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Summary

This deliverable deals with the alternative and innovative strategies to reduce pesticides (and
their non intentional effects) in banana production.

The first guide starts examining the lessons taught from an overall analysis of pesticide use
in countries producing dessert banana, including representative European ones. Then, it
goes through the main alternative or innovative solutions to reduce, in the short and mid-
term, pesticide use in banana production. In particular these solutions are highlighted to
alleviate fungicide, nematicide and insecticide use, which are the main pesticides used in
dessert banana farming. The four following guides complete or more specifically exemplify
the solutions recommended in the first guide.

Then, the second guide presents the alternatives that can be tentatively be used for a
sustainable control of Mycosphaerella foliar diseases. They include i)short term solutions:
implementing of forecasting strategies where they are feasible, or introduce fungicides with
low negative environmental effects where the forecasting strategies are impeached by
fungicide resistance; ii)mid-to-long term solution: developing and introducing resistant
cultivars in the cropping system.

The third guide showcases the new integrated pest management strategies of the black
weevil Cosmopolites sordidus. They include the implementation of prophylactic cropping
practices and the use of pheromone-pitfall traps. It is emphasized that further refinement of
this integrated pest management scheme in a longer term, will be strengthened by the use
biocontrol agents (already under evaluation), and modeling tools developed to simulate the
spatial organization of traps at the plot and landscape scales.

The fourth guide reviews the main steps of integrated crop management for the control of
plant-parasitic nematodes in banana cropping systems in the French West Indies. This
includes i) soil sanitation measures such as improved fallow to cleanse the soil of some
nematode species, water isolation ditches to delay recontamination of fallows and already
sanitized plots, along with the use of different non-host plants; ii) monitoring of soil sanitation
before planting new banana crops; iii) use of healthy planting material, mainly tissue culture
banana plants; iv) use of nematode tolerant banana varieties, and in the medium-term,
nematode resistant varieties; and v) further integration of management strategies and the
reintroduction of biodiversity to ensure sustainable control of nematodes.

The fifth guide deals with the combined use of cropping practices and sprayings with
products alternative to conventional synthetic pesticides that are currently allowing canarian
growers to successfully crop bananas under the standards of integrated or ecological
production.

Teams involved: The teams involved in this deliverable are those in charge of the Banana
Case Study i.e. CARBAP (Cameroon), CIRAD (France), IBMA (France, Europe) ICIA
(Canary Islands, Spain)and WUR-PRI (the Netherlands). In addition, we also solicited some
external partners as ASPROCAN (Asociacion de Organizaciones de Productores de
Platanos de Canarias), ITBAN (Institut Technique de la Banane, France) and IRD (Institut de
Recherche pour le Développement, France).

Geographical areas covered: _ All regions producing dessert bananas, with a focus the
European ones.
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Degree of validation _and operability of findings: Findings labelled as “short-term” are
already used at field. They are validated and operational but still at a limited scale. Findings
designed as “mid-term” still required some additional years to be refined and extended.

To facilitate the dissemination of knowledge, this deliverable is formatted as a set of
five guides that can be read independently one from the other. All five leaflets are
available to public _on the public web-site of ENDURE: http://www.endure-
network.eu/endure publications/endure publications?2

Guide N1 - Challenging short and mid-term strategi es to
reduce pesticides in banana production

Challenging short and mid-term Challenging short and mid-term strategies to
strategies to reduce pesticides in TRIES pae s In Senchas

