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Abstract: The tomato leafminer (Tuta absoluta Meyrick) (Lepidoptera) has become an important
agricultural pest in China. Understanding the effects of temperature and humidity on their
developmental period is essential for predicting their population dynamics. In this study, we used
the hermaphroditic life table method to determine the pupation rate, feathering rate and
oviposition rate of 7 absoluta at 10%, 25%, 50% and 75% relative humidity, and the development
period, generation cycle, larval survival rate, adult survival rate and egg production of single
female by each insect state of 7. absoluta at the temperatures of 15°C, 20°C, 25°C, 30°C and 35°C.
The results showed that the pupation rate and oviposition rate of 7. absoluta showed a trend of
increasing and then decreasing with the increase of humidity, and 75% relative humidity was the
optimum humidity for its development. The development period gradually shortened with the
increase of temperature under different constant temperature conditions, the longest development
period was 63.3 d at 15°C, only 23.6 d at 30°C, and the development of generations could not be
completed at 35°C. Female adults reproduced fastest and laid the highest number of eggs at 25°C,
with a single female laying 112 eggs. The net value-added rate and perimeter growth rate firstly
increased and then decreased with the increase of temperature, indicating that both high and low
temperature were not suitable for the increase of 7. absoluta population, and 25°C was the
optimum development temperature.
Key words: Tuta absoluta Meyrick; relative humidity; temperature; age-agegender life table;
growth and development; reproduction
eV Tuta absoluta Meyrick, @5 H 1 F} Gelechiidae, #¢ - B INFLE R I

(Desneux ez al., 2011) , HAI CAEAERVEE AR 110 24 5CAX R A8 F (Bion et al.,
2018; Cheneral, 2021) , HHOUTEM LK “HRIGHDRE ", X AE FIE R E K
JZiJH (Zhang et al., 2022) . 2017 4 8 HiZ B ANRICEFrsE4E L /R HIGXHFEIN, BEEES
METINRIZ R (Zhang et al., 2020) , #EHFTCAERM . D). TS T 76, #w.
VLG INARSEHAHSE R (Luetal, 2021) , A ARG R O FIANIRE (—SRAED %
RFAER) o TS E A, ACESME, BEANY AEE /5% (Tan, 2023) ,
PEIAT ARG, FATE IR AT E SR L T B, B, Je2E5E 11 B S8 FEY ERAE N
F (Lu, 2021 , HIEZ FEMMSANMER KGR =L E e E . 8 E R SR b
ARV R 2 0 P A 2 T 0 i A2 7 T W 14 3 D9 ™ EE ) 3 Uz —, X A e B 3 A R 45 2

Al HI& 50%~100% (Zhang, 2019)



WE IR B AR KR F I R ER AR E (Cao, 20200 , HxfREEmEET ST
MERE R B A K B (Lietal, 2006) , IR T-H B i) SR o7 P PR AR AN A
ARG R (Gaoetal., 2012; Lietal., 2015; Xiangetal., 2017) , {@/EEl i+ R
HUAR N K G- IE . IR PR B KK E (Chang, 2008) o WK, JHEH
Lasioderma serricorne Fabricius /& 8 [ A1 51 [y W 18 B2 14+ =0 i 46 %2 (Yang et al., 2019),
B Ik B Conopomorpha sinensis Bladley HI4h 5 iR HH “RIEH" (Lietal., 2009) ,
T RBRIR Athetis lepigone SIS . AHMHER L 7GR B R B R A iy 2 AR 1) T v R K
(Maetal., 2014) ; %35 H Adonia variegata Goez B IR T, KB VilylizHi4 i,
FEON RN, AR Aphis gossypii Glover [ £ AE 1 BB IR Z T K B3 (Kong,
2019),25°CEMk /N 0 Bt Carposina niponsis Walsingham 42 K & & 5 B0 i Fo3di BLIE E (Gao
etal., 2018) , ZL44 St WM& Chelonu spectinophorae Cushman 173 2 5 i 5 [ i FE 1) T+
R PSETHE RS, R EE I B IR S R TS T I (Cong et al., 2019) .

