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Summary 
  
 

The teams involved in the current deliverable are CIRAD and PRI-WUR. As the 
reasserted objective for this deliverable was directly linked with the necessity to promote 
dissemination of scientific knowledge, we present here different scientific papers depicting 
short and mid- term innovations for reducing pesticides in banana cropping systems , as their 
potential risks for human health and the Environment. Some of these papers were recently 
released through international publishing, while others which are briefly mentioned are still 
under revision in scientific journals.  
 

This deliverable is organized into four sections. The first section deals with a paper 
(paper 1) giving an overall view of alternative and innovative practical strategies for achieving 
pesticide reduction in bananas, through IPM approaches. This paper also underlines that in 
the last ten years, innovation in banana production systems combined with new regulations 
banning the most harmful pesticides, resulted in a drop by more than 60% in pesticide use  
expressed here as quantities of active ingredient by hectare or by ton of produced bananas 
(and not yet as TFI -Treatment Frequency Index-).  
 

The second section depicts specific strategies implemented for controlling plant 
parasitic nematodes in bananas without having recourse to chemical nematicides. This 
section is structured by two papers (paper 2 and paper 3).  
 

The third section presents the recent knowledge gained for potentially limiting 
dispersal of the black weevil Cosmopolites sordidus in banana fields, thus offering the 
opportunity not to permanently have recourse to insecticides. In particular, this section 
focuses on a paper (paper 4) describing a predictive model to analyse C. sordidus dispersal. 
Simulation should allow optimizing vegetation organization in banana fields in order to delay 
colonization and alleviate damage without a permanent recourse to insecticides. 
 

In the fourth section, we depict various laboratory tools to i/ monitor in bananas the 
fungal resistance to the foliar pathogen Mycosphaerella musicola responsible for the well-
known Yellow Sigatoka Disease (paper 5), or also to monitor resistance to the fruit pathogen 
Colletotrichum musae responsible for post-harvest damage (paper 6). ii/ assess diversity in 
Mycosphaerella fijiensis populations with VNTR markers (Variable Number Tandem 
Repeats, paper 7). Those fungi are the most damaging -and fungicide consuming sprayings- 
in banana agrosystems.  
 

Many of the results presented here are often -but not exclusively- originating from the 
French West Indies. Nonetheless, they can validly be extended and adapted to any other 
banana producing countries willing to promote more sustainable banana cropping systems 
relying less on pesticides. 
 

Most of the banana cropping strategies (sanitizing fallows against plant-parasitic 
nematodes, protective ditches ...), trapping of the black weevil, monitoring methods for fungal 
resistance in bananas are validated, and have begun to be applied at the field by growers 
and/or field extension officers. More recently released research tools with direct and short 
terms applications for pesticide reduction such as the model COSMOS for the black weevil, 
or VNTR markers for Mycosphaerella fungi require additional steps to be fully validated.    
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1. A review of short and mid-term possibilities to launch 
and consolidate IPM strategies in banana production 
systems : The case study of the French West Indies 

 

The present review is based upon a paper (paper 1) making a census on the recent 
knowledge that was developed, and began to be applied in the fields of banana growers of 
the French West Indies willing to launch more sustainable cropping systems. It was of 
interest to focus on alternative and innovative cropping strategies for bananas in an insular 
and sensitive environment, seeing that many components of the proposed IPM strategies 
could be adopted or adapted in other growing banana countries.  

Although residues of plant protection products in bananas generally match European 
MRLs (Maximum Residues Levels)a, it is capital to minimize pesticide use and their risks as 
well for consumers in the importing countries, as for human populations and marine or 
terrestrial food webs in the producing zones, seeing they can potentially have adverse health 
and environmental effects)b. From which the necessity to give a particular attention to 
alternative or innovative management in banana production systems. 

