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1- Atelier INIBAP-EARTH 

Cet atelier a été réalisé à l'initiative de l'INIBAP-LAC (International Network for 

Improvement ofBananas and Plantains, section Amérique Latine et Caraïbes). Il s'est déroulé à 

Guâ.cimo sur le site de la EARTH (Ecole d' Agriculture des Tropiques Humides). 

Il s'agissait de : 

1) faire le point des connaissances sur les possibilités de culture des bananiers sans apports 

chimiques, 

2) déterminer les axes de recherches développement permettant de s' affranchir de la 
contrainte chimique en production bananière. 

Les deux premiers jours ont été consacrés à des exposés présentant diverses expériences 

et des avis de spécialistes invités. Ces présentations couvraient tous les domaines de la production 

(fertilisation, sols, mycorhizes, amélioration variétale, lutte contre ravageurs et pathogènes, filières 

économiques et marchés) . On trouvera les différents résumés des intervenants a la fin de ce 

document, ainsi que l'intégralité de ma présentation sur les gestion des nématodes par les 

pratiques culturales. 

Si l' on met à part l'aspect naïf, voire carrément mystique, de certaines interventions, le 

sujet en lui-même représente un enjeu majeur pour les années à venir sur lequel le CIRAD 

gagnerait à s'afficher ouvertement. Les réglementations sur l'utilisation des intrants chimiques 

(y compris les fertilisants) et les produits non biodégradables ou non recyclables sont de plus en 

plus draconiennes et contraignantes. Par ailleurs l'attractivité des multiples sigles biologiques sur 

les consommateurs en fait une filière à haute valeur ajoutée. Il y a d' ailleurs de ce point de vue un 

vrai problème de prolifération des labels recouvrant des "tolérances chimiques" plus ou moins 

grandes, n'allant pas forcément dans le sens de l' information du consommateur. 

Le troisième jour a été consacré à des groupes de travail. Le premier portait sur les 

techniques de production (de la plantation au conditionnement) et devait définir les axes de 

recherches prioritaires, faire des propositions pour une formation des agriculteurs et sur la mise 

à disposition des itinéraires techniques. Un certain nombre de connaissances sont acquises et les 

recherches conduites, notamment au CIRAD, visent à une production de plus en plus "propre" 

et économique. L'amélioration variétale est notamment un des axes majeurs pouvant permettre 

une production qui s'affranchisse le plus possible des contraintes chimiques. Mais d ' autres points 

comme les diverses composantes de la gestion intégrée des bioagresseurs, l' utilisation des 

symbiotes (mycorhizes par exemple) et une meilleure gestion de la fertilité sont également des 

composantes importantes et non utopiques d'une production respectueuse de l' environnement. 
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Le second groupe de travail était consacré aux filières économiques et aux marchés ainsi qu ' aux 

nonnes et labels. Les marchés potentiels et les enjeux économiques sont très importants, bien que 

difficiles à évaluer à l'heure actuelle. Une des clés est une clarification et un meilleur contrôle des 

labels. 

Les diverses communications des intervenants ainsi que les conclusions détaillées des 

groupes de travails seront diffusées très rapidement par l' INIBAP-LAC. 

II- Divers 

Cette réunion a permis en à-côté : 

~une prise de contact approfondie avec l'INIBAP-LAC par des discussions avec Franklin 

ROSALES et Sébastien TRIPON. 

Les relations entre CIRAD et INIBAP-LAC sont en voie de renforcement. F. ROSALES 

a affiché ouvertement sa volonté de renforcer nos liens et de mieux faire appel aux compétences 

du CIRAD. Au début de 98 un projet FONTAGRO a été soumis qui n' a pas été retenu, 

notamment parce qu' il était trop vaste et couvrait à la fois les volets IPM de la maladie des raies 

noires, du BSV et des nématodes. Ce projet sera réécrit en séparant les trois composantes en trois 

projets distincts. F . ROSALES compte sur la participation active du CIRAD pour la conception 

et la réalisation de ces projets. Il devrait nous contacter prochainement à ce sujet. 

~ une rencontre avec le coordinateur (B. DEL V AUX) et le groupe canarien (ICIA) du 

projet INCO sur les mycorhizes. Cela a permis notamment de pallier en partie la rencontre ratée 

(pour cause de grève SNCF surprise) en juin dernier, et notamment de concrétiser des relations 

plus étroites avec le groupe Canarien pour un appui sur la composante nématodes du projet. La 

prochaine réunion de coordination se tiendra d' ailleurs aux Canaries en février 99. 

Montpellier, le 12/9/98 
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MARCO CONCEPTUAL DE LA PRODlJCCION ORGr\NICA 0 
AMIGABLE AL AMBIENTE 

Luis Brenes 

Apdo 869-1011 
San José 
Costa Rica 

Se ha definido Desarrollo Sostenible como "el mejoramiento de la calidad de 
vida dentro de los limites que impone el ecosistema, sin comprometer el futuro de 
las nuevas generaciones". Sin embargo, no tiene sentido hablar del mejorar la 
calidad de vida si primero no se responden preguntas basicas como e,esta vida vale 
la pena ser vivida?, ë,quiénes tienen derecho a una mejor calidad de vida?, 6cual es 
mi responsabilidad persona! hacia las necesidades que tienen otras personas? 

Se afirma que la dignidad de la persona humana es un valor intrinseco, y que 
todos tienen derecho a satisfacer las necesidades que les garanticen una adecuada 
calidad de vida. Sin embargo, basados en la Declaraci6n Universal de los 
Derechos Humanos, también todos tenemos el deber de cooperar fraternalmente 
para que esta realizaci6n de nuestra potencialidad humana sea algo disfrutado por 
todos y no solo por algunos. 

Es a través de sus actos que el hombre influye en la historia, en su propia 
vida y en la de los demas, acercandose a ese ideal de vida o alejandose de él. Por 
lo tanto, todo acto humano es un acto social e implica üna responsabilidad. Esto 
incluye nuestros actos profesionales en el campo que nos atafie: la agricultura. 

Es la agriculhrra la actividad humana que satisface una de las necesidades 
basicas del hombre: el alimento. Sin embargo, la busqueda de este bien no 
justifica los medios. Si no producimos alimentos tomando en cuenta las 
limitaciones impuestas por la Naturaleza, se corre el riesgo de crear un desbalance 
entre el desarrollo econ6mico (producci6n), ambiental (uso adecuado de recursos) 
y social (justicia distributiva). 

La Revoluci6n Verde enfrent6 el reto de producir alimentos bajo el supuesto 
que las limitaciones productivas se podrian resolver con desarrollo tecno16gico, y 
no tuvo en cuenta las implicaciones ecol6gicas, sociales y econ6micas. Tampoco 
consider6 que el hambre en el mundo y la escasez de alimentos son mas producto 
de injusticia social y politica que de falta real de alimentos. La mayor 
productividad no garantiza necesariamente menor hambre. 

Se discuten algunas caracteristicas comunes de los movimientos de 
agriculhrra altemativa que promueven el Desarrollo Sostenible. Estos movimientos 
comparten un enfoque agroecol6gico que toma la finca como un sistema integral, 



favorece el reciclaje, la autosuficiencia, el control preventivo v la diversidad 

estructural y de procesos. 
El Desarrollo Sostenible, no es una simple estrategia de mercado, una a.renga 

de campa.fia politica, ni una prese.rvaci6n irracional de los recursos naturales 
desligados de las necesidades del hombre. Es el ideal que nace de nuestra 
profunda convicci6n moral de que todos somos responsables por el destino y 
bienestar de los demas. 

Sin este compromiso personal por lograr el bien comùn por encima del 
personal, sectorial o empresarial, la falta de justicia y equidad dentro y entre las 
naciones impediran esta fonna de desarrollo. 



NORMATIV AS Y REGULACIONES PARA LA PRODUCCION DE 

BANANO AMIGABLE CON EL AMBIENTE 

Gabriela Soto 

Universidad de Costa Rica 
Centro de Investigaciones Agron6micas (CIA) 
Apdo. 2060 - 1000 
San José 
Costa Rica 

El impacta que sobre el ambiente han tenido las practicas agricola­
productivas utilizadas en los ultimos afios, el reconocimiento de la capacidad 
finita de diluciôn de contaminantes que tiene el planeta, han llevado a la poblaciôn 
mundial a presionar por formas de producci6n mas amigables con el ambiente y 
sostenibles. 

Los mercados de comercializaciôn han buscado que el consumidor de un 
reconocimiento a los productores que utilicen manejos ambientalistas, ya sea a 
través de una preferencia del producto o a través de un sobreprecio. Pero para 
garantizar al consumidor la integridad de la calidad ambientalista del producto, fue 
necesario crear sistemas de certificaciôn independientes, que a través de un sello, 
identifican aquellos productos que han cumplido con las normas de producci6n 
requeridas. 

