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Table 1. LTso and LTos values (days) of 4 °C estimated for eggs of Ephestia kuehniella pre-exposed to

ultrasonic waves

Eggs pre-exposure

time (day) LTso (95% CL) LTss (95% CL) az+SE b+ SE ¥ (df) HF*

1 10.81 (8.46-13.64)a  15.64 (13.84-17.23)a  3.36+0.18  137+011 12.54(19) 0.349
2 958 (7.71-12.37)ab  14.41(12.11-1656)ab  2.87+0.15  1.75+025 13.92(19) 0.461
3 6.67 (5.67-8.11) b 10.73 (8.84-12.54) b 479+017  2.09+0.18 8.76(14)  0.129
4 6.22 (5.12-7.64) b 1013 (8.95-11.37)b  536+021 142065 9.49(14)  0.309

In each LT column, different letters indicate significant differences based on lethal dose ratios.

* Heterogeneity factor.

1. Lethal time ratios (LTRS)

A



AS

VE Y Oltens ) (Foyla (PO o (55,58 cale dons) o 50lS

ool Bl 35T (G143l j ko & gl ol O i (819 083397 9 wombw 4253 £ (Skd (393) LTos g LTs0 palio -Y Jous

w90l Zlgel b ol losi iy Jf Ly SYSY 5
Table 2. LTso and LTos values (days) of 4 °C estimated for adults of Ephestia kuehniella emerged from 1st
instar larvae pre-exposed to ultrasonic waves

1st instar larvae
pre-exposure

time (day) LTs0 (95% CL) LTos (95% CL) a+SE b + SE 12 (df) HF*
Male
1 15.73 (12.43-17.85)a  44.42 (41.87-47.68)a 3.14+0.032 2.25+0.53 37.29(48) 0.232
2 14.67 (12.75-17.38) a  43.91 (40.26-46.67)a 3.82+0.084 1.67+0.67 51.12(48) 0.615
3 16.19 (13.24-18.79)a  45.72 (41.48-48.43)a 3.36+0.092 2.29+095 61.55(49) 0.584
4 15.64 (12.96-17.64)a  44.64 (60.36-47.67)a 3.41+0.081 1.67+0.81 46.54(48) 0.341
Female
1 11.65(9.41-13028) a  39.36 (36.14-41.25)a 3.75+0.094 1.96+0.83 41.31(44) 0.219
2 11.32 (8.88-13.81) a 38.65(35.35-42.81)a 3.78+0.064 2.53+0.42  48.17(43) 0.357
3 12.67 (9.67-18.58) a 39.29 (35.24-42.95)a 2.87+0.037 1.28+0.77 54.11(44) 0.610
4 12.35(10.31-15.52)a  39.71 (37.52-45.81)a 3.67+0.063 1.42+0.68 42.66 (44) 0.248
Total
1 13.81(10.97-16.37)a 42,57 (38.97-45.12)a 3.34+0.037 155+0.84 76.91(48) 0.549
2 13.71 (9.95-15.69) a 41.43 (38.84-45.78)a 2.97+0.071 1.83+0.66 85.67(48) 0.628
3 14.49 (11.83-17.46)a 4251 (39.81-46.40)a 3.55+0.074 1.46+059 9594 (49) 0.668
4 1352 (11.94-16.11)a 41.18(38.43-45.77)a 3.86+0.094 1.61+0.57 85.63(48) 0.637

In each LT column, similar letters indicate non-significant differences based on lethal dose ratios.
* Heterogeneity factor.
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Table 3. LTso and LTos values (days) of 4 °C estimated for adults of Ephestia kuehniella emerged from 5th

