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B E [BH#] AUSEEAFRIER KRR R & BT/ NEIK Plutella xylostella =47 F % 4H
REIISE I, AR SRR /NI ) R AR R BRI e S . [ AR ] AEHXHRER 55%+10%,
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W, HREACEAN BT AR, Kb/ NSk A A A7 R S5 30 o 7 B iR

KEWR  SEEL; IR, KEWE; AL, S

Effects of exposing differential developmental stagesto short-term
cold on the survival and reproduction of Plutella xylostella
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Abstract [Objectives] To investigate the effects of exposing different developmental stages of Plutella xylostella to
different durations of low temperature on the survival and reproductive capacity of this species, thereby providing a reference
for predicting and preventing the occurrence of this pest in greenhouses in winter. [Methods] The pupation rate, eclosion

rate, adult lifespan, adult pre-oviposition period, oviposition period, and fecundity per female of P. xylostella were recorded
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under laboratory conditions of 55%=+10% relative humidity and a 12L : 12D light cycle. Fourth instar larvae, pupae and adults
were exposed to 8 °C for 24, 48 and 96 h. A control group was kept at (26+1)°C. [Results] Irrespective of the duration, cold
exposure did not significantly change the pupation rate of P. xylostella (x* = 1.58, P = 0.664). However, development stage (
=202.52, P < 0.001) and the duration of cold treatment (* = 141.83, P < 0.001) significantly affected the emergence rate. The
effect of cold exposure on the emergence rate was higher for 4th instar larvae than for pupae (4th larval instar: 0.874 0; pupal
stage: 0.669 7). Adult lifespan was affected by both the duration of cold exposure (* = 39.3, P < 0.001) and developmental stage
(> = 141.83, P <0.001). Within a certain range, the duration 4th instar larvae were exposed to cold had no significant effect on
the life span of male and female adults (females: y°= 41.86, df=3, P =0.330; males: y> =4.55, df=3, P =0.210), whereas the
effect of cold exposure on the life span of both sexes was increased by the duration of cold exposure during the pupal stage
(females: y* = 41.86, df = 3, P < 0.001; males: y* = 14.30, df = 3, P < 0.001). The longevity of adult males was also increased
by increasing the duration of cold exposure (y* = 19.32, df = 3, P < 0.001). Male adults generally lived longer than female
adults (immature stage: y°= - 3.88, P < 0.001; adult stage: y* = - 5.72, P < 0.001). The adult pre-oviposition period was
prolonged by increasing the duration of cold exposure (immature stage: * = 14.40, df =3, P = 0.002; adult stage: y*= 60.04, df
=2, P <0.001). With the exception of pupae exposed to cold for 96 h (40.9 eggs/female), the average female fecundity in other
treatment groups did not significantly decrease compared to the control group (87.3 eggs/female). [Conclusion] Exposing

the pupae of P. xylostella to 8 °C had a greater impact on subsequent survival and oviposition than exposing fourth larval

instar. The reduction in survival and reproduction increased with the duration of exposure to low temperature.

Key words vegetable pest; short-term cold stress; developmental stage; survival curves; reproductive parameters
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s (PREEZRSE, 2010 ).

EARA SR R X RE N BV NAEER
T, REREAEEAEE T O RS,
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AT LIAEE , A 5 AR 2 e 3 (AlALIE
JreEE, 1979 Kl B FPRIN DY, 1986 ), HiA



3 RERIGE S AN [R5 T W B IR0 /N g A 77 0 SR ) R £ 629 -

(Tltis et al., 2020; Sales ef al., 2021) WisEFE
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wilcox.test ); [A)— N2 2454 LBl H L &
T 25381 ( BREL anova ) I Tukey’s Z 1 HL K (PR
B TukeyHSD ), 8 kruskal-wallice FRAIKEL: ( PRI
B kruskal ) X kruskal-wallice ZH i% ( BREL
kruskalme ); HETEEHFI I R A survival
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1) Rl ZE L REH, 41840 h LR AL
96 h JFRBIER (81.10% ) B F (KT a4
(189.04% ) FMEIRALFE 24 h A (93.52% ); Pk
R it 25 g 309 A1 3R Ak 3 K A ZE K T 3 BRI
()*=189.84, P<0.001), XIH&L] K U3y G4k
B 24, 48 F1 96 h AYPMEFSN 89.09% .
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Tablel Model summariesfor theinfluence of cold treat durations and treat developmental
stages on the survival and reproduction of diamond moth