TG i) A i FE I B B[R B B BR T 10 B BRI T R B A E @ R S 4
(Tian et al., 2022) o ‘& RHEE THERM AR, LU RE 1ML HOR AR BAFIEE, 20K
T L R 2 S RO O R R K (U TTRR (Lieral, 20200 o SHEGLRIRBEA r RA L,
PP A AR AT B PR BRSBTS OO T R SR
TRIMEE ) (Ahnetal., 2022) o TREMERIHTA T RSN RS S 0 AR KR & 1I5Y
M, BT3RS E R AT T RVEAE dr S AL

BT FTADE I WU K8 AN [ AF I B S5 #5078 A 2 L P A 7 R R AN [
THSNBORE P 4 A s B A7 2 S O AE, i) AN IR R AR -0 s 1 2 i
2, WA IR I 5 0T 5 A0 Pk A K T R A TR, g v R TN A R ) R A e A
P76 S HE BRI AR .

1 MRERE
1.1 it iR

T v i 4y R BSR4 R EVA XA TR (E: 810347, N:43°547) i 5 KA
R AO AEY) 2 A B O REAT N AR IR S . TSR B TR AERTEER I LR
4, TEFRIEE N 25°C£1°C, AR E RH 60%~75% JeFHH L - D=16 : 8. Ak
Jl L LL 10%08 B K I, 4R35 2 )4 R

1.2 HXEEREE



WIS T AL RS B E 4 NMAHRHB AR, 7308 10%. 25%. 50%A1 75%. FT 5 45
FAESHMIFEE (1999) BB 7L, BARGRR, LB, BRERE, SIbhy, RmEniAl
HAE T TR P BT R, 1R 2 NES%. WG A AL F IR N 25°C+1°C.

13 REMZE

¥ 5/~ RTOP-400Y ZLEH A8 N T/S%A CIHNLIE Y = RAHE R A IR A D BB E A 15,
20.25.30 1 35°CRZEE£1°C)H5 MREFL L, LI L : D=16 : 8, HXHRSEN 60%+5%.
e R 389 Dy P N AR PR T ar R R I PR 11 15 B A A ) A 2
5, DLBCEE AT
1.4 AEHEHEE TEMEMHRE KL ERHMSHRONE
141 AldiZi g

G R SR PR T B A P A R 3R A o A A FR 95 U PR B M A —
gt 120 3k, 4 MEE, FES 30 kd, BTERIEES (HE 10em) 11, AL
F, BT A SR R I AN R FE 2 AR 1 TR b . AR AR, ANBE 1 R ZE S 14
Ko R 10:00 HELEE, ARIEEZ AL BB IR0 L% .

142 PHEENE

TALFE N 1.4.1 RIG R BEVLE BRI 60 Sk, 4 NEE, FEE 15 KiF, BEKMT
M bo FrdRbE, AR RIS 1 REES 14 Rib, &K B 10:00 BE RN
B, AR R P R AP B RO SRR
143 POnElE

EFERTPIA 1d B EREEL 1 1 BE AP AR 1) 50 mL &0 PR, 39178
PRHE 10%A I B KAN L E IR, KB TAHRAIRE T T80, ARCHRER B 10:00 B
SO, BB IE RS, BUES T NE
1.5 AREIRE FTEMBHEFER - RHRMEE S RNEL

BIGBOE 154 204 250 30, 35°CHL 5 MREAREE . WIS EIHIRE AT, 2=
YU N 25°CH1°C o R [7]—RAE 25°C FAEE T AL 500 AL v HHskor, 7309 5 44, A4 100
Bio ¥ 1RGN RUEEE R AT BN P2 (BAR 7 em) FEET, MARREEWERE. &
KB 10:00 WEE 1R, CFIRRAL DT AT 0. VIR gk 8 & T P2, &1k
glyHy, FHRTEE R A P AR o R S R R A I, ] S A U R B R R
M AT A4 R B, AAGEE P R, Bk Y RSB OB b R e e e, 4%
s 1 REEBI G BN 50 mL B0 &t 2SO, H 10%EE KA R E TR FRICHE™