 
      The proposed strategies integrate i/ well-fitted cultural practices including sanitizing 
fallows and use of nematode non-host cover crops; ii/ biological control means, among which 
are pheromone mass trapping against the black weevil, and biofungicides. iii/ forecasting 
systems and monitoring procedures against the fungal airborne Mycosphaerella leaf spot 
diseases (mainly M. fijiensis and M. musicola). iv/ recourse in the mid-term, to yet 
conventionally bred banana varieties showing resistance to the worldwide and threatening 
airborne Black Leaf Streak Disease (http://www.apsnet.org/education/feature/banana/) 
formerly named Black Sigatoka Disease. 
 

a(see for instance Hernandez-Borges et al., 2009. Analysis of pesticide residues in bananas 
harvested in the Canary Islands (Spain). Food chemistry, 113:313-319; Tixier et al, 2007. Pesticide 
residues in heterogeneous plant populations, a model-based approach applied to nematicides in 
banana (Musa spp). Journal of agricultural and food chemistry, 55:5204-2508). 

b(see for instance Coat al, 2006. Contamination of some aquatic species with the organochlorine 
pesticide Chlordecone in Martinique. Aquatic living resources, 19:181-187; Castillo et al., 2000. 
Pesticide residues in the aquatic environment of banana plantation areas in the North Atlantic zone of 
Costa-Rica. Environmental toxicology and chemistry, 8:1942-1950).  
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  Paper 1:  
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2. Agroecological methods to control banana pathogenic 
nematodes and sustain soil health without chemical 
nematicides 

This section is mainly structured by two released papers focusing on specific practical 
strategies to control plant-parasitic nematodes in bananas without chemical nematicides.  

The first paper (paper 2) reviews the recent and next coming practical strategies to 
control plant-parasitic nematodes in banana agrosystems of the French West-indies. It refers 
to an environmentally-friendly management of banana agrosystems that mainly includes: 
i/Crop sanitation (use of tissue culture derived banana plantlets, use of Cavendish lines less 
susceptible to parasitic nematodes); ii/Soil sanitation through sanitizing fallows and crop 
rotations, along with use of monitoring tools to assess sanitation; iii/Selection of nematode 
non-host cover crops; iv/promotion of conventionally bred banana cultivars that shows a 
partial resistance to black leaf Streak disease and Yellow Sigatoka disease. 

The second paper (paper 3) provides an in deep analysis of the protective and useful 
role of water isolation ditches for yet nematode-sanitized plots. We showed in this paper that 
50-80 cm deep ditches could efficiently prevent, at the field scale, the dispersion of the 
banana endoparasitic nematode Radopholus similis. Field infestation by this nematode could 
consequently be lessened, and delayed by more than 3 years. 

 
At last, we also have to briefly mention a third paper not presented here because it is 

currently being reviewed by the scientific journal “Fruits” under the reference: Dorel M., 
Lakhia S., Pététin C., Bouamer S. Risède J.M. No-till banana planting on crop residues 
mulch - Effect on soil quality and crop  functioning. This paper deals with the impact of soil 
tillage on i/Nematodes communities and other components of soil quality such as organic 
status, porosity, microbial biomass. ii/Functioning of the banana crop. It underlined that 
relative to conventional tillage, no-till banana planting improved soil quality and crop 
performance. Improving as well soil functioning as plant functioning, it could therefore allow 
to lessen the impact of soil pathogens and particularly that of parasitic nematodes, thus 
opening a possibility to restrict nematicide use. It is mentioned in this paper that the 
presented work was done in the framework of the NoE ENDURE. 
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Paper 2: 
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Paper 3: 
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3. Dispersal analysis of the black weevil Cosmopolites 
sordidus in banana agrosystems 

 

This section mainly relies upon a paper (Paper 4) focusing on the development of a 
spatialized model for analyzing, at the field scale, the dispersal of the banana black weevil 
(Cosmopolites sordidus). This COSMOS model allows testing as well planting patterns of 
banana mats, as the spatial heterogeneity of plant stages. Simulation takes into account the 
local movement of individuals (mainly females since males do not cause damage, and pupae 
and larvae are unable to disperse themselves in the banana fields), egg laying of females, 
banana plants infestation by larvae, along with the main features of insect and host plant 
development. The COSMOS model also allows to test the spatial localization of pitfall traps 
with pheromone (Sordidin) in banana fields, and to optimize their density (number per 
hectare). This model thus appears has a true innovating tool to rationalize vegetation 
organization in banana agrosystems in order to delay colonization of plots by C. sordidus and 
to lessen its level of damage, thus anticipating and avoiding the need for a permanent 
recourse to insecticides.   

