
 235

Chapter 2.  EFFECT  OF  CLIMATE  CHANGES  ON  PLANT                          
PESTS  AND  WEEDS 

 
 
ISSN 1392-3196 
Zemdirbyste-Agriculture, vol. 95, No. 3 (2008), p. 235–241 
UDK  633.491:632.6/.7:581./.05 

THE  IMPACT  OF  THE  CHANGING  CLIMATE  CONDITIONS  ON 
THE  OCCURRENCE  OF  THE  COLORADO  POTATO  BEETLE 
(LEPTINOTARSA  DECEMLINEATA)  

 
Remigijus ŠMATAS, Roma SEMAŠKIENĖ, Sigitas LAZAUSKAS  

 

Lithuanian Institute of Agriculture 
Instituto al. 1, Akademija, Kėdainiai distr., Lithuania 
E-mail: remigijus@lzi.lt 

Abstract  
The study was focused on the trends of Colorado potato beetle (Leptinotarsa decem-

lineata) abundance during the growing season in potato. Analysis was conducted based on the 
data of Colorado potato beetle abundance observation in the Dotnuva site and meteorological data 
during the period 1980–2007. A significant increase in the abundance of this pest was recorded, 
especially during the last decade. The occurrence of pest during 1980–2007 plotted against 
time presents relatively smooth non-linear trend. A significant relationship between de-
trended Colorado potato beetle occurrence and mean air temperature in May (r = –0.52, p<0.01) 
for the period 1980–2007 was established by using a simple linear model. The level of occurrence 
of Colorado potato beetle in the preceding year was found also to be a very important 
factor. Climate change may affect the ability to control pests; therefore new strategies will be 
required for effective control of Colorado potato beetle. 
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Introduction 
Climate conditions exert a significant influence on the spread, population 

dynamics, life cycle duration, infestation pressure and the overall occurrence of the 
majority of agricultural pests. Climate change resulting in increased temperature could 
impact crop pest insect populations in several complex ways /Bale et al., 2002; Petzoldt, 
Seaman, 2006/. The increase in Colorado potato beetle (Leptinotarsa decemlineata Say.) 
population in many countries is related with the climate warming /Baker et al., 1998; 
Rafoss, Sæthre, 2003; Hansen, 2007; FAO, 2008/. This insect is a very destructive pest 
of potatoes and also feeds on a number of other Solanaceous crops /Headings, 2006/. 
Colorado potato beetle is a dangerous pest of potatoes over a broad area in Europe 
/Benkovskaya et al., 2006; Leontieva et al., 2006; Barčić, 2006/. It was first reported in 
Lithuania in 1936 /EPPO/ and now it is the main potato pest in Lithuania /Šurkus, 2003/. 
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Yield losses can be as high as 60% in the plots unprotected from Colorado potato beetle 
(unpublished data). Colorado beetle has a liking for warmth and is cold intolerant 
/Hiiesaar et al., 2001; Semaškienė, Šmatas, 2006/. The maximum feeding of the beetles 
occurs at a temperature of 25o C, while feeding stops at 10o C. Females lay eggs at 
temperatures ranging from 15 to 30o C /Tauber et al., 1988; EPPO/. The temperature for 
egg hatching is above 12o C, whereas optimum temperature for moulting is 30o C /EPPO/. 

The number of Colorado beetle generations is largely a function of temperature, 
varying between about four in the hottest areas to one full and one partial generation 
near the colder extremes. There are some cold areas with only one partial generation 
/Svikle, 1976; EPPO/. Low temperatures are the main hindrance for their survival and 
spread, and determine the borders of the beetles distribution /Hiiesaar et al., 2006/. The 
European climate of the 21st century is likely to become warmer, with drier summers, 
wetter winters and more variable patterns of rainfall and temperatures /Temmerman et 
al., 2002/. An analysis of the climatic fluctuations recorded in Lithuania over the 19–
20th centuries suggests that winters and springs have warmed up, precipitation in the 
cold period of the year has increased, whereas summer and autumn temperatures have 
changed just insignificantly /Bukantis, 2001/. 

The aim of our investigation was to analyse the trend in Colorado beetle 
occurrence in relation to meteorological factors. 

