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Optimal stage and temperature for cold storage of Trichogramma dendrolimi reared

on Antheraea pernyi eggs
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Abstract. Trichogramma wasps weared on Antheraea permyi eggs have been widely used throughout China as biological
control agent against some pests. Cold storage facilitates more effective commercial rearing, transportation and inundative
releases of Trichogramma spp. The effects of storage temperamre (4G 7°C 10Cand 13°0), stage C(egg, larva,
prepupa and pupa) and period (2 weeks, 4 weeks, 6 weeks and 8 weeks) on Trichogramma dendrolimi reared on A.
panyi eggs were investigated by comparing the adult emergence rate, number of wasps per host egg and female ratio in
different combinations of storage temperature, stage and period. The results showed these three factors of storage
temperature, stage and period substantially influenced the adult emergence rate, number of wasps per host egg, but not
the female ratio, separately or mutually. Among all storage temperatures tested, 7. dendrolimi was most susceptive to
10°C, its emergence rate was greatly impacted at this temperature, and therefore 10 Cwas wnsidered to be unfavorable
temperature for long-time storage. T. dendrolimi was not susceptive to 7 C comparatively, which could be the favorable
temperature for long-time storage. Favorable storage stage for long-term storage was different at different temperatures
4 Cand 7°0). Larva and pupa stages at 4 C and egg and pupa stages at 7 Gvere found to be the most appropriate
stages for cold storages and in these combinations of storage temperature and stage less adverse effects on the adult

emergence rate and number of wasps per host egg were found compared with other combinations of storage temperature and
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stage. Evaluated by the adult emergence rate, the optimal stage and temperature combination for cold storage of T.

dendrolimi reared on A. pernyi eggs was egg stage at 7 C; while evaluated by the number of wasps per host egg, the

optimal combination was pupa stage at 4 C and 7 C.
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Fig. 1 The adult emeigence rate (mean—t SE) of Trichogramma dendrolimi reared on Antheraea pernyi eggs

after cold storage in different stages at different temperatures for different periods
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Columns with“ *” indicate significant difference compared with the control at P<Q 05 by Dumett s ¢-test. The same for Fig. 2.
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Fig. 2 Number of T. dendrolimi emerged (mean®=SE) per Antheraea pernyi egg after cold storage

in different stages at different temperatures for different periods
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in different stages at different temperatures for different periods

() Storage period (weeks)

Siorage tamperature ( © Storage stage 2 4 6 8
4°C Feg 97 65+1.12 9%.36+0 76 98 72+1.28 100 000 00
Lawva 96 11£1.75 9%. 8240 67 98 68+2 66 98 56+0 81
Prepupa 93 645,65 % 16+1 04 98 38+0. 68 93 94+3 94
Pupa 96 820, 67 9. 28+1 93 95 29+ 1. 80 98 8+2 66
7°C Egg 95 590, 89 97.90+0 68 97 57+0. 60 98 80+0 56
Lawva 96 15+0. 83 97.65+0 60 99 10+0. 36 96 39+0 95
Prepupa 94 60+ 1. 40 %. 1441 05 95 2642 02 97 241 29
Pupa 97 2340.90 97.954+0 4 97 71+1. 18 98 6140 94
10°C Egg 94 0642 61 97.50+1 08 96 3542 74 97 342 27
Lawa 95 95+1.21 95. 0842 89 100 000, 00 100 0040 00
Prepupa 95 25+1.23 9%.45+1 21 100 000, 00 95 45+4 55
Pupa 95 58+0. 65 95.914+1 20 97 03+1. 08 95 241 75

13°C Egg 96 2+ 1. 18 97.9340 58 — —

Lamva 94 80+1.77 %.79+1 66 — —

Prepupa 95 940.91 95.51+0 91 — —

Pupa 94 ®+1.20 — — —

11 s
3 , 10C~147C ,
32C~34C .
) , ( , 1992),
( 9 1998; )
2003). ) . N
, 5.3¢°C. 5.82°C, 11.03°C
. 12.06 C ( , 1981), , 13°C
, . 3 ( ) )
. 3 2~4 , .
’ 3 4~6
b b
’ ’ B 1)
o ° o
b ’
, 4C, 7°C

( , 1%81), (1983) 10°0) .



908 Acta Entomologica Sinica 48

o

(Jalali and Singh, 1992; Pitcher et al., 2002; Rundle
et al., 2004).