Sin embargo en esta categoria de banano amigable con el ambiente, existen 
una serie de posibilidades, dependiendo del tipo y grado de modificaciones que se 
hayan hecho al sistema de producciôn convencional. Es asi como a en la ultima 
década han aparecido en el mercado diferentes entes certificadores de banano 
amigable con el ambiente, tales como EcoOK, Better Bananas, Banano Organico, 
Biodinamico, NutraClean Systems, ISO 14001, etc .. 

El nurnero creciente de sellos en el mercado, las ventajas comparativas de la 
comercializaciôn intemacional utilizando estos sellos, han hecho necesaria la 
creaciôn de normativas nacionales e intemacionales para regular el uso de los 
mismos. Esto es especialmente importante en el caso de la certificaciôn de banano 
organico, donde las agencias de certificaci6n deben ser acreditadas a nivel 
guben1amental, nacional e intemacional (Union Europea, USDA, Codex 
Alimentarius) e intemacional no-gubemamental (IFOAM). En el presente 
documenta se discuten las caracteristicas de los diferentes sellas de certificaciôn y 
las legislaciones que los respaldan. 



LA AGRICUL TURA DE PRECISION EN BANANO 

Jetse J. Stoorvogel 1 y Ronald Vargas2

1 Laboratorio de Suelos y Geologia 
Universidad Agricola de Wageningen 
P.O. Box 37, Wageningen 
Holanda 

2 Corporaci6n Bananera Nacional (CORBANA) 
Direcci6n de Investigaciones, 
Apdo. Postal: 6504-1000 
San José 
Costa Rica. 

El presente trabajo discute la situaci6n actual del cultivo de banano, 
haciendo énfasis en su ubicaci6n geografica, uso intensivo de agroquimicos y, su 
relaci6n con la politica ambiental de Costa Rica. La ausencia tanto de alternativas 
agricolas como cientificas, para la transformaci6n en el corto y mediano plazo del 
sistema productivo actual a uno donde se elimine el uso de agroquimicos (Banano 
Organico ), ademas de las serias limitaciones productivas que implica este tipo de 
sistemas de cultivo; evidencia la necesidad de aplicar el concepto de Agricultura de 
Precisi6n en el cultivo de esta importante fruta. Mediante la comprensi6n de la la 
variaci6n espacial (tipo de suelo) y la variaci6n temporal (productividad) de areas 
de manejo (de aproximadamente 0,2 ha), y uso racional de los agroquimicos se 
pretende garantizar maximos rendimientos y minimo ·ïmpacto ambiental. Esta 
nueva modalidad de cultivo, con el apoyo de herramientas informaticas como el 
Banana Management (BanMan), permite el diagn6stico de los problemas que 
afectan la producci6n y su correcta soluci6n agron6mica; grarantizando el normal 
crecimiento de las plantas. Resultados preliminares de la evaluaci6n de este 
sistema de recolecci6n y analisis de la informaci6n se presentan con miras a 
fomentar su uso en el cultivo de banano. 



Precision Agriculhire in Bananas. The present work discusses present banana 
cultivation status emphasizing on its geographical ubication, intensive 
agrochemical use, and their relation with Costa Rican environmental policies. 
Absence of both agronomie and scientifc alternatives for Organic Cultivation of 

current banana cultivars with the absence agrochemicals, besides the constrains 
inherent to its practice, focus on the necessity of implementing the concept of 
Precision Agriculture for banana production in the humid tropics. Understanding of 
the spatial (soil types) and temporal (productivity) variance within management 
areas ( ca O .2 ha) at banana plantation lev el opens the possibility of rational 
agrochemical use for obt.aining maximum yields with minimum environmental 
impact. This novel approach for banana cultivation, with the aid of software 
specially designed for it (BanMan), permits rapid diagnosis of problem areas, 
causing factor identification and its correct agronomical solution, without banning 
agrochemicals. Preliminary results of this approach application in a commercial 
farm are presented in order to enhance its use in a way that protecs the 
environment and natural resources while warating high yields od bananas. 



Phil Rowe 

BREEDING BANANAS AND PLANTAINS RESISTANT TO 

DISEASES AND PESTS 

Fundaci6n Hondurefia de Investigaci6n Agrîcola (FHIA) 
P.O. Box 2067 
San Pedro Sula 
HONDURAS 

The approach to genetic improvement of the different types of bananas and 
plantains is to use seed-fertile h·iploids with the desired fruit qualities as the fixed 
female parental lines in cross-pollinations with improved bred diploids. The 
resultant tetraploid hybrids from these 3x x 2x crosses are then evaluated for both 
their agronomie and disease resistance traits as eompared to those of the 
traditional triploid varieties for which they are potential replacements. Sinee the 
sources of disease and pest resistance in these tetraploid hybrids are the diploid 
male parents, the major aetivity in the FHIA program has always been to develop 
agronomieally-advanced diploid hybrids with the desired resistances. With 
progress in development of better diploid parental lines, the tetraploid hybrids 
have had correspondingly improved agronomie qualities in combinations with 
resistances to black Sigatoka and the burrowing nematode. 

Persistence has been the key to this long-term effort, and now several 
disease-resistant tetraploids are being cultivated commercially. These teh·aploids 
include the FHIA-23 Gros Michel-type dessert banana, the FHIA-18 sweet-acid 
dessert banana, and the FHIA-03 cooking banana, each of which is currently being 
successfully grown on 800 or more hectares without chemical control of black 
Sigatoka. In addition to having a high level of resistance to the black Sigatoka leaf 
spot pathogen, FHIA-18 is also resistant to the burrowing nematode. Smaller-scale 
plantings of the FHIA-20 and FHIA-21 black Sigatoka-resistant plantain-type 
hybrids are also being grown commercially, and it is anticipated that areas planted 
with these bred plantains will expand rapidly. 

As further progress is made in breeding new hybrids of bananas and 
plantains which are resistant to diseases and pests, it is expected that replacement 
of the natural varieties with bred hybrids will soon become a common practice in 
most producing countries. 



FERTILIZACION CONVENCIONAL DEL CULTIVO DE BANANO 

EN COSTA RICA Y SU RELACION CON LA PRODUCCION 

SOSTENIBLE 

Antonio Lopez Morales 

Corporaci6n Bananera Nacional (CORBANA) 
Direcci6n de Investigaciones, 
Apdo. Postal: 6504-1000 
San José 
Costa Rica. 

La fertilizaci6n es una practica necesaria para mantener en un nivel 
adecuado la productividad en el cultiva de banano altamente tecnificado debido a 
que las plantas consumen cantidades grandes de nutrimentos. Tradicionalmente, 
la fertilizaci6n del cultiva en Costa Rica se bas6 solo en la aplicaci6n de altas 
dosis de nitr6geno y potasio. Sin embargo, ademas de estos elementos, el uso de 
azufre, f6sforo, calcio, magnesio y algunos elementos menores, es también 
necesario. Tomando en cuenta la demanda alta de nutrimentos por el cultiva, una 
gran parte de la investigaci6n en el campo nutricional se ha enfocado hacia 
mejorar el aprovechamiento de los fertilizantes; lo anterior ha llevado a manejar 
las plantaciones de una forma mas sostenible. Dentro de las practicas que han 
pem1itido esto se encuentran: 
1. La aplicaci6n de abono cada vez mas fraccionada.
2. La utilizaci6n del balance nutricional como herramienta para tratar de reponer

unicamente lo que la planta extrae.
3. El conocimiento de las necesidades nutricionales de la planta a través de su

ciclo de vida, que ha hecho posible un uso mas razonable de la fertilizaci6n.
4. Asegurar la presencia de raices mas sanas por medio de la utilizaci6n de

plantas in vitro.

5. El uso de fertilizantes de liberaci6n controlada como alternativa para evitar la
pérdida de nutrimentos.

6. La aplicaci6n de fertilizantes foliares
7. El uso de enmiendas como la cal en plantaciones con suelos acidos bajos en

calcio



FERTILIZANTES ORGANICOS Y SU APLICACION EN EL CUL TIVO

DEBANANO 

José Orozco Romero 

INIFAP 
Campo Experimental Tecomân 
Km. 34.5 Carretera 
Co lima-Manzanillo 
Tecoman 
Colima 
México 

En todos los cultivos, las practicas culturales utilizadas han ocasionado un 
baja paulatina de la fertilidad de los suelos, a tal grado, que en la actualidad se 
requiere del 100% mas de fertilizante para producir por hectarea, la mis ma 
cantidad de fruta que anterionnente se obtenia. El suelo ha perdido su dinamica 
biol6gica deb_ido al uso de los agroquimicos, de las sales de fertilizantes, de las 
laminas pesadas del agua de riego que han provocado lixiviaci6n o lavado de base 
acidificando el suelo y produciendo efectos t6xicos, ademas de lo anterior, la 
pérdida de materia organica por proceso de oxidaci6n y de erosi6n, asi como la 
tasa de extracci6n de nutrientes por los cultivos influyen a que la fertilidad del 
suelo vaya disminuyendo. Los abonos organicos o materia organica puede restituir 
la dinamica biol6gica y/o la fertilidad pérdida (Cepeda 1993, Ruiz 1996). 

