNMBENIBTSESSRHED

1 ~4 BRI ENIBET & 8 5% 2 S RS R B imm A5, AR & 876 5 RS 2 AR REHE, N
A6 B S RRET & B B PRE, IR A S 7E 5 BT R TR, U PIN S RSB S BE AR (B 2),
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F3 ARVER(EEY)EXTNRENEEECDRNSE
Table 3 The contents of biochemical substance in gregaria Locusta migratoria tibetensis in different developmental stage

REHE femia & BEER Hin&g
Developmental stage Content of fat(% ) Content of hepatin (mg/g) Content of glycerin( mg/g)
5 % 5th instar 14.51a 18.85a 11.98a

4 #& 4th instar 11.44b 14.71b 11.02b

A B male adult 8.37¢ 5.74cd 11.75b

W AR & female adult 7.6lc 6.33cd 11.24b

3 #% 3rd instar 5.74d 8.83¢ 11.13b

2 #% 2nd instar 4.90de 5.18cd 11.41b

1 #% 1st instar 4.09%e 4.47d 11.51b

D ARFZRERBARBFEBELER P < 0.05 Different letters represent significant differences between instars( P < 0.05)

2.4 WEREE = KAHAR - B

REE B FOH R b B e AT 4 R g reomento Superccolnerom
3, B EEV R VB S B B RBEX & R E O $ Bt
By 100 2 W LR (6) LIR(2) 3 A lS EE T +E5
W A RN 4.47.5.18,5.74,.6.33, 23 /\ K 2
8.83.14.71.18.85mg/g, 5 MBS BEE, 15 18.85  © . o £

1# 28 3 3l Sif
mg/g, ﬁ%%ﬂ:ﬁ)ﬁ ’:ﬂﬁ%ﬁ?%%%ﬁ&&i%ﬁ 4 ﬁé} 1 inZtar o inzstar 34 in:tar 3t in:tar 5t in:tar

SO 14 Timg/g BEBTF 1 1.2 1.3 1 AL e
(&) BB Q)HWHESE,3 REESE 8. 8Bmy/g B
FET ] A T 1 BN ES BRI, R RE Y A1l FEE R (HER) BRANKS SRS IR AR ZEEK
4.47mg/go fg?ﬂl The relationship between water content and super-cooling
2.4.2 BERBHBANESE SRS

HEATNR VEEX LT BRENES RS SR

points in vive of gregaria nymph Locusta migratoria tibetensis

16 0
- [RiAE
14 |- Content of fat -1
e R 12 —~
—_ Super-cooling point -3 8
X =
< 10 £
i & 14 w3
e oL 15 g3
g: x2
=% 6L 16 #3
< [
© =47 &,
4 = " o 7
— . * 3
2r -9
0 ! 1 ! -10
1% 24% 3% 4% 5% B (8) Rk ()

1®instar  2™instar 3instar 4" instar 5™ instar  Adult(8) Adult(®)

£ EF 8 Development stage

B2 s (HEEDARETHBERNSESIRARZRKER

Fig.2 The relationship between fat content and super-cooling point in vive of gregaria Locusta migratoria tibetensis in different developmental stage

MM KRN 1,323 FIE 3 fin, 78 1 ~4 i), RS BN RR R SHENT S, B iR
EFLERS RS R A 2R RN, S SR HGE TR, SRS RN TR, S8 S X R EAE—
EIKFE,
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00— R SR 70
18 - Content of hepatin - -1

16 - —e— WBHK
Super-cooling point

RS
Content of hepatin (mg-g™1)
|
A
FuRZ AN
Super-cooling point (°C)

(=R - I
T T
4
<
I —
R
© o o~

1% 2% 31 41 5i% FRH (&) HH ($)
1®instar 2%instar  3%instar 4%instar 5%instar  Adult(8) Adult(£)

REME Development stage

B3 AR UEARTHERSESIRIRZREKRR

Fig.3 The relationship between hepatin content and super-cooling point in zivo of gregaria Locusta migratoria tibetensis in different developmental

stage

2.5 HWZE
2.5.1 PR VESKTHBEHMTE

BRI LUK EUREL S I AN H M BIESRINER 3, SRR HMN & & b E3m 25
XTRLAR T BB 4 83 W B (2) 2 1 R RH( 5) .5 i, R H g B 3E S B 11. 02,
11.13.11.24.11.41.,11.51.,11.75.11.98mg/g, 2 Z R B F W00 . BHEH S BB HHSEEE B THA
A RE R T B, BRI R 5 IRtk ah , B A i IR DA K% S R P B A IR, S R A i
W, ZRHABE
2.5.2 WURWIERRTEHBEHMEES3AESN

