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Effects of temperature on the growth, development and antioxidant
enzyme activity of Atractomorpha sinensis
(Orthoptera: Pyrgomor phidae)
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Abstract [Objectives] This study aims to ascertain the effects of temperature on the growth and development of Atractomorpha
sinensis, as well as the response of adult antioxidant enzymes to different temperatures. [Methods] The developmental duration,
survival rate, fecundity and population growth index of various larval age stages raised on soybeans, and adult antioxidant
enzyme activity, were measured and compared at temperatures of 16, 20, 24, 28 and 32 °C. [Results] The duration of larval
development and adult pre-oviposition (oviposition) were shorter at higher temperatures. The survival rate of the nymph stage
was highest (68.97%) at 24 °C. The developmental threshold temperature and effective accumulated temperature of a
complete generation were 10.77 °C and 1 481.52 degree-days, respectively. The population net reproduction rate (R,) and

population trend index (/) were highest (75.33 and 21.22, respectively) at 24 °C, lowest (33.67 and 9.25, respectively) at 16 °C,
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and intermediate (41.75 and 12.51 respectively, at 28 °C. Adults have a free radical-scavenging, antioxidant enzyme system

and adult longevity and population life table parameters are significantly, and positively, correlated with antioxidant enzyme

activity. [Conclusion] The results suggest that 24 °C was the optimum temperature for the reproduction of A. sinensis and

that there is a close relationship between ambient temperature and antioxidant enzyme activity.

Key words Atractomorpha sinensis; developmental duration; developmental threshold temperature; life table; antioxidant

enzymes

SR LS Atractomorpha sinensis J& L H
Orthoptera 4ff 3k #2 £l Pyrgomorphidae ff1 12 J&
Atractomorpha, & ARG MU E K45
YEHr H & WL & 2832 11 ( Kevan and Lee, 1974;
Hamasaki et al., 1994; $1# 7%, 2013; Ishikawa
and Takahata, 2019; Z=3C4E, 2023), J i T
L BPRE . B . gifa) . HAS, ERRLJETE AN
2 E 2 FE ML X (Hamasaki er al., 1994; B
L%, 1994; Khan et al., 2018; 2= 3%, 2023 ),
BrsA (1965 ) Hgif s o b A 3 3K R A E Y i
T 20 A 60 4FAL, EACYIERN 20 2104

(HuIX), ZFERDA R ARIRETFEM R, o
HEKRG., HE, A5k, WS, mHZE e
PEA ST EYIC SRR, 20135 253145, 2023 ),
TR B WS A W2 07 T I F S OB B o iR
P& (1999 ) 5E 1 LA 7 WK MR B 1) 6 7S
SR EE S A ORI s 2RSS (2020 ) RGEULI
R AL S L PR S U AR B AR
FE 58RO, TR0 B 1R R R T = 4
XoF R 00 R 1 B A A RIAE

IEE R RRA TR R R E S X
WO EEAS T ( E3UHES, 2020 ),
Pl A A R B R AR E S AR A
RESERLIAC L B (Maeral., 2008 ), 3 il T 7Y
INTEDE Oedaleus decorus asiaticus RN 5E
HITE 1k, A E D RE = ek, A R

(SRIBAE, 2020 ), AR A= i 2 A0 T 3 HURp
MRAEDE, PFR A KT MH n
Atractomorpha sinensis A7 5 BN M EFEA
EEABERE N (Lietal, 2020 ), M4EYkiE
TN BET A 3 A R S el AR ARG 4 i A 3
il FIIE , U5 A AR PTG R4 ( Reactive oxygen
species, ROS ), WA E FHMEIEE ., K
b SRR O 2 AR ARG Y & &= ( Biand

Felton, 1995 ), iX $6 48 [ ph H 233 IR 3o 4 AE
BRFEZEAE . DNA HERT 2R B0 %, 1A
EYEEE (RE%, 2016) o SHAbSEY —
R, B AU AR AR T BR A A B B AL R
G5, AN R AU A O e, A
IEVEE 2, WA LR (SOD ). it
AALEF (CAT) At ALY EGF (POD ) J:[mlff
e UK B BB AT, 4ERr R JUE R AR A
%30 ( Kashiwagi et al., 1997 ), JWAHHS AL
XoF 0 451 07 L e A P ) T LA R AN R
J3E 38 BT AR ARG D A2 AL, AT 3R e WL 75 1
TRAAE T SR B s < e i s A e s (Rl )
MRB N BRI fese | AR . RF
T A 30 3 R R T S8 2 W 2 S B R e
S AR AN R IR BE A AR RN AR A R
Sy TN FH (1) J 45 £ 0 e A 3 R Rk B 4R AL
AR