,71°C 4°C
T. caverae g§°C 4°C (Rundle
et al., 2004) T. ostriniae 9 C
6°C (Pitcher et al.. 2002) ;
10°C ( Dy T. caverae
4 (T. achaeae Nagaraja & Nagarkatti,
T. eldanae Viggiani, T. chilonis lshii, T. japonicum
Ashmead) 10°C (Jalali and
Singh 1992; Rundle ef al., 2004),
10°C ,
, 25°C
) (
, 1992; , 1994). s
T. achaeae 10C
(Jalali and Singh, 1992); T.
nubilale T. pretiosum Riley
0C
(Curl and Burbutis, 1977; ILopez and
Morrison, 1980); 0°C~5°C T.
pintoi, ( )
2004); 3°C ~5°C
Tridhogrammatoidea bactrae,
( , 2004). )
. 47T, . 7C
, 7C 4
. 4C 77
(1994) )
3C 50
84.2%, 120 73.7 %.
4°C 8 (%6 43.4%.
(1994) 50 ,
) (

( » 1993; » 1994) .

( s 1994).

K

(r= 0706, P< 00001, n= 56)

2

, ( 4C 7°C )
( , 1994),
(References)

Bigler I 1994 Quality control in Trichogramma production. In: Wajnberg
E, Hassan SA eds. Biobgical Control with Egg Parasitoids. England:
CAB Intemational. 93— 111

Chen KW, Liu L7, Fang CM, Huang SS, 2004 Effect of cold storage on
mass rearing popuhtion quality of Trichogrammatoidea badrae. Joumal
of South China Agriadltural University ( Natwal Science Edition), 25
(2): 5%6—59. [ s , s , 2004

( )y 25 (2): 56— 59

Curl GD, Burbutis PO, 1977. The mode of overwintering of Tridiogramma
nubildle Extle & Davis. Environ. Entomol., 6: 629— 632

Dutton A, Bigler F, 1995. Flight activity assessment of the egg parasitoid
Trichogramma brassiwe (Hym. ; Trichogrammatidae) in laboratory and
field conditions. Entomophaga, 40. 223—233.

Garcia PV, Wajnberg E, Pizal ], Oliveira MIM, 2002. Diapause in the egg
parasitoid Trichogramma wrdubensis: wle of temperature. Joumal of

Insect Physiology, 48: 349— 355.

Gou XQ, 1983 Cold dorage test of rice moth eggs parasitized by
Trichogramma ostriniae. Chinese J. Biol. Control, 1 (4). 20— 21.
[ , 1985

, 1 (4. 20—21]
Greenberg SM, Nordlmd DA, King EG 199 Mass production of
Trichogramma spp. : experience in the former Soviet Union, China the
United States and Western Europe. Biowntrol News Inform., 17 (3).
51— 6.
Jalali SK, Singh SP, 1992 Differential response of four Tridhogramma



909

species to bw temperatures for short temm storage. Entomophaga, 37
(D: 159 165.

Li CY, 1961. Development of Trichogramma evanescens Westwood and effect
on growth of embryo of host Atftacus cynthiariani Boisd. Actu
Entomologica Sinica, 10 (4): 339—35%4. | . 1%L
Tichogramma evanescens W estwood

Attaars cynthiaricini Boisd . , 10
(4): 339— 354

Li LY, 194 World-wide use of Trichogramma for biological control on
different crops: a survey. In: Wajnberg E5 Hassan SA eds Biologi cal
Control with Egg Parasitoids. England: CA B Intemational. 37— 53

Li LY, Zhag YH, Zhang RH, 1983 Influence of temperatures on the
growth and development of Tridiogramma spp. on interspecific and
intraspecific levels. Natwral Enanies of Insects, (1): 1—5. [ s

s , 1983
, (D 173

Li LY, Zhu DF, Chen QX, Zhang ML, Shliachtich VA, Greenberg AM,
192, Trichogramma spp. diapause induced by low temperature relation
to hosts. Natwral Enemies of Insects, 14 (3). 117—125. | ,

, 1992 . , 14
(3); 117 125

Liu QY. Xi TY, 199 Relationship between amergence rate and period of
old storage of Triciogramma dendrolimi. China Cotton, 21 (1): 13
—14 | s , 1994

, 21 (10): 13— 14

LiuSS, Shi ZH, 1996 Recent developments in research and utilization of
Tichogramma spp. ChineseJ . Biol. Control, 12 (2). 78— 8. [

s . . , 19%,
12 2): B— &)

Liu SS, Shi 7ZH, Shao MJ, He JH, 1994 Canpantive sudies of the
biological characteristics of geographic populations of Trichogramma
dendrolimi | Hym. : Trichogrammatidae] in China. V. Response
diapause induction. Chinese J. Biol. Confiol, 10 (4). 145— 150
[ , s , , 1994

V.
, 10 (4): 145— 150]

Lopez JD, Mormison RK, 1980 Susceptibility of immature Trichogramma
pretiosum  to freezing and sub-freezing temperatures.  Environ.
Entomol., 9: 697— 700.