instars pre-exposed to ultrasonic waves

5th instar larvae
pre-exposure

time (day) LTs0 (95% CL) LTos (95% CL) a+SE b + SE v (df) HF*
Male
2 15.24 (12.27-17.97)a  42.33(38.94-46.41)a 3.43+0.054 238+0.33 41.76(48) 0.239
4 14.13(11.88-17.52)a  44.84(41.49-47.31)a 3.57+0.084 195+0.21 49.12(49) 0.328
6 15.64 (12.31-18.01) a  45.66 (41.97-48.66)a 3.44+0.046 2.17+0.34 47.94(48) 0.246
Female
2 12.10(10.08-14.44)a  40.74 (37.94-43.61)a 2.97+0.087 1.37+0.08 38.94 (45) 0.239
4 12.71 (9.14-14.78) a 39.16 (36.14-43.61)a 3.76+0.038 1.46+0.29 52.17(44) 0.467
6 11.84 (8.74-15.11) a 40.48 (37.55-44.76)a  3.84+0.094 1.67+0.76 40.67 (46) 0.381
Total
2 13.81 (10.22-15.74)a  41.67 (38.12-45.67)a 3.43+0.037 1.82+0.34 78.21(48) 0.582
4 14.01 (11.59-17.37)a  42.37 (39.2-45.38) a 299+0.074 154+0.11 95.45(49) 0.439
6 13.43(10.83-16.64) a  43.25(39.67-46.55)a 2.89+0.039 2.67+0.73 88.19(48) 0.562

In each LT column, similar letters indicate non-significant differences based on lethal dose ratios.
* Heterogeneity factor.

osbe 9 5 J.alf Ol i 6l LTso polie s S0

;,.;J.':'Aao.l.& U’AJCL}A‘)});UY LsL“°j:"":‘)‘ Jaél>

b33 48 54 55, VY/YASVV/FA 5 VO/FA-VW/OY 55

S a..l.ﬁ:u.a.ac\jn‘ BYBYA Lg\.&aj_:.i& J'\ J.,;‘;— slaesle

S9) Dgold Zigel b o pad sl I

ool Gld y3 oud 2 L5 Ol o> Ol

Q‘J,&'a-QW&)JL&@W@Jc‘f\)j)Ac@béJo
s 4 53 F (Glos 5 ae j30dbesls Hl 5y b LIS



635 O 36 5 Sl 3 lsal b a)T sl e o i o lis 55 Jorl oo sla g 10D S 5 (L5

P N PN ISNSRE L L A L
(0 Jgde) sl [ialS 59, A7 5V /A-0
ol Sk § Dgol S =lgol ouuls” p ) Ol I
S S sl o 3 i3S A sel ST
ouw b

o sseske s i S Sl i mils 3 0le; e I
s & 2 la gme WOT Ses Job (55 omly sled
o S o1 Ol 5 Aals jled glaesls 03 8 Lo L Laesls
Fi651=64.4915; ) ; Jo5" Ol i jee Jsb Lgh@f;\:ﬁ
Ol (Fi5:=28.5843; P<0.001) o3l 5 (P<0.001
s G i ¥ ol G S 5 s 6ol e
ol 31 2 BB O3 el slos 8 me 55 JoS D 2o
JoS D i e dsb s gae Al Lsldlagsd A3 23
Jl.s@mgjw\)gralf{uj”ﬂb\:\‘.a)bm.su}j

(# Jgue) dils

polae o JS b a3l 2alS 55, VIYA 5/Y0 55 4
5P Y Glae s 5l fols a8 Ol i 6l s LTso
Ol i 5345735 535 VF/ Y BAY/AY 53 okl a5l sl
33 4 oki aszleel 35 A (lao i I Juols LIS
(F o) S als” 59, A/YO
Tlgel b 2liggdi ol Jlgie slosi iy 1
33 oud Al foll Ol i DL (59 Wgeol
orl sl

TP et o ledg gt Calises ol e Jlgze 0513 51 3
Ul 69y Dol sl Some 05 5ay B YT
Fosles Lo me 53 o osls 45 5 als fulS Ol i
Sy LTso pslas . Csls (655 sms 550w gd a5
5o V9P A F Gl ol el 5 5 S Ol i
550 W= 5 VPVF s oleis st Jol e a3l
lissis ol 3l ol laosle 5 a3 &S Wisy

oud Bl 35T (Sl g 6 pod ol O i (S 0iid 39T 9 o 450 & (Lo (395) LTos 9 LTs0 polio —¢ Jouar

gl lgel b ond slod i S0 pdd i

Table 4. LTso and LTos values (days) of 4 °C estimated for adults of Ephestia kuehniella emerged from
pupae pre-exposed to ultrasonic waves

