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Deter mination of the supercooling and freezing points of
different developmental stages of Atractomorpha
sinensis (Orthoptera: Pyrgomor phidae)

LI Wen-Bo'"™" Muhammad-Naeem' LUO Chang-Xin'
CUI Juan® WANG Qing-Song® CHEN Huan-Huan'

(1. College of Biological Resource and Food Engineering, Qujing Normal University, Qujing 655011, China;
2. College of Agriculture, Jilin Agricultural Science and Technology College, Jilin 132101, China;
3. Citrus Research Institute of Southwest University, Chongqing 400712, China)

Abstract [Aim] The purpose of this study was to clarify the cold tolerance of different insect states of Atractomorpha
sinensis, and to provide a theoretical basis for predicting the overwintering situation of the pest in the field and the occurrence
dynamics in the next year in Qujing area. [Methods] The supercooling point tester was used to determine the stages (instars)
of A. sinensis. [Results] The supercooling and freezing points of eggs were the lowest, -18.60 and -9.13 °C, respectively.
The supercooling point of 5th instar nymphs, and the freezing point of adult females, were the highest; -11.50 and -6.97 °C,
respectively. Variation in the supercooling and freezing points of individuals in the same stage of development was normally
distributed. The supercooling and freezing point of adult males were -13.00 and -7.88 °C, respectively, lower than those of
adult females, which were 12.03 and -6.97 °C, respectively. [Conclusion] The supercooling point of A. sinensis eggs was
the lowest among the developmental stages examined, whereas that of 5th instar nymphs was the highest. These results provide
basic data on the overwintering mechanism of A. sinensis, and predict areas where this species could either be found or
establish.
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KAl Atractomorpha sinensis SV Al
AU 35 PR 43 [ 5 0 4 B/ L v s L 1) £
KER, JATHE., 2R B . g,
EREJE U A5 [ ( LS, 19945 Liet al., 2020 ),
P EAREIOP R KR PR . PR
VOIS DA B 2 53 v it i) A B IX 8 A 6 20
SrAidsE CRRER, 20135 2RSS, 2023 ),
ZEREWT, FEMYFEZIRE R, B8
fEERSG . e, A, U5, g, HE. &
ALETE . BRSSP E I DR A
B, RPN 28557 o 7™ F P 2k ( 22530 A,
2020, 2024 ), HiTRIA G )z 0 A DL H
X ZMATHEY G E , A LB IR HAEA R
RSSO SR AR W= AT, SR J 8 6 L ) 25
G B S AL B LA

TR EEAE N B A A A7 5 A Jre ) B i 42
XHEB DI A B ) DL S M 33 A A
Yrfsm (ZEscss, 2021 ), & (%) JEift3Z
FE 1 U8 PR B A SR MG AN X Bl 53 A (Li et al.,
2021; BRWUAESE, 2021 ), 4%, PR BB
M SR I RIR e R A BRREAS (Song et al.,
2021; BKHEAE, 2022), MATRIGZER,
BTk iy R SRR T 0 CUUT,
PRI ZE v BRAC SRS (BBt , 2017; 253
A, 2024 ), DIAER RZEEMTR T, R
AR NPUIEY) BV GR A (AEY2e ) B
MEFRZ AL WAL, kB
( Supercooling point ) FI{A& VK5 ( Freezing
point ) ZTFE (5 ) HUE NG AR M EZ A
MFEBE, 2RO E R R KE (FE) 2
TR A SRS (IRFRE) T, &%
FHOHARTLHIET (Khabir et al., 2023 ), EPM4L
WF5T % B RS % 88 4718 Ceracris kiangsu . K4
il Atractomorpha lata, H4EFFEIE Oxya chinenss,
PO kI Locusta migratoria tibetensis, £IJiis
Melanoplus femurrubrum #1725 K F]#2 Calliptamus
italicus 45 A Fiid e (i 3k ¥ 5 1 K it FEME T e
THEFE (RIZEEEE, 2017; ZEFERES, 2008;
Branson, 2020; 4%, 2022; Zhao and Zhu,
2023 ), A RMEH M IEAMR HGE ZE D TAEY

