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Cold storage for artificial rearing of diapause adults of multicolored
Asian lady beetle Harmonia axyridis

Li Bei Li Jiaxu Liu Wen Wang Xiaoping”
(College of Plant Science and Technology, Huazhong Agricultural University, Wuhan 430070, Hubei Province, China)

Abstract: To extend the shelf life of adults and improve the flexibility of large-scale production, the ef-
fects of temperature, photoperiod, and cold storage parameters on diapause rate, intensity, and life-
history traits of the multicolored Asian lady beetle, Harmonia axyridis were investigated. The results
showed that diapause could be induced in beetles by low temperatures and short daylight, with a dia-
pause rate exceeding 95.0% at 20 “C and 10 L: 14 D photoperiod. Temperature had minimal effect on
diapause duration; however, diapausing H. axyridis at 15 “C and 20 °C under a 10 L: 14 D photoperiod
could quickly terminate diapause when subjected to 25 “C and 14 L: 10 D, with more than 90.0% of H.
axyridis terminating diapause within 10 d. Compared to 8 °C and 12 °C, the survival rate, total egg pro-
duction, and feeding amount of H. axyridis significantly decreased at 4 °C after 30 d of cold storage.
Cold storage duration significantly affected life-history traits of female H. axyridis adults, including
feeding amount, longevity, pre-reproductive period, total egg production, and hatching rate, while it had
no significant effect on feeding amount of male adults. Lipids and sugars were identified as the main
energy-consuming substances during cold storage of H. axyridis, and survival rate was positively corre-
lated with total lipid and carbohydrate content during cold storage. In summary, in mass production, the
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optimal conditions for diapause induction in H. axyridis were found to be 20 °C, 10 L: 14 D photoperiod.

Furthermore, diapausing beetles stored at 12 °C for less than 90 d did not reduce their biological fitness.

Key words: Harmonia axyridis; artificial rearing; cold storage temperature; cold storage duration; dia-

pause; induction
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Table 1 Diapause rate of Harmonia axyridis under different temperatures and photoperiods %0
. JJE3] Photoperiod
P51 Sex i SRLE Induction temperature/°C
10L:14D 12L:12D 14L:10D
M B 15 100.0+0.0 Aa 100.0+0.0 Aa 10.0+10.0 Ba
Female adult 20 100.0+0.0 Aa 90.00.0 Ab 0.0+0.0 Bb
25 0.0+0.0 Ab 0.0+0.0 Ac 0.0+0.0 Ab
T il H 15 93.3£5.8 Aa 90.0£10.0 Aa 13.3+£5.8 Ba
Male adult 20 96.7+5.8 Aa 93.3+5.8 Aa 0.0+0.0 Bb
25 6.7+5.8 Ab 10.0+£10.0 Ab 0.0+0.0 Bb

B PRI P bR S o [T AN

Hht [FAASENG FBEFR IR 48 Duncan T 2 2266656 22 5 i & (P<

0.05), Data in the table are mean+SD. Different uppercase letters in the same row or different lowercase letters in the same column

indicate significant difference by Duncan’s new multiple range test (P<0.05).
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Table 2 Diapause termination rate of Harmonia axyridis under different diapause durations at 25 °C and 14 L:10 D photoperiod %

s 10d 20d 30d
iRy S as — — — — — —
Diapause induction condition HEE S L HE R HEE S HE R HEE P HE Rt
Female adult Male adult Female adult Male adult Female adult Male adult
MEE15 C JEHMI10L:14D 100.0£0.0a 93.3+5.8a 100.0+0.0a 100.0£0.0a 100.0£0.0a 100.0£0.0 a
Temperature 15 °C, photoperiod 10 L: 14 D
MREE20 C JEHBI10L:14D 100.0£0.0a 96.7£58a 100.0£0.0a 100.0£0.0a 100.0£0.0a 100.0+£0.0 a

Temperature 20 °C, photoperiod 10 L: 14 D

R BB e 2 o BN [R)/ING PR RS S SIS (R B VA K 25 5+ 1 35 (P<0.05) . Data are meanSD.

