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Ladies and gentlemen, good morning !   

My name is Pierre Silvie, I am a French entomologist and I worked during fifteen years in 
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My name is Pierre Silvie, I am a French entomologist and I worked during fifteen years in 

the sub-Saharan region, in 3 french-speaking African countries. The purpose of my 

presentation is to show you the diversity of cotton protection programs based on the 

use of thresholds, for 6 countries of this region. The advantages of these programmes

for small-scale farmers will be mentioned, but also some limitations of their adoption in 

relation with their complexity, in comparison with the calendar-based programme, also 

called ‘conventional’ programme.     
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When I first begun to work in Chad, Central Africa, in nineteen eighty four, I was chocked 

by the way some small farmers were mixing the insecticide with water, directly by hand 
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by the way some small farmers were mixing the insecticide with water, directly by hand 

inside the tank of their knapsack sprayers. I was told about women committing suicide 

for personal reason or intoxication of children because of the white color of the mixture, 

looking as milk. We all know the concerns about the use of insecticides, in particular 

adverse effects on human health. 

Personally, I grew at the University with the Integrated Pest Management concept. 

That’s the reason why I spent some time on threshold-based programmes mainly in Togo 

and Benin.  
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My presentation will give you first some elements of context, on the countries and the 

diversity of pests. Then we’ll see the different types of threshold-based programmes. 
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diversity of pests. Then we’ll see the different types of threshold-based programmes. 

Advantages will be mentioned but also the constraints and limitations of the use of 

these programmes.    
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Six countries have been studied: Ivory Coast, Mali, Burkina Faso, Benin, Togo and 

Cameroon. For Burkina Faso and Ivory Coast, we got information only for two regions 
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Cameroon. For Burkina Faso and Ivory Coast, we got information only for two regions 

managed by two cotton companies, Faso Coton (in Burkina Faso) and Ivoire Coton (in 

Ivory Coast). In all these countries, cotton is a rain-fed crop, produced by small-scale 

farmers. The crop system does not generally involve intercropping. 



The distribution of pests is linked to climatic conditions, in particular the 

monsoon, with the up-and-down movement of the inter-tropical front. This 

defines two rainy seasons in the southern parts of some countries as Togo or 

Benin, and this allows two crop cycles with relay cropping of cotton after maize 

(animation).     
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The pest complex found in sub Saharan Africa mainly encompasses bollworms species, 

leaf-eating caterpillars, sucking pests, mites and bugs. Bollworms can be classified in two 
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leaf-eating caterpillars, sucking pests, mites and bugs. Bollworms can be classified in two 

groups in relation with the life-cycle of their larvae: 

the ‘exocarpic’ caterpillars feed outside the organ, 

the ‘endocarpic’, with ‘cryptic’ lives, not visible externally, can spend their all life cycle 

inside a boll, as Pectinophora gossypiella. 

In sub Saharan countries, until now, economic losses due to  mealybugs have not been 

observed.       
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The presence and damage of such ‘endocarpic’ caterpillars, and also mites, have led to 

the definition of different “control programmes” zones in some countries, as, for 
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the definition of different “control programmes” zones in some countries, as, for 

example, in Benin (4 zones) and Togo (northern and southern zones).   
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Chemical control is usually made with the help of a hand sprayer like this one. The 

pulverization is made by a spinning disk system with 5 or 6 batteries as a source of 
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pulverization is made by a spinning disk system with 5 or 6 batteries as a source of 

energy. Two to three cotton rows are treated at the same time with the help of the 

wind. A volume of 10 liters of mixture (insecticides with water) is applied per hectare.
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One more concern was recently characterized in sub Saharan countries, the insect 

resistance to pyrethroids. Resistance was well demonstrated in the case of Helicoverpa 
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resistance to pyrethroids. Resistance was well demonstrated in the case of Helicoverpa 

armigera in Ivory Coast, Benin and Cameroon. It led to the definition of spraying 

windows as developed in Australia for example, with the aim to reduce the use of 

pyrethroids during mainly the first part of the crop cycle.  



21/11/2011

Beside the conventional pest management programme still applied at a large scale 

today, two main types of threshold-based programmes were defined these 10 last years. 
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today, two main types of threshold-based programmes were defined these 10 last years. 

In the first type, there are still a basic calendar-based sprayings (a kind of “security net”) 

supplemented when necessary (if an action threshold is overpassed) by other targeted 

sprayings. This is the case for LEC programmes. 

In Ivory Coast and Burkina Faso thresholds are used only during a part of the plant cycle.    

In the second type, there is no more a basic calendar-based programme, sprayings are 

only made when action thresholds are overpassed. 

In the Cameroon case, a sequential sampling has been studied and decisions are made 

with this technique for bollworms. 
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This slide shows the current situation, in term of hectares, in Cameroon, Mali and Benin. 

