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The effects of cold storage on the eclosion rate, survivor ship,
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Abstract [Aim] The purpose of this study was to examine the effects of different cold storage temperatures and duration on
the eclosion rate, survivorship, longevity, and sex ratio of Aphidius colemani, and determine the optimal storage conditions for
large-scale breeding of A. colemani. [Methods] The eclosion rate, survivorship, longevity, and sex ratio of A. colemani were
measured under different temperatures (2, 3, 4, 5 and 6 °C) using aphid mummies. Subsequently, each temperature treatment

group was stored for 5, 10, 15, 20, and 25 d. [Results] The findings indicated that there were no significant effects of cold
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storage temperature, cold storage duration, or the interaction between cold temperature and storage duration on the eclosion
rate of aphid mummies (P>0.05). However, there was a significant effect of cold storage temperature and cold storage duration
on aphid survivorship, but there was significant effect of the interaction between cold storage temperature and cold storage
duration (P<0.001). Adult longevity was not significantly affected by either storage temperature or the interaction between
cold storage temperature and cold storage duration (P>0.05). The adult sex ratio was significantly affected by both the storage
temperature and the interaction between storage temperature and storage duration (P<0.001). Cold storage duration
significantly affected the longevity of emerged adults (P<0.05), but not the sex ratio (P>0.05). There was no significant
difference in the eclosion rate of A. colemani between the treatment group and the control group, with the eclosion rate ranging
from 63.81% to 89.52 % for both groups. The highest eclosion rate was 89.52 % after 15 d of cold storage at 3 ‘C. All eclosion
rates were above 80.00% after 10 d of cold storage at 4, 5 and 6 'C. The eclosion rate remained over 82.86% after 25 d of cold
storage at 3 and 4 ‘C. All A. colemani temperature treatment groups survived low temperature storage. Survivorship gradually
decreased as the storage temperature increased from 2 to 6 C. Additionally, survivorship initially increased then decreased as
the cold storage duration increased from 5 to 25 d. The survivorship ranged from 43.83% to 72.07% after 10 d of cold storage,
representing the highest values observed across all the storage duration treatment groups (P<0.05). There was no significant
difference in A. colemani longevity between the treatment and control groups (P>0.05). The longevity of the emerged wasps
was highest after 10 d of cold storage and significantly higher than 5 d of cold storage (P<0.05). A. colemani stored at 5 ‘C for
10 d had the longest lifespan, reaching 4.37 d. When subjected to a 10 d refrigeration period, the longevity of the wasps
exceeded 4.02 d for all temperature treatment groups. After 15 d of cold storage at 5 C, the wasps survived up to 4.29 d.
Following cold storage durations of 5, 10, 15, 20, and 25 d at 2, 4, 5, and 6 C, there was a significant difference between the
sex ratio of the wasps from the 3 °C treatment group and the control group compared to the other groups (P<0.05). The sex
ratios collected from the 2 and 4 ‘C treatment groups were significantly higher compared to the 3 and 5 C treatment groups
(P<0.05). [Conclusion] The findings of this research indicate A. colemani is still able to emerge during low temperature
storage. A. colemani aphid mummies can be effectively stored between 4-5 C for 10 d with minimal effect on the eclosion rate,
survivorship, longevity, or sex ratio.
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Fig. 1 Aphisgossypii and Aphidius colemani
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A. Aphis gossypii; B. Female of Aphidius colemani; C. Male of Aphidius colemani; D. Larva of Aphidius colemani; E. Pupa

of Aphidius colemani; F. Mating of Aphidius colemani; G. Egg-laying of Aphidius colemani; H. Larva of Aphidius colemani
grow in Aphis gossypii; I. Mummified aphid of Aphidius colemani; J. Feathering of mummified aphid.
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Tablel Effectsof cold storage temperature and cold storage duration on eclosion rate of Aphidius colemani

M (°C)

P (% ) Emergence rate (%)