1 #MB5ERZE

11 fhL HRiE

2019 4 9 JIRH = Fg o i gl B2 B ik
M ( ZR4 103°48'52.02"E, b6 25°1720.74"N,
TR 1878 m ), 7E 7 MR R~ B AR o
FENT SR, T EERHARKE (EHK 38)
TR o T AR, 4 (] SR AR 1) e 45 £ M i T
EHNEBRFEFEE (50 cmx50 cm ) TR 5%, 17
FEEMRIREE (25+1) °C. AHARRE 70%+5% .
JeHE S A 16L = 8D,

12 UE5EE

FEAISAEE RXZ BN TR RES R (7
T RACAS T RMARL 2 #3455 OLYMPUS-SZ61,
H A AR 4 A ),
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S A2 A (2023 ) ik, ARAEAELR IR
P Ak s IR PR 225, AP E 16, 20,
24, 28 F 32 °C 5 A-fHEEALFR, AHXT R EE
70%+5% . JGREM 161 : 8D, ¥ KiE )G E T+
S5Ynubti 50 1 IR ER IR, BAIE TR
KOIFEFRFE (HR 10cm, & 15cm) JEZ,
BFRZEEA/NT 5 em, HEIERE NP
it B ST A M Jl LB X, IR B S HCE S
FRHEEN , B E T S AN REE R SEREN, UL
T2 R K™ O O, AE e U 4R 77 B 4 K S
HE M I R, O SRR B AT (] R B R A I,
BERALRIGH, 42 H I3 10 S AL Ok EL
i, Gt B REAM 3 RER, B
TR ACEE /D 40 Kb,

V5 A T Y0R8 Ak 3L 4 4 O L i - 31
FT LS 50 mL B0AT T RS SR L AR
BTN, HEREREEOEE R 70 4
FL, BERIEEIC 3 B He BT B B o o A
PULIG , B AL FRLH P IR — P4k %) M 2 g R
BCXT If 5 RS BHT O R Ui, & RE =D ECXT 10
X, BEREHHT SRR G, ERIEL (8:00
20:00 ) Bk e R R BR E S R R F a, n2R
T T BT, B Ao R e i R A o

SR 1 DI 50/ = g RSy B9 1) AL
2R W A R P4k ZE T 7 B 8 D T B ] A 57 B9 i
$01 5 S T 7 B R e e — UK 2 I Y s [
S 5 DB I b 28 HO R R A P A BT
75 —AREE R R AR
131 HEXZ2ERABENMEHRE Rigz
LR F2E2F (1986 ) BRI 115 Ja i 1 i
HHRERERSEE C 5SAMR K.

iTin —BiTiDi
C=1=! i=1 i
iDiz —nD?

i=1

K—;;Ki .

AR TOEBSE IR (°C); Dl
TRESRETHERIM (d); K HERR
SRR C B AARRIR ( degree-days ).

132 HMEILHMBESRK =% Birch(1948)
2 SCIEAE (2023) it B miS
BORBR R R 5485

A2 Ro=X Lm,,

AT =X Lmx/R,,

BRI 2 =R/ T,

JE BRI A=exp(r)o

K, x FoRLL d AR RS, 1 3R
AR —METE x B A FETE % (Age specific
survival ), m, FR7RTE x B T35 453 i ey B £k
( Age specific fertility ).

FREFEaAFEEL (1) =N1/Ny,

Ny R No & T — AR ARSI R R A

TR — A7 B9 =120 T B A 1 HO< M
PE L A8 FUME P B
1.3.3 BREEE MR RN AL EEEER T
PEREAC I IR AL B R WIPIfE e 7 BT
B, BAREGIE, T - 80 CUKFETRFE.
RMREA 4 (Q:d=1:1), 3IREX,
B R e LBl . R A EARE (£0.001 g),
FEE R 10 9 AT 0.9% LB K,
FEVKIE N B RS S AR 510K, vk R E
10 min JEEEE G 2-3 AR BIHLVSIH K il a5 1
10%ZHZ513%F 4 °C 10 000 r/min &[> 10 min,
B 13 % T80 1.5 mL B0 TS A2
SOD. CAT F1 POD #rifEif 7 &0 F R 5t AL,
Fie FEUL I 5 2 f PR, SO OB EE T4 S AE
550, 405 F1 420 nm P T W& AH N OD fA .
BRI AL BRI 5E 3 IR

