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(R INL 3T PR F E 58 7% & DR /S 2D 70
HHAREESETUHZIE

_ e, > w1 IR g 2 1 1
HPA= H H A FURFAAE - H AN =3 o A /R
(1. WS IR R A Bl S E AR RS, S A X R i 58 oy 100 S A W 2 R P 5 T R 22 ) FH e S0 28
MEAIERE 0100225 2. HisfUlfu 2z Be A Mo IR 5 & i TR Be, 1ol 655011 )

# E [BN] VAR deropus sibiricus R INFFRFWEZRE R, —F2mE—, DOIEL
Herpilise, WAL DImFEM KGR, S0 HICIREE S B WA, AHIFST & 1E B P A1 A I O
A MR P TRHICIRRRAIE Ryt — 25 8 7 JHL o5 3 7 8 77 0 A R i S e A B T T A S Rl et [ ik ]
AR E AT ARERIR (10, 5, 0. -5, -10 °C) Yk 7 d, LI 25 CHIHEE I NN IRA, Nz
AR IR 5 i 7 B0 A8 A5 ( Supercooling point, SCP ), H /K& &, WiE &=, [HFR ] KEY
AR PEAA S B8 7 75 B0 A SCP A7 35520, BEYIALIRE A T I SCP F#{I% ( P<0.05 ); i U1 A H K & i
DRI T B0 (P<0.05 )5 Wit B DIWE I & ek Bt 5 DRI B2 R R, R AE0UD G TR e 2
(P<0.05), [ & ] VUAR 02 & 00 REIN LR BE (9 R %, SCP W AR, [ A /K & AR I 75 2
ED, ERRAE SRR SCP AN A K& A SR IS IR A ZRIR , I IR M OB e T S D Y
[GRERE

KER VAR, HEEN; IR, R AL

The effects of low temperature acclimation on the change in
supercooling point, free water, and glycogen content, of
diapausing eggs of Aeropus sibiricus (Orthoptera: Gomphoceridae)

DURENQIQIGE'™ EERDUN Subudao' TIAN Rui-Lin'"~~ LI Wen-Bo? LI Song' HOU Zhan-Ming'

(1. Key Laboratory of Biodiversity Conservation and Sustainable Utilization of Mongolian Plateau for College and University of Inner
Mongolia Autonomous Region, College of Life Science and Technology, Inner Mongolia Normal University, Hohhot 010022, China; 2.
College of Biological Resource and Food Engineering, Qujing Normal University, Qujing 655011, China)

Abstract [Aim] To investigate the low temperature tolerance characteristics of overwintering Aeropus sibiricus eggs to
reveal their adaptability to alpine regions, distribution characteristics and provide basic data for predicting the occurrence of
this pest. [Methods] Diapause eggs were exposed to different temperatures (10, 5, 0, -5 and - 10 °C) for 7 d with
diapausing eggs at 25 °C serving as the control group. The supercooling point (SCP), free water content and glycogen content
of eggs in the treatment and control groups were then measured and compared. [Results] The SCP, free water and glycogen
content of eggs were all significantly lower at lower temperatures (P<0.05). Glycogen content first decreased during the early
stage of temperature acclimation, increased during the middle stage, then decreased again in the late stage. [Conclusion] Lower
temperatures significantly decrease the SCP, free water content and glycogen content, of diapausing eggs of A. sibiricus. The
strategy of reducing SCP, free water and glycogen, content is used during the overwintering period, to resist winter low
temperatures.
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PEAA RIS Aeropus sibiricus K& B3 H
Orthoptera, Hfi ffi 155} Gomphoceridae, K& 12 )%
Aeropus, EREFESMENSN . E. H
L BRI HAARSEIL T (EEET . AIRX),
] A1 53 A1 T B e 308 R0 R LA S Ak 2 17 P A A
WIS EAE X (Uvarov, 1931; ENRMI4E,
1995; Eerdun eral., 2023 ), J&5% i FAIE M
i DX 7 A - SI0  J L  ve J AAR
HEF Rz — CREFSE, 2021; Berdun er al.,
2023 ), PUAAADIIE —4F S Az —AX, DADRBR A (2%
IR4E, 2014; WURHIMGEIE, 2023), IRRIHLIK
e HEsE A% (Song etal., 20215 #UR
YO, 2023 ),