Banar Saf roducticn of a major fruft crop
ba nanas With a toral production of abont 105 million tonnes, bananss ase one of the most popular fmit crops. Two
‘main rrpes of bananas ae cropped: dessert bananas, among which the vasienl subgronp Caveadish is the
best knowsn, and cooking bananas, hrgely plantains. Tn 2007, 59 million tonnes of dessert hananas wese pro-
dnced, among which 16.5m toanes were shipped and waded Encope s an acuve b of the dessert bagana
Jean-Michel Riséde, CIRAD, France: Thiemy Lescot, CIRAD, France: Juan Cabrera Cabrars, ICIA, teade, 25 it imposts about oae-thisd of the bananas traded woddwide while also produciag banznas in some of
Spain; Michel Guillon, 18MA, France; Kodja Tomskpé, CARBAP, Cameroan; Gert H.1 Kema, WUR, s ontermost ragions such 25 the Feench Wese Indiss (Guadsloupe, Mactinique), the Camasies (Spain), M-
The Netherlands; Francois Cate, CIRAD, France < 1 L - it .

deica (Portngall, Cyprms, and Greece (see fignce 1).

Figure 1: Main dessert banana ing or i ing sites the world. © Denis Loeillet
and Thierry Lescot, CIRAD, France

rbicide Legum
crops. © Jean-Michel Risade, CIRAD,
CIRAD, France.
Vasions pathopens thseaten the prodnction of desseq baaaas in tropical and sub-tzopical environments. This
sitnation i< worsened by the poor genetic diversify in bananz crops, and it 2kso resnits from the prie stind
cropping methods. Production has been ensnred in these agrosystems by protecting, mainly by pesticides, the

i Leighly pezforming - bnt smsceptible to 3 mumbes of pests and dissases - Cavendish.
, Food Quality and Safety Y N
& St g Prblic demand for safer food and in this case, the safery of bamam caops is inceeasing. It is a question of
FROGRAMM protecting the health of all stakeholders (field waskers, workers in the packing stations, prodneess and con-
diversifying crop protection

snmers) by redncing exposure to pesticides both on the production sites 1nd in the importing mackers whece
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the banana fmits ase conmmed. There is alio 10 nrgent seed o alleviate the envizoamental injnsies linked
with excessive nse of pesticides (pollntion of sods, plants and watess).

Tn 2006-2008, in the famework of the international project Pesticide Rednction Pxngizmmz foc Bananas
(FRPE) @ global smlyss of pesicide vse in conasies pmdmg dessect basana was Lmnched by fons
seseacch and/oc CIRAD. the Catholic
Unirersiry of Levvea, and WW Usnivesstr's Plant Rmu:h International. Dat wese collected with 3
ompleted by growes banana specialists in the conntries and extension officers. As
pact of ENDURE': Barana Case Studr, data wese furthes asalised, 20d completed for Camesoon, the French
West Indies (Guadelonpe and Martiniqne), and the Canary Ishnds (Spain)
Data aaalyses rielded fone maia lessons:

The total quastity of pesticides nsed in dessect banana ecops is generally linked with the level of ananal
ainfill (see Fignce 2 below). The knk is strong for fngicides, with 2 predominance for those that are spraved
10 contsol the aisbocae Myespbarrelia folias diseases
Figure 2: Estimared total pesticide quantities used in dessert bananas in some countries, incliding
European Community areas (2006-2007). & Thierry Lescat, CIRAD, France

=
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Fungicides, doag with insecticides aad nematicides applied o lessen the impact of soilboae pests, ace the
main pesticides on dessert banana cxops (see Fignze 2 above).

In the bigher cainfall aceas, the sepeated nse of systentic Fangicides (trazoles, steobincines) resnled in cesis-
tance in Micah . Field of cesistance is associated with 2 marked shift in fangi-
cide mse: conmet fnagicides (ditiocub ceplacing srtemic fngicides.
Because ther have 2 preventive mther than 2 contive effect, s, fangicides are cnccently spraved
mnch more frequently aad at hipher doses than systemic Fanpicides, ia pasticnlas to contzol the very asgres-
sive Black Leaf Streak Disease (BLSD) cansed by Mycosphaeraila ffizusis

- In the production aeas of the Enropean Community, thece is a matkedly lower level of pesticide nse on
dessest bananas (see Fignre 2), dne to:

- The absence of the foliar Black Leaf Stceak Disease. In
addition, 1 forecasting strategy contsibutes to edncing
fangicide nse for conwolling the Yelow Sigatoka disease
in the French West Indies
- The selevan efforts of prodncess, in particnla dndiag
the List decade, to improve the control of black weewil
and root-feeding nematodes by msing alernative
cropping methods.