14 HFESWH

KM DPS13.5 Geit b akAy B8 R 05 2

( One-way ANOVA )Ft45 4 Tukey’s A6 50 4510
FE SR N R e s s (g ) REDI.
B CHIE) S . BP A 3R HU A7 IE R A5 2 S
WM, LG Pt E LR S R R
T A A RS BUA B E &, W] GraphPad Prism
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8.0.2 TR H ATl P& o

2 GREHSH

21 AEBRETHEHAENN, SREHEZE
DA sAF0 L B oy

NIRRT A A e s s (Rl ) B E
IR R R a2 R LR 1. 32 °CE&M R EACHE
BCHCRFEE, T (16-28 CAMFTR, MEpifis
F WA KT DI SRR B E G (B
F3, 30=177 218.016, P<0.001; #7Hl: Fs 5=
1 252.839, P<0.001; Mfidt: F3,0=612.761,

P<0.001; HEHL: F3 0= 445.343, P<0.001), It
Ah, 16 CHFI TR & B DA B 3 K F HA R
HEABRERMOHAARTHES B (F3 0=
2268.724, P<0.001 ), RIGEIERMT, R
KRB EFMLE B EAMHCHAETBE (1
W Fs o 315=1 569.544, P<0.001; 2 {#%:

F3,267=852.399, P<0.001; 3 #&: F3130=337.087,
P<0.001; 4 #%: F3,14=629.770, P<0.001; 5 #4:
F3,207=211.608, P<0.001), Ak, %% s i =
YRR = O SR 2SS, 16 °CHT,

FEUIRTIAER S, S 41.00 d, FEOPHATE A IR AL
PR AFE & 25 (F; 36=64.811, P<0.001 ),

®1 TEEBRETEFGESEHRS (AR ) WEFHBMERE®
Tablel Developmental duration and longevities of various developmental stages ( instars) of
Atractomorpha sinensis at different temperatures

BB KB (d) Developmental period (d) - »
Developmental stage 16 °C 20 °C 24 °C 28 °C 32 °C
5l Egg 64.40+£0.05a 57.3240.07b 29.11+0.03 ¢ 22.28+0.05d - 177 218.02  <0.000 1
1 # Istinstar 18.01£0.18 a 12.14+0.14b  8.08+0.10 ¢ 6.30+0.09 d — 1 569.55 <0.000 1
2 #% 2ndinstar 16.00+0.25a 11.01+0.13b  8.00+0.11 ¢  6.00+0.10 d - 852.40  <0.000 1
3 #% 3rdinstar 18.00+0.48 a 11.02+0.18b  7.92+0.27c¢  6.00+0.08 d - 337.09  <0.000 1
4 % 4thinstar 21.00+0.57a 15.00+0.28 b  8.00+£0.15¢  5.42+0.12d - 629.77  <0.000 1
5 # S5th instar 24.00+£0.74a 19.00£0.55b 11.50+0.43c¢  7.33£0.20d - 211.608  <0.000 1
WERLHL Female adult 84.56+1.07a 68.72+0.63 b 48.91+0.94c 28.74+1.00d - 612.76  <0.000 1
HERH Male adult 75.67€1.51a 62.22+1.26b 37.47£1.04c 22.23+0.51d — 445.34 <0.000 1
21X, Whole generation 243.23+1.70 a 191.71£1.22b 115.82+1.53¢  78.48+0.84 d - 2268.72  <0.000 1
F=BIR Pre-oviposition 41.00£0.58 a 27.00£0.63b 15.20£0.42 ¢  17.00+0.56 ¢ - 459.89  <0.000 1
7=BI Oviposition 40.00+1.39a 33.00£2.12b 28.00+1.38b 11.00+1.04 ¢ - 64.81  <0.000 1

RPRE AR R, R A b A RNS PR R 225 B (P<0.05,

Turkey’s ZH HK ), # 2 [A.

Data are mean + SE, and followed by different lowercase letters in the same row indicate significantly different at 0.05 level

by Tukey’s multiple range test. The same as table 2.