O EE A IE SO, HR AT,

M A % — i B PR P AR A i 2 A0 SR B BR GG HE 24T 70 B (Chi et al., 1985) 5 3k
M. MEPSPERREEI R B DI 2RISR AR P A, PRI E M A A, R H
B RVRIBE A7 37 4 S AE RO BURFIE AR 3 (), BRI IR TSI x U
AR s M AR — I B IE B (f) , BIMERRHAEAE RS x PP~ 00 & FhEEAER

B BORFIEAATE R (L), BIANOAR B BIFEES x IAAE R MREER — I B IEEE S (mo
EARREAEAE RS x I P 2577 OB FOREAE IS — I BORFE BT (Lomy) 5 BIFRREAEERS x I
{ORES VT WA
1.6 BIESH

K H SPSS 26 At S rh BT A7 4 PR~ A (BRI BR R 1%, o AN [ A X 9 B i B2 T 7
TV H AR A D3 3 7 OB 4 A R L Al A B R BE AT T Z2 0 M, A Tukey’s
HSD 5T 2 7 B ALK . FIH TWOSEX-MSCHART A1 Origin 2021 4.

2 GRE5Sh
2.1 FEXEEXEAEMHAE . MR IRRIR N

TE 10%~T5%AHXT ML 26 AF R, B A T AL i 8 (32 24l AL i /5 S 9D
15%~49.16% ZARXTE LN 75% 0 HACIR R e i, 9 49.16%; FMIXIREE Y 50%I i 5 Ik
L, N 45.83%. BN T5%IF, PR ER, N 49.33%:; 50%- 25%IKZ, N 34.66%-
21.33%. £ 10%~75% XS WRSESEAF T, T AT g sl Sty BE 1% 7 O, HrPARXHREE N 75%
I £ 7 O B e v EL R 25 v TR 10% 0P R, 10%- 25%- 50%HH X8 )7 i 2
AW LREEZR GRD .

# 1 TREIEE TEEHIRIEE, IUER~HE

Table 1 Pupation rate, feathering rate and oviposition rate of Tuta absoluta under different humidity

HXHBE (%) HIEE (%) PE (%) R CRD
Relative humidity Pupation rate Feathering rate Spawn production (grains)
75 49.16+£0.83 a 49.33+4.52a 129.67 £22.60 a
50 45.83 £1.86 ab 34.66 +2.49 ab 112.00 + 46.55 ab
25 41.66 £2.82 b 21.33 £3.26 be 37.00 +8.50 ab
10 17.50 £3.06 ¢ 17.50 £3.06 ¢ 12.00 +8.50 b

s R EE I E AR R . R PR 5 A RN 987 BEERIRTE 0.05 /KF 2 57 3% . Note: Data in the table were mean +SE.



Different lowercase letters in the same column indicated significant different at 0. 05 level.
22 REMNEMEHEEMBREL B HNEE

£ 15~30°Cyi [l 4 ARV 3 RE IEH R &, AR 35°C R 7 v e il TGV Bk A B e o
FE 15~30°CYEH N, 15°CI & MR T IR, 30°CHf&H, "R, M 15°CH] 30°C,
WA IR R T, ARV R B DR A R Forh UK B DIATE 15~25°C T B iR
T E MK, 25, 30°CHM FERARE . 4h AL & JIITE 15~30°C FREIREE T+

S PR BCRHATE 15, 20°CHR M TR B IIHEZ & 25, 30°C, {H 15°CHI 20°CHY
RENWERALE, 25°CH 30°CHRIREFiERBALRE (F2) .

§
tl-

*2 TRIEE TEMWBHESMERELERNA

Table 2 Developmental duration of each stage of Tuta absoluta at different temperatures

KE P (d) Developmental duration
R BB Developmental stage

15°C 20°C 25°C 30°C 35°C
5 Egg 10.80 +0.49 a 720+£020b  4.60+£024c  420+020c  3.20+0.20d
4 Y] Larval stage 27.80+037a  17.00£045b  12.00£032¢  7.60+024d  8.60=024¢
I Pupa 1980+ 1.64a  1220+084b  7.60+055c  540+055d
B Adult 2800+ 1.52a  24.60+1.69a 12.00+032b  8.60+0.51b

T RPBUE T IEbR R . RIFEER G A F/NG 9307 B3R ARTE 0.05 KT 2 57 3% . Notes: Data in the table were mean +SE.
Different lowercase letters in the same column indicated significant different at 0.05 level.
2.3 REXEFEMIRER-MEFHEFEIE RN R