Fertilizantes orgânicos, son materiales organicos que aportan al suelo 
cantidad apreciable de materia organica y a los cultivas elementos nutritivos 
asimilables en forma orgânica. Estos materiales contienen numerosos elementos 
nutritivos pero sobre todo nitr6geno, f6sforo, potasio y en menor proporci6n 
magnesio, sodio y azufre entre otros. 



EMPLEO DE FUENTES ANTERNATIVAS DE FERTILIZANTES PARA 
LA PRODUCCION DE BANANO Y PLATANO EN CUBA 

Raul Garcia Pérez 1, 0 Milian Morales 1 y R. Guijarro Pérez2

1 Instituto de Investigaciones en Viandas Tropicales (INIVIT) 
Apdo.6 
Santo Domingo Villa Clara 
Cuba 

2Ministerio de Agricultura (MINAGRI) 
Ave. Carlos M. de Céspedes y Santa Ana 
La Habana 
Cuba 

Para la obtenci6n de rendimientos elevados y estables el banano y platano 
requieren de fuertes dosis de fertilizantes, sin embargo, las aplicaciones intensivas 
y unilaterales pueden contaminar las aguas y frutos con sustancias de reconocido 
efecto genot6xico y deteriorar el suelo. Por otra parte, Cuba no posee yacimientos 
importantes de fertilizantes y el precio de los mismos en el mercado se ha 
incren1entado considerablemente, por ello la busqueda de soluciones altemativas 
nacionales constituye una necesidad objetiva del momento y una de las premisas 
fundamentales para la implementaci6n de tecnologîas mas respetuosas del 
ecosistema en aras de una producci6n sostenible y competitiva. Con esta finalidad 
durante el periodo 1988-98 se desanoll6 un programa de investigaciones en una 
red geografica con los principales clones comerciales y suelos que incluyeron: la 
verificaci6n del impacto negativo del empleo unilateral de fertilizantes quimicos, 
la caracterizaci6n quimica y potencial existente en las principales fuentes y su 
efecto solo y combinado con fertilizantes sobre el crecimiento y rendimiento (58-
238%) respecto al testigo, elevada rentabilidad y una mejor calidad. Con las dosis 
6ptimas de altemativas fue posible reducir en un 75% las del fertilizante quimico; 
a los efectos de un programa racional de fertilizaci6n basado en una politica de 
iniciativas regionales las fuentes de mas perspectivas resultaron la ceniza vegetal 
( cafia de azucar y tabaco ), la vinaza, residuos de torula, cachaza, murcielaguina, 
gallinaza, estiércol ovino, polvillo residual de la fabricaci6n de cemento y el 
jacinto de agua. 



APLICACIONES DE LAS MICORRIZAS ARBUSCULARES (MA) SOBRE 
PLATANERASMICROPROPAGADAS 

Maria del Carmen J aizme-V ega 

Instituto Canario de Investigaciones Agrarias (ICIA) 
Departamento de Protecci6n V egetal 
Apdo. 60 
3 8200 La Laguna 
Tenerife 
ESPANA 

Las miconizas arbusculares constituyen el tipo mas comun de asociaci6n 
miconicica y esta presente en la mayoria de las especies con importancia agricola. 

El hongo coloniza las raices modificando la morfologia radical, y 
desanollando un micelio extramatrical, que incrementa la capacidad de las plantas 
para adquirir nutrientes minerales del suelo. Estos simbiontes son especialmente 
efectivos en la absorci6n de f6sforo, que transfiere al hospedador, incrementando la 
capacidad de la planta para acceder al dep6sito de fosfato soluble del suelo. 

En la naturaleza, los hongos micorricicos son parte integral de las- plantas, 
asegurando su crecimiento bajo distintas condiciones y ambientes. Los sistemas de 
producciôn vegetal en general, y la micropropagaci6n en particular, eliminan los 
microorganismos de las plantas, entre los que se encuentran los hongos formadores 
de MA. 

Un ancho rango de plantas con interés agron6mico en nuestra regiôn 
(platanera, papaya, tomate, vid, aguacate, piffa tropical, etc.) depe�de de las 
micorrizas para su ôptimo crecimiento en suelos a determinados niveles de 
fertilidad. Los efectos de estos microorganismos no solo tienen consecuencias sobre 
el desarrollo y la nutrici6n, sino que ademas pueden incrementar la resistencia 
natural de las plantas en situaciones de desequilibrios bi6ticos (pat6genos) o 
abi6ticos ( estrés hidrico o salino, etc.). 

En los ultimos afios, los efectos de los hongos formadores de micorrizas sobre 
el desarrollo de las plantas con interés comercial, han sido estudiados y descritos por 
muchos autores. En general los cultivas frutales han recibido mas atenci6n que los 
horticolas o los omamentales. 

En los sistemas de propagaci6n basados en el empleo de patrones, esquejes, 
etc., se utilizan sustratos esterilizados con el fin de bajar las poblaciones de 
microorganismos pat6genos. Las microplantulas de los sistemas in vitro, son 
producidas en condiciones axénicas. Estas practicas agricolas favorecen la 
aplicaci6n de micorrizas, permitiendo la inoculaci6n de hongos MA previamente 
seleccionados para las condiciones particulares de cada hospedador. 



MANEJO Y CONSERV ACIÔN DE SUELOS BANANEROS Y SU 
RELACIÔN CON LA PRODUCCIÔN SOSTENIBLE Y LA PROTECCIÔN 

AMBIENTAL 

Bruno DEL V AUX1 and Stéphane DECLERCK2

1 Unité Sciences du Sol, 
2 Unité de Microbiologie, 
Université catholique de Louvain 
Place Croix du Sud, 2/10 
1348 Louvain-la-Neuve 
Belgium. 

Bananas are very high water and nutrient demanding crops. They are 
cultivated in various cropping systems as well as climate and soils conditions. 
High-input cropping systems likely involve rapid environmental degradation 
while traditional cropping systems might be no longer sustainable because of 
increased population density. Increasing synchrony between supply and demand 
of water and plant nutrients is likely a key objective to improve sustainable banana 
production. and· preserve the environment. -Suppl y is related-to av-e-rage nu trient 
concentration in the soil solution, water availability and the extension of soil 
volume explored by roots. Water holding and cation exchange capacity are key 
soil properties in that respect. Experimental data strongly support the need to 
frequently apply small quantities of water and nutrients, the range of 
doses/frequencies depending on the soil type. Organic matter and soil biocenosis 
play also a key role in the synchronisation of nutrient supply and plant demand. 
Soil organic matter is not only a reservoir of plant nutrients but also the energetic 
substrate for soil micro-organisms: competition for C may decrease the activity of 
root pathogens requiring a saprohytic phase. Arbuscular Mycorhizal (A.M.) fungi 
increase the functionnal root length of bananas and thereby may alleviate soil 
constraints such as nutrient depletion and infection by soil borne pathogens. 

Further research is, however, required to respond to the demand for banana 
sustainable production: cycling of nutrients through the management of organic 
residues, improving root growth and development in situ, understanding and 
utilizing the banana rhizosphere biocenosis. 



CULTURAL PRACTICES AS A WAY OF NEMATODE CONTROL IN 

BANANA 

Jean Louis Sarah 

CIRAD-AMIS 
Laboratoire Phytrop 
BP 5035 
34032 Montpellier 
France. 

Nematode comrnunities are one of the most important limiting factors of 
banana production, either in intensive or extensive agrosystems. The use of 
chemicals is still one of the main way of control. However its impact on the 
environment and on the human health implies the search for alternative control 
methods. Well managed cultural practices allows to suppress nematode pressure. 
Soil sanitation through the use of natural fallows or cover crops and the planting 
of nematode-free plants produced in-vitro, are currently done in many producing 
regions. In addition, a good management of soil_ fertility during the crop cyçle, 
especially water monitoring and organic matter amendments, is essential. In a 
more or less near future, promising control techniques are expected from 
biological antagonists, use of root symbionts, and plant breeding for resistance. 
The latter is currently the most active and supported topic and some resistant 
cultivars have been already implemented. Furthermore, perspectives for beneficial 
transgeny approaches are highly interesting. In parallel, some programs have been 
initialized on the potentiality of mycorhizae for nematode control from which 
interesting solutions are expected within the next few years. Biological control is 
quite complex a problem, as far as soil-bome pathogens are concemed, however, 
some specialities has been yet proposed to banana producers. The integrated 
approach of nematode control already allows organic bananas to be produced, and 
researches on non-chemical control methods must be strongly encouraged so as to 
develop this kind of production. 



