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Abstract [Objectives] To explore the effects of cold acclimation on the cold hardiness of overwintering Dendrolimus
tabulaeformis larvae. [Methods] Changes in supercooling point and major cold hardiness chemicals were measured. A
thermocouple was used to measure supercooling points. Moisture, lipid, glycogen and small molecule sugar and alcohol
content of larvae were determined using the delta rule, the chloroform-methanol method, phenol-sulfuric acid method and
capillary gas chromatography, respectively. [Results] The moisture content, supercooling point and lipid content of D.
tabulaeformis larvae acclimated to within 5  below ambient temperature declined significantly, but increased in larvae
acclimated to within 10 below ambient temperature. Glycogen content significantly increased in September, but decreased
slightly in January and March after cold acclimation. Changes in small molecular sugar and alcohol content were not
significant. Trehalose content slightly decreased and glycerol, glucose and galactose decreased in larvae acclimated to within
5 below ambient temperature, but increased when larvae were acclimated to temperatures 10~ below ambient temperature.
[Conclusion] The observed changes in moisture, lipid, glycogen content and small molecular sugar and alcohols suggest that

cold acclimation can increase the cold hardiness of D. tabulaeformis. The supercooling ability of D. tabulaeformis appears to
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be affected by both temperature and the time of cold acclimation, which suggests that there are optimal acclimation conditions
that can maximize cold hardiness. These results provide a theoretical basis for revealing the cold hardiness mechanism and
potential distribution of D. tabulaeformis.
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Fig. 2 Effects of cold acclimation on supercooling points of Dendrolimus tabularformis overwintering larvae
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Fig. 5 Effects of cold acclimation on glycogen content of Dendrolimus tabularformis

overwintering larvae
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Gl: Hih; G2: KFLbE; G3: %M, M: HEEW,; T. WEh.
G1: Glycerol; G2: Galactose; G3: Glucose; M: Mannose; T: Trehalose.



- 968 -

Chinese Journal of Applied Entomology 54

3 gSitie
3.1 RYMERHARE R AT R AR

2001 2002
Bale 1996
2001 2002 CK
Danks 1987
11
- 16.76
2015 Lee

1989 Koveos 2001

2008 2014

5d - 10
5d

Bactrocera oleae

0~10 Drosophila melanogaster
0~5 Czajka
and Lee 1990 Koveos 2001

32 R EMERLNBENERE LYK
HI N

Zachariassen 1985 Chen
etal. 1987 Lee 1991 Storey and Storey 1991
Michaud and Denlinger 2007 Saeidi et al. 2012
2014 Ouyang and Ge 2014

1994
1989 2001 2014
5
10

2005

9 11
Behroozi et al. 2012 1 3

2001 2014 Andreadis

and Athanassiou 2017

Semme 1982 Han et al. 2005



6 - 969 -
,31(2): 111-116.]
Czajka MC, Lee RE, 1990. A rapid cold hardening responseprotecting
against cold shock injury in Drosophila melanogaster. Journal of
Experimental Biology, 148: 245-254.
5 Danks HV, 1987. Insect Dormancy: An Ecological Perspective.

10°C

B Z#Ek (References)

Andreadis SS, Athanassiou CG, 2017. A review of insect cold
hardiness and its potential in stored product insect control. Crop.
Prot., 91: 93-99.

Bai XQ, Zhang XL, Zhang N, Zhang LS, Ma YB, 2016. A damage
monitoring model based on hyperspectral remote sensing of
Dendrolimus tabulaeformis. Journal of Beijing Forestry University,
38(11): 16-22. [ s s s s , 2016.

,38(11): 16-22.]

Bale JS, 1996. Insect cold hardiness: a matter of life and death.
European Journal of Entomology. 93(3): 369—-382.

Behroozi E,Izadi H, Samih MA, Moharamipour S, 2012.
Physiological strategy in overwintering larvae of pistachio white
leaf borer, Ocneria terebinthina Strg. (Lepidoptera: Lymantriidae)
in Rafsanjan, Iran. Italian Journal of Zoology, 79(1): 44—49.

Chen CP, Denlinger DL, Lee RE, 1987. Cold-shock injury and rapid
cold hardening in the flesh fly Sarcophaga crassipalpis.
Physiological Zoology, 60(3): 297-304.

Chen H, Liang GM, Zou LY, Guo F, Wu KM, Guo YY, 2010.
Research progresses in the cold hardiness of insects. Plant
Protection, 36(2): 18-24. [ R s s s

s , 2010. , 36(2):
18-24.]