2% Parameters [X-¥ Factors KI5 4 P {H P-value
{LUF#% (% ) Pupation rate (%) AL PR Duration 1.58 0.660
P4k (% ) Eclosion rate (%) KRB BBt Life stages 129.57 <0.001
AP+ % B B B Duration + Life stages 2.82 0.240
B (CARBGART B ) (d) - L BB BE Life stages 0.06 0.950
;\tg;lts )l(zg)gevity (cold in immature PERI Sex _ 388 <0.001
AL PREF K Duration 2.85 <0.001
5]+ BT Sex + Duration -0.10 0.320
P+ F BT Bt Sex + Stage 0.76 0.450
AbFRAF K+ % B B Bt Duration + Stage -3.45 <0.001
PRI+ BT+ % BB B Sex + Duration + Stage 0.76 0.450
BT A (G RT Bek iR ) P Sex -5.72 <0.001
;&t:;;t) 1((:11;gevity (cold in the mature b K Duration 445 <0.001
5+ R Sex + Duration 1.94 0.050
FEEIET (d) AL PR Duration 2.02 0.570
Adult pre-oviposition period (d) KEYEE Stage 18.94 <0.001
AL FREF K+ % B B Bt Duration + Life stages 19.45 0.003
FEHII(d) Oviposition period (d)  AbFRAT K Duration 3.55 0.310
KH Wi Stage 24.50 <0.001
QLB+ % B B B Duration + Life stages 31.96 <0.001
AbFEIT K Duration 17.22 0.001
SRR OB/ ) KT BBt Stage 2.02 0.570
i\;{iza;erfefc:;l;illg (pumber of eggs AL AT+ % F B Bz Duration + Life stages 52.79 <0.001
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Fig.1 Theinfluence of cold duration
in different developmental stages on the
emergencerate of Plutella xylostella
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28 5 3 5 e A R A RO R & 7 B
PR 22 R 2 (P<0.001 ),
Histograms with different capital letters indicates that
the eclosion rate of adults when the 4th instar larvae
experienced low temperature treatments for different
durations are significantly different at 0.05 level, while
with different lowercase letters indicate that the eclosion
rate of the adults when pupae experienced low temperature
treatments for different durations are significantly different
at 0.05 level. *** means that the emergence rate of adults
experienced low temperature treatment for same duration

in different developmental stages are extremely
significant (P<0.001)
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5-15dC & 2: Ao ff ] EL ) HRZH AL BEZH (24
48 F196 h), KB BAREALTE 48 h 196 h
() R A A A IR T B 2218 (&1 2: B ),
W P28 D AV T Ak B A A7 2T BRI SR
Rz (& 2: C).

2.3 {RiRAbIE /NS AL R 5 i B R M

%t Krustal-Wallis BLAIKGE, 25K 4 1
4y AL 28 I T A BRAS R BT i i e 7 1 T 8 3
WM (=341, df=3, P=0330)(&3: A);
i 30 2 {1 TR Ak AN [] B X M e, H, 7 i 52 M
2 (,=41.86, df=3, P<0.001), HIFHIZ
IR IRALBE 48 h 1 96 h HME s B A B K T
FHRAH o MIRIRACFE 24 h B, Ay SRR
b A R B BC B E LR (W =610.00,
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Fig. 2 Survival curve of adults of Plutella xylostella
A. RRAPCRR R BB ; B, RRAFIRFRHS; C. KRR,
A. Cold treatments in different developmental stages; B. Cold treatments lasting for
different durations; C. Difference sexes.
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A. Female longevity; B. Male longevity.
Histograms with different uppercase letters indicate significant differences in adult longevity when
experienced cold treatments for different durations in the same developmental stage at 0.05 level,

while histograms with different lowercase letters indicate significant differences in adult longevity when
experienced cold treatments in different developmental stages for same duration at 0.05 level.
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P=0280); WHILMLIRALEE 48 h (W =328.50,
P=0.008) F196h ( W=55.50, P<0.001) FHf
BRI R E KT 44 AR AL PE 48 h
196 h,