CULTURAL CONTROL OF BANANA WEEVIL WITH EMPHASIS ON 

EAST AFRICA 

Clifford S. Gold 

International Institute of Tropical Agriculture (IITA) 
P.O. Box 7878 
Kampala, U ganda 

The banana weevil, Cosmopolites sordidus, is an important pest on highland 
cooking banana and plantain in Africa and Latin America. In U ganda, surveys show 
high variability in weevil severity both between and within sites. Highest damage 
was found in central Uganda where the weevil is believed a major factor in the 
decline and disappearance of cooking banana. In addition, nearly 100-fold 
differences in weevil numbers have been found among farms in a single watershed, 
suggesting that pest status is influenced by crop management. 

Salient features of the weevil's biology include long life span, limited 
mobility, low fecundity, 9ensity dependent oviposition, and slow population 
buildup. Observations suggest high mortality in the egg and early larval instars. 
Weevil attack causes greatest losses to newly planted suckers and to ratoon crops. In 
an on-station trial, yield loss increased from 4% in the plant crop to 48% in the third 
ratoon. Greater yield loss in ratoon crops reflected increases in damage levels over 
time and the influence of damage on the vigor of subsequent followers. 

At present, habitat management ( cultural control) is the only option available 
for most banana producers in U ganda. Methods include the use of clean planting 
material, selection of cropping. systems which may discourage banana weevils, 
improved agronomie practices to promote plant vigor, management of crop residues 
and trapping. Research trials on clean planting material and trapping have provided 
positive results. Work on crop sanitation and improved agronomie practices is in 
progress, while preliminary efforts in biological control have been initiated. Studies 
are also underway on farmer adoption of cultural control methods. 



CONTROL DE LA SIGATOKA NEGRA EN LA PRODUCCION 

ORGANICA DEL BANANO 

Ronald A. Romero 

Biotech and Planta Disease Dept. 
Chiquita Brands 
Box217-1150 
San José 
Costa Rica 

Con el desarrollo de la agricultura, el hombre seleccion6 y domestic6 una 
estrecha variedad de genotipos, los cuales cada vez fueron siendo seleccionados 
aun mas, para satisfacer necesidades agron6micas y de mercado. Esta selecci6n 
provoc6 un cambio en el equilibrio natural en que se encuentran las especies de 
plantas y los pat6genos que conviven con ellas. La selecci6n de genotipos de 
plantas a su vez favoreci6, y favorece aun en nuestros dias, la selecci6n de 
organismos pat6genos, a nivel de especies y a niveles mas especificos. Asi, las 
relaciones hospedante pat6geno en los agroecosistemas se ven favorecidas por la 
disminuci6n de la variabilidad dentro del sistema. La selecci6n de los cultivares 
de bananos platanos que gozan de mayor aceptaci6n en los mercados, presentan 
una alta susceptibilidad a las enfermedades foliares conocidas como Sigatoka, 
especialmente la Sigatoka negra, causada por el hongo Mycosphaerella fijiensis. 
El control de esta enfermedad se realiza integrando practicas agricolas con la 
aplicaci6n de fungicidas aprobados por los organismos regulatorios de Europa, 
USA y de los paises productores. Corno en la producci6n organica de banano la 
utilizaci6n de muchos de los fungicidas comunmente usados no es , factible, es 
entonces necesario considerar varios aspectas de manejo del cultiva que pueden 
tener impacta en el control de la enfermedad. Dentro de las posibilidades 
existentes, se examinan en esta presentaci6n las siguientes: la escogencia del sitio 
de siembra, la época de siembra, las siembras anuales o bianuales, manejo del 
in6culo mediante practicas de sanidad, la escogencia del sistema de irrigaci6n, el 
drenaje, la densidad y distribuci6n de las plantas, deshojes peri6dicos, desmane y 
control de grado de cosecha, incremento de la biodiversidad, manejo 6ptimo de la 
fertilizaci6n, empleo de productos de origen biol6gico con efecto sobre la 
Sigatoka negra, inductores de resistencia adquirida, y el uso de hibridos sintéticos. 



COMPORTAMIENTO PRODUCTIVO DE LOS HÎBRIDOS FHIA-01® 
(AAAB) Y FHIA-02 (AAA?) BAJO FERTILIZACION INORGÀNICA Y 

ORGANICA. 

Sergio Laprade Coto y Roberto Ruiz Barrantes 
Corporaci6n Bananera Nacional (CORBANA) 
Direcci6n de Investigaciones, 
Apdo. Postal: 6504-1000 
San José 
Costa Rica. 

The hybrids FHIA-01 and FHIA-02 were evaluated under inorganic and 
organic fertilization regimes · during two crop cycles. Under the inorganic 
fertilization condition, the hybrid plants were fertilized every two months using 
the fertilizer 17,3-3,6-28,9, at a rate of 27 g per mat. For the organic condition, 
chicken man ure, at 3 ,3 kg per mat, was applied every 2,5 months. Compost made 
of banana fruit and stalks was also incorporated in the organic fertilization plot, 

_ using 20 "mini-composting sites'�_per ha per month. 
The number of leaves (P=0,016) and the bunch weight (P=0,0014) were 

better under inorganic fertilization than the organic condition for FHIA-01 during 
the first crop cycle. The length (P=0,0001) and caliper ("grade", P=0,0001) of the 
central finger of the second hand of the bunch were greater for FHIA-01 in the 
organic condition for the second crop cycle. 

The number of leaves at harvest (P=0,0161) was also greater on FHIA-02 
under inorganic fertilization than the organic treatment. Calibration of the central 
finger of the second hand (P=0,0545) was greater for FHIA-02 grown under 
organic conditions in the second èrop cycle. 

The results obtained with this study indicate that both hybrids, FHIA-01 and 
02, can be grown under an organic production system. 



Se evalu6 la fertilizaciôn inorganica y organica con los hibridos FHIA-Ol@y 
FHIA-02. Dicho trabajo se realiz6 durante dos ciclos de cosecha. Corno fuente de 
fertilizaci6n inorganica se utiliz6 la formula 17.3-3.6-28.9, aplicado cada dos 
meses, a raz6n de 27 g por unidad de producci6n. En el caso de la fertilizaci6n 
organica se aplic6 3,3 kg de gallinaza por planta, cada 2,5 meses. Ademas, se 
aport6 compost de banano y pinzote. Para esto se realiz6 20 minicomposteras 
mensuales. 

En la primera cosecha, el mimera de hojas (P=0,0016), peso de racimo 
(P=0,0014),fue superior en el FHIA-01® fertilizado en forma inorganica. Para la 
segunda cosecha, el largo (P=0,0001) y la calibraci6n (0,0001) del dedo fueron 
mayores en el FHIA-01® con fertilizaciôn organica. 

El FHIA-02 con fertilizaci6n inorganica mostr6 una mayor cantidad de 
hojas a cosecha (P=0,0161). En la segunda cosecha la calibraci6n en el dedo 
central de la segunda mano (P=0,0545) fue mayor en el FHIA-02 con fertilizaci6n 
organica. 

El comportamiento observado en ambos hibridos indican que es posible 
manejarlos bajo un sistema organico en forma sostenida. 



MANEJO SOSTENIBLE DEL CULTIVO DE BANANO. RESULTADOS 
PRELIMINARES DEL EFECTO 

DE MINICOMPOSTERAS FORMADAS DE RESIDUOS 
ORGÂNICOS DE LA COSECHA SOBRE LA PRODUCCIÔN. 

Pablo Acuiia y Roberto Ruiz. 
Corporaci6n Bananera Nacional (CORBANA) 
Direcci6n de Investigaciones, 
Apdo.Postal: 6504-1000 
San José 
Costa Rica. 

Con el fin de investigar diferentes aspectas relacionados con el manejo 
sostenible de una finca bananera, se estableci6 un area pilota en la Finca San 
Pablo, ubicada en el canton de Siquirres, provincia de Limon, Costa Rica. El area 
tiene una extension de 5,6 ha y se encuentra cultivada con el cv. 'Valery'. Desde 
el mes de agosto de 1996 se Ademas se incorporé materia organica en forma de 
mini composteras utilizando los residuos organicos (banano de rechazo y raquis) de 
la planta empacadora. Ademas, se dejaron de aplicar herbicidas y nematicidas. 
Durante el primer afio del experimento no se encontr6 diferencia en el peso de los 

racimos con respecta al area testigo. La dinamica de poblaci6n del nematodo 
Radopholus similis fue similar en el area pilota y en el area testigo� en ambos casas 

se observaron fluctuaciones de acuerdo a la cantidad de raices. 



LA AGRICUL TURA BIODINAlVIICA Y SU APLICACION EN EL 

CULTIVO DE BANANO. 

Christoph F. Meier 

Horizontes Organicos C. por A. 