SRR | R R SR S AR . ki
JE DR ZH 0 DA B 25 PN BRI T 8 11 3 o7 e X 5
i (EERIE, 1999; ZEFEHESE, 2008; B,
2021; Z3CH4E ) 2023 ), MR WA WFIEHTHE
B AT FERE JT o R0, =S MR
BT = A7 WEITRE HH ) 2 A S 25 %) TR0 412
N2 30 Al DT, R R AR, MR A
Ko FF UL, ABIFTAE S NIE AR L2558 5
W) VA A RN ZS UK A, DA Sk AR s DX 65 £ e
F14) R A8 A7 16 R 2 A P ] b A & A 9 25 70 0 sk ot
LR E PSR

1 MRERE

11 HtHRiR

HOECR F e T isehadi e R (25°1321.68"N,
103°48'10.11"E, ¥k 1 970 m), BT ENEHR
TFRE (5 50 em, AR 50 cm) WAEIFE (.
MEHCEGA] 12 1), T MR A Fr o RIS AR
ENREEFEELD 3R, BRNEROFEESR
150-200 k-4, fHFREEY 161 - 8D, RIE
(24+1) °C, AHXHREE 70%+5%.

12 Uf5iE#E

DW-FL270 @RI vk ( PRS2 IR RHY
e A BRZS 7] ), SUN-V B A3 sS4 (b
SRR TR A BRA A .

1.3 Ak

S 56 A e R AL B R R B — B
WUOREEE | 1-5 §AFFER 3 H R e R R
B CHITRIGA B S ), &8 40-50 kAT
Mg, ZIIkF55 (2022) Kk, FIHRHRS
VA B0 A0 S SN S 0 B A S Y v D
Fgh vk o 1F 2 TR A e oy R, 5
1 ORI (1-3 %) 27, 5 2 LR B
(4-5 %) 7 HOFIME . BEPERC A . HI/NBZE 25
VEEES 1 28 rp iy Bk A A A7 1, Kk L ( ok
40 K7, #5740 k) A 0.5 mL BDEER,
R BERR PR Sk 5 L 7 o 4 e, B PR A 28 SR AR
LT 55 2 ZEAUAAXT R K, B Sk T
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10 mL BB, kim0 =055 1 286—3.
AbPRSE S L E TR AR VKA, TR UK TR LA
1 /min (3R H =R (241 ) CIFER T B2 R AR
VR - 40 °C, WIELL 10 DERRAT 10 My (G
HOpR) BEAN—41, BAOEE 40K,

14 RS

izl SPSS 18.0 ZEit#R i HL A =I5 250 #r
( One-way ANOVA ) %54 Tukey Fuk S L
25 S (RS ) 3 BUREA B 3 ¥ A s A vk i 22
S E M. A Kolmogorov-Smirnov #5672 46
B HEBAFAIEDS 20, 321 Origin 2019 £

2 GREHSH

21 EHHUERF BRSHER AR LE
A AN R IR SV AR 1 B .

ANTR) & B B B 2 00 6 M ) 3k v D S A A L 2
S (df=135.285, F=98.063, P<0.05), Hrf1, b
MRS R R T HE A (P<0.05), M, i
PR AR A S 25 5 B3 (P<0.05 ), 47
WSO P 3t Vo A s BRI, T BA B B i FE M R o 1T
5 PR A s R, T E AR S . MEHR T
PRSI TR L, HR T FERE 5 T R

22 FHAEARBSHLEKRLLR

St AR [ RS I 4 VKOS g 2 B . A
[ & B W B A R i e A A R 2 R
(df=13.738, F=21.339, P<0.05), BPmy45vk
SRR, M T A R A 2 VK 5 25 5 i 3 P<0.05 ),
ShEILROA, e s O A 2 KOS BRIk, BEIA DR
it FEME o, IR AT R B B i i, Hghuk
METHE A, R FERE 150 TR b
B S VK fe ey, T FEPE IR S o ME R A5 VK AT
Ty, T FERE TR T M

x1 AREASEHOERTRAR
Table1l Supercooling points of Atractomorpha sinensis at different stages

p—— REASEL () ¥ HI s, (°C ) Supercooling point (°C)
Developmental stage Sampl‘e e KAE SRR R /IME
number (ind.) Maximum value Mean+SE Minimum value