Materials and Methods 
In order to investigate trends in climate changes, weather data for the period 

1980–2007 were collected from the Dotnuva station of the Lithuanian Hydrometeo-
rological Service. The Colorado potato beetle occurrence was observed in the experi-
mental plots and commercial field of potato, and the data were collected by the 
researchers of the Lithuanian Institute of Agriculture and the specialists of the 
Lithuanian State Plant Protection Service. Assessments of Colorado potato beetle 
occurrence in potato were started at inflorescence emergence stage (BBCH 51) and were 
continued until the middle of fruit development stage (BBCH 75). No pest control 
products were applied in the assessed plot. Colorado potato beetles and their larvae were 
counted on ten plants in five places per plot. The assessment was done once a week. For 
the analysis, we used percent of Colorado potato beetle infested plants during the highest 
infestation in a particular year. 

The trend in Colorado potato beetle occurrence in relation to meteorological 
factors was analysed for the period 1980–2007 following approaches and methodology 
used by FAO for yield forecasting as outlined by Gommes (2001).  

Results and Discussion 
A distinct and statistically significant increase in the long-term mean air 

temperature was noted at the experimental site of the Lithuanian Institute of Agriculture 
in Dotnuva, Kedainiai for the whole study period. Long-term mean air temperature has 
been calculated since 1924. Statistically significant positive trend (p<0.05) was iden-
tified. The positive trend was identified also for the study period (Figure 1). 
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y = 0.0104x - 14.654
R2 = 0.824
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Figure 1. Trend of annual mean air temperatures over the study period 

Dotnuva 1980–2007 
 

The study was designed to evaluate possible trends in Colorado potato beetle 
occurrence on a regional scale as part of the climate change project, therefore 
fundamental aspects of Colorado potato beetle biology and relationships with specific 
agrometeorological variables were not covered. The data of Colorado potato beetle 
occurrence during the period 1980–2007 plotted against time presents relatively smooth 
non- linear trend, with only 2 points outside the main trend (Figure 2). Very high level of 
Colorado potato beetle occurrence in these two cases can be explained by the high mean 
air temperature in May (14.5o C in 1983 and 14.1o C in 1984). In scientific literature it is 
indicated that thermal threshold is approximately 12o C for reproductive development of 
Colorado potato beetle after dormancy /Tauber et al., 1988/. In previous and other 
studies it was established that the important factors in inducing hibernation are 
photoperiod and temperature, whereas it is primarily temperature which determines the 
length of diapause and emergence from the soil; in spring the first adults emerge at 68 
days-degrees above 10.5o C /Mailloux et al., 1988; Tauber et al., 1988; Lefevere, de 
Kort, 1989/, therefore it is likely that warmer springs promoted higher infestation of 
Colorado potato beetle.  

For further statistical analyses, the data of Colorado potato beetle occurrence 
was de-trended using regression equation y = 1161573.4 – 1168.7 x  + 0.29395 x2; (R2 = 
0.73; p <0.01); where x – year, y – Colorado potato beetle occurrence. After removing 
the trend of Colorado potato beetle occurrence, the data were plotted against each 
individual meteorological variable (monthly mean air temperatures, rainfall and HTC for 
May, June and July) and afterwards these variables were ranked according to the 
magnitude of correlation coefficient. The highest correlation coefficient (r = 0.523; 
p<0.01) was found for the mean air temperature in May. Significant but weaker 
correlation (r = –0.404; p<0.05) was found also for the mean air temperature in June. 
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Consequently, more detailed analyses were performed in relation to the mean air 
temperature in May. 

 

0
10
20
30
40
50
60
70
80
90

100
19

80
19

81
19

82
19

83
19

84
19

85
19

86
19

87
19

88
19

89
19

90
19

91
19

92
19

93
19

94
19

95
19

96
19

97
19

98
19

99
20

00
20

01
20

02
20

03
20

04
20

05
20

06
20

07

Year
Percent of Colorado beetle infested plants

 
 
Figure 2. Percent of Colorado potato beetle infested plants  

Dotnuva, 1980–2007 
 

The trend in the mean air temperature in May during the period 1980–2007 was 
very low (only 0.018ºC per year) and insignificant, so it was possible to use de-trended 
data in statistical analyses. The correlation analyses, using a simple linear model, 
showed a significant relationship between de-trended Colorado potato beetle occurrence 
and mean air temperature in May (r= –0.52, p<0.01) for the period 1980–2007 (Figure 3).  