- The impact of Ensopean regulations oa agrochemical
wse. In the Entopean Commnairy, eneent testactions on
pesticides strongly contrbmte to sedncing their mie in
banana agrosystems. For example, no insecticide remains
anthosised, oaly one chemical nematicide is sl nsed,
and siscarft sparing to control Yellow Sigatoka wil
probably be probibaed in comiag years. Elsewhere,
legislative constcaints and regnlitions on pesticide mse in
bananas vay widely doe to the imstinuonal and
environmental policies of countries. They inclnde aspects
izt impact peodncing conatsies (mles and restictions
on aesal spraring, timing and formnlations for speaying,

protective measnces) as well 23 importiop conamies
(Masimnm Residne Levels of foagicides in dessert §opiyiion sppears to drive reduced pesricide
Giiariad, it the Biopesn diasket), Diffosat riliy. oo Em'”m' s i i
sequirements oz specifications also exist on the MEMMI  BC rizens consumed an average of 10.7kg per
tional market, for example GlobalGAP, bot legislaion  head of bananac in 2007, © Thierry Leccot,
appeas to be the crtical fozce sedncing pesticide mein  CIRAD, France.

Encopean banani-prodncing conaties. Tt hence drives

the search for dternatives to pesticide nse.

for s

Alternative and innovative solwtions to deczease pesticide nse in bananas ace cnaently bing developed by
g seseachers, 2ad other stakeholdess. Hece we focns oaly on shost and mud-term solutions, akhongh
Toap-term solntions exist, aiming at 3 bemer nadesstanding of the banana agrosystem, along with aa in-depth
analysis of banana and pathogen genomes to unavel their relationships.
Shot-term solntions ae alseady being adopted in cermain dessext bunana-prodncing conatries, but stll at lim-
ited scales. They represeat achievable shernative: to rednce pesticide inpuis in banina agrosystems and need
to be extended 3t lazper scales.
Afid-tecm solntions bring together innovations designed for ceaching integrated crop management of the con-
cecned diseases. They inchide compatible and challenging solntions that ace being tested in banam seseuch
programmes and are also based on prototypes of banana cropping systems that are evalnated by growess,
extension officers and sesearchers. They inclade modelling a: 2 relevant tool to achieve integration of innova-
tire solntions
Shost and mid-tezm soltions ase ceviewed hese for providing contol of the fonir major trpes of banana dis-
eases ot pests: Myaspbacrelia foliar diseases, the black weevil, plant-parasitic nematodes, and weeds. Reference
is also made to the mse of biccontzol ageats and fhe sequicements to sustain their development in the Enro-
‘pean Commmnity (see page 7).

Short-term solutions

Use forecasting strategies to sednce fiagicide inpnts
based on disease invidence. This is possible mainly in
sezions with low disexse pressnce and no existing Fagicide
sesistance, and in newly cropped azexs.

Promote prophriactic de-leafing of bananss in the feld:
this mechanical ablation of lesioned leaves beasing
infections conidia and aseospores restricts inoculnm dis-
pecsal within znd 1mong plots.

Allocate banana prodnction withont fingicid inprts to climatic zones that ase m&vunbkﬁuuycosphn—

Short-term solutions

Stazt aftes crop sotation or fillow (see below), with new
aematode-free plantiers desved from tissne culmze. Small-
bolders can, altematively, e in s mass multplication
techaigues to sanitize plinting matesiil, However, this should
be done in 1 collective process (grower association,
aematological labostory ) to easmze dissemination of
nematode-free pludats.

