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Abstract 

The Colorado potato beetle (Leptinotasara decemlineata Say) is one of the most important pests on potatoes (Solanum tuberosum). In the present study, we compared the efficacy of three biological insecticides – Neem (NeemAzal-T/S), pyrethrum/rapeseed oil (Spruzit Neu) and Bacillus thuringiensis var. tenebrionis (Novodor FC) – against this pest in field trials conducted from 2005 to 2007. The combined and temporarily shifted application of neem and B.t.t. reduced significantly the number of beetle larvae and the percentage of defoliation due to larval feeding, and increased the potato yield considerably. The SIMLEP3 forecasting model is useful for determining the optimal timing of the treatment. Pyrethrum/rapeseed oil did not lead to a significant reduction of Colorado potato beetle larvae.

Introduction 

The Colorado potato beetle (Leptinotarsa decemlineata Say) is one of the most important pests on potatoes. In organic agriculture, the application of insecticides of biological and mineral origin is accepted as a last option to control pests only after all other preventive methods have failed. The selection of early-maturing varieties and creating conditions to make them emerge quickly ensure the yield development to occur earlier than the infestation by the beetle. Other preventive steps to be taken are both avoiding volunteers to emerge and selecting fields, neighbouring areas of which had seen potato cropping in the previous year, as the pest always spreads from there. (Kühne et al. 2006). Considering crop rotation, the cultivation of potato in immediately neighbouring fields may be regarded as a monoculture for the Colorado potato beetle. In many areas, preventive measures do not appear to be sufficient to avoid damage caused by the Colorado potato beetle. 
Materials and Methods 

The insecticides approved for potato beetle control in organic farming were comparatively tested from 2005 to 2007 on a test site of the Federal Biological Research Centre for Agriculture and Forestry (BBA) in Dahnsdorf (Brandenburg), Germany. The test site was certified for organic farming according to EU guidelines (control no.: D-BB-043-4143 A; soil type: sandy loess sL, mean annual precipitation: 526 mm). Relevant experience data were available for the neem-based product “NeemAzal-T/S” and for the Bacillus thuringiensis var. tenebrionis (B.t.t.)-based product “Novodor FC” (Zehnder et. al. 2007); however, this was the first time that the efficacy of the pyrethrum/rapeseed oil-based product "Spruzit Neu” was investigated in the context of an organic potato farming comparative study. These efficacy studies were performed in accordance with the specifications in EPPO guideline PP 1/12 (3) (see also www.bba.de/eppo/i_12.pdf). The trials were conducted as a randomised, single-factor experiment with block design and four repetitions. Seven treatments were investigated in 2006 (plot size: 6 m x 17 m per treatment), and three treatments in 2005 and 2007 (plot size: 6 m x 34 m per treatment) (Table 1). They were compared with an untreated control every year. Both the number of potato beetles and the percentage of defoliation due to feeding damage (defoliaton index, Boiteau 1994) were determined at weekly intervals on the same ten randomly-selected and marked potato plants per treatment variant. Since the larvae may be counted on the plants for a comparatively long period of time following the application of Neem, the calculation of its efficacy was performed according to the defoliation index by the Abbott-formula: degree of effectiveness = (X – Y) / X x 100 with X = value of the control and Y = value of the test item. For timing the treatment, the SIMLEP3 forecast model was used in 2006 and 2007 to determine the maximum number of young larvae, thus finding the optimum time of pesticide application. The SIMLEP3 model uses a temperature-sum method to calculate the population dynamics of the potato beetle (Roßberg 1999). The date of first egg-laying in the field and weather data from the nearest weather station were used as input parameters for the model calculations. The respective insecticide treatments were conducted under optimal weather conditions, i.e. with no direct sunlight, wind speed < 1 m/s, and temperature < 20 °C. Pyrethrum was applied with 1000 l/ha of water. Neem and B.t.t. were mixed with 400 l/ha and 500 l/ha of water. In 2006, the potato blight (Phytophthora infestans) was controlled by a five-time application of copper-products (CUPROZIN flüssig, 750 g copper per application) throughout all treatments. 

Results 
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The results of the field counts made on the respective scoring days were in harmony with the forecast model calculations; the insecticide treatments were therefore performed within the predicted time frame.


Figure 1: Results achieved with the SIMLEP3 forecast model in terms of predicting the optimal time of treatment for the two years of the trial. 