Apdo. 15 
Azua 

Republica Dominica 

La crisis de la Agro-Industria demanda la reintroducci6n de la culttu-a, 
necesitamos una nueva "Agri-Cultura". 

La agricultura Biodinàmica como fruta de la Antroposopbia, un método de 
1nvestigaci6n cientifica que pretende transcender y complementar la ciencia 
natural. 

El ideal Biodinamica: El Organismo Granja / la granja autosuficiente en 

materias fertilizantes. 

Harmonia entre producci6n cuantitativa y cualitativa. 

Ideal versus la realidad socioeconomica. 

El Banano Biodinàmica / Orgànico, ejemplo de la Finca Girasol. 

Un cambio en agricultura no es posible en aislacion, nuestro tiempo es 
apocaliptico y necesita un renovaci6n culhrral / espiritual fundamental de 
nuestra sociedad. 



FACTIBILIDAD EN LA PRODUCCION ORGÂNICA DE BANANO GROS 
MICHEL BAJO SISTEMAS 

DEPEQUENOS AGRICULTORES 

Zapata, P., G. Rod1iguez, T. Cuesta, C. Armijos, D. Abuchar y P. Tabora 1

1 Escuela de Agricultura de la Regi6n Tropical Humeda (EAR TH) 
Apdo. 4442 
1000 San José 
COSTA RICA 

En 1996 se estableci6 en EARTH bajo sistema agroforestal un proyecto 
empresarial de banano organico con la variedad Gros Michel, simulando un 

sistema de pequefios agricultores de la zona tropical humeda de Costa Rica del 
litoral Atlantico. El sistema consisti6 en establecer claros dentro de un bosque 
secundario, aplicaci6n de bokashi de bofiiga para abono organico y control de 
pat6genos de suelo, y la aplicaci6n de EM microorganismos eficaces) para el 
manejo de sigatoka negra. Se indica la factibilidad de la producci6n dentro de 
algunos parametros financieros y técnicos. 



DISPONIBILIDAD DE INSUMOS PARA LA PRODUCCION DE BANANO 
ORGANICO 

Gabriela Soto1 y Sébastien Tripon2

1 Universidad de Costa Rica
Centra de Investigaciones Agronomicas (CIA) 
Apdo. 2060 - 1000 
San José 
Costa Rica 

2INIBAP-LACNET 
CATIE 
Apdo. 60 
7170 Turrialba 
Costa Rica 

Este trabajo fue iniciado con el objetivo de sintetizar las diferentes listas de 
productos permitidos en agricultura organica con las normas y leyes de las 
instituciones internacionales coma IFOAM y las entidades economicas coma la 
Union Europea al fin que los productores, investigadores y actores de la 
producci6n organica tienen una base de trabajo comun y resumida. Ademas, 
algunos productos que podrian tener un interés para la producci6n de banano 
organico fueron indicados. 



FOODLINKS EXPERIENCE IN OPENING NEW l\!IARKETS 

Eric Sauve 

IDRC 
Box 8500 
250 Albert Street 
Ottawa 
Ontario 
Canada 

Over the last two years FoodLinks, an initiative of the International Developrnent 
Research has moved to introduce FHIA-2 organic bananas into the Canadian 
market. Through two successive trials, favourable advances were made in 
postharvest treatrnent and interesting results found on its consumer acceptance in 
the marketplace. 

WORLD MARKET FOR ORGANIC BANANAS 

Eric Sauve 

The world market for organic bananas is difficult to determine yet patterns have 
begun to emerge. Here information is presented on organic bananas and their 
penetration into North American and European markets. This brief presentation 
aims to provide a stepping stone for future research into this market. 



EL MERCADO EN DESAROLLO DEL BANANO "ORGANICO". 

Christoph F. Meier 

Horizontes Organicos C. por A. 

Apdo. 15 

Azua 

Repùblica Dominica 

Origen hist6rico de la agricultura Biodinamica / Organico. 

La certificaci6n organica. 

El mercado organico en desarrollo. 

El mercado organico. 

Estimaci6n de volùmenes en el mercado. 



TALLER INTERNACIONAL SOBRE PRODUCCION 
DE BANANO ORGANICO Y/0 AMBIENTALMENTE 

AMIGABLE 

27- 29 DE JULIO, 1998

PROGRAMA

26 DE JULIO 

LLEGADA DE LOS PARTICIPANTES 

27DEJULI0 

Moderador: R. Madrigal
Relator: S. Tripon

08:00-08:20 Inauguraci6n 
Bienvenida por el Dr. J. Zaglul Director General de la EARTH 
Bienvenida por el Dr. F. E. Rosales Coordinador Regional INIBAP 

08:20-09:00 Marco conceptual de la producci6n orgânica o amigable al ambiente 
Ing. L. Brenes, ANAO, Costa Rica 

09:00-09:40 Normativa nacional e internacional para la producci6n 
orgânica/ ambientalmente amigable de banano 
Ing. G. Soto, ANAO, Costa Rica 

09:40-10:00 Café 

Moderador: 

Relator: 

P. Tabora
G. Soto

10:00-10:45 Agricultura de precisi6n 
Dr. J. J. Stoorvogel, Universidad de Wageningen, Holanda y Dr. R. 
Vargas, CORBANA, Costa Rica 



10:45-11:30 Hibridos de banano y platano resistentes/tolerantes a plagas y/ o 
enf ermedades 
Dr. P. Rowe, FHIA, Honduras 

11:30-12:15 Practicas de manejo de fertilizaci6n convencional de banano y su relaci6n 
con la producci6n sustentable 
Ing. A. L6pez, CORBANA, Costa Rica 

12:15-14:00 Almuerzo de Bienvenida

Moderador: 
Relator: 

A. L6pez
R. Ruiz

14:00-14:45 Fertilizantes organicos y su aplicaci6n en el cultiva de banano 
Ing. J. Orozco, INIFAP, México 

14:45-15:30 Empleo de fuentes alternativas de fertilizantes para la producci6n de 
banano y platano en Cuba 
Dr. R. Garcia, INIVIT, Cuba 

15:30-16:00 Café 

16:00-16:45 Aplicaciones de las micorrizas arbusculares (MA) sobre plataneras 
micropropagadas 
Dra. M. C. J aizme, ICIA, Espafia 

16:45-17:30 Manejo y conservaci6n de suelos bananeros y su relaci6n con la 
producci6n sostenible y la protecci6n ambiental 
Dr. B. Delvaux, Universidad de Lovaina, Bélgica 



28 DE JULIO 

Moderador: M.C. Jaizme
Relator: J. Orozco

08:00-0845 Practicas culturales para el control de nematodos 
Dr. J-L. Sarah, CIRAD-AMIS, Francia 

08:45-09:30 Practicas culturales para el control de picudo 
Dr. C. Gold, IITA, Uganda 

09:30-10:00 Café 

10:00-10:45 Practicas culturales para el manejo de las enfermedades de Sigatoka 
Dr. R. Romero, Chiquita Brands, Costa Rica 

10:45-11:30 Manejo sostenible de un area modela de banano comercial y producci6n 
de banano organico FHIA-01 y FHIA-02 

Ing. R. Ruiz B, CORBANA, Costa Rica 

11:30-12:15 Producci6n de banano en cultivo biodinamico/ organico 
Ing. C. F. Meier, Horizontes Organicos, Repûblica Dominicana 

12:30-14:00 Almuerzo



Moderador: 

Relator: 

14:00-14:40 

R. Vargas
L. Brenes

Factibilidad en la producci6n organica de banano Gros Michel bajo 
sistemas de pequefios agricultores 
Dr. P. Tabora, EARTH, Costa Rica 

14:40-15:00 Disponibilidad de insumos para la producci6n de banano organico 
Ing. S. Tripon, INIBAP-LACNET, Costa Rica 

15:00-15:30 Café 

15:30-16:15 El mercàdo en desarrollo del banano organico en Europa y Estados 
Unidos 
Ing. C. F. Meier, Horizontes Organicos, Republica Dominicana 

16:15-17:00 Experiencia en apertura de nuevos mercados 
Ing. E. Sauvé, Foodlinks, IDRC, Canada 

17:00-17:45 Mercado mundial del banano organico: tamafio, demanda-oferta, 
precios, requisitos minimas para exportaci6n 
Ing. E. Sauvé, Foodlinks, IDRC, Canada 