Krustal-Wallis FRAIRE 25 SR 45 R K0, 4 1%
&y H A I Ak 3 R X i B A A A T B R )
(=455, df=3, P=0.210) (& 3. B); Ui
I I Ak B B X A i L A AR R B R )
(4 =14.30, df=3, P<0.001); Krustal- Wallis
ZHE BT AR L, WINAGRAAFE 96 h
Ji 71N 2R 0 e ol M i S I T ) 2R PR A
24 h (P <0.001) f148 h (P <0.001), Wilcox
BRI AT R0, 8 CARIGALTE 24 h (W =
603.5, P=0.923 ) Fl1 48 h( W=445.5, P=0.072)
i, WIZARIRAC RS 4 4 di 2R E AL FR Y
MeS R A TC W 25 5 AIRIRALFE 96 h B, 1
2R A B ) I R A S E KT 4 1R
W RIR A ML R (W = 238.0, P <
0.001 ),

2.4 {RRAMIEXF /NS AE FR A T Y S

2.4.1 RiE 4 FE X /N S A R 7 5P AT HA A0 7 5P
HREm  FEE ORI K R, [k
B Y BO™ S ETI A BB (R 2),

fRIRALBERT A 96 h B TR & 75 B BEEL P B i
14y 2K T BRI A A R 7 AR R IR
Ab PR H A, R A A B K T A &
B B BUACFRA o AH R & B B B B O 2
520 ARG 7 3 o (HZEAR TR A B A ST &
BrEcpy e, BREGIGIEALEE 24 h Ak, HH
B H AR AL B 2 5 4 W4 %)y HURE R) A B s
K=o IA W& 25

Xof B R A AP R A s LR I P B Y
A 558 A B 5 B A0 1 % ™ B i
S IFGEit43Hr. Kruskal-Wallis # FlAS B 2% 5 3¢
BH, SR I /NS i B 7 B A 2 2R Ak
PRI KA BE W (7 = 1440, df = 3, P =
0.002 ), ELARFH MAL B 96 h (7= BRI AT B 35 K
F24h (W=1778.50, P=0.030) f148h (W=
785.00, P=0.003 ), 8 °CHIMKIEALIE (4> =0.71,
df =1, P=0.400) DI KANH b pr kb i % B B
B ({435 4 W40 BUM AN ) (2 =0.89, df=
2, P=0.640) X7 OPRTIAIE TG W E M, i
UYL FRZH A, S ] IR X i 7 B R A
P BEMEEI (4 =60.04, df =2, P <0.001 ),

Kruskal-Wallis ZkFK 545 /LB, 8 CXf
JINZE i S B 1 R 5 R ZE R B G
PEER (=099, df=1, P=0.320); ;=5
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Table2 Reproductive parameters of different durations of low temperature treatment and
different developmental stages of low temperature treatment
R IE A B ‘ o FEHIET (d) FEEIE (d) FRgRE ORi/HE )
REWE: A (h) He %) %% 7Bk ) Pre-oviposition Oviposition Fecundity
Number of period of adult (d) period (d) (egg/female)

Developmental Low temperature Number of

female eggs

stages treatment time tested moths S I« B T £ BREE PRI + fRE%
(h) Mean+SD Mean+SD Mean+SD
X} CK — 28 24 1.04+1.07A 4.7542.11A 87.25+46.18A
4 4l 24 31 23 0.68+1.33Aa 4.21+2.28Ab 67.13+44.31Aa
f;‘vf;mr 48 29 2 0.52+0.92Aa 450£1.34Ab  88.95433.15Aa
96 31 27 1.47+0.74Aa 47442 22Ab 94.19+43.48Aa
7 24 30 30 0.330.70Ab 4.60+1.08Ab  111.40+37.46Ab
Pupac 48 30 30 0.23+0.62Ab 5.60+2.11Aa  106.70+26.75Aa
96 33 20 3.00+2.90Bb 5.25+3.42Aa 40.90+36.28Bb
g H 24 31 29 1.79+1.09AB 6.00+2.23Aa 97.86+54.82Aab
Adult 48 28 27 2.07+0.26B 6.93+3.10Aa 99.00+50.75Aa
96 32 31 4.74+0.90C 5.74+2.78Aa 81.19429.49Aa