Chen YJ, Sun XL, Zhang WG, Mou ZZ, Guo GZ, 2005. Relationship
between variation of protein, amino acid, low-molecular
carbohydrate in over-wintering Diaphania pyloalis Walker larvae
and cold-hardiness. Science of Sericulture. 31: 111-116. [ ,

, 2005.

5 5 5 >

Ottawa: Biological Survey of Canada Press. 114-122.

Duan XF, Wang XQ, Li PW, Tian JT, Peng P, Chen SC, 2015.
Effects of cold hardening on physiological indices related to cold
tolerance in Ectropis obliqua pupaes. Chinese Journal of Applied
Entomology, 52(6): 1413-1420. [ s s s

, 2015.

, 52(6): 1413-1420.]
Feng YQ, Wang JL, Zong SX, 2014. Review of insect overwintering

5 s

stages and cold-resistance strategies. Chinese Agricultural
Science Bulletin, 30(9): 22-25. [ s s ,2014.
. ,30(9): 22-25.]

Feng YQ, Xu LL, Li WB, Xu ZC, Cao M, Wang JL, Tao J, Zong SX,
2016. Seasonal changes in supercooling capacity and major
cryoprotectants of overwintering Asian longhorned beetle
(Anoplophora glabripennis) larvae. Agr. Forest Entomol., 18(3):
302-312.

Feng YX, He WX, 1994. Preliminary study on reducing cold
resistance of stored-grain pests. (5): 1-4. [ R , 1994,

. ,(5):14.]

Folch J, Lees M, Sloane Stanley GH, 1957. A simple method for the
isolation and purification of total lipids from animal tissues.
Journal of Biological Chemistry, 226(1): 497-509.

Han RD, Sun XG, Xu YY, Zhang WG, 2005. The biochemical
mechanism of cold-hardiness in overwintering larva of Dendrolimus
spectabilis Butler (Lepidoptera: Lasiocampidae). Acta Ecologica
Sinica, 25(6): 1352-1356.

Han ZJ, Wang YC, You ZP, 1989. Cold-hardiness mechanism of
terrestrial insects. Chinese Bulletin of Entomology, 34(1): 39-42.
[ , s , 1989.

,34(1):3942]

Harrington RR, Fleming I, Woiwood P, 2001. Climate change
impacts on insect management and conservation in temperate
regions: Can they be predicted. Agricultural and Forest Entomology,
3:233-240.

Jing XH, Kang L, 2002. Research progress in insect cold hardines.
Acta Ecologica Sinica, 22(12): 2202-2207. [ s ,2002.

, 12(22): 2202-2207.]

Jing XH, Kang L, 2004. Overview and evaluation of research
methodology for insect cold hardiness. Entomological Knowledge,
41(1): 7-10. [ s , 2004.

,40(1): 7-10.]

Koveos DS, 2001. Rapid cold hardening in the olive fruit fly
Bactrocera oleae under laboratory and field conditions.
Entomologia Experimentalis et Applicata, 101(3): 257-263.

Lee RE, 1989. Insect cold-hardiness: to freeze or not to freeze.
Bioscience, 39(5): 308-313.



- 970 -

Chinese Journal of Applied Entomology 54

Lee RE, 1991. Principles of Insect Low Temperature Tolerance //
Lee RE, Denlinger DI (eds.). Insects at Low Temperature. New
York: Springer US. 17-46.

Li XP, Song LW, Zang HH, Chen YQ, Zuo TT, Wang J, Sun W,
2012. Responses of Arma chinensis cold tolerance to rapid cold
hardening and underlying physiological mechanisms. Chinese
Journal of Applied Ecology, 23(3): 791-797. [ , R

, , , s , 2012, 15
, 23(3):
791-797.]

Li Y, 2013. Biology characteristic and prevention of Chinese pine
larva aculeata. Modern Agricultural Science Technology, (21):
165-167. [ , 2013.

,(21): 165-167.]

Lin W, 2008. Differences and mechanisms in cold tolerance of Chilo

suppressalis larvae in different overwintering periods. Master

dissertation. Hunan: Hunan Agricultural University. [ ,2008.

. ]
Liu YQ, 1963. An overview of the geographical distribution of
Dendrolimus Germar in the eastern part of China. Acta Entomologica

Sinica, 12(3): 345-353. [ , 1963. (Dendrolimus
Germar) , 12(3):
345-353.]