Sanitize plots from major bamns passitic aemstodes, in
pasticnlar Radopbolus simifis, by totating bananz erops with

zels, snch 3: low cunfill ssgions. Banana shonld posfecens  jp i fonas disenses (s

tially be orgaically prodnced in these cegions.

Use of biofangicides and matnzl ozpanic products. Re-
cent data indicate that some conld frvombly be combined
with sednced doses of contact fagicides.

Mid-term solutions

> Complete inteprated management of Mycopbaerelia folias
diseases by geowing dessert hanana enltivars with sesistanee
to M. fiensis and/oc M. mskvls. Coavestionally bred

Black Leaf Streak Disease caused by AL
ffnair, and Yellow Sigatoka diseace caused
by M smsirals) severely alter the photosyn-
thesizing leaf surface and induce prema-
ture ripening of fruits. These leaf spot dis-
easer are ucually controlled by aerial
fungicide cpraye., @ Jean-Michel Rizéde,
CIRAD, France.

Iocally diagnosed non-host crops (snch as pineapple, different
cnltivacs of sngareane, some formge grasses snch 1z Digraric
decurmbens ot Brackiaria humidicols, some legnmes snch as
Neenetonta wighrsi, Macrepriliuom aprapierpirem ot Crotalaria spp..
or by one/tro year fallows. All volnateess (ce-growing
smackers) most be systematically removed.
> Spstemutically diagnose dnration and effectiveness of soil
sanifation aguinst photpimsitic nemstodes with potted
biotests naing ia vitzo banana plants 15 traps.

Sucronnd nematode-sasitized banaaa plots (or basana Geld

In addition to alterations they cause in
water and numient uptake, root-feeding

breakage, reculting in toppling over of
mature banana plants. Nematodes are
controlled in many areas by two to four
nemaricide treatments per year. © Jean-
Michel Rizéde, CTRAD, France.

bybrids are encrendy nnder evaluanon GMOs could also be an alternatve. In any case, disease-resistant ba-
a3 cnltivars shonld aot be ceopped in pure stunds, but rather throngh spatial armangements with other enlti-
wacs or other phast species, to rednee disease development nd minimise chances to break down resistance to

Mycasphaerelia

Short-term solutions

> Mechanical destruction of contaminated chizomes (with
2 machete, or 2 towed mechanical device).

> Use of phesomone-pinfall traps for monitoring popris-
tions and for mass-trapping withia plots, at fizm 20d land-
seape scale. Altermativels. bits of banana psendostems (large
pieces laid on soil, or pre-cnt slices that are tephiced in the
mother psendostem) can be nsed. Althongh less efficient
than phecomone-pitfall traps, this techaiqne is cheap and
therefore of interest for smallholders.

Mid-term solutions

Shost-tesm salations contribte to an Inteprated Pest Man-
agement strategy by implementing

~ Mass trapping with ‘attract and Kl spstems’. These sys-
tem: conple pheromones and entomopathogenic nema-
todes (Stesmernema carpocarpase) or Fongi Bearveria spp.

> Bioprowction of banana root tysmes with eatomopatho-

Here you can cee a portion of banana corm
heavily damaged by larval stages of Cos-
mopolites cordidus. Black weerl hac long
been conmolled by polluting incecticide
treatments, which are now banned. & Jean-
Michel Riséde, CIRAD, France,

genic fongi mch as Bagvenia bassiana, 0d /o2 noa-pathogenic Fusarium axagsornm.
weeril

> Models to predict the drnamics and dispersal of the black

~ Sparial arrangements within banana agosystems o disspt dispessal of the black weewil.

! diversifying crop protection
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sectors) with 50-80cm deep ditches, to cestsct K. simiir dissemination by water ma-off fom contaminated
plots
Mid-term solurions
Short-tecm activities will snpport longer tecm integeated and more ecologically-based binana agrosystems by
adopting:

Deployment of above-gronnd diversity (plant diversity), to ensuse ecological stability, inclnding beneficial
cover erops and nematode-resistant or tolerant banana cnltivars

Modification strategies to improve the soil biota with target strains of micto-organisms (acbnsenlar my-
caschizal fangi, other Fngal endophytes such a3 beneficial Fusamio aiporinr stzains) and organic matter to
suzenpthen plaat and soll health.