Pupae pre-
exposure
time (day) LTso0 (95% CL) LTos (95% CL) a+SE b+ SE ¥ (df) HF*
Male
2 14.67 (11.64-16.29)a  42.94 (38.97-46.12)a 3.24+0.056 2.66+0.13  67.42(48) 0.584
4 13.53(10.94-16.21)a  44.13 (40.36-47.28)a 2.83+0.076 2.34+0.18 71.01(49) 0.574
6 15.49 (12.77-18.53)a  42.35(39.49-45.88)a 3.69+0.094 1.55+0.14 53.46(49) 0.441
8 9.25 (6.10-11.76) b 33.29(29.19-37.44)b  5.71+0.066 1.97+0.45  49.94(38) 0.349
Female
2 12.21 (9.75-14.88) a 37.92 (33.89-41.06)a 3.23+0.094 124+0.75 50.41(42) 0.515
4 11.97 (9.37-14.13) a 39.82(35.60-42.15)a  3.21+0.033 1.12+0.32 61.12(43) 0.497
6 11.68 (8.64-14.17) a 40.01 (36.46-44.05)a 294+0.049 163+0.68 55.19(44) 0.663
8 7.28 (4.46-10.63) b 30.26 (26.21-34.70) b 5.95+0.058 1.74+0.42 53.38(34) 0.571
Total
2 12.91 (10.11-14.84)a  40.35(37.37-44.46)a 3.89+0.094 128+0.88 63.27 (48) 0565
4 13.20 (10.32-16.61)a  41.84 (37.96-44.61)a 2.89+0.081 2.43+0.20 72.74(49) 0.694
6 14.02 (11.51-17.76) a  41.28(38.99-45.32)a  3.67+0.037 1.35+0.33 84.16(49) 0.694
8 8.25(5.49-11.11) b 31.55(31.68-39.74)b 476 £0.064 1.27+0.29  49.33(38) 0.491

In each LT column, different letters indicate significant differences based on lethal dose ratios.
* Heterogeneity factor.
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Table 5. LTso and LTos values (days) of 4 °C estimated for adults of Ephestia kuehniella emerged from
developmental stages continuously pre-exposed to ultrasonic waves

Continuously
pre-exposure

time (day)* LTso (95% CL) LTos (95% CL) a+SE b + SE ¥ (df) HF**
Male
4 15.23(12.28-18.12) a  43.66 (39.34-46.51) a 3.46 £ 0.044 250+0.58 64.54(48) 0.584
9 14.61 (11.78-17.85)a  43.97 (40.36-47.18) a 3.27 £0.074 1.68+0.67 86.58(47) 0.685
14 14.11 (10.88-17.94)a  40.79 (37.01-45.21) a 3.19 +0.067 1.72+0.65 75.20(45) 0.615
19 15.66 (12.29-19.06) a  42.64 (38.33-45.56) a 3.34 £0.084 1.18+0.78 81.13(45) 0.579
24 10.38 (7.17-13.20) b 35.21 (31.45-38.34) b 4.25+0.115 2.07+0.38 8.63(40) 0.049
33 9.74 (7.48-12.67) b 33.11 (30.07-37.21) b 4.67 +0.165 211+0.79 51.64(37) 0.419
40 7.67 (5.11-10.33) b 30.67 (26.88-33.55) b 5.64 +0.243 1.86+0.15 44.31(35) 0.349
Female
4 12.35(10.02-15.21)a  39.67 (35.84-43.22) a 3.42 £0.067 221+0.23 66.33(42) 0.654
9 13.61 (10.30-16.45)a  38.34 (35.21-42.16) a 3.51 £0.081 197 +0.14 61.29(42) 0.592
14 11.24 (8.75-13.82) a 41.11 (37.56-45.74) a 2.67 £0.055 1.46+0.57 70.19 (45) 0.581
19 9.25(7.13-13.41) ab 36.33 (32.28-39.94) ab 3.99 £0.112 1.58+0.30 48.17 (40) 0.419
24 7.73 (5.31-9.22) b 33.17 (29.15-36.67) b 4.88 £0.201 1.71+0.22 68.25(39) 0.528
33 7.46 (4.87-9.91) b 28.33 (25.03-31.69) b 5.35+£0.198 1.28+0.15 42.19(32) 0.339
40 6.34 (4.11-8.05) b 27.61 (23.75-31.19) b 6.14 £ 0.246 1.69+0.09 38.64(31) 0.273
Total
4 1453 (11.35-17.71)a  43.12 (39.61-45.21) a 3.61 +£0.058 158+0.42 74.31(48) 0.566
9 13.84(10.23-17.67)a  42.26 (39.19-45.67) a 3.63 £0.092 264+035 90.11(47) 0.684
14 13.20 (11.79-17.79)a  40.78 (36.55-44.31) a 3.24 +0.068 2.33+0.16 68.25(45) 0.546
19 12.31 (9.61-15.53) a 40.04 (35.76-44.41) a 4.46 £0.078 1.88+0.28 64.88(45) 0.559
24 8.56 (5.92-11.34) b 33.13(26.81-34.16) b 5.21 £0.162 1.65+0.40 53.48(40) 0.446
33 7.69 (5.22-10.11) b 30.72 (26.81-34.16) b 4.79+0.137 151+0.28 41.69(37) 0.381
40 6.81 (4.35-9.03) b 28.54 (25.33-32.08) b 6.67 + 0.264 1.76 £0.33 4522 (35) 0.409