Liu Z, Gong P, Wu K, Wei W, Sun J, Li D, 2007. Effects of larval
host plants on over-wintering preparedness and survival of the
cotton bollworm, Helicoverpa armigera (Hiibner) (Lepidoptera:
Noctuidae). Journal of Insect Physiology, 53(10): 1016—-1026.

Michaud MR, Denlinger DL, 2007. Shifts in the carbohydrate,
polyol, and amino acid pools during rapid cold-hardening and
diapause-associated cold-hardening in flesh flies (Sarcophaga
crassipalpis): A metabolomic comparison. Journal of Comparative
Physiology B, 177(7): 753-763.

Ouyang F, Liu ZD, Yin J, Su J, Wang C, Ge F, 2011. Effect of
transgenic Bt cotton on overwintering characteristics and
survival of Helicoverpa armigera. Journal of Insect Physiology.,
57(1): 153-160.

Ouyang F, Ge F, 2014. Determination and analysis of antifreeze and
cold resistance of insects. Journal of Applied Entomology, 51(6):
1646-1652. [ s , 2014.

. , 51(6): 1646-1652.]

Rajamohan A, Sinclair BJ, 2008. Short-term hardening effects on
survival of acute and chronic cold exposure by Drosophila
melanogaster larvae. Journal of Insect Physiology, 54(4): 708—
718.

Saeidi F, Moharramipour S, Barzegar M, 2012. Seasonal patterns of
cold hardiness and cryoprotectant profiles in Brevicoryne
brassicae (Hemiptera: Aphididae). Environmental Entomology,
41(6): 1638-1643.

Storey KB, Storey JM, 1991. Biochemistry of Cryoprotectants//Lee
RE, Denlinger DI (eds.). Insects at Low Tmperatures. New York:
Springer. 64-93.

Sun XG, Wang XH, Li ST, 2001. Mechanism and research progress
of cold hardiness of insects. Journal of Shandong Agricultural
University, 32(3): 393-396. [ s , , 2001.

, 32(3) :
393-396.]

Semme L, 1982. Supercooling and winter survival in terrestrial
arthropods. Comp. Biochem. Phys. A., 73(4): 519-543.

Tang WG, 2012. Studies on the biological characteristics and integrated
control techniques of Dendrolimus tabulaeformis. Shaanxi
Journal of Agricultural Sciences, 58(1): 47-49. [ , 2012.
58(1): 47-49.]

Wan J, Yan W, Liu L, Long XF, Li ZX, Tan WQ, 2014. Definitude of
effective cooling rates of cold acclimation for old larvae of red
palm weevil Rhynchophorous ferrugineus (Oliver). Chinese
Journal of Tropical Crops, 35(6): 1192-1197. [ , s

R s s , 2014.

. ,35(6): 1192-1197.]

Xia RX, Xu LX, 1993. Study on the supercoiling points of three
caterpillars overwintering larvae in Liaoning province. Scientia
Silvae Sinicae, (2): 186-189. [ R , 1993.

,(2): 186-189.]

Yue L, Zhou ZS, Liu ZB, Guo JY, Wan FH, 2014. Effects of rapid
cold hardening in different intensities on the physiological
indices related to cold tolerance in adults of Ophraella communa
(Coleoptera: Chrysomelidae). Acta Entomologica Sinica, 57(6):
631-638. [ s , s R , 2014.

, 57(6): 631-638.]

Zachariassen KE, 1985. Physiology of cold tolerance in insect.
Physiol. Rev., 65(4): 799-832.

Zeng JP, Ge F, SuJW, He Z, 2010. Researches on the occurrences of
major forest insect pests of pine caterpillar Dendrolimus spp. in
China. Chinese Bulletin of Entomology, 47(3): 451-459. [ s

, 2010.

,47(3): 451-459.]

Zhang LL, 2005. Several factors affecting the growth and development

5 >

of Dendrolimus tabulaeformis. Master dissertation. Beijing:

Beijing Forestry University. [ , 2005.

N

Zhao J, Yu L Y, Li M, Zheng FQ, Zhang F, Xu YY, 2008. Seasonal
variation in cold tolerance of the multicolored ladybeetle,
Harmonia axyridis (Pallas) (Coleoptera: Coccinellidae) adults.
Acta Entomologica Sinica, 51(12): 1271-1278. [ N N

, 2008.

,51(12): 1271-1278 ]

Zhu CH, Qu S, Zhang XL, 2016. Damage remote sensing monitoring

5 > >

and its impact factor analysis of Dendrolimus tabulaeformis.
Journal of Remote Sensing, 20(4): 653-664. [ , R

, 2016.

,20(4): 653-664.]