18:30 Cena de despedida ofrecida par INIBAP/EARTH 



29 DE JULIO 

§i{iillzi:;,Q

08:00-08:20 Formaci6n y orientaci6n de los Grupos de Trabajo 
Dr. F. E. Rosales 

08:20-11:00 Trabajo de Grupos y redacci6n inicial de recomendaciones 

11:00-12:30 Discusi6n Plenaria 

• Conclusiones y Recomendaciones

• Ceremonia de Clausura

12:30-14:00 Almuerzo de despedida 

14:00 Salida de los participantes y/ o visita a la EARTH 

30 DE JULIO 

SALIDA DE LOS PARTICIPANTES 
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Cultural practices as a way of 

nematode control in banana 
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Abstract : Nematode con11111111ilies are one of the most i111portm1t li111iti11g faclors of banana 
productio,~ either in i11tenfive or extensive agrosyste,ns. n,e use of chemicals is still 011e of the 111ai11 
way of control. However ils impacl 011 the e11viro11111e11/ and 011 ln1111m1 healt/, implies the se are/, far 
altemative control methods. Well 111a11aged cultural praclices allow lo suppress 11e111atode pressure. 
Soil sm1itation through the use of nat11ral fallows or cover crops and the planting of nematode-free 
plants produced in-vitro, are curre11tly done in mm1y prod11cing regio11s. In additio11, a good 
managemenl of soil f ertility d11ri11g the crop cycle, especial/y water mo11itoring and organic maller 
amendments, is essenlial. In a more or less nearf11t11re, promisi11g control tecl111iq11es are expected 
from bio/ogical antagonists. use of rool symbionts, and pla11t breedingfor resistance. 71,e !alter is 
currently the mosl active and .mpported tapie, and some resistan/ cultivars lwve been already 
implemented Furthennore, per~pectives far henefrcial transgeny approaches are higl,ly i11/eresling. 
/11 parallel, some progrmns lwve been i11itialized 011 the polentiality af11~vcorhizaefor 11e111atode 
control from which interesting solutions are expected u·ithin the next f e1r years. Biological can trol 
is quite complex a problem, as far as soil-bome pathogens are concemed, holl'ever, some 
specialities has been yet proposed to banana producers. The integrated approach of nematode 
control already allows orga11ic bananas to be prod11ced, m1d researches 011 non-chemical control 
metho~ mus/ be slrongly enco11raged so as lo develop this kind of prod11ctio11. 

Introduction 

Nematodes are one of the main constraints for banana erop either in intensive production 
(dcsscrt bananas) or in smallholding-extensive systems (cooking bananas and plantains) .ln 
intensive cropping systems, nematodes problems are generally imporlant since the agro-ecosystem 
is highly simplified (only one variety/clone) on large heclareages and al high planting densities, 
allowing pests to multiply intensively. On the olher hand, nematodes are well studied and known 
in this contexl, and efficienl control mcthods can be implemenled, alth,iugh generally at high cost 
and mainly by applying high rates of chemical compounds whi~h are detrimental to the 
environment and harmful for human health. In exlensive cropping systems, the ecological diversity 
is much more conscrved and pest problems may be sel f-conlrolled by natural antagonists. However 
the introduction of allogenous pests and/or any changc in cultural praclices may lead to importanl 

damage with an impact which may be dramatie for peoples who are living on their own 
productions. In this smallholding economy, ehemical control is simply not applicable, being loo 
expansive and too harmful to manage (insufficient expertise/training, mixed eropping systems ... ). 

As an alternative to ehemieal control, many cultural practices may suppress nematode 
pressure significantly, and allow to maintain, or even inerease, banana production . Sorne of these 
practices (fallow, in-vitro propagation of nematode-frec plantlets) are currently appl ied in intensive 
production, allowing the chemical tribute to be reduced significantly. This paper will present 
different aspects of cultural practiccs which may be integrated so as to develop a production far 
less dependenl from chemicals. 

Nematodes species attacking bananas 

Almost 150 nematode spec ies have been reported in assoeiation with Musa spp. rools 
(Sarah, 1989 ; Gowcn and Quénéhervé, 1990). However, most are of limited or unknown 
pathogenicity. The most importanl and widespread pathogenic nematodes on bananas are 
Radopholus similis, and species belonging to the genera Pracylenchus, Helicotylenchus and 
Meloidogyne. 

The burrowing nematode, R. similis is strictly limited to the tropical ureas. lt is 
considered to be the main nematode problem where bananas, espeeially eultivars in the Cavendish 
subgroup, are grown in commercial planlations (Sarah, 1989 ; Gowen and Quénéhcrvé, 1990; 
Stanton, 1994) . The burrowing nematode is also common on plantain and eooking banana typcs 
eultivated in the lowlands of central and cast Africa, and in Puerto Rico in the Caribbean. 
However, it is generally abscnl in plantain and cooking banana roots in west Africa , latín Amcrica 
and the Caribbcan. (Pinochet, 1977, 1988a; Sarah, 1985, 1989; Adiko, 1988; Bridge 1988, 1993). 

Radopholus similis is a migratory endoparasitie nematode whieh completes its life-eycle 
in 20-25 days in the rool and corm tissues under optima! conditions . Juveniles and adult females 
are active mobile forms which may !cave the roots in case of adverse conditions and migrate into 
the soil towards new roots. The nematode migrates inter- and intra-cellularly in the root cortex 
whcre it feeds on the cell eytoplasm. This results in collapsed cell walls, cavities and tunnels 
(Blake, 1961; 1966; Yalette et al., 1997). On corms, lesions begin to develop where infested roots 
are attachcd . Necroscs can extend to the whole cortex of corms (black head disease) and roots, but 
the root stele is usually not drunaged except occasionally when very young (Mateille, 1994; Valette 
el al., 1997). Necroses appear as reddish brown discolouration of corm tissues and can be easily 
seen after the roots have becn washed free of soil. 

Lesion nematodes, Pracylenchus spp. are endoparasitie migratory nematode whose 
biology, symploms and drunagc are quite similar to those of the burrowing nematode . Pratylenchus 
cojfeae is the most widespread in the tropical area.It is notas frcquent as R. similis in the intcnsive 
production farms, but it may be occasionally the dominant speeies, such as in Honduras or in South 
Africa (Pinochet and Rowe, 1978 ; Jones and Milne, 1982). It is widespread on plantain or 
cooking bananas, in Asia, Africa and in Latín America (Sarah, 1985 ; 1989 ; Adiko, 1988 ; 
Pinochet, 1988a; Gowen and Quénéhervé, 1990; Bridge, 1993). Pratylenchus goodeyi is typically 
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a species from the highlands of Africa (Pricc and Bridge, 1995). lt is also prcscnt in thc Cnnary 
lsland, in Crctc and in thc Nilc Delta, whcrc it had becn likely introduced accidcntally and whcre 
it may be maintaincd duc to its lower tcmpcrature prcfcrcnce as compared to P. coJ!eae or R. 
similis (De Guiran and Vilardcbo, 1961 ; Bridge, 1988 ; 1993 ; Sarah, 1989 ; Gowcn nnd 
Quénéhervé, 1990; Price and Bridge; 1995). 

Spiral ncmatodcs, Helicotylenchus spp., cspccially H. 11111/1icinc111s, are likcly thc most 
widcsprcad nematodes on banana production (Me Sorlcy nnd Parrado, 1986 ; Gowcn and 
Quénéhervé, 1990). They are often mixcd with othcr dominant spccics such as R. similis but thcy 
may be the main soil-borne parasitic problem in location whcrc R. similis cannot survivc, c .g. high 
latitude likc in Israel (Minz el al. 1960), or whcrc thc burrowing ncmatodc has not bccn yct 
introductcd, e.g. smallholding production (Sarah, 1985 ; Adiko, 1988). In that case, although thcy 
cause mainly superficial nccroscs thcy may lcad to significan! crop losscs (Me Sorlcy and Parrado, 
1986). 

Root-knot ncmatodcs (Meloidogyne spp.) are thc most widcsprcad plant pnrnsit1c 
ncmntodcs woldwidc. Sincc they are highly polyphngous they nre prcscnt in bnnann roots, hut they 
are not considcrcd as major pests for bananas in gcnernl. Howcvcr thcy are dominan! in situation 
where the migratory nematodcs are not prcscnt e.g . in high latitudes such as mcditcrrnncan arca, 
Yemen, Taiwan or Cape Provincc (Jones and Milnc, 1982 ; Sarnh, 1989 ; Gowcn and Quénéhervé, 
1990) or in smallholding (Sarah, 1985 ; Adiko, 1988). In thosc situations, thcy may be responsiblc 
for significant damage. Furhcrmore, lhcy have bccn poi ntcd out as onc as the main threat for 
young plantlcts produccd through in-vitro tcchniques (Sarah, pcrs . obs.). 

Consequences of nernatodes infestations 

Toe destruction of root and corm tissucs, reduces water and mineral uptake. This rcsults 
in a reduction of plant growth and development and may lead to scvcrc rcduetion of bunch wcighl 
and increasc signifieantly thc time pcriod bctwcen two suecesivc harvests (Gowen, 1975; Stanton 
1994). Furthermore, this dcstruction also rcsults in a tendency for plants to uproot (toppling 
disease) partieularly during windstorms and heavy rain periods. 