Temperature (°C) 5d 10d 15d 20d 25d
2 63.81£13.50 a(a)  69.52+4.36 a(a)  76.19+9.18 a(a)  72.38+24.63 a(a)  70.48+12.88 a(a)
3 66.67£11.55a(a)  64.76£10.03 a(a)  89.52+15.74 a(a)  62.86+2.86 a(a)  84.76+3.30 a(a)
4 69.5211.55a(a)  80.00£17.38 a(a)  71.43x9.90a(a)  79.05£16.74 a(a)  82.86+14.85 a(a)
5 67.62+8.25a(a)  84.76:11.90 a(a)  64.76+8.73a(a)  73.33£3.30 a(a)  68.57+7.56 a(a)
6 80.95+11.55 a(a)  84.76+4.36a(a)  76.19+10.03 a(a)) 71.43+15.12a(a)  78.10+4.36 a(a)
25 (CK) 78.89+16.15 a(a)

R BUE T EEARER s TGS B RR RS EE R A L3, 455 N F R 3OR RIAT BRI B i, NE 548
FRIFIRTE 0.05 /KFE 2R AR (Duncan’s #40E: ), F 3. £S5 FHMETH.

The data in the table are mean+SE; The letters without brackets represent the comparison between the same column data, the
letters in the brackets represent the comparison between the same row data, and the same lowercase letters indicate that the
difference is not significant at the 0.05 level by Duncan’s test. The same for Table 3, Table 5 and Table 7.
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Table2 Varianceanalysisof the effects of cold storage temperature and cold storage
duration on eclosion rate of Aphidius colemani

J5 Source SEA A Sum of squares  HHE df  #5 Mean square F P
1R Temperature 631.946 4 157.986 1.060 0.385
V2 B ] Duration 629.769 4 157.442 1.056 0.387
1R B} ] Temperaturexduration 2919.619 16 182.476 1.224 0.280
1% 2= Error 8 198.942 55 149.072
S8 55 Total variation 462 326.077 81
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Table3 Effectsof cold storage temperature and cold storage duration on survival rate of Aphidius colemani
B (°C) WHAATE®R (%) Survival rate (%)

22 AEXHETEERRTERNZN
M3, R4, Ve R R I s

Temperature (°C) 5d 10d 15d 20d 25d
2 56.36£21.90 b(c)  72.07£21.21 be(b)  54.39£14.95 be(c)  32.93£7.52be(d)  12.90+6.82 be(d)
3 66.67£4.76 b(c)  71.91£17.33 b(b)  52.23£20.42b(c)  30.57£24.19b(d)  11.42+8.78 b(d)
4 44194929 d(c)  69.06£9.63 d(b)  42.86£16.50 d(c)  3.19£3.13d(d)  14.13+4.21 d(d)
5 49.38+4.67 c(c)  62.03£11.84 cd(b) 27.55+12.31cd(c)  8.00£10.58 cd(d) 31.15+11.84 cd(d)
6 41.80+9.63 d(c)  43.83x6.28d(b)  39.68+15.90d(c)  6.91£7.15d (d)  9.84+10.73 d(d)
25 (CK) 100.00+0.00 a(a)

R4 REREMQEE EXEETRENRFEELMN T ESHT
Table4 Variance analysis of the effects of cold storage temperature and cold
storage duration on survivor ship of Aphidius colemani

5 Source SEA M Sum of squares  FH HHE df 5 Mean square F P
i Temperature 3 620.752 4 905.188 5.851%%* 0.001
¥2 LI (8] Duration 27 585.289 4 6 896.322 44.580**  0.000
1R B} ] Temperaturexduration 4010.864 16 250.679 1.620 0.094
%22 Error 8 508.216 55 154.695
JBAE R Total variation 213 179.800 81

R F B REAKF, %R FEBMBEKT. &6 MK,
* indicates that the F-value reaches significant level, and ** indicate that the F-value reaches extremely significant level. The
same for Fig. 6 and Fig. 8.
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Table5 Effectsof cold storage temperature and cold storage duration on the longevity of Aphidius colemani