22 ARBETEAMIESASERR

NI BE T A A s S (I ) A7 s %
W 2 FiR. Bk 16 °CHb, HoAtbR AP A7 1%
FITE 93%LL b RN 28 CIIZEMET, 1R
o BTG R T AR (F35=81.88, P<
0.05), 24 °CH}, 2 A1 3 W47 U AYF7EIG R i
W, 16 °CHI 24 °CH}F 5 #8375 HUAF 16 R
IR o BRSO AT RN 5, 24 °CH

FOFFIG A 16 CHYY 2.03 fiF, AT, 24 °CHA
FEERFHAERKEE (F35=81.110, P<0.001).

23 LEMBEGRE

AR A0 A0 070 A% HHAS A 76 25 E L LR P
7O R AR, LSBT REA v, W) iR
IR 100 KEHEE (£ 3), FEEHEE (1)
PRT 1, RO B A F R AR K 2k
B A FF SR o R b S BUE
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Table2 Hatching rate and nymphal stage survival rate of Atractomorpha sinensis
eggs at different temperatures
LB & (% ) Survival rate (%)
Developmental stage 16 °C 20 °C 24 °C 28 °C 32 °C
Ul Egg 83.85£1.87b 93.66+3.03 a 94.71£1.90 a 94.68+2.79 a -
1 # Istinstar 70.00+0.30 ¢ 79.98+1.19b 85.00+0.15 a 87.02+0.86 a -
2 #% 2nd instar 61.41+0.54 ¢ 87.54+0.92 b 94.09+1.23 a 89.66+0.00 b -
3 #% 3rd instar 86.03+0.32 b 85.75+1.21b 92.49+0.18 a 80.77+0.00 ¢ -
4 % 4thinstar 91.88+0.21 bc 95.00+0.00 a 94.66+1.17 ab 90.48+0.00 ¢ -
5 % 5th instar 100.00+0.00 a 96.49+1.75 ab 97.10£1.45 ab 94.74+0.00 b -
# B Nymph 34.05+0.30 ¢ 54.99+0.44 b 68.97+0.65 a 54.01£0.54 b -

%3 FRERETEFAESHMESEESEGE
Table3 Age-specific life table of experimental population of Atractomorpha sinensis at different temperatures

HEAR R B BB g (k)

Devel%i iﬁi stage Number of individuals entering various developmental stages (ind.)
16 °C 20 °C 24 °C 28 °C 32 °C

Y Egg 100.00 100.00 100.00 100.00 -
1 # 1st instar 83.85 93.66 94.71 94.68 -
2 #% 2nd instar 51.51 81.95 89.14 84.89 -
3 #% 3rd instar 44.32 70.25 82.45 68.56 -
4 % 4th instar 40.73 66.73 78.00 62.03 -
5 #% Sth instar 40.73 64.39 75.77 58.77 -
AL Adult 35.94 64.39 73.54 58.77 -
W He Female ratio 0.66 0.58 0.48 0.42 -
FAE = O Number of eggs laid per female 39.00 44.24 60.12 50.00 -
I?Elil;l; otf J:;;sggxfected in the following generation 924.99 1652.23 212217 125144

T a3 HE 5 T Population trend index 9.25 16.52 21.22 12.51 -

24 °Cheiy, N 21.22, BIYE 24 CE&MER, Fhif
Zat — RIS BEE R 21.22 1%,
e (16-28) °C, PRI IARTIHIFE 16 °CH i
K (160.78 d ), £ 28 °Cifi4E (53.74d), A1
PIRTF 1, ULEARMEEAER IR N LT
SHMBEEML, NEKER (7,=0.0794d ")
FFIBRHE K2 (1.104 5d°") 7F 28 CHFA- R &
L, T R (Ro=75.33 ) AR AR(E
(Ry=33.67) Zr%I{E 24 °CHI 16 °C (% 4),

24 BWRREEREHBENZEELRENS
R

LR AS R B B B R B AR S

AR R WLAR S0 T, A5 ] R
AR B R AR BRI, 7300 11.57,10.43
11.05 1 10.76 °C. £ & & BB oA i
A%, M 37414 H-E, 5 HUHAE SRS,
Sy 583.51 H B, AR ST e AR L B R A
T A R 4> B 1076 °CHIl 1 481.52
H-BE,
25 ARBEXMNEHAEE RS EFTEN
B0