[F) SR IS AR A AN )RS b s A ) & B B BRI AL BRI AE 0.05 7KF B2 3, RSB e bn A A A/
B R R AR R AL PR R I AN [/ R B BT 0.05 7KF 128 5% 35

Data followed by different uppercase letters in the same column indicate significant differences for different cold treatment
durations in the same developmental stages at 0.05 level, while followed by different lowercase letters indicate significant
differences in different developmental stages for same cold treatment durations.

Al RE A 2 AR IR AL BRI B2 (o7 = 4.35, df = 3,
P =0.230), {HA[EARER BT B R A= I3 2
FfETE R EMLESR (4 = 1817, df =3, P <
0.001), BEARRI N . BURIEIZE R T 4
WBah i, IFRAEMBEREER (W =
1 973.00, P<0.001 ),

242 KB4 3T/ 32 A B = B0 = A9 &
B R Ty 22 A R AR T, 4 08407 R [ BRI
By B A PR X B 7 B TG d S (4 0%
M. F=184, df=3, P=0.146; iRy, F=
0.63, df=3, P=0.643), WAk H A X
BRI A R E R (F=16.64, df=3, P
<0.001 ), ZbFH 96 h HALME™ PR HEAK W EH LT HE
AEFR ., 8 °CALEE 48 h, IR T Ab & & B Boos Sl
FEON A TR E (F =125, df=3, P=
0.297 ); AL 24 h FIALFE 48 h, KIRFTALEF W
BN HE = O A R AR R E S (24 h: F o=
4.07, df=3, P=0.893; 96h: F=7.77, df=3,
P<0.001); 4 8 CALFH 96 h LAME ™ B HHHY ik

FART R 4y 8 °CALFE 96 h,
3 itig

RACH R, HAERKERZENRE . 8
JE R S RS SR AR W BB R R B R4, TR X
HUAA B i RIS B9 520 ( Flores-Mejia et al.,
2014), TERAVIER KB REER N, L5
R EEREARES , &8 PR 2 S, TR e )
SFR R T 4% (Bale er al., 2002).
WFFERI, TE 15-35 CHYA [R) R BEAL B b 51
e, HOARB AR EME2ES, HBERE R
fRHEACR IR (farFi M55, 2019 ), ) R =zt
' Ophraella communa 2258 WKIRAL PR H 2
KRB AABUE (BHAE, 2011); 2K
8, WA Galeruca daurica 1 W51 2 #34h
W R DI DL e 4y Sk & D B A 1Y
B (A, 2015),

RSB RAERKET, mHES®
TR SN R e Y il A B € (7 TN N O
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SEREW, /NER 4 WAz 8 CCARIR A b
W5, IR Z AR AN B A5 5 i/
R I IR A AL R S, S R ORI R
AR AL BEAH R A A, S 2 IR A PR AG PI AL
R T 4 YRR PR (B 1),
XHETA (BEE B, 2021 ) A &R R S
Bactrocera tau ML, WHLL R A TS R 2
Z BRI i 1 25 R — 2. Wi B 5 (2015)
INER R AR OB T 4 CCARIEIT R 5-25 d A
2 PRI 82.5%F% ZE 24.8%; 4 °CHI 6 °Cht
P70 d J5 /N R AR T, O 1 A
FEEN AT 16 °CHu i A ( HRIEI AR
L, 2004 ),