R (°C)
Temperature (°C)

F#fir (d) Longevity(d)

5d

10d 15d 20d

25d

2
3
4
5

6

25 (CK)

2.120.53 a(b)
2.43+0.83 a(b)
2.56+1.12 a(b)
3.1240.77 a(b)
2.74+0.30 a(b)

4.15+0.64 a(a)
4.02+0.53 a(a)
4.16+0.35 a(a)
4.37+0.33 a(a)
3.82+0.89 a(a)

3.83£0.40 a(a)
3.46+0.88 a(a)
3.72+0.47 a(a)
4.29+0.59 a(a)
3.73%1.12 a(a)

3.31£0.42 a(ab)
3.74+0.25 a(ab)
3.5£3.50 a(ab)

2.40+2.16 a(ab)
2.06+1.83 a(ab)

3.74+0.07 a(ab)

2.50+0.50 a(ab)
4.334+0.88 a(ab)
2.46+1.00 a(ab)
3.52+1.56 a(ab)
2.50+1.50 a(ab)

xR 6 REUREFLEE EXEE Y REEMNZI
Table6 Varianceanalysisof the effects of cold storage temperature and cold storage

duration on the longevity of Aphidius colemani

IR Source 7 Al Sum of squares  F A df 3477 Mean square F P
15 Temperature 4.046 4 1.011 0.760 0.556
Y2 ] Duration 23.184 4 5.796 4.355%  0.004
R < [B] Temperaturexduration 14.113 16 0.882 0.663 0.816
2% Error 69.200 52 1.331
SR 5 Total variation 975.857 78
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Table7 Effectsof cold storage temperature and cold storage duration on sex ratio of Aphidius colemani

| (°C) WEHEYE LY Sex ratio
Temperature (°C) 5d 10d 15d 20d 25d
2 2.96+0.39 a(a) 1.92+0.08 a(a) 1.30+0.29 a(a) 2.17+0.17 a(a) 1.88+0.11 a(a)
3 0.71£0.04 c(a) 1.50+0.06 c(a) 1.82+0.05 c(a) 1.51+0.08 c(a) 1.36+0.05 c(a)
4 3.1340.81 a(a) 1.35+0.02 a(a) 2.78+0.19 a(a) 1.55+0.05 a(a) 1.28+0.07 a(a)
5 0.78+0.19 b(a) 1.95+0.06 b(a) 1.87+0.15 b(a) 2.68+0.62 b(a) 1.51+0.17 b(a)
6 1.30£0.05 ab(a) ~ 2.71£0.55ab(a)  1.5240.14 ab(a)  1.38+0.02ab(a)  2.41+0.09 ab(a)
25 (CK) 3.74£0.07 a(ab)

R 8 QIR B TEA B X HE B A M P B T E AR
Table8 Variance analysis of the effects of cold storage temperature and cold storage
duration on the sex ratio of Aphidius colemani

5 Source S Sum of squares  HEJE df 75 Mean square F P
1 Z Temperature 4.339 4 1.085 15.806**  0.000
Y 9 [B] Duration 0.398 4 0.099 1.448 0.231
R <] Temperaturexduration 25.889 16 1.618 23.576**  0.000
7 Error 3.569 52 0.069
JBAE 5 Total variation 285.534 78
50% ( XIFESE, 2009 ) 5 Xk 5 BUF /% Encarsia