AN TR) T B 45 1 0 e s R T SR L
PEEESRANIE 1 s, SOD MRl T e S MG
THERE AR S, 16 °CAMF T e SOD
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Table4 Lifetable parameters of the experimental population of Atractomorpha sinensis at different temperatures

; y = A B R (47! HR A (!
‘{JEIIE (OC> /%ia{ﬁz ()ﬁ’ft | 12'&) Slz‘i/}jﬂl-_ﬂj'f—%%ﬁ)ﬂ (d) Ij;]/j—‘ uk}i (d ) HBEH&% (d )

T ture (OC) Net reproductlve rate R, Mean generation time (d) Intrinsic rate of Finite rate of
empera (offspring individual) & increase (d ") increase (d ")

16 33.67 160.78 0.0319 1.032 4

20 69.92 115.60 0.050 7 1.0520

24 75.33 78.27 0.065 8 1.078 7

28 41.75 53.74 0.079 4 1.104 5

32 - - - -

®5 BARBREREMBRAEERREMERRE
Table5 Developmental threshold temperature and effective accumulative temper ature of each developmental stage of

Atractomorpha sinensis
KB KR AR (°C) AHBUR (H-E) 55 E R
o Effective accumulative temperature . .
Developmental stage Developmental zero (°C) Coefficient of variation
(degree-days)

5 Egg 11.57 374.14 0.189

1 % Istinstar 9.66 117.82 0.038

2 # 2nd instar 8.65 120.32 0.029

3 #% 3rd instar 9.91 110.24 0.011

4 % 4th instar 12.16 94.68 0.149

5 #% Sth instar 11.16 138.83 0.147

5 Nymph 10.43 583.51 0.076

R Adult 11.05 493.27 0.166

4% Generation 10.76 1 481.52 0.129

100 e A . Female adult 15 %%&E Female adult == %%ﬁiﬁ Female adult
8 B M L Male adult & B i A Male adult o | B IEMERCE Male adult
0 E 80 a a on § on § a .,
£5 5 A B l® . g5 6 ab
Sg 60 Sz Ja 2 &, |
#2 40 s -2
= 220 E2
=
og ¥ <% S8
2R %] 0 : (O} &) 0 i Ay 0 1 :
16 20 24 28 16 20 24 28 16 20 24 28
1EJE (°C) Temperature (°C) HE (°C) Temperature (°C) iR (°C) Temperature (°C)

1 ARIREFGTEMAERBRARNEENE

Fig. 1 Activities of antioxidant enzymesin Atractomorpha sinensis adults at different temperatures

Kb Bt I bR R, A EARA AR /NG FRERIR 255 B3 (P<0.05, Tukey’s ZH AL ).
Data are mean + SE, histograms with different lowercase letters indicate significant differences
(P<0.05, Tukey’s multiple range test).

B AR T HAB IR (M . 3 5=14.832, P<0.01; JifEr, 43N 9.56 1 7.35 U/mg., M POD
M. F3 ¢=6.612, P<0.05), CAT & & A CAT HML, 24 CHFAFT A POD
IO E AR AL (MEHL: F3 s=3.181, P<0.05; MEH:: T = T HAR R (MR F3¢=9.317,
F3 ¢=22.785, P<0.01), 20 °CHIMEMER L CAT 1§ P<0.05; HEd . F35=36.073, P<0.01).
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26 mEHAEBRRELEEESHEWHHE
ES

BT AR R B T S R A PR A AR
%6 Fion. BRlfEd CAT 1EMEAN, HAbEsIE 1S
W HR P A 44 B i IR AR G (P<0.05 )

27 FEHMRRHER RN ANEEESEEWR
SHMEXNE

BT A AR 7 5 A iy 3R S HOE e
SAATES R INER 7 R, MR R K 23S POD
TEPE (P=0.008 0), IR S B4 3
5 CAT {fPEZ A2 W& IEAHSE (P=0.008 9;

P=0.0479), HAbPrA LSS EMRESH
] 27 5L 0F AR OGPk, (H 22 5% oK 8 B I 3 OK F
(P>0.05),

3 HFit5itie

B AR BR A7 e o T AR R S SR
P AR AE 15559 ( Pefiuelas et al., 2013 ), ¥
BRI AL B AR R R A 0 A
( Kocménkova et al., 2010 ), /i 5% 5 iEIXH
R AF ), FEH S5 R AN — 2514
PRS0 ( Lindmark et al., 2018) . AR5
W, TR0 IR B Y A A A e S R E