 

In addition, we also have to briefly mention a second paper, not presented here because 
it is still under press, after its very recent acceptation for publication in the scientific journal 
Agricultural and Forest Entomology. This paper is referenced: Rhino, B., Dorel, M, Tixier, P., 
and Risède, JM, 2009. Effects of fallows on population dynamics of Cosmopolites sordidus, 
toward integrated of banana fields with pheromone mass trapping. It focuses on the 
relevancy of mass trapping in fallows with pitfall traps and pheromone, to improve sanitation 
of banana agrosystems towards the black weevil C. sordidus. This paper mentioned that the 
presented work was done in the framework of the NoE ENDURE. 
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Paper 4: 
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4. Laboratory tools to monitor fungal resistance in 
bananas or genetic diversity in Mycosphaerella diseases  

 

In this section, laboratory tools designed to monitor fungicide resistance in  
Mycosphaerella musicola or Colletotrichum musae populations, are described. Also, new 
VNTR markers to assess genetic diversity in Mycosphaerella fijiensis are also 
presented. 

A first paper (paper 5) presents a newly adapted and performing methodology to 
monitor sensitivity of the ascomycetous fungi Mycosphaerella musicola. This airborne 
fungi is responsible of one of the most damaging and fungicide-consuming foliar 
diseases of bananas. Seeing that on the last years, shifts in sensitivity of M. musicola to 
different systemic fungicides led to a worsening of resistance problems, and 
consequently to an increased use of contact fungicides, it was critical to have efficient 
tests to adequately monitor these resistances. A major problem was that M. musicola 
ascospores are morphologically similar to those of other Mycosphaerella species in 
bananas, including non-pathogenic species. Among many other advantages, the method 
presented in paper 5 allows to correctly diagnose fungicide resistance in M. musicola 
populations by addressing conidia of the anamorph Pseudocercospora musae.  

A second paper (paper 6) similarly illustrates a methodology designed to assess 
fungicide resistance in populations of the fruit pathogen Colletotrichum musae, a fungi 
responsible for consistent post-harvest damage in bananas.  

Finally, the M. fijiensis genome sequence was used to develop variable number of 
tandem repeat markers (VNTRs) to study the genetic diversity in natural populations of 
M. fijiensis in Costa Rica (paper 7, under submission).  

 

 



ENDURE – Deliverable DR1.13 
 

Page 45 of 54 
 

 

Paper  5: 

 



ENDURE – Deliverable DR1.13 
 

Page 46 of 54 
 

  



ENDURE – Deliverable DR1.13 
 

Page 47 of 54 
 

 

 

 



ENDURE – Deliverable DR1.13 
 

Page 48 of 54 
 

 

 

 

 



ENDURE – Deliverable DR1.13 
 

Page 49 of 54 
 

 

Paper 6: 
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Paper 7:  

 
Genetic structure of Mycosphaerella fijiensis populations in Costa Rica 
 
 
S.A.L. Garcia1,4, M. Guzmán2, E.C.P. Verstappen1, T.A.J van der Lee1, S.B. Goodwin3, M.T. 
Souza Jr1,5 and Gert H.J. Kema1 
 