In 2010, the full use of different thresholds for different group of pests without a 

11

In 2010, the full use of different thresholds for different group of pests without a 

calendar-based programme is made only in Mali, on almost 25 000 ha.       
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The conventional programme, still in use in many countries as we have just seen, is 

graphically represented here. The horizontal axis represents time. The first spraying (T1 
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graphically represented here. The horizontal axis represents time. The first spraying (T1 

on the graph) occurs at 45 days after emergence, when the first squares appear. 

Then, other sprayings are done fortnightly. 

Depending on the date of sowing and to the duration of the crop cycle, in Mali, for 

example, the number of sprayings can go from 4 up to 7. 

According to the crop system the starting of sprayings can also be influenced, as for 

example in southern Togo where cotton follows maize. In this case, the first application 

will begin later with sometimes, consequences on the mites’ development on cotton. 

The insecticides used generally consist of a mixture of a pyrethroid with an organo-

phosphate, or a carbamate, or a neonicotinoid. 

Because of pyrethroid resistance, three windows of sprayings have been defined, each 

one during 28 days, and there is no spray of pyrethroid during the first one (animation). 

Alternative active ingredients as  indoxacarb have been used as, after endosulfan was 

banned.  

(Animation) In relation with the definition of the window, Cameroon is an exception, 

with windows of only 14 days, the first window beginning the 1rst of july, each year.  

Let’s see now the threshold-based programmes.
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This slide shows you the main Arthropods, or their damage, considered in the threshold-

based programmes. 
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based programmes. 

First, ‘exocarpic’ bollworms, sometimes joined by the ‘endocarpic’ Pectinophora when 

larvae are visible in flowers.

Then leaf-eating carterpillars, sucking pests, mainly aphids, and in a few countries, 

whiteflies, jassids and mites. 

There are no thresholds defined for ‘endocarpic’ bollworms or bugs. 
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Each group of pest is controlled by chemicals considered as specific active ingredients. 

Similar colors are given to a group of pests and the corresponding chemicals effective on 
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Similar colors are given to a group of pests and the corresponding chemicals effective on 

this group. 

For example, the red bottle (which means pyrethroid or alternative) is used for the 

control of bollworms. 

Thanks to the international network and meetings organized between African 

researchers these colors have been adopted by all the 6 countries. 
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In this table, you can see the relationship between countries and pests for which 

thresholds were adopted. 
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thresholds were adopted. 

Bollworms are the main threat everywhere, specially the Noctuid Helicoverpa armigera.  

Mites are considered only in Benin and Ivory Coast, jassids only in Ivory Coast, and 

whiteflies only in Burkina Faso.  
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The two next slides will give you some more details about the procedures of sampling, 

observations and thresholds adopted. You will find these tables in the full paper. 
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observations and thresholds adopted. You will find these tables in the full paper. 

Observations are made field-by-field. Just notice some differences between the values of 

bollworms thresholds, 3 larvae in Ivory Coast and Togo (animation), 5 larvae (animation) 

everywhere else. 
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You can also notice different number of observed plants, as for example 40 in Benin, 

when it is 25 or 30 elsewhere (animation). 
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when it is 25 or 30 elsewhere (animation). 

For the leaf-eating caterpillars and the sucking pests (animation), infested plants are the 

base for defining thresholds, instead of infested leaves as it was in the past. 

For mites, presence of 2 spots of infested plants is the relevant threshold in Ivory Coast, 

while in Benin, the threshold is 3 infested plants. 
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Many tools were created in each country of the network to help farmers or scouts who 

realize the observation in the fields and have to make decision for treatment. Manuals, 
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realize the observation in the fields and have to make decision for treatment. Manuals, 

videos sometimes, to identify pests and their damage, natural enemies also, paper form 

support to keep the information available and to facilitate the control, pegboards to help 

for observation and decision-making. 
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A special pegboard has been created in the case of Cameroon. This is the only country 

using sequential sampling, in the case of bollworms only. The peg is moved on the right 
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using sequential sampling, in the case of bollworms only. The peg is moved on the right 

side, in relation with the counting of observed plants and up when one caterpillar is 

observed. The green or red zones determine the need to spray.  
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The three next slides will show you details about the principles of sprayings, according to 

the type of programme. 
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the type of programme. 

We have already seen the conventional programme. 

In the typical LEC programme, in the down part of this graph you can see the 

relationship between the calendar-base programme, made by sprayings realized at half-

dosages of a mixture, and the specific sprayings (animation) made when a threshold is 

reached,  with formulations targeting the different groups of pests.    



21/11/2011

In Benin, the situation is much more complex due to the presence of ‘endocarpic’ larvae. 