Different lowercase letters in the same column indicate significant difference by independent-sample ¢ test (P<0.05).
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Fig. 1 Effects of cold storage temperature on the survival rate of male and female adults (A-B), pre-reproduction period (C),

total egg production per individual (D) of Harmonia axyridis
(&1 BT R TRt 22 . AN[A)/NE 7 B3R 48 Duncan [ B AR 227540 5024 7 18 % (P<0.05) . Data are mean+SD. Dif-

ferent lowercase letters indicate significant difference by Duncan’s new multiple range test (P<0.05).
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Table 3 Effects of cold storage temperature on longevity, feeding amount and nutrient content of adult Harmonia axyridis

H W) £ FFE Biological characteristic P51 Sex 4 C 8 °C 12 C
it Longevity/d Iiff Female 42.1+4.6 b 49.7+5.7 ab 55.9+7.7 a
Tt Male 46.3+7.0 a 55.448.7a 445499 a
HHigs 1 Female 142422 b 15.8+3.1 ab 16.9+£3.7 a
Feeding amount per day If Male 114436 a 123+29a 12.542.8 a
XTSI Iifi Female 21.0£7.6 b 20.4+7.8 b 42.0+6.5 a
Total lipid content/% T Male 24.5£52'b 29.7£7.0 b 40.8+12.0 a
S I Female 32.9499a 30.4+7.1a 21.841.7a
Carbohydrate content/(ug/mg) 1 Male 23.4+6.6 a 28.8+1.3 a 8.9+3.7b
SRS I Female 81.3+7.1a 73.7+9.6 a 74.4+6.5 a
Total protein content/(pg/mg) I Male 77.3+10.7 a 66.0+6.6 a 80.2+3.8 a

T B B R 2% o BT AN /NG BEFR R 48 Duncan [GHT &2 W 22 246 56 2% 5 1 25 (P<0.05) . Data are meant+

SD. Different lowercase letters in the same row indicate significant difference by Duncan’s new multiple range test (P<0.05).
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509% #247 (P<0.05, [ 2-A F1IE 2-D) , i il HUAA
f)BE & i LT IEAESR S (K 2-B fK 2-E) . 4%
JECIR B R 12 R, Bl VA A (] (4 4, S (e 300
RAR S S 2 T REE TR (A
VA ST (1) 22 [ TGt 2 22 5 (1€l 2-C FNEI 2-F ) o
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MV TR R 12 CCHT, ¥ A [ S 0 T O
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Table 4 Effects of different cold storage durations on development and reproduction of Harmonia axyridis

28 Parameter 0d 15d 30d 45d 60 d 90 d 120 d
TR I Female 100.0+0.0 a 99.0+2.2 a 94.0+5.5ab  93.0+7.6ab 89.0+8.2 bc 84.0+6.5 ¢ 50.0£9.4 d

rs;gj;al HEMale  100.0:0.0a  98.0427a  95.045.0a  80.0435b  70.0:17.3bc 64.0+65¢  35.0+6.1d
0

Hiffri  MiFemale 16.0:34a 157+47a  160+3.6a 15242.1a 148t28ab 144+49ab  122+3.0b
Feedingamo- o\ 110 1344362 1374442 13.9¢29a  132422a 1324202 12.1<39a  112434a
unt per day
Ffr MiFemale 58.0+12.4a 48.8i8.6ab 42.1483ab 50.1=5.8ab 433+5.0ab  51.3£15.5ab 36.7:2.9 b

Longevity/d  ji Male  93.443.6a  67.3+4.1b  62.4+£50b  70.8£182b 67.9463b  68.7:15.0b  62.7462b

FEPNER 100.040.0 a  100.040.0a 100.0£0.0a 100.00.0a 93.3+11.5ab 93.3x11.5ab 83.3%14.4b
Oviposition rate/%

77 BT HA 7.7+0.6 b 9.3+0.5a 8.4+0.7ab  82+02b  7.8404b 7.5+0.9 b 6.4+0.3 ¢
Pre-reproductive period/d

FEERY 50.548.7a  35.3+6.5bc 33.946.6c  33.3%+29c 349+84bc  47.9+10.7ab 25.3+55¢
Reproductive period/d

BAE 24P 4573+60.7b 433.1+17.7b 532.6+71.5b 447.9+72.7b 484.8+71.8b 643.1+107.4a 300.3+19.6 ¢
Total egg production

per female

BRAEfL % 853+42a 83.3+3.1a  81.3+23a 793+12a 78.046.0a  78.0+3.5a 68.0£7.2 b
Hatching rate of

offspring/%

TP BIE REEBEhr e . AT AN E/NG FhE R 7R 22 Duncan [CHT 2 B 22 K656 25 5 .35 (P<0.05) , Data are mean=

