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Effects of temperature and humidity on the preservation of
Cryptotympana atrata eggs
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Abstract [Objectives] To improve the hatching rate of Cryptotympana atrata eggs and increase the cost effectiveness of
breeding this species in captivity. [Methods] An orthogonal experimental design was used to determine the effects of
different temperatures (10, 15, 20, 25 and 30 °C) and humidity (35%, 45%, 55%, 65% and 75%) on the biological parameters
of C. atrata eggs over a 60 day period, including the degree of shriveling, survival, incubation period and hatching rate.
[Results] A temperature of 10 °C and humidity of 35%-75% were best; under these conditions the hatching rate was >73%
and the average cross sectional thickness of eggs was up to 374.23-400.00 um. Eggs underwent different degrees of shriveling
under the different temperature and humidity conditions. The least shriveling occurred at a temperature of 10 °C and a
humidity of 35%-75%. A greater amount of shriveling was observed at temperatures of 15-20 °C and humidity of 45%-75%,
but the most shriveling was observed at temperatures of 25-30 °C and humidity of 65%-75%. The number of surviving eggs

was highest at temperatures of 10-15 °C and humidity of 35%-75%. Fewer eggs survived after storage at 20 °C and
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45%-75% humidity, and even fewer when stored at 25 °C and 75% humidity. The least number of eggs survived after storage

at 30 °C; all eggs stored at 30 °C and 35% humidity withered and died after 60 days. At the same humidity, the incubation

time and the hatching rate of eggs decreased significantly at higher storage temperatures. There was no significant difference

in the hatching rate of eggs preserved under various humidity conditions at temperatures between 10-20 °C, but the hatching

rate of eggs increased significantly with increasing humidity in the 25-30 °C range. [Conclusion] Both temperature and

humidity significantly affected the success of preserving C. atrata eggs. 10 °C and humidity 35%-75% were the best

conditions for preserving the eggs of this species. Lower temperatures reduce the humidity required for successful egg

preservation. At temperatures of 15-20 °C, the higher the humidity, the more eggs survived. Humidity of >65% was required

to preserve eggs at 25 °C, and >75% humidity was required to preserve eggs at 30 °C.

Key words Cryptotympana atrata; egg preservation; temperature; humidity; survival; incubation
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Tablel Significance analysis of temperature and humidity on egg preservation

SR A% it of F (i W
Analysis index Interfering factors Degrees of freedom F value Significance

PR R IR Temperature 4 820.17 P<0.01
Shriveling degree of eggs ¢ Humidity 4 45.39 P<0.01
1R -HE % Temperature+Humidity 16 6.25 P<0.01

LYEEIPS 5y ¥ Temperature 4 349.05 P<0.01
Remaining amount of eggs i jr Humidity 31.53 P<0.01
RBE-HEE Temperature+Humidity 16 8.02 P<0.01

S AL ] IRJE Temperature 4 141.55 P<0.01
Incubation time of eggs B Humidity 22.34 P<0.01
IRE-HEE Temperature+Humidity 16 23.94 P<0.01

gL R IRE Temperature 4 290.22 P<0.01
Hatching rate of eggs J Humidity 13.22 P<0.01
RE-HEE Temperature+Humidity 16 2.83 P<0.01
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Fig. 1 Morphological changes of eggs of Cryptotympana atrata
A, SEESHTILA RN B. MR 15 °C. MREE 75%55 0 T ARAF 60 d 144 i b 5
C. I 25 °C. MBI 35%FMF FORAT 60 d B LB
A. Plump eggs before the experiment; B. Eggs preserved under the condition of 15 °C and 75% humidity after

60 days storage; C. Eggs preserved under the condition of 25 °C and 35% humidity after 60 days storage.
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*3 SHANEAREREETHREOIEHNERE
Table3 Theremaining amount of eggs of Cryptotympana atrata stored at
different temperature and humidity after 60 days of storage

AEXFREE (%) HBPFE 45t (BL)  Surplus of plump eggs (number)
Relative humidity (%) 10 °C 15 °C 20 °C 25 °C 30 °C

35 40.30+1.60Aa 40.50+1.64Aa 27.60+2.12Bb 5.70£1.04Cc 0.00+0.00Cb
45 43.70+1.23Aa 41.10+1.65Aa 32.00+1.53Bab 10.30+1.65Cbc 0.90+0.41Db
55 44.30+0.98Aa 41.30+1.99Aa 34.00+2.06Bab 13.10+1.60Cb 2.30+0.70Db
65 40.90+2.84Aa 39.40+1.88Aa 32.40+2.77ABab  25.10+1.70BCa 17.30£2.65Ca
75 44.30+1.39Aa 41.60+1.23Aa 37.40+1.76ABa 30.90+2.06Ba 18.10+£3.32Ca

F PR R E AR E LR s FISVEE R AT AR NG TR RN RAT Bl Jm b A A RS TR R 257 3 ( Tukey’s

HSD ¥4, P<0.05). F#E[[.