Crop losses depend on severa( faetors including pathogcnieity of local populations, 
associated pathogens (including other ncmatode specics), banana cultivar, climatic and so il factors, 
especially fertility . In eommereial plantations of Cavcndish cultivars in arcas of the Cote d' lvoirc 
where soils are poor and erodcd, losses of over 75 % have becn rcported dueto bunch wcight 
reduction and uprooting (Sarah, 1989). In such instanccs, if thcrc is no nematodc control, banana 
plants bccome ncarly unproductive aftcr the first harvcst. In thc more fcrtilc peal soils of thc Cote 
d'lvoire and in the volcanie soils of Cameroon, cumulative crop losses are gencrally below 30% 
(Sarah, 1989) . In South Africa losses may reach 75 % (Jones and Milnc, 1982). In Panama, erop 
losses may be superior to 45 % (Wchunt and Edwards, 1968) . In Colombia, Costa Rica ami 
Panama, crop Josscs estimated only by counting of uprootcd plants !luctuatc bctwccn 12 and 18 % , 
and tend to be around 5% in thc Sula Valley in Honduras (Pinochet, 1986). 
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The actual cconomic impact of ncmatodcs in smallholding systcms is difficult to 
estímate. In Camcroon , losses appcar lo be below 20% (Mclin et al., 1976) . Howcvcr, sevcre 
symptoms duc to R. similis have been observed in plantains in the Cote d'lvoire growing near 
Cavcndish plantations (Sarah, 1985) and damage has reached 50 % in experimental plots (Sarah, 
1989). In Nigeria losscs up to 50 % have been also noted in ficld infcsted with mixed populations 
of spiral and root-knot nematodcs (Caveness and Badrn, 1980). In thc Carribbean losscs havc been 
reported to rcach 75 % in Puerto Rico, and 60 % in Jamaica (Gowen and Quénéhervé, 1990) . 

Cultural practices as control methods 

Sojl sanitation bc(orc plantin¡; 

Rcducing ncmatodc populations in thc soil bcforc planting and thc use of clcanscd or 
ncmatodc-frcc plant material are of primary imporlancc. Eradication is ncarly imposs ible sincc 
rno~t of thc spccics are highly polyphngous and can survivc for long pcriod in thc soil. Af"ler thc 
first detcction of R. similis in thc Northcrn Transvaal in South Africa, rcgulatory meusun;s wcrc 
intro<lucted in an attcmpt lo cradicatc thc nematodc und prevcnt disscmination. Ali plants at 
infcstcd sitcs wcrc rogucd and burned, thc land fumigated with mcthyl bromidc and left as fall ow 
for 9 months. Following thesc drastic measurcs, populations werc rcduccd almost to cxtinction at 
five out of thc eight sitcs, but not eradicated (Joncs and Milnc, 1982). 

Populations of R. similis may be reduccd to an undetectable leve! by allowing non-host 
plants to grow on infcsted land for one year or more (Sarah et al., 1983 ; Matcille et al, 1992 ; 
1994; Price, 1994) . Natural fallow, whcre wccd growth is not controlled, is the simplcst way to 
managc thc intercrop period . In spite of the polyphagism of most of thc ncmatodc species, this 
mcthod is currcntly applied witl1 succcss in many rcgions wherc R. similis is dominant (Cameroon, 
lvory Coast, Wcst lndics). However it would be bctter to cultivate a non-host cover erop so as to 
avoid any pcrsistance of nematodcs. Panicum maximum (Poacea) has becn uscd successfully 
agaisnt R. similis in Qucensland (Colbran, 1964) and Chromolaena odoraca (Asteracea) in West 
Africa (Saral1, 1989) . Asystasia gangetica (Acanthacca), which is a common weed in West Africa, 
allows a significan! dccreasing of R. similis populations (Matcille et al. 1992; 1994) . Milnc and 
Keeteh ( 1976) have published a list of 44 plants 11011-host of R. similis in South Africa among 
which are sorne cash crops, such as passion fruit (Passijlora edulis) and pineapplc (Anan as 
comosus) . This latter crop is currcntly uscd in rotation by some banana farmcrs in the Cote 
d'Ivoire (Saral1, 1989). Sugar cane (Saccharum officinarum) is mcntioned as a poor host by Milne 
and Keetch (1976) and has met with some suceess as a rotation crop in Central America (Loos, 
1961). Helicotylenchus and Meloidogyne species are much more difficult to reduce (Gowcn and 
Quénéhervé, 1990; Matcille et al. 1992) . In Israel whcre the two lutter spccies are dominant, 
whcat is grown 2-3 ycars bctwccn banana eycles (Gowen and Quénehcrvé, 1990). Ternisicn and 
Melin (1989) chcckcd sevcn cover-crops ofwhich none was able to suppress ali nematodcs species. 
Crotalariajw1cea and Bracharia decumhens werc thc mosl interesting, but the C. juncea was ho st 
of H. multicinc111s, while B. decumbens maintaincd Meloidogyne spp. The use of antagonist plants 
such as Sesamwn indicwn, Ricinus communis, Tageies spp . or Crowlaria spp., which havc a direct 
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toxic action against nematodcs, might increasc follow efficiency (Rodrigucz-Kabana, 1992) . 

Fallow and crop rotation are quite simply to use , howcvcr they might be ineffcctive in 
sorne oceasions (persistanee of sorne ho st plants in natural fallow) or lead to a shift o f problems 
when marginal species become dominant by multiplicating in the elected cover crop. Futhermore 
they need a long time period to be efficient. Sorne other methods allow to shorten the time rcquired 
for soil sanitation. Loos (1961) reportcd that 5-6 months of fl ooding was ablc to climinate R. 
similis in Honduras and Panama. Flooding has al so been uscd in Surinam (Maas, 1969) . In the 
lvory Coast, six-seven wceks of complete flo oding was as effective as 10- 12 months of fallow in 
rcducing nematode populations (Sarah et al. 1983; Mateille et al . 1988). However, this method 
is often not praticable as land has to be leve! and have a permanent water supply . Solar ization use 
the sun energy to heat the soil through a plastic film (Katan, 1981 , Giblin-Davis, 1988). Whcn the 
soil tempcrature reachcs 47 º C two hours a day fo r 6 days, no nematode can survive. However this 
tcchniquc allows only fcw eentimctres dccp to be trcatcd and can be uscd in regions where, and/or 
during seasons when, overcast conditions do not prcvai ls. Thcrefo re this techniquc is most likely 
oflimited intcrcst in thc hum id tropical arca . In the other hand it could be a very useful techniquc 
in the nurserics for the sanitation o f thc soil into polyethylcnc bngs. 

Plant sanitatjon 

Nematodes may be introduced into clcan soil through infcsted corms and suckcrs. 
Therefore, ali planting material should be produced in ncmatodc-frcc soils. Sincc this is not oftcn 
thc case, infcstcd corms or suckcrs must be trcatcd to rcmovc ncmatodcs. Thc simplcst mcthod 
consists ofparing thc corms supcrficially to rcmovc lcsioncd ti ssuc. Howcvcr , nematodcs locatcd 
dcep within thc cortcx in non-nccroscd tissucs may escape rcmoval . Furthcrmorc if thc paring is 
too intensivc, suckcrs, cspecially small oncs, may be damagcd. Storagc of pared matcrinl fo r 2 
wecks may furthcr reduce thc ncmatode population (Quénehérvé and Cadct , 1985), but such 
techniqucs cannot be applicd to small suckcrs which are quite frag ilc and nccd to be rcplantcd 
rapidly. 

Paring followcd by hot water trcatmcnts (52º-55ºC for 15-20 minutes) has bccn a 
common and effcctive practice in Latin America and Austral in (Blakc, 196 1; Sto ver, 1972; 
Pinochct, 1986) . However, hot wntcr treatments are labour intcnsive and tempcrature and 
immcrsion times are critica! and dcpend on the sucker or corm size (Gowen and Quénéhervé, 
1990). ll1erefore trcatmcnts of large number of plants rcquire careful monitoring involving a good 
technology mastership . 

The best means of avo iding contamination is to use nematode- free plants propagated 
through in-virro techniqucs . Mieropropagated plants are now one of the most common so urees of 
planting material in most ofthe produeing regions and should be the only typc of planting material 
allowed when banana is grown in virgin soil. This technique rcquires a good nursery management 
so as to avoid contamination of plantlets through the soil in the bags. Soil may be sanited by 
solarization (see above) or by heating, however thc bcst solution is to use nematode-frce substrates 
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such as sand or volcanic ashes from non eultivatcd arcas, mixcd with organic mattcr (eoeonut 
fibers, coffec pul p . . . . ). 

Post¡:,l ant mcasurcs 

Dcpending on the efficiency of so il and plant sanitation, it may takes onc to three crop 
cyclcs beforc ncmatodc rcach again signifieant a damage thrcsold (Sarah et al, 1983 ; Sarah, 1989 
; Matcille et al, 1992). As said before eradication is almost impossible, and sanitation is not always 
as effcctive as expected . Thercfo re, a post-plant crop protection programme must be considered. 

