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Guidelines
The following guidelines are also available in these languages:

 



Guidelines
2004 french



Guidelines
2004 spanish
The following guidelines were updated during the 7th FRAC Banana Working Group meeting held at Miami, Florida on February 11-12, 2004:
1. General
In general terms, the use of fungicides with a different mode of action applied in tank mixtures or in alternated sprays are both suitable approaches to minimize the risk of resistance development. These use strategies are valuable for all site specific fungicides and in situations when there is a need to cope with a shift towards decreased sensitivity.
The anti-resistance strategies only allow a limited number of applications with the site-specific fungicides. Therefore, the use of these materials in alternation with fungicides belonging to other non cross resistant classes seems to be the best approach in order to allow the necessary total number of sprays which are required with the site-specific fungicides for efficient Black Sigatoka control over the whole high pressure period.
New fungicides will be available in the future, and therefore amendments to these guidelines will be done accordingly.

2. Sensitivity situation 2004
Mycosphaerella fijiensis has developed resistance to a number of fungicides rapidly in the past. It is therefore regarded as a high risk pathogen and the working group recommends the establishment of a monitoring method and assessment of the baseline sensitivity prior to market introduction of any new site-specific fungicide used in banana production. 

2.1. Benzimidazoles
Resistance to benzimidazoles is now wide spread in Latin America. Del Monte provided monitoring data during the meeting. 

2.2. Amine Fungicides (includes Morpholines and Spiroketalamines)
In general the sensitivity to tridemorph has not changed. Reports on reduction of sensitivity to tridemorph in Panama will be followed up with a monitoring programme in 2004.
A new molecule belonging to this fungicide class was presented at the meeting. Spiroxamine baseline for Latin America is established.

2.3. DMIs (Triazoles)
A significant shift in Costa Rica, Panama and at the north coast of Guatemala was observed between 2000 and 2003 for all triazoles.
A stable situation was recorded in Mexico, Belize, south coast of Guatemala, Honduras, Nicaragua, Colombia and Ecuador. The populations are at a slightly shifted level since the last four years.
Data were presented for Philippines. A slight difference was observed between treated and untreated samples. Monitoring will continue to follow up the recorded results.
The majority of samples from Cameroon had slightly decreased sensitivity values when compared to the baseline. 

2.4. QoI Fungicides (Strobilurins)
Field resistance to QoI fungicides has been reported in the north coast of Guatemala, Costa Rica, Panama and Colombia.
Resistance has been detected during routine monitoring programmes without decreased product performance in Philippines and Cameroon.
The use of germ tube length for monitoring of QoI resistance was discussed.
Studies will be carried out to understand better the importance of ascospores with intermediate germ tube length between 50 and 150 µm for evaluation of resistance (Syngenta).
The effect of SHAM and the impact of the alternative oxidase in M. fijiensis will be investigated and results should be reported to the group as soon as they are available (BASF).

2.5. Anilinopyrimidines
Pyrimethanil was presented as a new fungicide used in banana production in Belize, Cameroon and the Philippines.

3. Use Guidelines
Some general statements apply to all fungicides used in bananas:
For a mixture to be effective in a resistance management strategy the rate of each component must be sufficient to provide satisfactory control when used alone at the same rate.
Protectant (multi site) fungicides are considered to be a very valuable and necessary tool for the banana Sigatoka control programs.
Site-specific fungicides must be applied in oil or oil-water emulsions.

3.1. DMI Fungicides
3.1.1. Field experience in bananas has shown that M. fijiensis can develop resistance to the DMI fungicides. The DMIs are and will continue to be very key tools for the efficient control of Black Sigatoka in bananas. An effective anti-resistance strategy must be followed when using these materials, in order to protect their fungicidal performance over the long term.

3.1.2. The use of the full recommended label rate of DMIs is mandatory (straight DMI use or in mixture with multi-site fungicides). In areas where DMI’s sensitivity is significantly shifting in consecutive seasons, mixtures with non cross resistant fungicides are highly recommended. Rates used must not exceed label rates. 

3.1.3. The DMIs must be used at least ¾ of their full recommended label rates when they are applied in tank mix with other site-specific fungicides. When an amine fungicide is the partner compound, it must be added at least at 2/3 of its commercial recommended label rate .

3.1.4. Single alternation of DMIs with other site-specific fungicides is recommended. Repeated (sequential) applications of DMIs (either alone or in tank mixtures with other fungicides) must be limited to not more than 2 consecutive sprays (i.e. maximum block of 2 sprays).

3.1.5. All the fungicides belonging to the DMI class are considered to be a single product group, amongst which there is in general some degree of cross resistance. Therefore, alternation or mixtures of DMIs must not be recommended for the purpose of resistance management. 

3.1.6. In the case of straight applications of the DMIs, the number of sprays against Black Sigatoka must not exceed a total of 8 applications during any 12 month period (a maximum of 6 total applications in the case of Yellow Sigatoka). 