3 St
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FEOIRE ST, VPN K EL R H B[R]V AR Y B
SRR, W KRB IRV R B & Hw (1R
ARMTERZ, 2008; Onagbolaetal., 2009) .
Vo R N I FE e A E 5.20-6.23 d, IR TRV HOGE
HAm W R (BREEAESE, 2005) 5 RIR%
T A 0 i T i 2 (BRSCIR FIE] &
F7, 2012) . X Lysiphlebus testaceipes ( Archer
et al., 1973 ) . Aphelinus asychis ( Archer et al.,
1973 ) 1 Ephedrus cerasicola ( Hofsvang and
Hagvar, 1977 ) W55 &80, MEMEHCIEMEEREL 2
AR o T I R A T R A e | e
AT RE B K/ ERSHEAN R 2ER, M
PRI et T Z 0y he R, 7EIRIE T fedi sy
BARACE RBBRACHE, Br LR G AE R fig ik 2 ¢
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EZ (Renault et al., 2002 ), HA, FFAEHH)
Eb A3 2ty AR AL R P, naF s s TRk
M4 (King, 1987 ),
WG, B RGRE | ¥ Rt a) R HAs B AR
JH X RELE Mo e AR O P AL SR 5 i AN 3 Ak
PHZFUAH A If A e AR IF 179 5P A% ( 63.81%-89.52% )
5 XTHR (78.89% ) Tl 225 . 540 FRIE i i e
(M4, 2022) WFE 4 R A—3, FTRESHHE
IgF OB B B R B AL Oy X B AAD b
R F SRR SRR 56, VRR S | v
[ XL MR P 6 HE A7 R R T A 85, V2 e T
JSE RNV SR [R] (%) 52 F AR TR 00 e ol e A7
TR 22 AN 35 Vo) i OB i i L 1
APEILG , ORI RAE 2-6 CCHREARPE T2 TR
FETFE B A R#AK, 5 Coline 1 Boivin( 2011 ) .
Forouzan %5 (2018 ) WFFT 45 A —5, XAlHES
RG] B REL S 0 e T o R S — B30 56 5 ik
HAETE RAEA T ] 5-25 d B a) ZE K 2e T
JEREAR, HXIE% (2009) . Coline Fl Boivin
(2011) . Forouzan 4 (2018 ) #FIT4s H—3.
TRIHAR 10 d BUARAFIERIE 43.83%-72.07%2
], BT H e T ] R R R AR R, R
IR 10 d R0 BTG R e, 1R R
PULE L HAh 4. 5 F 6 Ce 20d.6 °C
R 25 d AT RER/ N 10%, RAER
3 o ] A R A SRR AR ¥4 T S RS
SR FIF 5] 114 € TE A D Ko L M o 6 £ 30 £ 1l e
TR AN 525, Y BTN () X 2P0 £k s 06 7 52 i
W, W10 1S d B, S R E R T
J# 5 d, R 10 d i TE 3.82-4.37 d Z[H],
VA TR ek e SR ¥4 B ) 194 58 B A FH AL
U SPYA  HEE BfE  E MAR 8  YA S [ X
WP L g AN B2, ARV K 10 d SEMEYE L
16 1.35-2.71 ZIa), fRIREHE 15 d BEMEYE ILTE
1.30-2.78 Z[a], (K&K 20 d A 1 L 7E
1.38-2.68 Z [H], 4 °CY&L 5 d Ik plg e i 14 Lb
RN 313, HWRGHIE 2 CHR 5 d, MERE:
el 2.96. 4 °CH 15 d PR 2.78. 6 °C¥
10 d PELEN 2.71.5 °CYJE 20 d ML 2.68,
W IR S5 8 T 0 JORH 5 Mo 1 e {3 o 0 7 O

ZSZAEMRIRAE, 5 Archer 5% (1973) | Archer
#1 Eikenbary( 1973 ) Hofsvang Fll Hagvar( 1977 )
L R —3

FELA R o e 4 7 IR 2 e ) 2 34 A P Ak
MG, BB PER | NRAEER . FFar SOt
MEdE L, BIAE 4 505 CRH 10 d 77, H
PULHHy 80.00%-84.76% , BUIRAFIEHA 62.03%-
69.06%, Ffiy 4.16-4.37d, MEMEPERE 1.35-1.95,
AT Sy G ) R RIS o S0 il 4 it o 2 g el 5
i o A0S DA [ ¥4 S I R V2 T (1) %o R
I B AR AT P AL R | N AR A SO
EE 7 T SE A TS, ARGV B A P P Ak Al
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