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ABSTRACT

Worlwide maize yields are significantly reduced due to damage caused by the European corn borer. In order to control this pest, Pioneer Hi-Bred International, Inc.(PHI)  in collaboration with Dow AgroSciences, LLC (DAS) has developed  B.t. Cry1F maize line TC1507, referred to as TC1507-maize which produces  an insecticidal protein (the core CRY 1F protein derived from Bacillus thuringiensis subsp. aizawai). Small-scale field studies have been conducted to assess the safety of TC1507-maize to non-target arthropods (Higgins, 1999). The results obtained thus far indicate that TC1507-maize does not affect the populations of selected non-target arthropods.

To further study the complex tritrophic interactions in the TC1507-maize ecosystem, a faunistic study was designed to determine whether TC1507-maize affects non-target arthropods under field conditions.For comparative purposes the study also evaluated the non-target effects observed after application of a synthetic insecticide (Karate Xpress, active ingredient: lambda-cyhalothrin) commonly used to control European corn borer infestation.

The study was conducted in the year 2000 in Haute-Garonne, France, on a field of 0.2 ha using PHI B.t. Cry1F maize line TC1507 and a non-genetically modified (GM) control line  with a comparable genetic background (hybrid 2722). Visual observations were used to monitor non-target insects. Observations were performed seven times during the growing season. Maize line TC1507 showed no significant impact on the non-target arthropods observed (thrips, Orius, leafhoppers). However, the Karate Xpress treatment significantly reduced non-target arthropod populations observed in this study. A significant reduction in the number of  insects was observed after application of the insecticide, which was followed in some cases by a partial recovery of insect numbers after 2 to 3 weeks.

Despite the limited scope of this study, the absence of adverse effects of TC1507-maize on the populations of non-target arthropods indicates that use of TC1507-maize is an environmental-friendly method for controlling corn borer infestations in maize.
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INTRODUCTION

Worlwide maize yields are significantly reduced due to damage caused by the European corn borer. . In order to control this pest, PHI in collaboration with Dow AgroSciences, LLC(DAS) has developed a B.t.-maize which produces an insecticidal protein (the core CRY1F protein derived from Bacillus thuringiensis subsp. aizawai). In order to address concerns regarding the potential environmental impact of Cry1F maize a field experiment was performed in which non-target arthropod populations were monitored in a TC1507-maize line, non-GM maize control line and a non-GM maize line sprayed with a common insecticide. 

EXPERIMENTAL PROCEDURES

A field experiment was set up in Haute-Garonne, France in the year 2000. The maize lines tested were TC1507-maize expressing the core CRY1F protein and a non-GM control maize line  with comparable genetic background (hybrid 2722) either sprayed or non-sprayed with an insecticide.

The trial was planted on May 23rd. Seeds were not treated with insecticide to avoid interactions with aphid populations. The experimental design was a randomized completed block design with 4 replicates. Each block contained one plot each of TC1507-maize, insecticide sprayed non-GM control, and  unsprayed non-GM maize. 

Each plot was 24 m long by 8 rows wide. Due to regulatory requirements the trial was planted with a  400 m isolation distance from other maize fields. Local weed control practices were used .

Insecticide applications were made to non-GM maize at appropriate times (June 26, July12 and August 7) throughout the growing season. Insecticide was not applied to the TC1507-maize, nor to the unsprayed non-GM control. Each insecticide treatment (Karate Xpress, active ingredient: lambda-cyhalothrin) was applied 3 times, the first two applications were at half dose (0.2l/ha) and the last application at full dose (0.4l/ha).No other insecticides were applied during the growing season.

Non target insect observations

Period of  observation:

From the 29th of June to the 17th of August. 

Dates of observation:

June 29, July 6, 13, 19 and 27  and August 7,17.

Categories of non-targets observed, i.e., thrips, Orius and leafhoppers.

Observation method: Visual observation

Arthropods were observed in the two middle rows of each plot( 4th and 5th rows).

Counting was done for each replication on 10 homogenous plants within 20 consecutive plants (20 plants = 1 site of observation for 1 date of notation). Subsequent counts were done on 10 plants different from the ones assessed during the previous counting (chosen out of 20 plants of the previous counting). For a same date of observation, all counting areas are located in the same alignment.

Observations carried out on each plant:

· Leaf internodes 

· Examination of the two faces of each leaf

· A whole plant observation of  beneficial insect 

· Observation of aphids on the first 10 leaves from the base of the plant 

Leaf damages due to leafhoppers were scored with the following scale:
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In this study six categories of non-target insects were identified: aphids (Rhopalosiphum padi, Sitobion avenae, Metopolophium dirhodum), micro-hymenopterans (Praon sp. and Aphidius sp.), green lacewings, Orius sp., thrips and leafhoppers.

The thrip species found were:

· Predator thrips of genus Aelothrips sp.

· Phytophagous thrips:

· Limothrips cerealium

· Frankliniella tenuicornis

· Haplothrips aculeatus

· Anaphothrips obscurus

· Thrips angusticeps

Thrips species were identified by INRA (National Agronomy Research Institute), Montpellier, France.