Yi eld losscs may be reduecd through propping or guying of pseudostcms to avoid 
toppling. However this techniques only suppress thc consequcnces of nematodc attacks, and cannot 
be considered truely as a control method. lmproved drainage is nlso an importan! fac tor in 
rcducing nematode damage in high rainfall regions, such as parts of Central America (Pinochet, 
1986). In the samc way, any mcasu re which improvcs fertility and root dcvelopment may incrcase 
plant tolerance to nematodes. Soil fertility is rcally a kcy factor by improving planl tolerance to 
ncmatode attacks (Sarah, 1995). Such mensures includc so il ploughing, or any related tcchniquc 
allowing thc rool systcm to dcvelop bettcr beforc planting, incorporat ion of organic matter in thc 
soil, fcrtilization and irrigation. Organic matter has many positivc actions. Firstly it brings 
esscntial nutricnts and improves the water retention of soi l. In addition, organic mallcr al!ows thc 
devclopmenl of so il microbionts, among which are natural antagonists of ncmatodes (sec biological 
co ntrol). Furthermore organic matter may have a ccrtain dircct action against nematodes cither 
through thc production of toxic compounds (hydrocarbons, sulphidcs .. . ) rcsulting from its 
decaying, or through the presenec of alcaloids or phytoalexins in the original plants (c.g. Ricinus 
communis, Azadirachta indica, Co!fea canephora ... ). Although data coneerning thcir 
cffcctivcncss on banana are still insufficient, the use of such amendmcnts must be encouragcd. 

Mycorrhizae 

Likc many plants, bananas are dependan! to somc vesucular arbuscular mycorhyzal 
(VAM) fungí which improvc grcatly their nutrition , espccially under poor fcrtility conditions 
(Strullu, 1991 ; Declerck et al., 1995) . Furthermorc V AM may play a role in thc co ntro l of rool 
pathogcns, including ncmatodes (Umesh et al. 1988 ; Pinochet et al. 1996 ; Jaizmc-Vcga et al, 
1997). The way V AM interact with root pathogen is not known, but thcy are supposed to incrcasc 
thc plant tolcrancc by improving nutrition, and thcy also may intcract phys ically (s ite occupation) 
and/or havc a suppresive effect on nematode reproduction. Thc possibility of in-vitro mass­
production of VAM (Dcclerck et a l. 1996a ; 1996b) may allow mass ive inoculation of yo ung 
plantlcts in nurseries. Thcsc plantlcts could be thcn transplanted in the ficlds fcw months later with 
heavy V AM colonization of thcir roo ts which would providc a good protection againsl rool 
pathogcns, including nematodes. 
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Biolo2ical control 

Plant parasitic ncmatodes have many natural enncmics in thc soil and studics on possiblc 
biological control have becn undcrtakcn for long. Thc first antagonists which wcre considcred werc 
the trapping fungí (Arthrobotrys, Dactyllela, Dactylaria cte ... ). However thcy wcre diffícult to 
mass produce, and, futhermorc, their cffícicncy in thc soil was linked to quite strict soil 
characteristics (pH, organic matter, soil microfauna/íl or. .. ) (Cayrol, 1993; Davidc, 1994) . Thc 
severa! industrial attcmpt which wcrc done wcrc ali unsuccssful. 

A lot of rescarch programs are currcntly carricd on concerning thc bacteria Pasteuria 
penetrans. lts endospores sticks on the ncmatode cuticule, then they develop a gcrminativc tubc 
which penetratc into thc nematode's pscudococloma and invade rapidly all the body, dcvelopping 
new sporcs (up lo 2 mili ion in onc ncmatodc). Howevcr thc relationships bctwcen bacteria strnins 
and ncmatodcs spccics or cvcn biotypcs appcared to he highly spccifíc (Sayrc et al, I 991 ; Ca y rol 
et al. 1993). Thercfore no applicable solution is likely to appcar in the coming ycars. 

Recently, an industrial formulation of a parasitic fungus, Paecilomyces lilacinus, was 
dcveloppcd (Davide, 1994). P. /ilacinus is a parnsitc of eggs, juveniles and adults, and givcn 
apparently promising rcsults in Philippincs. 

U se o f resistant ¡,lants 

Resistance to burrowing ncmatodc through gcnctic improvcmcnt has long becn hindcrcd 
by the difficulties in breeding banana (Mencndcz and Shcperd, 1975; Pinochet, I 988) . Howcvcr, 
ncw cellular and molecular banana improvcmcnt tcchniqucs may allow thc natural limitations of 
traditional plant brecding to be circumvcnted in the future. Many research tcams are now 
collaborating with the main brccding progrnms in dcvcloping cultivar rcsistancc. 'Pisang Jari 
Buaya' (AA) has long becn recognised as a source of rcsistancc to burrowing ncmatodc (Wchunt 
et al., 1978; Pinochet and Rowe, 1978; Pinochet and Rowc, I 979; Pinochct, 1988) . Although its 
hcritability has not bcen actually establishcd (Stanton, 1994) , this resistancc has bccn incorporatcd 
into brceding lines which has led to thc production of hybrids of commcrcial intercst (Rowe and 
Rosales, 1994). lt has bccn suggestcd that clones with largc numbcrs of roots may cxhibit a higher 
toleranee to ncmatode attacks and selection for this charactcr should be a worthwhilc brccding 
objcctive (Gowcn, 1996). 

Techniqucs for thc early screcning of germplasm in small pots havc bccn devclopcd 
(Pinochet, 1988; Saral1 et al. 1992; Fogain, 1996). Such mcthods allow susceptible gcrmplasm to 
be identified vcry rapidly. With inferior lincs eliminatcd, only thc most promising gcrmplasm 
neros to be retained for final evaluation in relatively costly ficld trials (Pricc and Me Larcn, 1996). 

Bccause of diffcrences in pathogcnicity arnong R. sinúlis populations (Fallas et al., 1995 
; 1996), as well as the other nematodc species ablc to parasitizc and damagc banana roots, cfforts 
in breroing banana for broad resistancc against all these pathogens will be extremely difficult (De 
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Waelc, 1996). As a first step, potcntially valuable banana eultivars are being cvaluated against 
local populations of thc burrowing nematodc in eaeh ecological zone in studics co-ordinatcd by 
INIBAP. Rcccnt dcvclopmcnt in the research of rcsistance mcchanisms to R. similis have shown 
that phcnolic compounds, cspeeially sorne tannins and flavonoids, could be involved reducing 
nematodc progrcssion into banana tissues and thcir multiplication within these tissucs (Mateillc 
1994; Valelte et al. , 1996; 1997). A better knowledge of mechanisms involvcd in Musa rcsistance 
to nematodes, lending to the identifícation of dominan! genes involved, would be undoubtedly 
hclpful for the brecding programs. 

Conclusions 

Production of organic bananas is possiblc through a good integrated managcmcnt of 
cultural practiccs. In rcgions and cultural systcms whcrc rcplanting is frcquent, so il sanitation and 
use of ncmatode-frcc plants is of primary importancc. In ali cases, a good managcment of soil 
fertility during thc crop cyclc, is essential, cspecially water monitoring and organic matter 
amcndmcnts. 

In this context, research must be encouragcd so as to : 
> find thc bcst covcr-crops allowing to control nematodes ; 
> improvc and rationalize supplies of organic matter and cspccially that rcsulting from 

plants having antagonistic properties (alcaloids or phytoalexins). 
> find alternative mcasurcs for plant sanitation in situations where in-vitro plantlets are 

not yet , or not cxpccted to be, uscd routinely. 

Promising alternative control tcchniques are expectcd from biological control, use of 
root symbionts, and plant breeding for rcsistance. The latter is currently the most active and 
supported topic and sorne resistant cultivars havc becn alrcady implementcd . In addition, 
pcrspcctivcs for beneficia! transgcny approaches are highly intcrcsting. Sorne programs havc been 
initialized on mycorhizae-ncmatode interactions, and within two-three years we would have sorne 
answers conccrning the potcntiality of V AM for nematode control. Biological control sensu stricto 
(use of living antagonists) is more complcx a problem as far as soil pathogens, espccially 
endoparasites, are conccrned. Howevcr in no case this should be a pretext for dejection of research 
programs, which, on the contrary, must be encouraged. 

In any case, thc complexity of nematode communitics hindcr thc efficiency and the 
durability of many control mcthods. Agrosystems and thc accompanying pests are in pcrmanent 
cvolution and any control mensure will induce, more or less rapidly, changes in the 
spccics/pathotypcs complcx. Only a permanent and closc fecd-back collaboration bctwecn producer 
and scientists communitics can allow to adapt the control mcthod continuously considering the 
specifícitics of evcry local situations. 
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