N 4 TR R EITER CIR 1 ~4 RIS AR T B BOH I B BT, TS M S B8 TR, % AR
HBHWF KT E S Wi H b BRI, A0 G IREE S AR 1 e , BEA B RIE , M Aok A H-
B BB A D T A v A A U B A R B M R R {1, S v AR S W T M L

122 - s HWAR -0
120 Content of glycerin 44
~ —e— AL |
oo 118 — Super-cooling point -2 O
80 ) 4.5 =
E 16 |- E
We 4 - -4 L&
4 8 T T oo
ES 2 15 =4
g ’ 416 R g
b= ik
é 11.0 — 45 §
G 108 . o | 7
106 |- 15
10.4 L L 10

|
1% 2% 31 4% 5i% BRHL(8) L (R)
I%instar  2instar  3%instar 4% instar 5%instar  Adult(8) Adult(2)

KB Development stage

B4 ERCWESERFRRHEGRSIRABIZEKMER

Fig.4 The relationship between glycerin content and super-cooling capability in vivo of gregaria Locusta migratoria tibetensis in different developmental

stage
3 g
3.1 VORRRIEINES R AR -22. 02°C, AN H AN £ 3R B LA TP RE N -6.7C, RIGRE N
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-13.6°C , =X M U RETE X3 B AR A T RRLAIIEA , M HRE R T B A BB 2 L BB ML

3.2 PR CIR(BEEED) MEME AR IR A S SIS A HIN - 7.86°C, — 6. 11°C , Itk B e 33 ¥ 20 S A 450K
BATHIA -7.96°C | —5.89C ; AR W (/R A ) M B R B H S AUk 43108 -6.99C, -5.80C , 1
PR H A B —7.05C, —5.74°C™ | BN RE S RITG B RIS > AT SEME A 2 5, BLE R W s R G
it A —B, POR WA (REE B ) MEME Rt B R BB & B 43 FIR 7. 61% .8.37% , 75 4b , B E = 3CH
LIRS AR KR (REFE B ) e A0 M R AR P B I & B 43 51 22.41% ,23.80% ), W] L VG 3% K AN
AW CIRIB & BHEZE R, X 2R 5T VIR BEIN 1L R Z A B T RIS DA KO3 7 76 B R
W RN — A B R R A

3.3 HMESLRRPRIESREOHGHEFHTY S AN M BEES THES AT, XA Th
RN 1 Z 4 RIS RS EETHE,S R SR H S BRREMS, AT S B RHE N RRMBRNEE
FH,

3.4 SZRBENGFE M EERLS, MAFAAE BB BERTTEE AR RS /N FaoKkies
Y2 (ILZURE VBN E A - O -AERE (NER. FER A EME) S M i M i (Acantholyda
posticalis Matsumura) A4 HAANTIEEEMY R RE /I FHRALEY-RER-HH-BEAY, £
RIS 1 ~4 RIEERERAEE I, RKRIB T SR H A FREA R, SRS H S BN AR, &
BB BER K FURFA/N FHIRHIHTE 1 ~4 RIBEHS 538 EMEY, 35 B, RERER,
BRI FTHM S EARSE, HEERT 14 BRNSE, B3 HYRESENENER 4 BRNFERKER, B
o R DRI N ZR 43 ik 26. 84 % F128. 14% , M H MM INZRA 8.7% , BB ¥ 20 S SUBI T RE , FRIAZEX A
A BAPE IR VAR B BN R EAESAEME T R A T SR, 7T 62 b BB F0H- T 4 X i 28 0 B 78
28 LA BRI A BT . PR IR R B HEAERMEE R A BT 28 R 4k T K 52 Y IR
HRIR X B RZ AR ER EAR
3.5 BEARERBEMEZREASY, ARER ITE TR IR0 I2 i1, BE B R e BRI AR T &
275, BRRRPESEXSR TR, PR VBN VBN TRHZ—, B HE G EBRERZ R, A
B B B R IR IR BETRAL A 03 B T BEFAMIRE) IR ¥ H) s 4047, 7T LAACK PE IR QIR B R B E KBRS 1Y
HHETAL , Y BUUG BE B R 24 4= PR A4
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