B9 Egg 42 - 10.00 - 18.60+£0.87 ¢ - 25.03
1 %45 Ist instar nymph 41 - 11.00 - 15.58+0.44 d - 19.52
2 %4  2nd instar nymph 40 - 10.00 - 14.57£0.48 ¢ - 18.90
3 ## H 3rd instar nymph 40 - 10.69 - 13.58+0.31 b - 16.90
4 &4 0 4th instar nymph 45 - 8.99 - 13.7240.31 be - 15.94
5 W4 5th instar nymph 45 - 7.90 - 11.50£0.30 a - 14.57
3 H MM R 3-day-old female adult 46 -7.81 - 12.03£0.52 a - 16.08
3 Hig PR 3-day-old male adult 43 - 8.00 - 13.00+0.45 b - 17.66

[FFN 5 S5 An A AR/ NE FREFRR 2Z 7 B3 (P<0.05, Turkey’s ZH W ), & 2 [Al,

Different lowercase letters in the same column indicate significant difference at 0.05 level by Tukey’s multiple range test.

The same for Table 2.

23 EHAEARRRTHTRALIPITRSH

S 0 RO ) RS B A v SRR S A
IEAA , HASFEAS AR ]V H S AR [ R
A (P<0.05) (& 1. A-H), Hi, 5%
S ATEE RS, N - 25.03- - 10.00 °C; 3
WA AR Ve B S A TS 78, O - 16.90-

-10.69 °C. 3R HIS 5340 58 B /N B RAR I
3WEH (REZER 621 °C) <5 bl (IRJE
24 6.67 °C) <4 i H (RE2EH 6.95 °C) <
WEPE R (TR 22 8.27 °C) <1 W7 (iR
2 8.52 °C) <2 ¥4l (IREZH 8.90 °C) <
PER L (REEZE N 9.66 °C) <BI (HREE N
15.03 °C ), Hrbr, BRXJPREEARIR P Sl by 1
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5, W RESERERR, IR A X (R 246 HF - 24.00- N RE 1555, W BE T BER /N, IR A Z 4R P
- 18.00 °C; MEME AL HOG FRIEAR IR b T V% sh 1y ik 1E - 14.00- - 12.00 °Co

xK2 AEHBEDRIERIEKRS
Table2 Freezing points of Atractomorpha sinensis at different stages

Pr—— REASL (3k) #hEvkaS (°C ) Freezing point (°C)
H P& S -
Developmental stage Sample (Iilumber R AR PR fe/IMH
(ind.) Maximum value Mean+SE Minimum value
b9 Egg 42 -5.04 -9.134£0.45d - 14.76
1 #4457 B 1st instar nymph 41 -5.14 - 8.85+0.45d - 15.34
2 #4457 H 2nd instar nymph 40 -4.14 - 8.57+0.50 cd -12.92
3 W44 M 3rd instar nymph 40 -5.89 - 8.07+0.25 be -10.88
4 }447 B 4th instar nymph 45 -2.79 - 8.12+0.41 be - 11.99
5 §&#7 L 5th instar nymph 45 - 2.66 - 7.83+0.49 b - 12.45
3 HiEMEME R 3-day-old female adult 46 - 111 -6.97+0.53 a - 13.94
3 HiEMEH A 3-day-old male adult 43 -2.23 - 7.88+0.48 b - 14.49
810 A £10; B g10f ¢
2 8 2 8 3 8 —
£E 2E 2E
SE 5% K5 ©
a4 Xy 4 Xy 4l —
®g, ®g, ®g ,
= S =
o & =3
g o[ S0 S0 L
F —28-26-24-22-20-18-16-14-12-10-8 6 = -22 —20 —18 —16 —14 —12 —10 -8 ™ -22-20-18-16-14-12-10 -8 —6
HREA (°C) ARHE (°C) AREE (°C)
Supercooling point (°C) Supercooling point (°C) Supercooling point (°C)
&12rp g2 g E14; F
=10 =10 512
2 2 210
B 6 S 3
K4 P 6 Ky 6
X & a4 Ke 4
=5, 89, B
=3 =) & 2
20 20 =0
~-18 -16 -14 -12 -10 -8 ~-18 —16 -14 -12 -10 -8 ~-16 -14 -12 -10 -8 -6
ARHIE (°C) RHE (°C) WA (°C)
Supercooling point (°C) Supercoohng point (°C) Supercooling point (°C)
§101 g g§18; H
<§ 4"5' 16
2 8 5 14
iﬁé 6 ﬁé 12
bS] K5
K4 Ky
X & R g
S8 2 g 4
o g 2 h
20 o 9
~ -18 -16 -14 -12 -10 -8 -6 =-20 —-18 -16 —14 —-12 -10 -8 —6
ARHE (°C) A (°C)
Supercooling point (°C) Supercooling point (°C)