In each LT column, different letters indicate significant differences based on lethal dose ratios.

*Numbers indicate continuous pre-exposure of developmental stages to ultrasonic waves as follows. 4: pre-exposure of eggs;
9: eggs and 1%t instar larvae; 14: eggs to 2" instar larvae; 19: eggs to 3™ instar larvae; 24: eggs to 4™ instar larvae; 33: eggs to
5t instar larvae; 40: eggs, five larval instars, and pupae.
** Heterogeneity factor.



635 O 36 5 Sl 3 lsal b a)T sl e o i o lis 55 Jorl oo sla g 10D S 5 (L5

GM)M‘J»VCJ‘p)GG)Télﬁiﬂu\aexw’hgglhﬁ:ﬁd@ﬁM}égs;gTé‘jcﬁJsb(iSE)aﬁ@M%—T Jou=>

Ogol P zlgal o o 50 4bld 51 S Slapsei 3l oud Bl § womdw 4358 ¢ Sk
Table 6. Mean (£+SE) of longevity, fecundity and egg hatchability in adult Ephestia kuehniella exposed to
4 °C temperature and emerged from eggs pre-exposed to ultrasonic waves

Eggs Adult longevity (da
pre-exposure A(tjiL:TI]t; (e\;(\?e c;sku)re gevity (day) Fecundity Egg hatchibility
time (day) Male Female (egg/female) (%)
Control - 931+1.72a 843+112a 34768 £24.49a 89.61+10.35a
1 1 867+122a 784+125a 268.63 £ 21.58 b 92.74+15.12 a
2 712+171a 635%+1.21a 19541 +17.43¢ 84.42+12.49a
3 4.67+052b 351+0.64b 138.75+18.84d 61.44+£9.38b
4 243+031c 2.28+0.36C 85.37+1251e 5474 +£8.61b
1 787+11la 8.06+1.78a 289.67 £ 20.44 b 90.43+13.24a
2 2 81l+165a 7.27+147a 202.61 £19.97¢c 78.67 £8.56 a
3 448+028b 413+0.68b 124.51 £ 15.67 d 58.94£9.02 b
4 267+014c 233+0.25¢c 96.22 + 13.46 ¢ 64.11+6.79b
1 851+154a 794+165a 302.25+2341b 88.66 +10.52 a
3 2 835+143a 751+134a 187.41+20.94 ¢ 93.62+11.38a
3 412+066b 3.38+051b 14275+ 16.75d 53.29+751b
4 264+026c 224+0.20c 7437+11.67¢ 55.43+6.27b
4 1 9.03+168a 8.49t+144a 274.76 £ 1852 b 80.73+9.49a
2 855+1.39a 9.09+1.24a 213.41+1435¢c 90.97+10.84 a
3 412+054b 3.85+0.19b 129.75 £12.38 d 66.06 £9.22 b
4 235+023¢c 233+0.24c 90.37+11.55¢ 49.48 £8.63b
Egg pre-exposure to ultrasonic waves F3,48=0.3497 F3,48=0.2194 F348=0.2067 F348=1.0546
P=0.2146 P=0.3419 P=0.4167 P=0.0864
Adult exposure to low temperature F348=35.4351  F348=26.4381 F348=18.5614 F3,48=19.4197
P<0.001 P<0.001 P<0.001 P<0.001
Egg pre-exposure x Adult exposure Fo,48=1.2846 F9,48=0.3812 Fo48=0.2894 Fo,48=0.6897
P=0.1861 P=0.2419 P=0.3679 P=0.1893

In each column, mean values followed by different letters are significantly different (Tukey-HSD; 0=0.05).

