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ABSTRACT
A management study was conducted to determine the performance of the new B.t. Cry1F maize line TC1507, referred to as 1507-maize producing an insecticidal protein (the core CRY1F protein derived from Bacillus thuringiensis var aizawai) developed by Pioneer       Hi-Bred in collaboration with Dow AgroSciences (DAS) , in order to check the efficacy of the control on European Corn Borer (Ostrinia nubilalis) and Mediterranean Corn Borer or Pink Stalk Borer (Sesamia nonagrioides). Pioneer conducted field experiment in 2000 in France to evaluate TC1507-maize, unsprayed non-GM control with comparable genetic background (hybrid 2722)  and non-GM control after application of a synthetic insecticide (Karate Xpress, a.i. lambda-cyhalothrin) commonly used to control European corn borer infestation.

Data collected included: ear feeding, number of larvae in the ears and stalks, length of tunneling, number of cavities , grain yield and grain moisture.

Despite the somewhat limited data obtained from this single location study, maize line TC1507 showed significant efficacy to control both European corn borer and Pink stalk borer. These preliminary results confirm that 1507-maize has excellent efficacy against ECB. This is the first study conducted against PSB and the results show excellent control of PSB. Maize-1507 provides superior protection of both corn borer species than traditional insecticide applications .
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INTRODUCTION

The introduction of maize in different continents was followed by the attack of native insect species that became pests on maize fields. The pyralid Ostrinia nubilalis (Hbn.) is the main pest of maize in France, Italy, Central Europe and also in North America, where it has been introduced accidentally (DICKE and GUTHRIE, 1988). Now the European Corn Borer (ECB) is one of the most important pests of corn in the United States. ECB typically produce two damaging generations per year in Corn Belt States.

In some zones of the EU, several species of noctuids of the Sesamia genus have been reported as the main problems for the cultivation of maize. Among them, Sesamia nonagrioides Lef. causes important losses in Morocco (LESPES and JOURDAN, 1940) and Southern Europe 

(ALFARO, 1955; ANGLADE, 1961a; PROTA, 1965; TSITSIPIS et al., 1984). In Greece, late corn is heavily infested, and losses of 80-100% are not unusual (TSITSIPIS et al., 1987). In Turkey, Pink Stalk Borer (PSB) causes significant damage in second crop maize (Symposium on Corn borers and control measures, 1988).

Pink Stalk Borer generally produce two to four generations per year depending on regions and climatic conditions.

Designing effective means of control appears to be more and more important as these pests damaging more and more maize crops in diverse regions worldwide with severe yield losses.

Insecticides traditionally have been used to control both ECB and PSB; however the level of control is often limited due to difficulties in timing of the insecticide application.The discovery of insecticidal properties of Bacillus thuriengensis in 1901, and the subsequent  work research done to identify the gene which coded for the protein, isolating it, and using tools of biotechnology, inserting it into the genome of plants allow now farmers to use Bt maize hybrids to manage both ECB and PSB(or MCB). In order to evaluate the performance of Cry1F maize line TC1507 , we performed a field experiment in which different observations were used to evaluate the efficacy to control ECB or/and PSB with 1507-maize in comparison to non-GM maize control and non-GM maize sprayed with a common insecticide. 

Objectives of Corn Borer and Stalk borer Management Studies

This study was conducted to determine the value of 1507-maize versus non-GM maize control and non-GM maize insecticide sprayed under ECB and PSB (MCB) pressure. 

Specifically, the trials addressed the following questions:

· How effective is the Bt Cry1F maize TC1507 line in reducing damage from ECB or PSB (MCB)?

· How does control of corn borer with 1507-maize compare to control obtained using an insecticide?

· How does yield of  1507-maize compare to yield of unsprayed non-GM and non-GM  treated with insecticide to manage corn borers under corn borer infestation ?

Experimental Procedures

A field experiment was set up in Haute-Garonne, France in 2000. The maize tested were 1507-maize expressing the core CRY1F protein and a non-GM control maize with comparable genetic background (hybrid 2722).

The trial was planted on May 23rd. The experimental design was a randomized complete block design including one 1507-maize block, one insecticide sprayed non-GM control block, and one unsprayed non-GM control block with 4 replications of each of the blocks.

Within the replications, each maize line was planted in a 24 m long by 8 rows wide plot. Due to regulatory requirements the trial was planted with a  400 m isolation distance from other maize fields. Common practices for weed control applied in the area of the field trial were conducted.

Insecticide applications were made to non-GM maize at times appropriate for corn borer control. Insecticides were not applied to the 1507 maize, nor to the unsprayed non-GM control. Each insecticide treatment 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).

Seeds were not treated with the insecticide Gaucho (imidacloprid) to avoid interactions with aphid populations.

No other insecticides were applied during the growing season (e.g. carbofuran, benfuracarb, aldicarb…) and soil insecticides were not used (against Sesamia sp. or aphids).
Evaluations

Plots were evaluated for corn borer damage by examining 25 consecutive plants in the 2 middle rows of the plot (4th and 5th rows). Ears from these plants were examined for ear feeding by ECB or PSB. In addition, since stalk tunneling is the best single indicator of yield loss potential, stalks were split on these 25 plants and the number and total length of tunnels were recorded. 

Data analysis:

Classical linear models (those involved in classical analysis of variance) are suitable for data having normal distributions. For counted data (such as counts of insects), 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.

Experiment Results 

Ear feeding under ECB and PSB infestation
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Evaluation of ear feeding was done by counting the number of ears with feeding damage.  When ECB or PSB larvae were present, they were identified and counted. In some cases identification of larvae was impossible, so the data were attributed to total corn borers (ECB or PSB larvae).

Significant differences were clearly observed between 1507-maize and insecticide sprayed non-GM and 1507-maize and non-GM to control ear damage caused by ECB or total corn borers (ECB or PSB). In the case of PSB, the number of larvae was too low to see any significant differences.

Number of ECB or PSB larvae per plant 
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Significant differences in the numbers of larvae present were observed between 1507-maize and non-GM maize. For ECB, the insecticide application did significantly reduce the number of larvae present. This was expected because insecticides are commonly used for ECB control. For PSB, insecticides are less effective, no significant difference in the number of larvae present was observed between non-GM and sprayed non-GM.
Number of cavities within the stalk
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1507-maize had significantly fewer cavities present in the stalk from ECB and/or PSB feeding compared to both sprayed and unsprayed non-GM maize. In comparison the insecticide applications did not significantly reduce the number of cavities. 

Length of Tunneling

Length of tunneling in 1507-maize is significantly lower [LSD (0.05) = 2.4836] than the length of tunneling in insecticide sprayed non-GM and unsprayed non-GM.
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GrainYield

No significant difference was observed  in terms of grain yield between 1507-maize and unsprayed non-GM or 1507-maize and insecticide sprayed non-GM. The lack of significance is not unexpected due to the limited number of locations and replications. Nevertheless  a slight yield advantage was observed in favor to 1507-maize.
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Grain Moisture

No significant difference was observed between 1507-maize, unsprayed non-GM and insecticide sprayed non-GM.
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CONCLUSIONS

Despite the somewhat limited data obtained from this single location study, maize line TC1507 showed significant efficacy to control both European corn borer and Pink stalk borer. These preliminary results confirm that 1507-maize has excellent efficacy against ECB. This is the first study conducted against PSB and the results show excellent control of PSB. Maize-1507 provides superior protection of both corn borer species than traditional insecticide applications .
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