B 1 @RGSR RS A SRS
Fig. 1 Distribution pattern of supercooling points of Atractomorpha sinensis at different stages
A BF; BRI C2 W D3RR B 4R FoS R HG G3 HIRMEFERGR; H. 3 FREEME SR
A. Egg; B. 1st instar nymph; C. 2nd instar nymph; D. 3rd instar nymph; E. 4th instar nymph;
F. 5th instar nymph; G. 3-day-old female adult; H. 3-day-old male adult.
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24 FEHIEARRE BRI KRR 250 9.20 °C) <BP CREEZEH 9.72 °C) <5 4

EESER RS kS A T (EEER 979 1C) <1 A (22
Ao, BARRA KR Kt R pe e 1020 °C) <HRERAUL CIRE2SH 1226 °C) <
B (P<0.05), 4045 EITEE— e SEE ([ 2. MEPE R (IR 220 12.83 °C ), Hi, 3 %4
A-HD). PRI St B 2 K g A g, gy OO SRRV Sl S R LS5
- 13.94- - 1.11 °C; 3 W5 i By % vk s 40 A 3 il KR A A X Bl Z2 82 H F - 10.00- - 6.00 °C;
B, J - 1088 - 5.89 °C. ZUKgsMETEE  MEPERUSOM SR SRR 1T R B % 1 G )
NEIRHRK S 3 0 CRIEZH 499 °C) <2 59, BRIEFERERUI, B 55 2 5 h7E - 8.00-

il (IR R 8.78 °C) <4 45 dt (IEE -7.00 “C.
S14; A El4r B 816; C
= = =
512 2 12 2 14
&E10 £E10 g l2
KR:Z 8 SEI SR
£g6 =g 6 =
Kg 4 Kg 4 RE§ 4
22 2 2 2 ) N
2o 20 20
~ -18-16-14-12-10 -8 -6 —4 -2 ™ —18-16—-14-12-10 8 -6 —4 —2 ™ -16-14 -12 -10 -8 —6 -4 —2
ghvkm (°C) ghvkm (°C) Hhvksi (°C)
Freezing point (°C) Freezing point (°C) Freezing point (°C)
§12 g =
%10 D _% %2 E .% 12 F
2 214 =
£E 8 BER2 £E 3
R3¢ KF10 K3 6
3"5 ' ;Es > 8 ;Es >
&g Kg O Kg4
22 ¥ N 2
1) 20 | |\1\ 20
—-12 -10 -8 —6 4 =-14-12-10 8 -6 4 -2 0 ™ _-16-14-12-10-8 —6 -4 —2 0
Givkri (°C) ghvks (°C) ghvks (°C)
Freezing point (°C) Freezing point (°C) Freezing point (°C)
14, G 160 1
Elz = 14
REN =1
Rg 8 &Z 8
=56 <3 6
Rg4 24
=) 2 N Q
=3 =)
g9 g0 S
—18-16-14-12-10-8 -6 -4 -2 0 2 & -16-14-12-10-8 -6 -4 —2 0 2
ghvkas (°C) ghivke (°C)
Freezing point (°C) Freezing point (°C)

B2 EHAEARRELE KSR S 5

Fig. 2 Distribution pattern of freezing points of Atractomorpha sinensis at different stages

A BF; B 1R G Co2#d#7 M, D3 A dy; E 43 HL; FoS A, Go3 HESHEMERLAL; H. 3 HIBHErERNCE
A. Egg; B. 1st instar nymph; C. 2nd instar nymph; D. 3rd instar nymph; E. 4th instar nymph,;
F. 5th instar nymph; G. 3-day-old female adult; H. 3-day-old male adult.