B RAMRAIE , AFKE BT R AU
Pt EfE 225 AFE BB A st 4
it 0 CAbHE 2d )5, 1R 2 W4 AR IBET- %
WE T 3 WA AR AL A (Z253E5E, 2015 ),
TLEARAE (2001) BT - 10, -5, 0 Ff1 5 °CIH
IR )5 B A Spodoptera exigua ANIF)
KA BB R e T, 45 R R WmHITIERRE 1 i
55 S 58 1) U A B> B A >4y ORI, 53 A BFE 3R
B, NSRS AT, R A FE M A
IS 4l LAY i 9E e 2 ( Saito et al., 1998; Gu,
2009 ), fH# I 5E /NS MO 6] B B Be i i v
HIi 2R, I FE MR, R A LR B
(BESTHISF, 20105 HZESF, 2018 ), AW
R, 4 140 2RI B A 35 19 P Ak 236 b
EE T, X255 (2018 ) JAEN AN
S5 (2010) MRFSEEE SRAFAE—E 255, #HED AT fig
G R P A A BN 25 S A e L AT
U, 4 g U Zead 8 CREMMIRIRAL P 1Y
HEERKFTRE, H5WMHEL, 482 RE=
% ol N /=R [T eSO = (A (i1 w1 STER O A N 219
R E . I, 4 B4 AR S 1)
[y,

e ity i SRR L U A7 R T, ELB R 5 4
FEMEGE I, X ARSI ( Zhang
etal., 2015), Hk#FIE Conogethes punctiferalis
TEAL PR E A 19-23 °CF, Wil Ay 2 8 2K
Hya#, 15 27-31 CHNZ#Aq %L, 23 °CHf 7

T Kl 11.68 d (FEHERNAE, 2012 ); 2252 19 °C
{RIEACHE T BRI\ Nilaparvata lugens .,
A 0 A B ORI A T 34 °CRsf 1) i 8 35 S K
(OPRIPEE, 2014 ), MIABTTEH, 4 B4
Ui DA B il A B B AR AL B, /NS gkl A A
I 4 Bl A P E] HE T SEE K, o4l LT 3 AT
REH M E R G —REIEEOUIRE 5 5%
FT, BUR A r 5ba A DG, AR m AR
RS B A T, ERKERE, 5
BOHAE Ly BB BB AT AN 55 22 (R RE I, 2E 1T 52 M)
B ) A 5 e PR A B A R XA LA
A3 B DX, AT 5 Y 5 ) R X6 A B
IR, X Bl A AR IR AL B2 1T 5, BEAE A 2P
gl BT B R e T 2 T AL, I AR AL
PRINAC a5 , X A5 R 5t LEE K ( Nylin
and Gotthard, 1998 ; Marshall and Sinclair, 2015 )
TERZHE R LT B, LUHVE AT
AIRNE G BB, IR A SRR, /NI FE Al
77 e 55 2 5 o R 2l H < 4 e <d AR 0
T FERE T B 2 & T HA A B R B (Gu, 2009;
B, 2018 ). (HAEAHSE b ulg Ao i) T FE 4 fnb
EE TURIR 4 4 ], AR IR AL FE A AN [F)
BrBL, BREFZACIRALEE 96 h 24, M7
A E A R (R TR A P> B I IR AL B> 4 340
HUIRIRAL B, [R]R, S A AR IR A B T A7 1% S8
PSS, X A g ik ie e R A 2= 5 A
Ko A FIELEE T U 2R AL S ZE AH L, 4y HUER
B, AR AR b, I R AR
YFZIR , 3 AT RGBS 1A [l I A B T i 22
TR AL S B PR A REAR AT R IR 8 °C
B FE BRI AL B , M d R TR, (HEd
AR B b, PRI A 3 R 7 SR S (B R
4, 2021), # REL (H= 745, 2010 ), G804
gk Lithocolletis ringoniella ( & H IS5, 2013 ) L)
KRB AN M Acleris fimbriana ( X K5,
2019 ) J& A MERL A A TR R s Fh DL DL
2 (2013) 7£ 10 °CHI 15 °CFALEEPIMLIS 2-3d
A IR, b s A T M Fed, (H 22
SIFARR R WA ATEE L RS /N S 5P 7R
15 CHLFRT, HERLH Fvr K THERUE (AR
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PR, 2014 ), HARZARIE AL BE e Bl 5 oy
ATHIE 0 B o 3K ] BB WP AS B 1 A P 2 S
PEAOG, WAEARNIES . SR I TEE, R
YIS &