®6 AREBEETEHRERRFGSHAELBRHEXE

Table6 Correlation between adult longevity and antioxidant enzymes of Atractomorpha sinensis
at different temperatures

5] Sex  PriAfLlE Antioxidant enzyme J7FEEIE! Equation regression

B FEMKIE Significance test

W ALY B A S SOD y=6.745 6x*°° R=0.9442 F=16.4442 P=0.045 8
Female i+ AL W G POD 1=0.083 8" R=0.9933 F=1485109  P=0.0067
AL S CAT y=1.747 7x** R=0.9995 F=2166.1931 P=0.0005

Ty AL AL SOD y=19.604 6x"* R=0.9618 F=24.7210 P=0.038 2
Male i A ALY POD $=0.042 9x'1 R=0.9867 F=73.5871  P=0.0133
W E AL AR CAT y=1.172 5x*% R=0.7775 F=3.0562 P=0.2225

X7 FRRETEOAEEGRSEENENEIEXYE
Table7 Correlation between life table parameters and antioxidant enzymes of Atractomorpha
sinensis under different temperatures

AT RSEL P AL Iy AR R B E PR

Life table parameters Antioxidant enzyme Equation regression Significance test
FEAR (RAME)  BELY LR SOD y=13.532 9x%3* R=02792  F=0.1691  P=0.7208
E)eftfsrlfﬁ;ogdﬂfgiziedfgf it AL POD y=58.341 6x 03 R=0.1140  F=0.0041  P=0.9856
AL E S CAT y=89.432 0x *** R=02294 F=0.1110  P=0.7706
SERHACE (d) HBHEALY I L#E SOD =0.110 0x'° R=0.8458  F=5.0283 P=0.1542
Mean generation time () .7 s pOD 1=6.770 6x78 R=0.9376  F=14.5472  P=0.0624
AL S CAT $=0.208 9x** R=0.9911 F=110.3002 P=0.0089
B (d71) AL B AL SOD y=2.073 8x ¥ R=0.8324  F=4.5113  P=0.1676
Intrinsic rate OFINCTease -4t f wyfig POD 7=0.940 5% 0% R=0.8324 F=45113  P=0.1676
“@n W E AL AR CAT y=2.087 1x"" R=0.9420 F=157612  P=0.0479
JARRRRK R (d") B ALY IE; L SOD y=98.419 2x 780 R=08876 F=7.4295 P=0.1124
Finite rate of increase (') ;442 (g pOD 1=11.660 8x~ 5% R=0.9920  F=123.0051 P=0.0080
it AL A CAT y=7.481 0x %% R=0.9424  F=15.8828  P=0.0576
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DAY BE R B T AR, KRS, H
16 °CF AIFEAL R Il A T A IR B, 30 B B1x
AR e 07 B AU 7 HUFE 24 °CTF BIAF I R B i
G300 16 °CHI 28 °CEAFRY 2.03 F5HI 1.28 £,
KPR ARN FHARKER . 2%
(2023 ) WFFEMEH S Atractomorpha sinensis
T 23207 N OB R BEIE i 2 B, 24 °C
I SR TE R 40 IS 20 °CH1 32 °CIY 1.56 il
1.30 £, 5 EiRpFRR g RG] . I B R RhiE 2
b2 A B B, e s B ) s S5 2 E A R
ARG, SCB A S Y G R 3R, oo 55
W AEERE RS (Evans etal., 2018; 43¢
S, 2023) o ARWFFRGEFIRI, MR 5T
B IR BE RGN S I TH R R, 24 CRAF T
WS-8 7= B e (60,12 i/ ), J& 16 °C&1F
TR FEEE R 1.54 f%5 . WA SR
SRR TN B A URRRE  [R) & A= B A R
BlFp R E AR T (Guo et al., 2017; Huang
etal., 2018; ZECHA, 2023 ) , Hrp B K
F (rm ). WIEEZR (Ry) FIFEEEHTEE (1)
FIRVEM AR AW R E R E 2 240 (Ullah
et al., 2020) . ARWFFLEREN, 24 CTF i
H4% (Ry) MFPHEEHESEE (1) &, (HRE
EHJEAE 16 CCHY R R 258 Ak, 1 28 °C
B =B AT e, 5 A s 4k Phenacoccus
solani X1 FE A3 N MR 45 Rk R 22 IR 4,
2018 ) , HEI =L AEAE MR R B 5 00 T R,
FEUT I EHR D .