In 2007, treatment was necessary two weeks earlier than in 2006 and 2005. The average number of larvae per plant before treatment were 49 in 2005, 17 in 2006, and 38 in 2007 (n=160). Table 1 shows the treatments for the applications of the plant protection products used to control potato beetles between 2005 and 2007. In addition to that, the degree of effectiveness related to the reduction of leaf consumption (24 days after treatment) and the increase in yield in dt/ha compared with the untreated control are stated.
Tab. 1: Treatments for application of the plant protection products used to control potato beetles between 2005 to 2007, degree of effectiveness in % regarding defoliation 25 days after treatment and increment (dt/ha) in comparison to untreated control. * Significant relates to untreated control (Tukey’s test; P<0.05)

	year of exp.
	First trt
	Product (L)/ha
	Second trt
	Product (L)/ha
	Timing of second trt
	Degree of effectiv-eness %
	increment to untreated control 

dt/ha 

	2005
	Pyreth.
	8
	None
	None
	None
	9
	16

	2006
	Pyreth.
	8
	Pyreth.
	8
	+12dd
	16
	17

	2005
	B.t.t.
	5
	None
	None
	None
	30
	25

	2006
	B.t.t.
	5
	None
	None
	None
	45
	17

	2006
	B.t.t.
	5
	Pyreth.
	8
	+2dd
	43
	9

	2005
	Neem
	2.5
	None
	None
	None
	44*
	54*

	2006
	Neem
	2.5
	None
	None
	None
	57*
	19

	2006
	Neem
	2.5
	Pyreth.
	8
	+2dd
	71
	0

	2006
	Neem
	1.5
	B.t.t.
	5
	+2dd
	80*
	42*

	2007
	Neem
	2.5
	B.t.t.
	5
	+5dd
	87*
	62*

	2007
	Neem
	2.5
	B.t.t.
	3
	+5dd
	82*
	70*

	2006
	Neem
	2.5
	B.t.t.
	1,7
	Tank mix with first trt
	77*
	18

	2007
	Neem
	2.5
	B.t.t.
	1,7
	Tank mix with first trt
	68*
	16*


The control results with Pyrethrum were unsatisfactory throughout the entire period. Feeding damage rates were high, and even a second insecticide treatment in 2006 could not improve the result essentially. A single B.t.t.-treatment was also unsatisfactory and could not increase the yield significantly in terms of statistics. Only one single neem treatment could increase both the degree of effectiveness and the yield significantly. The best potato beetle control results were achieved when using the combination of Neem + B.t.t.. In 2007, the degree of effectiveness was increased to 87 % by raising the dose of B.t.t. and prolonging the time between treatments in comparison to the tank mix. 

Discussion 
The explanation for the advantageous effects of neem and B.t.t. when combined to control the potato beetle lies in the different mechanisms of action of the two substances. Neem must be consumed by the potato beetle larvae over a long period of time in order to develop its inhibitory effect on moulting whereas B.t.t. (Bacillus thuringiensis var. tenebrionis) is a bacteriotoxin that rapidly leads to the cessation of feeding following ingestion. It is also much cheaper than neem. For this reason, the two insecticides should be applied at different times using a temporal displacement strategy with neem always being applied first. When applied 5 days apart, neem has time to weaken the larvae so that the bacteriotoxin B.t.t. can kill them faster with the effect that larvae that hatch later will also be killed. Since these biological insecticides remain active for only a few days after application, optimal timing of their application is of utmost importance. The SIMLEP3 forecast model proved to be suitable for this task as the scoring data collecting in the field showed excellent correlation with the forecasts calculated according to the simulation model. The pyrethrum-rapeseed oil-based product (Spruzit Neu) did not exhibit potato beetle control satisfactorily, not even after repeated application. In light of the reports of resistance development to pyrethroid insecticides, the limited efficacy of this plant protection product can presumably be attributed to reduced sensitivity of the Colorado potato beetle population (Nauen 2005).

Conclusions 
In many areas, preventive strategies do not suffice to prevent potato beetle damage (Reelfs et al. 2007). In this event, insecticides may and should be used to prevent economic losses—even in organic farming. The SIMLEP3 forecasting model can be used to determine the optimal timing of treatment. The combination of neem (NeemAzal-T/S) + B.t.t. (Novodor FC) achieved good control of young larvae. The two insecticides should ideally be applied in a temporally displaced manner; neem should be applied first, followed by B.t.t.. At the same time, this dual strategy minimises the risk of the development of resistance to the insecticides.
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Figure 1: SIMLEP3 forecast results for time of treatment of potato beetles 2006 and 2007
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