Models to predict nematods poprilation dpnamics in banana sgrosystems and to 2ssess and sort innovative
stopping practioss.

Weed con
Shert-term solutions

> Mechasical weeding with soil tllige devices ek a:
spading machines or Rome plongh OR mowers snch a5
cotacy engines for mechaissbls laads, 1nd hosing oz bush
enttexs for sloping lands.

Set np new banana coops ia mnlches fom a previons
contional crop, which will woid or sednce pre/post
emerzence heshicide applications.

Contsol weeds from heavily infected plots by a single
hechicide application before planting the new banamz
cxops.

Cover intecrow space of bansaa plots by mulching
with dead bunana leaves oc other ocganic mesidues (X Mgy wasd prassurs in 3 banana plot.
as pieces of psendo-stems) from harvest to cover the ol Weads can strongly compete with banana
surface. plantz. Until now weeds have been generally
controlled by frequent cpraye of herbicidec.
& Jean-Michel Riséde, CIRAD, France.
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> Cropping other plants in the Lisge inter-ows, snch 5 the <hade-tolecant Impasiens spp. (balsaminaceae), the
‘perennial sopbean Neonsronia wight, oc short-lived vegetble or cash crops {tomato, watermelos etd)
Mid-term solutions
Targeting Inregrated Weed Management (IWAL) in bananas by
* Impeoved mechanical weeders adapted t© new vegetation asrangements in hanana plots.

> Effective low-dose herbicides, to help milch installation before setting new banznz crops.

> Planting anmual coves crops that die mamally withont herbicide applications, while being non-hosts ta ba-
203 pathoens.

- Planting weed competitors (in space and in time) that sell satisfy bananas by providing drinage, nntdents
and beneficial organisms.

WHAT ARE THE REQUIREMENTS FOR PROMOTING THE
DEVELOPMENT OF BIOCONTROL TECHNIQUES IN BANANA-
PRODUCING AREAS OF THE EUROPEAN COMMUNITY?

Biocantrol methods exist for blisck weevil and pathogenic nematodes and to & lesser extent for post

barvest fungal diseases. They stll have to be developed agsinst the main foliar disease of bananas,
Black Leaf Streak Disease (BLSD).

Available biocontrol agents (BCA) belong to various classes of Plant Protection Products:

> Pheromones (agents modifying insect behavior): They are chemical but not biocidal.

> Microbials such as Entomopathogenic Fungi (EFF) for insect control.

> Macrobiaks such s Entomopathogenic Nematodes (EPN) for nematnde confrol.

> Natural products such as Systemic Activated Products (SAR) for naturally induced resistance to
pathogens.

To further promote the development of biocontrol techmiques in Earopean banana-producing areas,
fous canditions are required:

>Pmmhumm¢lm&1he&mmﬂmTﬂmmM

consequence, organic bananas can therefore be grown only in areas where BLSD pressure is not

> Quality conmol of Biocantrol agens: In Europe, anly standardised material can be repistesed (md
then used). Production of BCA, theis formulation and quality control are imdes siict legislation.
>Rmmﬂ=mm“mmlnhmdmmﬂn—mﬁﬂdm:kmnﬁnaﬂy
approved protocols, and conducted by Good Laboratory Practices (GLP)/Good Field Practices
{(GFP) certified reams.
>mnmmnsmmmdmmm{hmrmm_mu
«of these new sustainable praduction systems needs techmical and support for growers,
arder 1o make this technique worksble and
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Challenging short and mid-term strategies
to reduce pesticides in bananas

Summary

Qas of the most traded fmits in Encope and wodldwide, dessest bananas have loag been produced with
2 marked seconese 1o pesticides 1o control the Tasons pathogens that threaten the crop. New ways are
being developed to grow banana that zely less npon pesticides but rather npon agroscological measnses
and Legrared Pest Management swarepias.