Some authors emphasize wintering influence on Colorado potato beetle 
abundance /Hiiesaar et al., 2006; Valosaari et al., 2008/. Through climatic change and 
changes in the beetle’s winter tolerance, it is possible that the winter survival of the 
beetle population improves /Knight, Wimshurst, 2005/. Heikkila and Peltola (2006) 
assume that, in slow change, winter survival increases in 50 years from 30% to about 
45%. In rapid change, the change is from 30% to about 60%.  

The trend in Colorado potato beetle occurrence in general is in a good agreement 
with recent changes in Lithuanian climate and especially prevalence of mild winters. 
During the period 1991–2003 the mean air temperature in winter all over Lithuania was 
markedly higher than the climate norm calculated from the data of the period 1961–1990 
/Galvonaitė et al., 2007/. 

The level of the occurrence of Colorado potato beetle in the preceding year was 
found also to be a very important factor: the correlation between the occurrence of 
Colorado potato beetle in preceding (x) and current year (y) was highly significant 
(r = 0.671; p<0.01), and positive. From this relationship we can assume, that high 
occurrence of Colorado potato beetle in the preceding year is one of the important 
preconditions for high occurrence of this beetle. 
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Figure 3. The relationship between de-trended Colorado potato beetle occurrence and 
average May temperature 

Dotnuva 1980–2007 
 
Mild winters, as forecasted by the climate change scenarios, high level of 

Colorado potato beetle occurrence during the last decade suggest that this pest is likely 
to be important and harmful in potato crop. The climate change may affect the ability to 
control pests; therefore new strategies will be required for effective control of Colorado 
potato beetle which ceases to follow established patterns of behaviour.  

Conclusions  
A significant increase in the abundance of Colorado potato beetle was recorded 

during the period 1980–2007, especially over the last decade. The occurrence of pest 
during 1980–2007 plotted against time presented a relatively smooth non- linear trend. 

A significant relationship between de-trended Colorado potato beetle occurrence 
and the mean air temperature in May (r= –0.52, p<0.01) for the period 1980–2007 was 
established using a simple linear model.  

Acknowledgements 
The study was supported by the Lithuanian State Science and Studies Foun-

dation and the Ministry of Agriculture of the Republic of Lithuania. The project: 
“Productivity and stability of agro ecosystems under climate change” 

 
Received 2008-08-11 
Accepted 2008-09-02 

 
 
 
 



 240

REFERENCES  
1. Baker  R. H. A., MacLeod A. ,  Cannon R.  J. C. et al. Predicting the impacts of a 

non-indigenous pest on the UK potato crop under global climate change: reviewing the evidence 
for the Colorado beetle, Leptinotarsa decemlineata // Brighton Crop Protection Conference: Pests 
and Diseases: Proceedings of an International Conference, 16–19 November 1998, Brighton, UK. 
– 1998, vol. 3, p. 979–984 

2. Bale  J. S., Masters  G. J., Hodkinson I. D. et al. Herbivory in global climate 
change research: direct effects of rising temperatures on insect herbivores // Global Change 
Biology. – 2002, vol. 8, p. 1–16 

3. Barč ić  J. I., Bažok R., Bezjak S.  Combinations of several insecticides used for 
integrated control of Colorado potato beetele (Leptinotarsa decemlineata, Say., Coleoptara: 
Chrysomelidae) // Journal of Pest Science. – 2006, vol. 79, p. 223–232 

4. Benkovskaya G. V., Udalov M. B., Nikolenko A. G., Leontieva T. L. 
Temporal and Toxicological Dynamics in the Cover Spot Patterns of the Colorado Potato Beetle 
in South Ural // Resistant Pest Management Newsletter. – 2006, vol. 15, p. 13–15 

5. Bukant is  A.  Climatic fluctuations in Lithuania against a background of global war-
ming // Acta Zoologica Lituanica. – 2001, vol. 11, p. 113–120 

6. EPPO, Data sheets on quarantine pests: Leptinotarsa decemlineata [2008 04 15], 
<http://www.eppo.org/QUARANTINE/insects/Leptinotarsa_decemlineata/LPTNDE_ds.pdf> 

7. FAO (Food and Agriculture organization of the United Nations) Climate – related 
transboundary pests and diseases. – Rome, 2008, p. 1–14 

8. Galvonai tė  A., Misiūnienė  M., Valiukas D., Bui tkuvienė  M. S. Lietuvos 
klimatas. – Vilnius, 2007. – 207 p. 

9. Gommes R.  An introduction to the art of agrometeorological crop yield forecasting 
using multiple regression. – SDNR, FAO, 2001. – 38 p. 