72 15°C i, BUIRIIAL R (FRIG 3 BE, N 88.5%, HABKrBUMB b (FAiE%)
TREZE T, 20°C. 25°C 30°C 35°C MAFIEF 73714 79%- 78%- 81.6%A1 79.6% (& 1-A~E);
TE 35°C4MF T, B AT MR e 78 B MR R &, 100%88 P40 kM (B 1-E) , 6
35°C K PA bl FE 2 A A FI T B i ik i AR KR B o BRINIISE, 4 HTE 20°CHATE R
N 85.5%; WHTE 30°CAFIE K&, N 43.33%. ARk ) 75 iy 2 BE 5 18 00 T k2>,
HiRJE N 15°C I, OB R G ar i K ATE 90 ds 28T, 72 30°C I, Fanfll 34 d.
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Fig.1 Age-stage characteristic survival rate of Tuta absoluta at different temperatures

VE: A, 15°C; B, 20°C; C, 25°C; D, 30°C; E, 35°C.
2.4 IREXEABIHRFR-M R HEF R R EE N

LIS MR Lv mes Sy fom FERIZALR. (D) LRIEMER G BIFER x G,
F I IRAE 15°Cy 20°C, 25°C. 30°C. 35°CIRJE4AME T L 4k B M F ke, ROAY
W2 PR TR, PSR TR, FIE TP, RIS R SN A0 A
RIET: B 2R T A BH Y, ARG L AEMRE R B K IR EOR, T 5 A A
RIFET G B T M. (2) fy FoRMEME R AMATERERS xo REWMBL] M=o, 4 Fhifl
J& 15°C. 20°C. 25°C. 30°C T 2 ik it ik O vy e I K v e H 7 BB 70 00 9. 62 d AT 7 KL
37 d R 35 K%, 32.d R 43 K, 23 d A1 26 i, R IBRFR IR EE 2 1) 249 F 0 s ek 0 B, I
IRIER I H o (3D R E I8 - W BUE AT mo A2 18 3 AV R AE A 1 x BN 10 F 37
YNE . 4 FfIELEE T 7 0 v R PR SR WA 70 0l 9 008 0.65. 3.44. 0.79, FRHTE 25°Co%
PERETEER, PRI R, N 112 8. (4) fim R 4 FRRE (15°C, 20°C. 25°C. 30°C)
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Fig.2 Age-stage characteristics, survival rate and fecundity of Tuta absoluta at different temperatures
H: A, 15°C; B, 20°C; C, 25°C; D, 30°C.
2.5 IREXNERAHEMES KA

4 FPIRFE (15°C, 20°C. 25°C. 30°C) ', F i g - 35 QR S BE A6 IR i T e i
REPR: HHEE (R SFKE (1) 18 15~25°C MR E I m 2 B KA, 30°C
B25°CIURFH AL, WEIKER () H&EBMKIIR KX 25°C, 30°C. 20°C. 15°C, H.
Wz R 8%, 4 FiRE (15°C. 20°C. 25°C. 30°C) F, M&FEThEa R TFHE skt Kk
B, (H2R AR 30°CH R R B 32 BR H. 35°C R A B L se MR A E (K 3) .



®3 TREBETEMEHEOMEEDRSY

Table 3 Population life table parameters of Tuta absoluta at different temperatures

WA (°C) B E Ry WEE KA /d e AT T/ d JABRIE R 2/ dD
Temperature Intrinsic rate of increase Intrinsic growth rate Generation average Cycle Weekly growth rate
15 0.23+0.16 ¢ —0.02+0.01d 63.30+21.482a 0.98+0.33¢
20 3.49+1.18b 0.03+0.01 ¢ 4733+1.77b 1.03+£0.01 b
25 2326+3.51a 0.10+0.01 a 30.82+0.20 ¢ 1.11+£0.01 a
30 3.05+1.05b 0.05+0.02b 23.60+0.49d 1.05+£0.02b
35

VE: RFREUE N T AR . R AEEE & AR RN FEC T RERIRAE 0.05 /K7 % 5 .3 - Notes: Data in the table were mean +SE.