T 0 AR AR R B B R A AR —
TR E A R A DX (SRR, 20205 B A 4555,
2021 ). SR R DAY L L, T A 2R A9 AR
PR (BkA39255, 2022), REMA EZEOR
TR SR PUIKIERE 1 ( Song et al., 2021 ),
e WU ARIR 1 B X BRI Ceracris kiangsu
KA IR Atractomorpha lata, "FAEREIE Oxya
chinensis . Vi €2 Locusta migratoria tibetensis
FEKHFE Calliptamus italicus S5 A8 WIFFF:
JBET SV H) N FEPE I FFE( 2 R SR, 2008
XFEREAE, 20175 RS, 2022; BfE, 2023 ),
SRR MR SRR IA Y e o o= S S Nt
RS (Z2IR5E, 20145 228055, 2016; k5
S, 2016 ) FIBR LB RAE LG & B A (falsr
B, 20175 FHAA, 2018; BESE, 2021)
S5 T, T FEE D7 T %) 438 A UL T AN R & 7 BB
) TR SE PR A U R L 7 s 4 3 (Song e al.,
20215 BXWESF, 2022), X WIGN A SE MR
MR

PEARAI 8 DL DR 7E 3 P4, FEN S8 R
Hil 3 HIKE 4 AW INREZrfbit 1, 244
BT, 6 A R IR s, 7 A Ay
AT, OIS 9 M H A A (BUR B
il , 2023 ). PEAAFIEEE B ARG & B 4 12 B
B, WP FORAEZ) 1 DA BN AR E B, sl
B EEEAES 1 25 7 0B ZJ5 058 8 B
B aE iy, Kk 7 A HAL B9 BE 120

B B R R 0 2 BRI (HR B,
2018 ). WRRRAZ B 8 B Be i & W vE 1A A
W B A3

B A% H1 55 (Supercooling point, SCP)
A K B i R I RN L JE 1 5 85
TS AR SR ( AR, 20145 Liet al.,
2021; Khabir et al., 2023). HHFRT X
FINE RO & B ARSI T T 2 R IBESE , 1
A B BRI AL A A T A T R GRS, IR
AT VI 1) R A i 7 DN A TR ARG R R AR
AT FE X6} AU T A B0 A T AS R IR 94k )
Semt B TR A L A BK AR DL R
T, DAYI R VO A1) IV 6 7 7o S e [X 4% ) A B
A S HLTIBEHE IR TR

1 #R5AHE

1.1 K esgp

2023 4 6 N AIENSE I RIS R TR
/N E L E R (41°6'2.3" N, 111°51'1.7"E,
MR 1 800 m) SRAZVUAAIFZRE A, e (8] 52 6y
EETIEHEFE (35 cmx35 cmx35 ecm ), FRAE
FRIE SR, FFERAICHCE S KR 20% ., JEE
10 cm (7700 58, HRAEFEZE =5 (2018) W E
YU RG & B SR s, KGR D R 8 (5K
i 20% )5 em WK, B TR 25 °C, LM 121 ¢
12D HSAERE (R, BXG-250), 30 d 53k
B I T

1.2 HERHAREERYY

Z MRS R TR LA R (TR T
KL HHEM  http://data.cma.cn/ Fl H [FE KA W
https://www.weather.com.cn/ ), {91k 4b 2 %
B 10, 5.0, -5-10 °C 54MNEE, SR
JEYMERE DY 7 d (IRIRA L5746 . Bl =05,
BIR-80D ) Jr 73l E 1 v Al ki . A H/K & A
WEIR B i, DL 25 °CHYMHT & BI XTI .

1.3 TFREARAE

KGR (BERIandL, 2021 ) M5E 45
{RIR DN IR I V& 51 5 FTTF SR 45K5 B~ DRk 5 1R
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A (i E, TP-9000 ) I &
Sk 3 il GRS AR B2 A 0.5 mL fiiit 25
OERHES, BT EAMRRAAF (K, DW-
40L92 ), 5% SCP, &R AL B E 10 Kbl

1.4 BHKMERSENE

B R K R Rl i A R TR AL (il
Christ, ALPHA1-2LD) #47 24 h {IRiE T4 5
/T s g S A (VYA 5 R e TS
HE 3K,

FEE SR AIE, 2% Tzumi % (2005) 1
T, FHEE N 80%M LA TR AT VITE,, DITE
A 10%H9 =4 22 ( Trichloro acetic acid,
TCA ) W AT E L ( RIS, TDZ4-WS
BLODHL) SRAFIY_ L IE O TR S R e,
AWM T 490 nm PG (B
48, UV-1800) #FAT& millsE , et M2 %
PRSI S A o BRSO REBR , BE 42 3 1K,
1.5 BIESH

FH SPSS 18.0 T4k FH S 2 5 25 70 Ar

( One-way ANOVA ) F:45 4 Tukey’s 1 LA AN A
AbPREZH 2 8] 22 5 & ME, FIJH Graphpad prism
9.5.0 il R R A4t Al

241 A
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& ab
~% 226} B ab
© .8 b
iz 3
T3
&g 28}
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s 0 s 0 5 1o
YR (°C)
Acclimation temperature (°C)
E1

WA (°C)