Ma DY, LiBP, GaoWS, Xu F, 2004 Effect of shorttemm cold storage ©
different development phase of Trchogramma pintoi among some
geographical srain. Chinese J. Biol. Contol, 20 (3). 215— 217
[ . , . , 2004

, 0 (3, 215217

Piao YE. Lin H, Shi GR, 1992 Quality control in massrearng of

Trichogramma spp. Plant Protaction, 18 (3). 28— 29 | s
s , 1992
, 18 (3): 28—29

Pitcher SA,  Hoffmann MP, Gardner J, Wright MG, Kuhar TP, 2002. Cold
storage of Tridhogramma ostriniae reared on Sitotroga cerealella eggs.
Bobwntwol, 47: 525— 535.

Rundle BJ, Thanson L), Hoffmam AA, 2004 Effect of cold sorage on field

and laboratory performance of Tridiogramma awerae (Hymenoptera:

Trichogrammatidae) and the response of three Trichogramma spp. (T.
amvaae. T. . brassicae and T. funiculatum) to cold. J. Econ.
Enomol., 97 (2). 213— 221

Shi ZH, Liu SS; Xu WL, He JH, 193, Comparative studies on the
biological characteristi cs of geographic fhost populations of Tridhogramma
dendrolimi | Hym. : Trichogranmatidae] in Chima. IIl. Resporse to
temperature and humidity. Chinese J. Biol. Comtrol, 9 (3). 97—
101 [ , , , . 1993,

L
» 9 (3): 97101

Wan FH, Ye ZC, Guo JY, Xie M, 2000. Advances and prospects of
biological wntrol in China. Entomolbgical Knowlalge, 37 (2). 65—
) s , s , 2000

, 37 (D 65— M4

Wang CL, Wang HX, Wang YA, Lu H, 198l. Swdies on the rehtion of
temperature and development of Tridiogramma dendrolimi Matsumura.
Zoobgical Resairch, 2 (4); 317— 326. | . s

, . 1981 Trichogramma  dendrolmi
Matsumura . 2 (4), 317—
320

Wang CL, Zhang J, Huo SR, Zhou YN, Feng JG, LiuZC, Yang WH, Shen
XCs Song MQ, Chen HY, Dai KJ, BaoJZ 199. Study, reproduction
and utilization of Trichogramma. In; Bao JZ, Gu DX eds. Biobgical
Control in China. Taiyuan: Shanxi Science and Technology Publishing
House. 67—123 | , , s s ,

, 199, . . ,
. . : . 67123

Xu C Huang SS, Liu WH, Han SC, Chen QX. Li LY, 2003.
Establishment and analysis of laboratory population life table of
Trichogramma dendrolimi developed on Antherea pernyi eggs. Chinese
Jowrnal of Applied Eobgy, 14 (11): 1947—1950. [ s

. s , s , 2003
, 2003,
4 (1D: 1%7— 1950

Zhan GX, Liang GW, 1999 Research and application of Tridiogramma in

China. Acta Agriculturae Jiangxi, 11 (2): 39—46. | s
s 199
11 ). 39— 44

Zhang J, Wang JI, Yang CC. Cong B. 194. A study on the method of
inducing Trichogramma dendrolini Matsimura into diapause stage.
Jowndl of Shenyang Agricultural University, 25 (3). 254— 258, |

, s s , 1994
s 25 (3): 254—25§]

Zhu DF, Zhang ML, Li LY, 1992 A dudy on the diapause and ©ld—
sorage technique of Trchogramma evanseens. Natuwral Enemies of
Insects, 14 (4). 173—176. | s , , 1992

, 14 (D 173 176]

Zhu DF, Zhang YH 1987. Longertemm sorage of Trichogramma spp.
developed under flictuating temperatures & photoperiod. Natural
Enemies of Insects, 9 (2): 111— 114 | s s 1987

,» 9 . 111114

(RE%HE: REK