Different lowercase letters in the same column indicated significant different at 0.05 level.

3 GigEie

TR ANV B B A KA BT ) s B A5 3k (Fang et al., 2013) o i FEIRIE 2 m B
BIRE . EAAAETE Sk B A s (Jack er al., 2011; Yangetal., 2017) ,
— 6 B I AE AR iR N R AN E EL IO, T HANE RS B O R A I R G AN R,
[ — P B RAEAN R R & M B iR M ELSR A[R] (Nguyen et al., 20135 Zhang et al.,
2019) o AFEFHERE 02 2R BRI R, LR IRAG . 2hdu ik & AR D RE e %
FIAHR M (Pan et al., 2014; Jiangetal., 2015) o X R HKE 5209 0] 58 K YR 1M
S, HBARIIR R 2 SRR G HE TR, SR A BRI K. g g,
TE 15~30°C (FIR BEVEFE Py, 78 05 e e AN [ B 14 5 F T B A W B2 P e T A e, 145
whH (Lieral, 2019) EA—3. MR, HREEN 35°CH, MifFEAE, R s &
R R PR EARIRN . TESCI AR, 15~30°C Iyl Vi B & 4 75 A v i ) 2%
B. BEb, ERAEKKEIEEIRBEEEN, RBESEKEH KR8 EAEA
S BRI Py B BE S Rl P S R DR R, 7E B SRR A KR B I B NI PR S Bl P O 2l 2206 =R
(Andrewartha et al., 1954; Arbab et al., 2006) . ASHF 7545 B3 W i v ik &) tR A7 5 26
MEH OB IR NAEA K I PR AR IITE 25°C I f o AH IR BE 52 ) B2 H ()
R, BRI B EE. ERKREMAERESE (Lietal, 2016) , T)E| 7 b g
Psyttaliaincisi (Silvestri) £ 35% RH B, ToiZEACHC~0N (Liang et al., 2006) . /ML H

Grapholitha molesta (Busck) B85 10 W14 I e s A SR S A0 N3 in, Wiy, Sl



Far iR, ORI T P00, (I AUEAEL (Yuetal, 2017) o Riordan 25 A (1957) LA, &
RATRe SEE N BUKAANE, SUEEAER BT I T RS, NMBEREFRE . AR5
R, BRI 15°C. 30°CH =i/, KRPMBESFEAE. Fik, KRN
Feil A 2 TR O0 B E S o AT A B 2 S M T AN R A . R RO,
L AP R BT AT AT N M RHER S 75%, T SE I AS B ROMLH 75 3t — 5 T R T
A R AR HTR T RSN R o0t B R BRI A Ky ARTE S BRI K 1 R 1) B
(Bellows et al., 1992) o WbAh, PHPEAArR EBH T 1 MARLE L0058 S AF N B I8 1 A Rh B
MAERENAS (Aysal etal., 2008) , FEFANIEH A FTED, APAREIRRE, RESE
U 2% 95 5 P i ) A7 9% 2 A RV BB T, P AR iy R S ERE M BLT 1 S SX R FEe , ARHIE 5T
JEIN 25°C /2 T i v A A KRR B I B AR IR, SRAFZ G B IR S A 7 S0 = 1R 2%
TEE M SH, MTE AR TR EIE, 75 2 1 CHIEH (Omer ef al., 1996; Infante
etal.,, 20000 o AL, TEANEIEE T AT SEI0 = A A nT 4R (A G R IR & - A0S A BB 1Y
HHEE (Wangetal., 1997) , XXl A MR FLEETATIRIERERE., B2, BE
S AtV R ) BT BRI o 7 A v oS A iR BURR, R AR R . T
SR AR ity i P E T A X R AE AR S, H IR T 39°C, i Ak E 6-8 H /D faE R
bR R ) A, I R 7= A 1) R R 5 R o v T B A DG o B 9B b Ak I DK 1%
AR, SARIE, ELZRETIAIRL, A0 AR A, I R UL 4% 1) 20 00 75 i 7 3 B % DX sl
KA, T Z X I A A s R R A T B, A A 2R 2 R b S Uy 1, B
R P 2% 9 5 e e 7 S0 AR A, R P SR B A, T T S R A 28 o 8
kA
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