1 Plant Research International, 6708 PB, Wageningen, The Netherlands 
2 Corbana, PO Box 6504-1000 San José, Costa Rica 
3 USDA-ARS, Purdue University, 915 W. State Street, West Lafayette, IN, 47907-2054, USA 
4 Universidade Federal de Lavras, Caixa Postal 3037, Lavras- MG, Brazil 
5 Embrapa LABEX Europe, 6708 PB, Wageningen, the Netherlands 
E-mail gert.kema@wur.nl & manoel.souza@wur.nl 
 
Abstract 
Mycosphaerella fijiensis is the causal agent of black leaf streak of banana, the most 
important threat to banana production in many countries and particularly in Costa Rica where 
the climate is very conducive for the disease. Currently, the main control measure is the 
frequent application of fungicides. However, apart from environmental concerns, this 
approach is not sustainable due to the abrupt or gradual development of fungicide 
resistance. To analyze the population dynamics of fungicide resistance, we developed 
molecular diagnostics for strobilurin resistance, using the cytochrome b gene (cytb), in M. 
fijiensis. We also developed molecular markers for the mating type idiomorphs (mat1-1 and 
mat1-2) and primers for five VNTR loci to estimate population genetic parameters. 
Monospore isolates were collected at three plantations that are 20-30 km apart (Cartagena, 
San Pablo and Zent) in the Limón province that represents the heart of the Costa Rican 
banana production area. Ninety-five isolates were obtained from a distant wild-type 
population that was never sprayed with fungicides in the Herédia province. In total, 665 
isolates were assayed for mat1-1, mat1-2, VNTR and cytb. The mating type genes 
segregated in a 1:1 ratio indicating that the sampled populations most likely are randomly 
mating. The strobilurin diagnostic indicated that the wild-type population is entirely sensitive 
and that two of the three commercial populations are entirely resistant. The Zent population 
contained 8% of sensitive strains even though strobilurins were still used in that plantation. 
The VNTR primers identified 33 alleles and high levels of gene diversity within each 
population (h = 0.402-0.487). Analysis of molecular variance revealed that 92% of the total 
variation was within populations with only 8% due to differentiation among them. Levels of 
gene flow were high (Nm = 4-14 individuals per population pair per year) but populations 
were still slightly but significantly differentiated. These analyses provide an excellent basis for 
future research into fungicide resistance in Costa Rican populations of M. fijiensis as well as 
comparative analyses with other banana-producing areas. 
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Conclusion 

 

In the present deliverable we stressed various innovative possibilities contributing to a 
reduction of chemical nematicides, insecticides, and also fungicides in banana 
agrosystems. Gaps of knowledge and technical deficiencies to control, in particular, 
soilborne pests -including plant-parasitic nematodes and black weevil- were substantial. 
This opens the promising track of integrated crop protection in bananas.  

The solutions proposed here in the different (and next coming) papers to bridge these 
gaps are relevant with the objective of reducing pesticides in bananas, while promoting 
sustainability.   

It is therefore on major interest to further go on in the capitalization of these innovating 
solutions. The outcomes from this knowledge are threefold: 

- A focus is done in DR1.16 on the technical ways to implement many of the 
solutions. The necessity to advise farmers and to train technical advisors is also 
underlined. 

- Two relevant and significative initiatives allowing to further disseminate the 
knowledge from the presented solutions and its appropriation, are running in the 
two bigger European regions producing bananas: In the MAC region i.e. Madeira 
+ Azores + Canaries (Portugal and Spain) with a project called “BIOMUSA”, and, 
in the French West Indies, with the project “Plan Banane Durable”. Defined with 
the key contribution of two members of the Banana CS, respectively, ICIA (Spain), 
and CIRAD (France), these projects similarly mobilize banana growers, 
researchers and different other stakeholders dealing with pesticide reduction and 
more sustainable banana cropping systems, to ensure dissemination of innovative 
techniques.  

- Part of the scientific knowledge presented here will be further refined and 
completed within the ENDURE NoE through collaborations in the framework of 
RA2.1 “Prevention of pest damage at the cropping system level” and RA2.3 
“Exploitation of landscape and community ecology” in 2010 in the 3rd JPA. 
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