Because of pyrethroid resistance, the two first sprayings are made with an alternative 

21

Because of pyrethroid resistance, the two first sprayings are made with an alternative 

insecticide. Then, in relation with the region, the active ingredient used against 

bollworms is made at different rates (animation). A ‘full’ rate is applied in the south 

because of the presence of ‘endocarpic’ larvae. 

Thresholds are used for bollworms, leaf-eating caterpillars, aphids or mites in relation 

with the “control programme” zone (animation).   
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The case of Togo, Ivory Coast or Burkina Faso is much easier to understand. 

In Togo, threshold is only used for Helicoverpa armigera, from 7 days after the third 
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In Togo, threshold is only used for Helicoverpa armigera, from 7 days after the third 

calendar spraying. 

Thresholds are used at the beginning of the crop cycle in Ivory Coast, and in Burkina 

Faso, from the third spraying. 
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The threshold-based programmes Type II are those applied in Mali and Cameroon. As we 

have already seen, in this last country, use of thresholds is made only for bollworms.  
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have already seen, in this last country, use of thresholds is made only for bollworms.  
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This table shows you some details about the product and rate applied in each country, 

except Cameroon. 
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except Cameroon. 

We have got very few information from Ivory Coast. 

A quite limited choice of alternative products to pyrethroid is available. 
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A list of advantages has been given by farmers or calculated from results mainly 

obtained in research stations: reduction of insecticide quantities, but not always, so 
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obtained in research stations: reduction of insecticide quantities, but not always, so 

reduction of costs, increase of yield, but not always. These indicators lead to a generally 

positive economic balance in terms of margins. 

Reduction of pollution and positive impact on human health are supposed but not really 

well measured. 

In the economic balance estimation, some costs are not quite clearly evaluated, as for 

example cost of the extension services. Moreover, very few calculations of margins at 

the field scale have been published or made available. I think we really need much more 

work in these areas of evaluation.
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These are for example results obtained from two sources. If you compare columns of the 

figures you will see that, at each line, the threshold-based programme give a better 
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figures you will see that, at each line, the threshold-based programme give a better 

margin per hectare. 
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In relation with the constraints associated with the development of these programmes, 

we can first mention the transfer of knowledge to small-scale farmers for different 
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we can first mention the transfer of knowledge to small-scale farmers for different 

reasons as education and language. 

The complexity of some technical messages has to be mentioned as, for example in the 

use of this kind of pegboard, proposed to farmers in Benin. You can see in this pegboard 

the definition of three kinds of threshold for the bollworms. 
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Another constraint is the dissemination of these technical messages. Observations can 

be made individually, by a farmer or a scout, or collectively, by a group of scouts. 
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be made individually, by a farmer or a scout, or collectively, by a group of scouts. 

Dissemination of technical messages is generally linked to the efficacy of extension 

services. 

Finally, economical constraints can also limit the development of such programmes. The 

costs of capacity building are rarely calculated. 

And one major constraint always mentioned by farmers is the management of materials, 

i.e. storage, that have not been used during the cropping season.
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The main conclusions of this synthesis are presented in this slide. Many types of pest 

management programmes based on threshold are currently used in sub-Saharan 
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management programmes based on threshold are currently used in sub-Saharan 

countries. Are they too many is a question. Their implementation is possible and has 

showed positive results. But their dissemination is related to the efficacy of extension 

services, in relation with economical and technical aspects. The messages have to be at 

the same time efficient, scientific-sounded based, environmental-friendly, simplified, for 

a better dissemination among small farmers. 

A better feed-back is needed from farmers to researchers for a better evaluation of 

threshold-based programmes.
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New perspectives are given with the recent large-scale adoption of Bt cotton in Burkina 

Faso. We don’t have many published results until now, but basic research could or 
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Faso. We don’t have many published results until now, but basic research could or 

should be done or amplified in relation with the sustainability of the technology, for 

example studies on the impacts and monitoring of the susceptibility of the targeted 

pests to the toxins involved. Looking at what happened in other countries, one potential 

concern is the development of bugs. 
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This adoption highlights the necessity of developing studies on thresholds. The answer 

to this question is YES, we need more research !     
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to this question is YES, we need more research !     
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From the CIRAD’s point of view, studies should be done on thresholds not only at the 

field level scale, as it has always be done, but also considering the landscape scale. This 
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field level scale, as it has always be done, but also considering the landscape scale. This 

is why we begun to develop this approach with a project aiming to better understand 

the movements of Helicoverpa armigera, locally and regionally. Applied research still 

need to be fed by basic research.        
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This synthesis has been done with the help of my numerous colleagues in the different 

African countries mentioned here. It was not easy to communicate with Ivory Coast, 
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African countries mentioned here. It was not easy to communicate with Ivory Coast, 

after the recent events. I‘d like to thank all of them and the audience for its kind 

attention.

Thank You ! 
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