3 E-&%Lﬁi\jﬂkﬁ and Macmillan, 2017 ), Asahina ( 1970) #F5¢ %
I, AR H SRR 2 UK A R PP R I RE A A2

B HUZHER O MR Z s 2ETE, L IR FRAIG I, EOUL S et B HUBAC R ), 3%
THERALESRE T EEREZEMO, O T5 B A o A e MEAE AT (Lietal., 20215
BV, T AR LA S AR b IV S A X ( Overgaard PP A, 2022), ATHLDGBR A K, BR
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() 2k Vo A0 SRR VR 485 VK SUBRAIG , T SE i ) il
S, FREERYAETE JLAHE (Hiiesaar etal., 2018;
Lietal., 2021 ), E&Hui b #ofiE 15k N B
KRBT, WERAEY mid e A S FE v, IUR] B
SFEAGYEE (223, 2016 ), #ilhn, FEAAR) PR
Aeropus sibiricus #4511, 2810 °CZ - 10 °Ciit
JERREE (5 °ClalR ) IRIEIIfLAab 2, Hift FERE
WEPE T, PR R K S B A I B T R
Mk /D> (BURZEIARIE, 2023 ), ASWFFEIE 45
REY, fEmaEiEE (24 °C) WFRT, MAR
WSO ) ek VR 0 A AR, TP FE PR AR . Bl R I Y
W, RSB T, T SRR

B B A S T SE RE ) AR e T H B
A, MR TR Bk (2R,
2008; A XUBHIB—JR, 2011), AFRLGERY
A RAF (12007, 2008 ) Xf P4 K8 Locusta
migratoria tibetensis A= ¥ Flii FE MR IE AL,
PO QMR D7) A A R I Ve A SR T
HEmZs, 294 14.60 F1 - 22.02 °C, HilHY
XAV U %) 35 107 B 7 SR o o e SR b AL PR 45 3
X, HRH SR RS, 42 (11 H 2IRAE 2
A \EEAEE K, FEIREN 2.0 °C, Bl
HEEH - 16.60 °C (VRTH EAGEE M http:/
data.cma.cn/ ), % JE A0 0 (%) B RETE 2 3 A AR
S5 T TRk A% 5 JFL O Y i S i 07 Y - 8
TR G R o TR Hb X B R 4 9E g
A T HEREE (M) & 2T, BIA
AT, PRI RIEA K, BIEEFESE
M AR LT, Ky dERe 1 B AAC ( BEE
85, 2009 ), F MG BR A B Y ) Ve 2 AR A A
AT 1) i ) R AP TIT AR, D2 P IR 9 Ak
s (B4 %, 2015). F# IR EE P FERE
1 HUgE - By b iR i S A H O w5 BRI —
., FEARHIES

L R R B B A AR ] it T 1 25
Hkma g amK, HEERE ., fmEorE, LRl
Bt SRWH . U EERE . R RE DL S R S TE N
YA E CHEl) 2IE () M5C (BiRE
JRATIE, 2023 ), BIANELEESE (2021) A5 A
2y 4fk s Glyptobothrus albonemus & BEHE A L H Hi

IR BEE /K AR I AR T HE B, AN TR R0 A
TR S S AR S, A0 M A e 30 Pk S
TROIEE | R i L TR FE R ) 18] 174 22 R BB X — T
MBI RE, A et — 2P, AR S RIE K
PR £ A SO TR AR 1 v A A (S5 7K a)
ZAFAE—E AR 5 90 R, (HPI AP S5 5 10
o (1, B 2), A A — HSAS RS AR ]
()T FEPEAFTE 25 57 o 3 22 S Al B e o > 3 ol
A2 IR, AR IR, SRR B IR
e H R S MR P A

H# H R AE [ AR F KR R s b
TR R e A Ty AR € 4 2 AR 22 A
iy WL O Y 3t Ve A AP B (E RE IS B - 30 °C LA
T, Bl E RS T /N AERE Chorthippus
fallax GPALAT VR 21 R ATIA - 32 °C, Wi B 5 Al Ak
fi% (Hao and Kang, 2004 ), 45 %% f BE#4
B & 75 LU B RS A UL IR KL R /N3
JR )& EA A TR S 5T . BeAh, Rk
FE A 2 L RN PR TR () A BT 5, (o L ¥R A1 g
J1#¢7 (Andersen et al., 2017 ), AHFFEALIIE
= TR S IR R T S, SR 2 & SNEE
TR AR EREE | A5 235 SR A A J 401 0 et S o i 4%
REJTo PRI, BRI e R S5 T S g A e il v
b, BT e AN RIS R, D IR A4k
Ja BtV H A, B R A AN R A 37 i SE PRk A
HuE B A AETE 2R
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