R AR E A ROR RS e TR
FE A BERE TS o8 AR K R B SN AR A A A B
DELESH, AT TS0, dEh
D DX I P 3 R A4S (Li et al., 20205 ZE3C
A, 2023) o AMFFRER R, H T IHAL
A, I EEESRERM (9.58 °C), #HE
oA S HT IR PSR T HA HU2S (4 RBCBURIBE —
J5, 2011 ), 67 DL ORAE 4 bk A, g RUE
(1999 )RE 2 18 2= IR A5 1F T A A s K 5 37°54"
N) RN R BRGEE RN 447 °C, 5FX
4% (2020) K Li % (2020) MEDFH (36°55

N) FIIEZ (36°86 N) P A B R SRE (4
B4 9.14 °CHI19.89 °C) MHZERIA, HIFEHERT
TGS Ty i 22 S A, 559k b AR BT AL A 2,
2 PE TR AR AR DGR . AR B, it i
r AN () b B 4 PR S kR R B A
SEHBZR B IR, A ROBURIG N, A R
MR (A, 2021) , AFRERGE
R, Feng 45 (2014) BESEH/R) AFhE
M FEE A B 22 5, RIS Eh B ( mpifgdh )
HE AR A8 5 TR B (fIRIE3R ) A il
1 Jing 1 Kang (2003 ) & Wang #l Kang ( 2005 )
HIWFFE A BRI KIS Locusta migratoria AL )7 F
HEON BT IERE 7 B Sl 5 T R 5 FIRE o AN [RIFP AR
S b R I 2 A 4 R ) 4 b e R T SR 2%
S, RIS NP B — PP R, XS R
P s XA B A S = L (Bale,
2002) .
SRR AL SR [ N A R A2 TR A 34 )
L, S SR e B I ANE S AT Jmy S & HE R
( Kharouba et al., 2019; Z=C{#4E, 2023) .
Vi SRy B S ) RO A7 A KO AR R Y
T W IR A & AR B 5 A A e (R TR
4, 2001) o TEEIRAAET, BTGP
P SRR AL TR AR, YR AL T
Uiy Yk B2 JOAR 3B I 5 | A sk S AR e, IR R R E
( Lopez-Martinez et al., 2008 ) . AMFsrah LR
B, B R T, A AR 3 R AR
AUl S B e 5 Dot e, SOD il POD i J17E
24 °CH ey, i CAT F 20 °CHM Fim. %
& (2016 ) WH5E L PRBETR B RF 2L, ROOR) i
Calliptamus italicus A /KN POD, SOD, CAT
EYERETHR KRB, 5 ERtR g R ElE .,
SRR, B Ay 5 U E A ) 5
TEAEDG, BRI R an 32 BP0 A AL A0 4% IR
JE R B v A AR A S R
AL B T N R AR T AR G B T BR R, BL
TRIE ks, AR R B Rz g AR
I8 R 0 B B N /N B8 Oedaleus  decorus
asiaticus PUEALAW IR R IEAAX, @ H
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T RV PR, A A T B 2 s AT ( ERI A
2020 ), AWFFEFRA 24 °CF BB AR IE P
e THAMIR B, X A e TRk 2 Tt
1, AR T A P A
B, AR A DI REZE AL, WS 32 B0, FE
TR (E/NHZE, 2019 ), R 24 °C
RO LR R A A S RS B AR . A
SRS R R A E T AL, PR
TEVU B, KIS Locusta migratoria tibetensis Chen
(ZBPREE, 2012), BEKAFIE Calliptamus italicus
(23, 2016) . WIN/NEIE Oedaleus decorus
asiaticus ( FPUF4%, 2020 ) FMEFMHFR P EA TR
ZARiA .

ARG LE R, 24 °CHu % 01 e il 55 Fh
AR KL A ol i AREEIR B, HoBCR Ay SR
A R SHCS HAR N TR TE PR UTAHOC 3%
— G5 SR A RO TR Y b AR S A A
0 i B R AR L B B 35 10 7 i A 2
ARG . (AR TE = IR AT
17, 5 AR RFMAE—E 2R, K,
N TE R AR S5 R 455 A R N i — 2P
TR A G 50 40 1 M A A K R B MR i T
HSZI .
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