2 GREHSW
21 FRERYILEEPET A A

FE 10, 5. 0, -5 Fil - 10 CYIMLHEF I
SCP 433 ( - 26.60£0.79 ), ( - 27.44+1.36 ).
( -26.81£0.65), ( -27.93+1.30) Fl ( - 27.92+
1.02) °C, 5xtHEZH 25 °CHY ( - 26.41£1.0) °C
FHEC BRI AT R (& 1. A), Horfr -5 i -
10 °CHIMLER Y SCP 3% NFE( Fss4=3.667, P <
0.05 ). FfiZE YIMLIEE B TR, POARW 80 &
U9 SCP R FHtas, HIXHERECN R=0.709 3,
P=0.035 4, fMERECKTF 0.5, BoRii & U SCP
AR B AAAEIEARDC (B 1: B), RUIPEAF
VAR B B0 N IR IR B RT, SRR SCP ok
FRAE A IR PR

22 ARAREBIKHETIPNEHKEE

Sy B8 VA1) 1) I i BIR AE A TR AR IR 45 A
1 A K S AR, 3l T AN R 94k
ARFRAEE IR B K S X IRALER F N 25 °C
B E K S 55.72%+0.98%, fE 10, 5. 0.
-5 1 - 10 °CHIMLALFEAY H B K& &5 00k
53.76%+0.80% . 55.15%+1.34% . 53.88%+0.97% .
52.98%+1.00%F1 52.68%+1.32% (& 2. A). 7E
0. -5H1-10 °CHa BRIy FH HrK & i 2

261 B ¥=0.045 44X-27.37
; R=0.709 3
_ P=0.035 4
1
g 2
o
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Fig. 1 Supercooling point (SCP) of diapause eggs after acclimation at different low temperatures (A) and
correlation analysis of acclimation temperature with SCP (B)

Bl R R ERR, AR RN 227 3 (P<0.05, Tukey’s #2530 ). FEIF.

Data in the figure are mean+SE. Different letters indicate significant difference (P<0.05, Tukey’s test). The same below.
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Fig. 2 Free water content of diapause eggs after acclimation at different low temperatures (A) and
correlation analysis between acclimation temperature and free water content (B)

DFXFHRA ((Fs55,=10.91, P<0.05). YIfbiEE S
H K B A S M A SRR B, A ROk
R*=0.7438, P=0.027 1, SiFMX, HEEK
B 7 B0 1 B K &> (&1 2: B,

23 FARRERILHERIREESE

TE 10, 5.0, - 5F1-10 CEREYML)E,
e B OO0 BB R S a4 i o (0.040+0.006 ) |
(0.08140.003 ). (0.090:0.002 ). (0.108+0.010)
A1 (0.087+0.022 ) pg/mg, XFHEZH 25 °CHIN
(0.078+0.018 ) pug/mg (&l 3), HrE 10 °CHI
A1) i B OB R A B B E > (Fs ,=6.702,
P<0.05), *FPRLIEE B RACYMLIRE, RS
RS LI
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Fig. 3 Changes of glycogen content of diapause eggs
after acclimation at different low temperatures

3 g5t

R WL T 2 B R A SR T A LY
— & TE 20 22 30 4EAX, HE#H Uvarov
AR T KIS JE FIBE FA IS8 Gomphocerus X
A, FIEHESE TR EIEE 3 NP, Hd deropus
sibiricus YIFPEIE T 6 RN, S HIRNSrAF P
PUARIAY A. sibiricus sibiricus, 5345 T % i)
A. sibiricus graecus, 345 TPHPEA P ERAT A
sibiricus hispanicus, A TP AILH AT A.
sibiricus pyrenaicus, 35 THi+ 1 A. sibiricus
helveticus, 534 T INZE VPGS ( Western Caucasus )
1 A. sibiricus caucasicus, iXEEYFIIoA0 KL
1500 m Lk ERy&E LE R (Uvarov, 1931 ), J5%
iR 6 MRS — i SN PEAA AR ( ERG4)
MBS, 2003 ), [H)E, WA —L2 R AR
PRI AR AR (ERRWI5, 1995), Al
MR EEE, BT, KEaEUH Uvarov 1Y
FRGE, Tl A R T AR R AR ARG R SR 51
g (EPEPIFE LS, 2003 ), IAEK L IE)E
LA 4D HR S AT TR = iR X ( Eerdun
et al., 2023 ), HpnilJe PO A0 2 58 e D B
] b DX L ST g L TR i) b B Y
PSP, A Il DX 15 SR e SR AR s e (] 37 7%
45 2017; Songetal., 2021 ), HIHFFEPEIAH]
M7 W R A 30 R] %) ARG R R TR S T A AS A o3 AT
PR EZ NS, R P 4 2k i n A
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VORI 8 DLy 7 S0 DB A4S, PRI T 3 DR 1Y)
SCP AR A H] o ABFSEZAE R AR, BEE I
AR BE R R B B B SCP (- 26.41+1.0 )°C
TBRERT( - 27.9241.02 )°C, HAHE - 5 Fl - 10 °C
Pifery SCP BE TR (18 1. A), RUMLEYI
AT PG R B2 B IR A SCP A3 W25, I
AT I T AL SCP T R M B e T AL e
1o AHEFE H PR AR R R ORI YIS
SCP P9I fk iR BEREAR T B B e, 5/
Chorthippus fallax , & K F| ¥  Calliptamus
italicus, ZIHBBEERNE Catantops pinguis Fl5 i il
WM Pararcyplera microptera meridionalis 1255
—Z{ (Hao and Kang, 2004; 5t FI it K4,
20065 255, 2014; fE4: 8%, 2021 ), 70 °C
YAk Ay & 9 SCP 5 X FRZAAR L I 322 5
IXAT RESE PR A B B ORAE 0 °C AR MR
HAE SCP, sYIIMLI R REIA B2 SCP 2L
K, WEIN/NENE Oedaleus asiaticus YITE 0 °C
AbEE 60 d = SCP i F#fik (2=, 2014 ), il
YRS SCP R WA T, PEEANE
WELHEE O SCP 5 WL A AE IE A DG 1 1:B ),
DA b 25 5 3 B PG A0 ) I B e 7 B9 A A A B i) iz
TR R R BUAAIE SCP Ay Skems, 4R
FE TR A 2= IR