O Mt 4SS 9, PO LY sy esle y 5 elS
AV Jsd) 50 s imn 55 o b e 53
sles (o 2 53 JolS Ol i iy 3 0l Sde
o smn ol alls LolS" i (6557515 (655 S5 gme ol
dals ey (slaesls 05 S Llod b baesls il s 4 5 5
S5 ozl el 53 (6557515 (Sla o Sile o o 315 0L 35
F1651=28.6419; ) c.ils 39 Jls fme OOl s
P ) Sdea = oS Ol i mils 41 3.(P<0.001
S R A Sl el B Oa ol sles o e
|,ugT@}BU‘le}C\,Afﬂ,gd}\wéu}ﬂ
Sl s psb s dald 4 o Ot Lo Olaj ke 2 5
Y Dot oS Dl i psbe e &S (6 5b 4 sls alS
ST A ol 4 5 4 (531305 LialS Cel wan B oY

(Vdjb)MMLZMJJYV)?\

Py 9 J3l w SgsY (AIEIgel S
o 5 Jols” Ol i
Jsl e slass¥ aplsel 5586 Sl b
A elssnn b ot plb LS Ol i pee Jsb )
sls o me 53 Jol8 Ol e opdls G5 0l Dde
ssrn i 55 5586 53 cpl blims S ol gme ol
Sles sbaosls 038 Blod b baesls uil,ly 4 5o 23
Ol i e b sla  Sile o 457 315 Ol 55 dala
sl 5 (F1551=50.2549; P<0.001) ; L&
Solssme Ml (Fie51=31.0684; P<0.001)
3y50 00 ea] s 4l diles il g
B8 Sl i xils 515 wia B Y lags aspl el
A3 27158 5 S A SE Oa ol Gles (2 e )0

Sl i ee Jsb ls gae j2alS Eel (gl o slas,Y

qy



ay VE Y Oltens ) (Foyla (PO o (55,58 cale dons) o 50lS

GM)M‘J&VQ‘}:’)Ga)T&'&‘ﬂMwa@hr@‘@ﬁM}\}js}s‘ré'}‘)&GJ’b(ﬂ:SE)Cﬁﬂlﬁ&Mu&—vdjk

Ogolyd zlgal o %0 30 4bld 51,8 ol cpw (SGHY 3l 0ud AL g gmed 438 ¢ S b
Table 7. Mean (£+SE) of longevity, fecundity and egg hatchability in adult Ephestia kuehniella exposed to
4 °C temperature and emerged from 1st instars pre-exposed to ultrasonic waves

Ist instar larvae . i Egg
pre-exposure Adults exposkure time Adult longevity (day) Fecundity hatchability
time (day) (Week) Male Female (egg/female) (%)
Control - 10.13+1.75a 8.68+145a 325.94+2098a 8457+9.94a
1 1 766+145a 7.64+116a 276.22+19.16b 88.16+10.47 a
2 931+137a 882+146a 21364+1809c 90.34+857a
3 397+0.64b 3.98+060b 12848+1297d 5521+7.39b
4 251+030c 248+0.20c 88.33+11.84¢ 62.14+7.64b
2 1 923+146a 8.67+128a 264.46+17.43b 87.52+11.49a
2 872+117a 9.11+139a 210.87+1561c 8571+9.64a
3 453+067b 322+033b 130.82+16.11d 61.17+830b
4 215+031c 2.08+0.44c 90.55+8.37¢ 54.68+7.43b
3 1 822+1.05a 7.80+176a 268.71+20.63b 91.25+12.34a
2 951+147a 9.02+156a 201.28+1564c 90.11+10.75a
3 444 +046b 379+0.74b 128.87+1234d 65.31+9.71b
4 217+031c 220+054c 80.51+9.37e 54.49+7.33b
4 1 935+14l1a 883+175a 270.60+17.73b 86.16+10.81a
2 767+111a 725+149a 19848+16.37c 87.38+9.67a
3 467+049b 431+0.79b  139.91+8.33d 60.44+7.75b
4 234+030c 221+0.70c 95.11+9.22¢ 56.49+8.19b
1st instars pre-exposure to ultrasonic waves F3,48=0.2167 F348=0.7462 F348=0.2012 F3,48=0.8194
P=0.4811 P=0.1863 P=0.5116 P=0.1649
Adult exposure to low temperature F3,48=46.8627  F348=25.5942 F348=33.5716 F348=52.2941
P<0.001 P<0.001 P<0.001 P<0.001
1st instars pre-exposure x Adult exposure Fo,48=1.6819 Fo,48=1.0812 Fo48=1.0163 Fo.48=0.3918
P=0.0894 P=0.0764 P=0.0781 P=0.4972