SD. Different lowercase letters in the same row indicate significant difference used by Duncan’s new multiple range test (P<0.05).
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Fig. 2 Effects of cold storage duration on nutrient contents of female (A-C) and male (D-F) Harmonia axyridis
& B R S8R i 22 . R IRl/ING SRR #7848 Duncan PR &R 22 ua 90 22 5 i 3% (P<0.05) . Data are mean+SD. Dif-

ferent lowercase letters indicate significant difference by Duncan’s new multiple range test (P<0.05).
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209 1 T R R 100.00% | 81.219% F1 76.70%
(X HBEEE,2015) ;& 2B Coccinella septempunc-
tata LR TERLEE 18 °C JGE 110 L 14 D 4544 T i
B RN 95.0%, Bl I T i E SRE W TR 7E
30 C A MRS A LT (FH%,2013) 57
AN K Delphastus catalinae W HAENRE 11 °C G JH
18 L:16 D A M HH0 95.4% , 41k FE 5 5L
oW BT S R = 7 Ll N A G e B s g = L
2021) . ABFREEER BN AREAEDCIRE S 2 R0
IO B RO R 8 T H IR B 2 A
20 °C JEAMI 10 L: 14 D FHMH & T 95.0%, 4
TREE R 25 CoE LRI 14 L: 10 D A, Hopl du it
BHRAL, 5 (2014) F5E 45 AT —3L

kB IO JE 0t 2 R O 7 i B ) R LR E A
R F R E RS, s Ak H e
M) B2, R 7 AR R A 2 PR 2R R B R O
ICIR R R 52 0 3 7 A B 1 B 22 P 7 (Wang et
al.,2021; Yang et al., 2023) , {H 520 B A9 ¥ & i
B EAE 14074, 4N 5 iy % B IEJE Peristenus %
TET & R T 4 2.5~3.5 4 BRI Ak 3 4
AE % 4 1 & (Bilewicz-Pawinska & Varis, 1990) ; 13
A B B AE B R G B KA Rk R, A B ok
48 2 1k Busseola fusca 41 B W70 55 7K £z fh A fg It
F) 58 W = F f# B (Okuda, 1990) . ASHFSE & IR AE
TEEE 15 °C OGJE I 10 L: 14 D FIRLEE 20 °C G 1]
10 L: 14 D P55 04F 15500 & 09 5% U g R 8y
REAEIRE 25 °C DGR 14 L: 10 D FHOE MRS ,
TR A i B 75 R ) L T R I () G B
Wi, /NSRBI R AEEE 21 °C BRI 14 L:10 D
T RIS A 8.9 d, Bifi 2 I R AR kOl HE
[ 457, HLV 7 RS2t I W K TR 11 °C Dk
JAI 8 L: 16 D T & FFLL it A S K %2 91.2 d (FfE:
I, 2021) , SAMIE LS R 5E 2R F, AT RE A [H
B PR B 53 oGS e J] 30 AR 1 SRR AR TR
PRI, 7R A 7 K 5 R O 35 VA MR 9 1), A A 38 R 1Y)
T AR AR R R O B Ve A AR G2

VA TR I P 23 5 R V8 R B HR R AR 2 e b L R
Z2 B0 B VR RIS BB R 0~15 °Co s PNl
Ry BYE Halyomorpha halys i 8 MATE 6 CHI9 C
VR AOAE 10 SR 0 38 5 T 3 C V8 I A7 >R (Taylor
etal.,2017) ; H A J] f1 B H Serangium japonicum hi{
TGS AR M 16 °C 76 7 CHAR 10 diFF, B4~
TRAETE 7610 CE 10 AR, HAFTE R =B
F) B 2500, 7E 13 °CYAE 10 dInF, H S P2 B a2 3]

B (B BE45,2023) . AHFSTEE R BoR, 4%
FECIR B R 4 CC R, iy S 0 T ) M L A
R BAUME G O R R H AR B LT 8 C
12 CHY, LA E R OMHGE SRR RS TR
L, 33X AT LA fiff R A ) St S R R AT 4 22 53R
T B BESEBR B T, I S RAETE — A XA
FF S TR D PR B PR DR o R
T A AT B A 0T 8] A AE TR . XUR B /N2 3 Neo-
seiulus bicaudus TG 3 R 8 12 °C, R IEE T
ALY 0~35 d RIS, 2021) s HE AT & BUE 04
HUE Microplitis tuberculifer #£ 0 ‘CH15 CF 2 /044
17240 (B F = 55,2014) . PRI, 78 KL R UG
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R R PR IE I VA TR -

VA TS T 1 25 M YA R S MR A 2
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UNFE S CCYR R 240 d, 4576 e 75 AP {2 AT
55T 80%, Bl & ¥ M B[R] (A IE K, P AL 22 T %
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B 5 74 J I 8] (1% 4iE 0T 328 T R (i ok 5
2018) o AHFFTLE R FEI, 12 C¥ T 90 d i 574 3
R R O A e, R S A0
15.30.45F160 d A tH B0 2 N R, A8 120 d i 5
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