B AR N )RR KR AR AR A ZR IR IR Y
FEHNE (Tarusikirwa et al., 2021 ). KA\ f
B W Octodonta nipae , {051 W Harmonia
axyridis , AU Dolycoris baccarum 551 # A1)
RN B K S B TR (RERSE, 2008; 4¢
HAFAE, 20145 BERIAAHL, 2021), AHBFGE Y
A1) S 6 s 7 O e Ak B ) AL )RR K
M 55.72%+0.98%1 > F 52.68%+1.32%, K
RN B B0 H oK & A —E g, [
HH 7K B i AR IR AL AE 7R IEAH DG OC R (BT 2 ),
PUAF ) IV B s 5 9 7 X 3 3 I e 1 3 B s
7K B i A D R R R I K S R
AT BT R O N AR B, TR SCP AT A
(2855, 2014 ),

BB ARSI, BATTS — MRS
TR RR T AR T8 A R A S ] 7 B —
) i 1 >R AE 4 A A o AR H PR AR R I B s 5

(RH D B e e IR YL JE B i T
B, 5.0 H Brontispa longissima
(AR SR B AR AR I AR 5 B 22 Ak A A AL
(5KIR4E, 2013) o BIAIRE BR— IS RS,
T AR T B AR R g/ v R BT R AR
AT BRSO I 53 M R /N o3 BB RN 22 T B
A K (Fragaetal., 2013 ), FEEYMLEER T
R, VB DA D 5 1 L TG AT B R R BE 2 B
H KRG, $8 THRWE (Zhao eral.,
2019 ). FEAHXT AR AR - 10 °CHY AT HE/N o+
ZIUREE VS R AR & B TS OB IR Y
Wb (Peietal, 2020) .

VORI 6L 537 F 15 205 B8 1) e VR A 5%, e
HIAMRIRYIALG I SCP FIE. HlKSH
AN iR ot A R A 8 A 313 1 i =
A R BT IR 1) B, i 7 B A e KR
BRI S AL, dE— DR K SCP, $Emid iR A
g7y, WRPUICIREE T, R AT R, U
R IV B B0 B P 05 R R T A R B 1 G i 5
RENRE T R AR [ H AR R A5 1) B i, b HGE
IV i FEFR B R AL AR BRI L ARBFSEAS MR IR YAk
(R TEAR ), i ELIU 2 SR P fE SCP. I F /K Rl
JE S, S i — 25 s PR A ) 7 B B A
ML, TSR YLl %F SCP AEfk )
S, [R) A DA Tt D R G 1146 S 5/ 1N
I3 TR Z U I A A ot — IR A 5% .

SR I 5 VA R ST 3 7 e I A ) T PR R
FRIE, RSO & BN ET T TIRIR DI, 255 &3
IR YIS SCP A H 7K KOs R i & A= 204k,
Bl 4 DAL T R BB 35 o PR AR A
WL B 18 i Tk £ 5 L B ) T A R RN b AR
iR BE A R, R B RG22
P AME FE H 2 5 Joa s, IR A T
SR DG A1 1) IV B 4B A AL, A 4R SR AR
IR SR B A B e E S S ) S s ®
T A R SRR AL
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