B HRAR ™ B B R DR HA AT DA () 2 S e %o
. AR B R GE A R o 38 2 X R A 7 O i )
AR, AT LA RCHE TR A K 3 22 Torres-Vila
et al., 2002 ), [RIEF, 7= BRRTHIAK R AT g2y
M) g R H 4G, P H R s O B
A AP S T A B RE R AR [ RE , PR U T
WK | B 2 A A7 FNIB Sh AR B AR A9 5N
RE L AHXT G 2, 25 19 4 o A 8l 2 0
N5 RS 77 B e DA S B ) oo T . K224
B A4 g 7 B R B 44 25 B A IR R Y
T e B A AR S22 B 4 o A P R A, 1
I Loxostege sticticalis( B 4L FIZEYE1H, 1993 ),
NP Liriomyza sativae ( £ &5, 2000 )
PR BbiE R (FEHI RN, 2012) &5, {HlLh %L
B A B ™ B AR B I IR R R
KZ, . FE ARSI IR AL B o b
b 2 ool T R R ae , HL 7 ORI S ) 3 9 A
(HEEES, 2021 ), AT H BT R
T/NER 4 %) HULL BRZE AL BREH ) 7 BN
$9, HE B AP 7L 255 XoF I gt 7= B I B A R
Wi, 2% B 4 I 4 A B 7 IR A DR 34
T M 2 R R 2 R ) A T A B, [T
Aab B ) 42E 4 0565 7= BRI 0 7 B 3 52 e K
(22 2), PR Ifin e 300 A ARG TR M 20 2 552 i HEE
HAOPELR T, SEI R O AR = I, B
XABORAEAE—E W S 4

AW A ) S IR B IR B DA G, TR T
EOCE IR S R AR YRR R BT (R,
2019; XIZHR, 2020 ), IR F1F T R#E CEl
O H = B AT L A TR 58% (A fk
S5, 2014), /NI B ) 5 iR 2 I
AHOCHE , BV o o sl S AR A 25 R e /NS i 25
ShfiE S ((HEEEZ, 1995 ), Ml H%% (2015)
BN MR R R T 4 CCARIRIY K 5-25 d
A& FREIHEE N 5 d 1Y 64.9 MUMER] 20 d FREN
0 Fo/fE . Fr A ((HEEESE, 19955 BRAEHFIXIH

A, 20045 MIEEHEAE, 2015) WF9E kS8R E
TR A TRLEE Foir 3t , 7 AR 5% SR FH 0 2 A S I IR Ak
B, OBCSEE A — B S IR R R
A FERE T 25 5 05 e DA RE B 1 A BE EA T 40T, R
4 B HUFE T T AR s IR IR A, 2l fE
fic, B RH e s B 2 aE &%
FAEMII4E% (Papaj, 2000 ), A[EIYRAE HXF
AR T R ) SRE WS AN [) ol R i SR 1 2 11 B
SITEARIEAC G Z Bk KR 43 g it TR e 08
HOFOPIREECE: , A SRR U FE PR R I Y R S 7
JE IR IR 2 S5 A T R AT

AisR T, 8 CHM IR S —EFEE L
REAR/INE IR P Ak %8, JE4 B i | 7 BRI
WA= 0P, AR = B AN [, X
SIRAR & B B B T IR AN B, 4 %4l B 2%
T A B 1 P Ak s T A AR AL B A2 A TR
TR SRR R E S T 8 °C, /D
SRk SR AE A RN B A7 3 — e REFE AR, {H R
SRS 50 U A AT B, wT LAAE M P IR s
%, HZIBEZR . MNE LRESET, &~
) 4 & B B J B ARG T /0 25 0 A= B A= Ak g S R
PRI 2 5 BB RS IS R — 2T
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