3.1.7. The maximum number of DMI's sprays for controlling Black Sigatoka might be increased to a total of 10 applications in a 12 month period, if the DMIs are always applied in mixtures with other fungicides (7 applications in the case of Yellow Sigatoka ). 

3.1.8. A DMI- free period of at least 2 (and if possible 3-4) consecutive months, during the periods of lower disease pressure is recommended. 

3.1.9. DMIs should be applied preventively or curatively as early as possible. Eradicative use of DMIs should be avoided. 

3.2. Amine Fungicides ( includes Morpholines and Spiroketalamines ) 
3.2.1. The number of amine applications used either alone, in mixture with the DMIs or other classes of fungicides must not exceed a total of 12 applications within a 12 month period. 

3.2.2. When amine fungicides are the partner compound of other site-specific fungicides, it must be added at least at 2/3 of its commercial recommended label rate .

3.2.3. Single alternation with other site-specific fungicides is recommended. Repeated (sequential) applications of amines (either alone or in tank mixtures with other fungicides) must be limited to not more than 2 consecutive sprays (i.e. maximum block of 2 sprays). 

3.3. QoI Fungicides (Strobilurins) 

3.3.1. A maximum of 4 applications of QoI fungicides should be used during a 12 month period. Do not apply QoIs in consecutive sprays. 

3.3.2. Exposure periods should be defined locally as a working guideline. 

3.3.3. Apply full recommended label rates of the QoIs, always in mixtures. Mixtures with fungicides with different modes of action are valuable for disease control and resistance management. 

3.3.4. QoI fungicides are very effective at preventing spore germination and therefore should be used preventively. The eradicative use of these fungicides must be avoided. 

3.4. Benzimidazole Fungicides 

3.4.1. The benzimidazole fungicides must not be applied in consecutive sprays. The applications of these fungicides should not exceed a total of 3 applications per 12 month period. It is also recommended that this class of fungicides must be always used in mixtures with mancozeb. 

3.4.2. Where resistance has been confirmed, benzimidazole applications must be based on sensitivity monitoring information. Applications must be done only under low disease pressure conditions. 

3.5. Anilinopyrimidine Fungicides 

3.5.1. The number of applications must not exceed 6 per 12 month period, solo or in mixture with fungicides with different mode of action. 

4. Monitoring methods
4.1. DMI Fungicides 
4.1.1. All active ingredients which are used in the spray programme should be included in the monitoring programme. Since there is a valuable data base available for propiconazole it should be included in the programme if possible. 

4.1.2. The recommended DMI doses to be used in these sensitivity tests are 0 - 0.03 - 0.1 - 0.3 -1.0 and 3.0 ppm in the case of shifted populations; and 0 - 0.003 -0.01 - 0.1 and 1.0 ppm for the purpose of establishing a reliable EC50 value in baseline populations.

4.1.3. The maximum concentration used should be adjusted to the respective population sensitivity. A concentration of 3 ppm should be included as appropriate.

4.2. Amine Fungicides ( includes Morpholines and Spiroketalamines )
4.2.1. The doses recommended for tridemorph and spiroxamine are as follows: 0 - 0.1 - 0.3 - 1.0 and 10ppm.

4.3. QoI Fungicides ( Strobilurins )
4.3.1. As recommendation for a minimum monitoring method for strobilurins, in vitro testing should be done at two rates, one at a discriminatory dose and one at an intermediate rate close to the EC95. In the case of azoxystrobin the rates should be 10 and 1ppm; in the case of trifloxystrobin the rates are 3 and 0.1ppm. 

4.3.2. In vitro testing should measure the frequency of ascospores with a germ tube length in excess of 150mm. A minimum of 150 and preferably 300 ascospores should be assessed. Measurement of 300 ascospores gives a 95% probability of being able to detect 1% resistant spores. 

4.3.3. If ascospores germinate to greater than 150mm at the discriminatory dose then a confirmation step is essential. The initial step is to transfer the germinated ascospore to a new medium at the same concentration. Alternatively, pure isolates can be obtained and conidia tested for sensitivity. 

4.3.4. For field sampling, targeted locations where extensive use has been made of strobilurin fungicides, are preferred. Samples should be taken 2-6 times per year.

4.3.5. If resistant isolates are found, the manufacturer should be contacted immediately.

4.4. Anilinopyrimidine Fungicides 
4.4.1. The following concentrations are recommended for pyrimethanil monitoring 0, 1, 3, 10, 30 and 100 ppm.
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Dr. K. Klappach
Chairwoman 

BASF Agrarzentrum
Carl-Bosch-Str. 64
67114 Limburgerhof, Germany
Tel: +49 62 16 02 72 87
Fax: + 49 62 16 02 71 55 
Email: Dr. K. Klappach 
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