Due to the low level of populations of aphids, micro-hymenopterans, ladybirds and green lacewings, (cold and rainy month of July) no statistical analysis could be carried out on the numbers observed of these populations (cf. appendix 1)

Statistical Analysis:

Classical linear models (those involved in classical analysis of variance) are suitable for data having normal distributions. For count data, the nominal distribution is the Poisson distribution. In this case, Generalized Linear Models (GLM), essentially an extension of the classical linear model, are preferable for modeling. From a practical point of view, in this study GLMs will provide confidence intervals for the "mean" estimates that will never be negative and where the length increases with the estimate.

No block effect on the insect populations was observed for any of the data.
RESULTS

1. Thrips

1.1 Phytophagous thrips
At the beginning of the observation period (July 29) overall phytophagous thrip populations across the maize lines averaged from 6 to 8 individuals per plant. A general reduction in the population was observed beginning in July. These insects had disappeared completely by the August 17 observation period.
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Same letter: no significant difference.

  



Different letter: significant difference.
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The following statistically significant differences were observed in the number of phytophagous thrips: 

On June 29: The unsprayed and insecticide treated non-GM control were significantly different. No significant difference was observed between non-GM (sprayed or unsprayed) and TC1507-maize lines.

On July 13:  Each treatment was significantly different from the others.

The average number of phytophagous thrips per plant was significantly higher in the plots with TC1507-maize.

On July 19:Unsprayed non-GM control maize was significantly different from TC1507 and non-GM insecticide sprayed maize.

The average number of thrips per plant was significantly higher in non-GM maize line.

 
1.2 Predaceous thrips

The population dynamics of predator thrips was also characterized by an overall reduction of the  population. Superimposed on this general reduction were two plateaus where the number of individuals tended to rise for unsprayed non-GM and TC1507-maize between July 6 and 13 and between July 27 and August 7. The populations had completely disappeared by the August 17 observation period. For non-GM insecticide treated maize line, the number of predator thrips was very low and dropped to near zero after July 13.
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For all observation dates (except July 6 and August 17), the non-GM insecticide sprayed maize line was significantly different from the other treatments. For each observation date, no significant difference was found between TC1507 and unsprayed non-GM maize.

Same letter: no significant difference.

Different letter: significant difference
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2. Orius

The population numbers of Orius in TC1507 maize and unsprayed non-GM maize reached a peak on August 7 at approximately five  insects per plant. Then the number of insects dropped  sharply.

In non-GM insecticide sprayed maize treated two population peaks were observed on  July
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6 and 27.

Same letter: no significant difference.

Different letter: significant difference.
For all observation dates (except 3 dates: June 29, July 6 and 19), non-GM insecticide sprayed maize  was significantly different from unsprayed non-GM and TC1507 maize. There was no significant difference between TC1507 and unsprayed non-GM maize. 
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 Orius/Thrips Interaction

Globally for all treatments no significant difference was found in terms of Orius/prey interaction . For each treatment the predator/prey ratio was conserved. Even Orius were higher in non-GM insecticide sprayed and TC1507 maize due to high prey levels as the insecticide treatment reduced Orius + thrips ,  the effect on Orius is of prey removal rather than toxicity in the insecticide treatment. 

4.
Leafhoppers
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For all observation dates on leaves 5,6 and 7, non-GM insecticide sprayed maize showed significantly less leafhopper damage than TC1507 and unsprayed non-GM maize. No significant difference was found between TC1507 and unsprayed non-GM maize.

CONCLUSIONS:

The populations of phytophagous thrips was similar on B.t. Cry1F maize line TC1507 and its non-GM counterpart with a comparable genetic background. Nevertheless, two exceptions were observed concerning phytophagous thrips, one on July 13 where the populations were significantly higher on TC1507- maize than on non-GM maize and one on July 19 where the converse situation applied. Therefore, we conclude that expression of the core CRY1F protein in TC1507-maize has no adverse effect on the natural populations of thrips. Insecticide treatment had an adverse effect on the number of individuals; after each application a reduction in the number of thrips both phytophagous and predaceous, was observed.The population of phytophagous thrips recovered to similar levels as those observed in TC1507  or unsprayed non-GM maize after 2 to 3 weeks. The populations of predaceous thrips did not rebound after the second or third insecticide applications.

The  Orius populations in TC1507 and unsprayed non-GM maize were not significantly different. Therefore, we conclude that the expression of theCRY1F protein in TC1507-maize has no effect on these insects. This was not the case for the insecticide treatment; an obvious reduction in the numbers of Orius individuals was observed particularly during the peak population levels for this insect.

Analysis of leafhopper damage confirmed that there are no adverse effect of B.t. Cry1F TC1507-maize line on these insects. In fact, for all observation dates TC1507-maize and unsprayed non-GM maize  were similar and significantly more damaged than non-GM maize sprayed with the insecticide.

Despite the limited arthropod taxa observed in this study and its conduct at a single location, the absence of any observed adverse effects of TC1507-maize on a range of non-target arthropods confirms that TC1507-maize is an environmental-friendly method for controlling European corn borer infestations in maize.
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The statistical analysis for this variable 

is

different  from  those  conducted  previously:  the 

distribution being different from well known distributions such 

as 

Gaussian

distribution, we 

decided not to use a statistical model but rather display the ob

served distributions using side 

by

-

side

-

boxplots

(40 data points for each 

boxplot

).
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The statistical analysis for this variable is different  from  those  conducted  previously:  the distribution being different from well known distributions such as Gaussian distribution, we decided not to use a statistical model but rather display the observed distributions using side by-side- boxplots (40 data points for each boxplot).
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