Data are mean + SD, and followed by different lowercase letters in the same column and different uppercase letters in the
same row indicate significant difference (Tukey's HSD test, P<0.05). The same below.
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T2 (Fig,205=23.94, P<0.01, % 4), [[—f%
FERRSETT , HOR Ak st (] O A 7 105 T v B 4
5 (RH 35%: Fs 3=35.69, P<0.000 1; RH 45%:
Fu 4=212.42, P<0.000 1; RH 55%: F4 45=169.74,
P<0.000 1; RH 65%: F4 4=988.38, P<0.000 1;
RH 75%: F440=426.18, P<0.000 1), 10 °C&ft
TEORFE B, SEALET a2 41-43 d; 15 °CH&A4F
TR DY, WRALET 2 40-42 d; 20 °CokfF
TR DY, WRALET 2 38-41 d; 25 °Co&kfF
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FORAF I HLOE, ARt 2y 33-37 d. HLERTE
30 °C. 35%IMRE %A T ARAF 60 d J5, AEBRK
TIEAET, L TC AR L, AT LRt a2
RRW, 10 CHA T ORAE ) IR IFEAL I H] R
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25 ARIBEERTRRIPAIFLE
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* 4 SHANELRERREEZGRENENBELEE
Table4 Incubation time of eggs of Cryptotympana atrata at different temperature and humidity after 60 days of storage

AAXHRIE (%)

HONIEALESE] (d)  Incubation time of eggs (d)

Relative humidity (%) 10 °C 15 °C 20 °C 25 °C 30 °C
35 42.3340.10Aa  41.67+0.04Aa  38.79+0.12Bc¢ 37.74+0.78Ba NH
45 42.16£0.07Aa  41.61£0.03Aa  39.14£0.12Bbc  35.60£0.35Cbc  35.00+0.58Cab
55 41.78+0.05Ab 40.62+0.04Bc  40.33+0.07Ba 35.01+0.24Cc 33.96+0.60Cb
65 41.65+0.05Ab 40.50+£0.04Bc  39.39+0.14Cb 32.16+0.10Dd  36.15+0.20Ea
75 42.1940.04Aa  41.16£0.07Bb  38.71+0.07Cc 36.64+0.17Dab  35.13+0.25Eab

NH: JoHII#FE No eggs hatched.
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*5 SWHRIPEARREETR?E60dFHHHLE
Table5 The hatching rate of eggs of Cryptotympana atrata stored at different temperature and humidity for 60 days

FAXHEE (%)

HEIRELE (% ) Hatching rate of eggs (%)

Relative humidity (%) 10 °C 15 °C 20 °C 25 °C 30 °C
35 76.80£2.92Aa  79.80+3.29Aa 54.20+4.44Ba 9.56+1.81Cc 0.00£0.00Cb
45 87.20£2.43Aa  81.80+3.30Aa 59.00£3.89Ba  11.40+1.52Cc 2.67+0.37Cb
55 86.80£2.39Aa  79.40+4.21Aa 64.40+4.15Ba  19.80+4.65Cbc 5.11+1.38Cb
65 79.00£5.71Aa  78.00+3.76Aa 57.60+6.14Ba  36.00£4.06Cab  20.20+2.14Ca
75 87.40+3.24Aa  79.60+2.65ABa  72.60£3.16Ba  49.60+6.32Ca 25.80+4.97Ca

IREAEZE 5 (Frg005=4.85, P<0.01, 3 5), AH[A]
TRAFIRSET , L OPIEAL AR B A T T e B 5 e
i (RH 35%: Fy4 45=105.12, P<0.000 1; RH 45%:
Fu. 4=87.50, P<0.000 1; RH 55%: F4 45=67.96,
P<0.000 1; RH 65%: F4 4=26.08, P<0.000 I;

RH 75%: F4 40=29.27, P<0.000 1), {4771 AH
[FIE, 7E 10-20 °CYulE P, AR EE S5 44 T A7
AR, LR TC R E 2257 (10 °C: Fy 49=2.09,
P=0.10; 15 °C: Fy4 4=0.12, P=0.98; 20 °C:

Fy 49=2.39, P=0.07); 25-30 °CYLFIN, HBpF
AR BE R AR BE T 1 B B FE T (25 °C: Fygs=
16.17,P<0.000 1;30 °C:F4 4=14.89,P<0.000 1 ).
10-15 °CyufEliy, HOPFARNRE MR, i
RYAIA 13%LA 1. 20 °CHF, HUHIT 35%-65%
MRS PR, WAL AT 65%; O T
T5%30 B S5 R IR AF, LR ATIE 70%L) |

30 °CHF, HOIT 35%-55%10 8 &0 FARAE, B
EHRIGTE 1%L 5 BT 65%-75%1 5 %14 T
A7, BHERARLE 31%. & LRk, 7EiRE
10 °C, MBE 35%-75% B N AR AEHLB, L OppE
(=S 3-8

3 itig

A58 R 5 3 o A 4 B AR K AP Al ok
IR ARKEZT (XIF RS, 2016 ), A
5T v 4 W R BRAEAS [ N SR T R A, AR
AR R K TIE, 10 CHIRE 35%-75%
BT IR R, TSR eI, TR R 2
25-30 °CEMFT, MEMRAABCRAME . FEmIRAK
WHIAEET, 5 FECROINN KR, &R Ee

T, FETC. L, 7E 8. 9 RN 4l
IR 4%, T M IR AR, RE A 45 P BB 2 K
T, 11 ALGE, BEESIREHEE, A
HuGREL ZR WK IR A s A 3 H DR, R
BTy, JEHSAS R 15 °CRY, R
hy Ha DA 2R K B A

AR A =NV D T (AR S 1 S
ARRSFTR] R 3 7T 45 e B A ) X 1) 42 %%, 2016 ),
Wi Aphidoletes aphidimyza B & 7 i BF
BEEE TR (MROBIESE, 2019), hieE
¥ Apis cerana ZHE00, 31 CHRUT A EHMN
109.2 h, 37 CHMTFEBIMHN 64.8 h; BK
Fl# 1% Apis mellifera SZH4500, 31 CHRIFTFAE
itk 1103 h, 36 CH&M T AE I HN 66.8 h
(YLRE, 2004), &Ml bprefE—RE T, M
AR B T 38R B T 8 S 2 4 5 10 °CAR A IR AE
IEN, AR R s 30 CAMF T IRfFR R
B, SRSl . L, 7R SR SRR
A 3 A R R A o 4 W L BRI AL B 8], DA
AL ST B, AT FH T S bR LR R R A

T 3 G [R) 52 ) RS MUAE IS S A I R B
g, AR R R, RIRAMGT (10-
20 °C ), [ EEXT 4 i v ) R 7 A BT 52 T AN
W2, BEFMGEEIRET (25-30 °C), WA
7 e DU B BB AL B ey 5 FE iR i T, HUBE R
I, (EFEAE R E AR, ML R,
ANk, #%HFrE R Dendrolimus superans 7
(27.5+0.5) °C., {BJE 35%-65%MFREE T, HEp
AL R VR B T e ( S/, 2017 ),
MW ER, AP Harmonia axyridis
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TE 25 CHMF RBRIAL R R, ATk 92.6%;
MR TEE 37 CHE, HERIFLR N TR A
471%; MIREREHETIE 39 °CHY, HUEEIF L
AN 43.3%; YIESEIL 41 °CHF, BeA HmupiEfL
(Zhang et al., 2014 ). 9\ M1 Cnaphalocrocis
medinalis 76 25.7 °C. 60%iWE 41, HiBpEs
TR H 80% ; 1M Y Il AR VR IR E] 70%-100%
F,  BBRIEAL R = 2 90% LA | (5K 3R4E,
1980 ), 7EMERE T 28 °C. MREE{RT 48%MIH
BT RS I e B AL R s YR iR 37 °C
B, HOPEAT RN R T BAN e Al (5 IR
S, 2013 ), HBEWTOL, LI SR BRAS (2 i HL b
KA, AR S S O s AR IR
LN, 2 R T H T R A AR R, 1T 243
FE B — R BRI, TR A AR AL I AN RE s HL O
Zrmimn g, EMLR G, Rk, FEIR AL
FHEE X RIS, T RN, T R
Sifbmiht, $e e IR

ZE LTI R R ) b 2 R ) 4 i o B
PR s BRI NSOt &y, H
X RiG & B FH BR AL AR T B S R e T
10 °CHIEBE 35%-75% 2 4 il H O PR A7 1) e A2 Uk
MERESRAT, HARAFIREERRAG, HBR X B A 2R
FRARAIG ; BRI B NS B A i e o, PR,
TELPREAE, BA RS DN, TN
B HOP R AAL AT E K ; FRE IR,
o7 5 £ A HR DA SRR A AR ) st A 2% )
BB TAE, B 1A% 2 N 1) 4 M e B9 2 7K T
T,
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