In each column, mean values followed by different letters are significantly different (Tukey-HSD; 0=0.05).
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Table 8. Mean (+SE) of longevity, fecundity and egg hatchability in adult Ephestia kuehniella exposed to
4 °C temperature and emerged from Sth instars pre-exposed to ultrasonic waves

5th instar larvae ; Adult longevi Egg
pre-exposure Adults f\)/i/i%il;re time dult longevity (day) Fecundity hatchibility
time (day) Male Female (egg/female) (%)
Control - 9.24+132a 849+167a 350.24+226la 87.29+10.31la
2 1 8.34+1.12a 825+126a 291.44+2064b 84.74+8.38a
2 8.84+1.79a 7.67+184a 21584+2132c 85.38%9.64a
3 425+0.74b 413+046b 136.72+1842d 51.64+6.79b
4 2.12+0.28b 232+0.14b 98.58 +12.62 ¢ 59.58 +7.67b
4 1 789+111a 9.15+125a 301.84+1864b 90.42+8.76a
2 932+1.22a 911+144a 22876+16.34c 87.58+10.90a
3 344+0.28b 3.66+048b 15041+17.69d 58.67+9.11b
4 245+0.27b 2.48+0.23b 10566+10.33e 61.13+853b
6 1 887+1.15a 9.15+125a 277.76+19.64b 88.34+9.83a
2 9.18+1.33a 9.11+144a 22043+16.90c 91.20+8.57a
3 408+051b 366+048b 13576+12.62d 56.75+841b
4 2.88+0.26 ¢ 248 £0.23¢ 88.86 +10.17 e 58.15+9.69b
8 1 442+064b 401+067b 231.32+18.73c 87.79+10.66 a
2 428+056b 375+035b 13566+16.37d 92.33+1192a
3 1.77+0.21d 1.15+0.23d 102.22+1478e 60.12+9.82b
4 1.18+0.24d 1.30+0.19d 52.29 +10.94 f 60.55+8.67b
5th instars pre-exposure to ultrasonic waves  Fz45=1.8528 F3,48=1.6858 F348=1.6974 F3,48=0.4681
P=0.0245 P=0.0274 P=0.0226 P=0.3374
Adult exposure to low temperature F348=61.5773  F348=39.5942 F3,48=43.5084 F3,48=31.9271
P<0.001 P<0.001 P<0.001 P<0.001
5th instars pre-exposure x Adult exposure Fo,48=0.7238 Fo,48=1.0295 Fo,48=0.2167 Fo,48=0.3167
P=0.2842 P=0.0843 P=0.3846 P=0.5167

In each column, mean values followed by different letters are significantly different (Tukey-HSD; a=0.05).
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Table 9. Mean (+SE) of longevity, fecundity and egg hatchability in adult Ephestia kuehniella exposed to
4 °C temperature and emerged from pupae pre-exposed to ultrasonic waves

Pupae i
Pr_e-exgosu re A?il#tj f\)/(\z c;sku)re I\élillje:t Iongewty:::;e Fecundity Egg hatchibility
time (day) (egg/female) (%)
Control - 10.35+1.64a 8.8l+167a 334.68 £ 25.68 a 85.67 +11.28 a
2 1 864.+194a 864+140a 281.37 £23.18b 83.48+9.19a
2 925+134a 9.08+1.68a 208.49 £19.76 ¢ 90.67 +10.64 a
3 488+069b 6.64+0.89b 118.67 +16.97d 57.23+7.81b
4 217+033c 2.28%0.27c 8241+11.17e 55.45+8.64b
4 1 877+149a 7.88x+1.26a 29457 £22.75b 88.58 +£10.11a
2 937+166a 899+1.47a 215.61 £17.72¢ 89.46 £8.26 a
3 3.79+055b 3.89+0.31b 125.33 +15.60d 53.17+9.64b
4 231+059¢c 241+040c 88.33+£10.28 ¢ 54,62 £8.73 b
6 1 3.85+0.24b 451+0.87b 210.54 £20.63 ¢ 90.83£10.43 a
2 412+043b 4.12+0.73b 121.55+13.89d 85.75+9.64a
3 225+0.16¢c 2.15+0.50c 76.64 +10.47 60.50+8.41b
4 1.30+0.12d 1.26 +0.28d 4356 +8.55f 5950+ 7.38b
8 1 3.96+047b 4.36+0.88b 220.16 £19.84c 91.08+11.29a
2 435+055b 4.24+064b 125.66 + 14.44d 86.68 £10.88 a
3 1.21+0.16d 1.30+£0.19d 85.67 +£13.48¢ 58.16 £8.60 b
4 1.32+0.18d 1.12+0.17d 4837 £8.77f 59.55+9.13 b
Pupae pre-exposure to ultrasonic waves  F348=1.9784 F3.48=2.0136 Fs48=1.3714 F3.45=0.6843
P=0.0221 P=0.0168 P=0.0423 P=0.2794
Adult exposure to low temperature F348=58.2918  F348=49.3147 F348=32.2741 F3,48=57.4092
P<0.001 P<0.001 P<0.001 P<0.001
Pupae pre-exposure x Adult exposure Fo,48=0.5384 Fo,48=1.0194 Fo,48=0.8467 F9,48=0.3315
P=0.3643 P=0.0862 P=0.0749 P=0.4925