10. Hansen L. M. Will climate change give rise to increasing pest problem in agri-
cultural crops // Trends and Perspectives in Agriculture, NJF 23rd Congress: 26–29, June 2007, 
Copenhagen. – 2007, p. 17 

11. Headings  M.  Colorado potato beetle, Leptinotarsa decemlineata (Say) (Coleop-
tera: Chrysomelidae) // Encyclopedia of Entomology / eds. J. L. Capinera. – Springer, Dordrecht, 
The Netherlands, 2006, vol. 1, p. 583–585 

12. Heikki la J . ,  Pel to la J .  Phytosanitary measures under uncertainty. A cost-benefit 
analysis of the Colorado potato beetle in Finland // New Approaches to the Economics of Plant 
Health / eds. A.G.J.M. Oude Lansink. – Springer, Te Netherlands, 2006, p. 147–161 

13. Hiiesaar  K., Kuusik A., Jõudu J. et al. Laboratory experiments on cold 
acclimation in overwintering Colorado potato beetles, Leptinotarsa decemlineata (Say) // 
Norwegian Journal of Entomology. – 2001, vol. 48, p. 87–90  

14. Hiiesaar  K., Metspalu L., Jõudu J., Jõgar  K.  Over-wintering of the Colorado 
potato beetle (Leptinotarsa decemlineata Say) in field conditions and factors affecting its 
population // Agronomy research. – 2006, vol. 4, p. 21–30 

15. Knight B. E. A., Wimshurst  A. A. Impact of climate change on the geographical 
spread of agricultural pests, diseases and weeds // Introduction and spread of invasive species: 
symposium, 9–11 June 2005, Berlin, Germany / eds. D. Alford, G. Backhaus. – BCPC 
Symposium Proceedings. – 2005, No. 81, p. 25–37 

16. Lefevere K. S., de Kort  C. A. D. Adult diapause in the Colorado potato beetle 
Leptinotarsa decemlineata: effects of external factors on maintenance, termination and post-
diapause development // Physiological Entomology. – 1989, vol. 14, p. 299–308  



 241

17. Leontieva T. L., Benkovskaya G. V., Udalov M. B., Poscryakov A. V. 
Insecticide resistance level in Leptinotarsa decemlineata Say population in the South Ural // 
Resistant Pest Management Newsletter. – 2006, vol. 15, p. 25–26 

18. Mail loux G., Richard M. A., Chouinard C.  Spring, summer and autumn 
emergence of the Colorado potato beetle, Leptinotarsa decemlineata // Agriculture, Ecosystems 
and Environment. – 1988, vol. 21, p. 171–179  

19. Petzoldt  C., Seaman A.  Climate Change Effects on Insects and Pathogens // 
Climate Change and Agriculture: Promoting Practical and Profitable Responses. – 2006, p. III 1–16 

20. Rafoss T. ,  Sæthre G.  Spatial and temporal distribution of bioclimatic potential 
for the Codling moth and the Colorado potato beetle in Norway: model predictions versus climate 
and field data from the 1990s // Agricultural and Forest Entomology. – 2003, vol. 5, iss. 1, p. 75–86  

21. Semaškienė  R., Šmatas R.  Bulvių kenkėjai // Lauko augalų ligos ir kenkėjai. – 
2006, p. 157–165 

22. Svikle M.  Ya.  Control of the Colorado beetle // Zashchita Rastenii. – 1976, No. 6, 
p. 10–11 

23. Šurkus J .  Insekticidų efektyvumas nuo kolorado vabalų // Žemdirbystė (Agriculture). 
– 2003, t. 81(1), p. 209–220  

24. Tauber  M. J., Tauber  C. A., Obrycki J. J. et al. Geographical Variation in 
Responses to Photoperiod and Temperature by Leptinotarsa decemlineata (Coleoptera: 
Crysomelidae) During and After Dormancy // Annals of the Entomological Society of America. – 
1988, vol. 81, p. 763–773 

25. Temmerman L. De, Hacour  A., Guns M.  Changing climate and potential 
impacts on potato yield and quality “CHIP”: introduction, aims and methodology // European 
Journal of Agronomy. – 2002, vol. 17, p. 233–242 

26. Valosaari  K.-R., Aikio  S., Kai ta la V.  Spatial simulation model to predict the 
Colorado potato beetle invasion under different management strategies // Annales Zoologici 
Fennici. – 2008, vol. 45, p. 1–14 