In each column, mean values followed by different letters are significantly different (Tukey-HSD; a=0.05).
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Abstract
Background and Objectives
Ultrasonic waves are mechanical waves that can adversely affect insects' biological and
reproductive characteristics. On the other hand, low temperatures are regarded as a non-
chemical and residue-free method for controlling stored-product insects because they affect
the growth, development, population parameters, survival, reproduction, and various
physiologic aspects of insects. In this research, due to the delayed effects of low temperatures,
we examined the influence of pre-exposure of different developmental stages of the
Mediterranean flour moth, Ephestia kuehniella Zeller, to ultrasonic waves on the lethal and
sub-lethal effects of 4 °C temperature against emerged adults. The study's main goal was to
mitigate the delayed effects of low temperatures.
Materials and Methods
All experiments were conducted at the Entomological Research Laboratory within the
Department of Plant Protection at the Gorgan University of Agricultural Sciences and Natural
Resources. The insect utilized for the research was reared on wheat flour at room conditions.
Ultrasonic waves (20-60 kHz) were applied to eggs, first- and fifth instar larvae, and pupae.
In addition, the following developmental stages were continuously exposed to ultrasonic
waves: 4 days: egg pre-exposure; 9 days: eggs and first-instar larvae; 14 days: eggs to second-
instar larvae; 19 days: eggs to third-instar larvae; 24 days: eggs to fourth-instar larvae; 33
days: eggs to fifth-instar larvae; and 40 days: eggs, five larval instars, and pupae. After pre-
exposure treatments, emerged adults were exposed to 4 °C. Furthermore, LTso and LTgs values
were estimated for adults. Moreover, the sublethal effects of low temperature on male and
female longevity, the fecundity of newly-emerged adults, and the percentage of egg hatches
were investigated.
Results
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According to the results, pre-treatment of Mediterranean flour moth eggs with ultrasonic
waves for 3 and 4 days significantly reduced the LTso and LTes of the exposed eggs when
exposed to low temperature. In addition, pre-treatment of first and fifth instar larvae to
ultrasonic waves did not reduce LTs of low temperature on emerged adults, whereas pre-
treatment of pupae for eight days and consecutive pre-treatment of different developmental
stages for 24, 33, and 40 days reduced LTs of low temperature significantly against emerged
adults. In this study, although low temperature ultimately caused the death of adult insects, it
increased the adults' longevity from 8-10 days up to 28-46 days. Furthermore, no significant
effect of pre-treatment of eggs and first instar larvae with ultrasonic waves was observed on
the longevity, fecundity and percentage of egg hatch of emerged adults. Moreover, pre-
treatment of fifth instar larvae and pupae had a noticeable effect on adult longevity and
fecundity, but did not affect egg hatchability. In all cases, pre-treatment of newly emerged
adults with low temperature had a major effect on these traits. According to the findings, the
longevity of male and female adults exposed to low temperature was significantly shorter than
that of the control group following their release from these conditions. The results
demonstrated that low temperature reduced pre-treated adult insects' fecundity and egg-
hatching rate.

Discussion

The current study's findings amply demonstrated that pre-exposure of some developmental
stages (for example, larvae and pupae) of the Mediterranean flour moth could reduce LTs of
low temperatures against emerged adults while also increasing the negative effects of these
temperatures on their longevity, fecundity, and percentage egg hatch. This observation can be
used to control stored-product insect pests.
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