These il solntions are contimonsly sefined by prowers and other snkeholders
fally implied in ensnzing mose ssminable banana cropping systems, and farther assucing human food
and health

This gride, the first of 1 series of five, starts by examining the lessons tangkt from 2n overall analysis of
pesticide ise in conatsies prodncing dessert banana, inclnding representative Encopean anes. Then, it
goes throngh the main aktenative or inaovative solntions t rednce, in the short and mid- term, pesti-
cide 3¢ in bananas.

In particnlr these soltions aze highlighted to alleviate fngicide, nematicide and insecticide nse, which

ace the main pesticides nsed in dessert banana Baming. Fomr following smides complets, or more
specifically, exemplfy the solntions recommended in this first gaide.

For further information please contact:

Jean-Michel Riséde, Banana Cropping System Research Unit,

CIRAD, France.

Telephone: (+590) 530 86 17 65

E-mail: jean-michel.risede@ciad.fr

About ENDURE

ENDURE is the European Network for the Durable Exploitation of Crop Protection Strategies.
ENDURE is a Network of Excellence (NoE) with two key objectives: restructuring European
| research and development on the use of plant pmvtet:han prcdu:ts, and establishing ENDURE

as 2 warld leader in the and i pest control strategies
through:

> Building & listing Gon protecion risedrh comianity

> Providing end-users with a brosder range of shortter slikions.

> Davaloping 2 holistic approach ta sustainable pest management

> Taking stack of and informing plant protection palicy changes.

Eighteen organisations in 10 Eurcpean countries are committed to ENDURE for four years

(2007-2010), with financial support from the European Commission’s Sixth Framework

Programme, priority 5: Food Quality and Security.

& Website and ENDURE Information Centre:

wwwi.endure-network.eu

This publication was funded by EU grant (Project number: 031435), under the Sixth
i 25 Banana Case Study - Guide Number 1, published

in January, 2010.

@ Photos, from top to bottom: A.S. Walker; INRA, C. Slagmuider; JKI, B. Hommel; Agroscape ART; SZIE; INRA, N.
Bertrand; Vitropic; INRA, F. Carreras ; JKI, B. Hommel; INAA, 1. Weber; INRA, LF, Ficard; 1K1, B. Hommel

Guide N2 - Mycosphaerella foliar diseases of bana

towards an integrated protection

Mycosphaerella foliar diseases of
bananas: towards an integrated
protection

Luc de Lapeyrs de Bellairs, CIRAD, Francs; Catherine Abadie, CIRAD, Francs ; Jean Carlier, CIRAD,
France; Josus Ngando, CARBAP, Camercon; Gert H.]. Kema, WUR, The Nstherlands

Assessing Black Leaf Streak Disease on banana leaves. © Charles de Wulf

. (, Food Qual\tv Emd Safety
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Mycosphaerella foliar diseases of bananas:
towards an mtegrated protectlon

- -
Severs defoliation induced by Sigatoka Dizeaze. € Luc de Lapeyre de Bellaite, CIRAD, France.

Black Leaf Streak Disease (BLSD, caused by J.fy(n.\j)bmrwl}u  fijiensis) and Sigatoka Disease (5D, caused
by Mycasphaerslla musicola) are the main constramts of export dessert banana production. These foliar
diseases thweaten the major banana-producing countries in the world as all export banans cultivars (Ca-
vendish cultivars) are highly susceptible. Mycosphaereila fijiensis. which is more aggressive than M. mni-
sicola, has totally replaced the latter in comntries where it has been introduced. Today, virtually all ba-
‘nana-cxporting countries suffer from BLSD, with the exception of some islands of the Caribbean (such as
Guadeloupe and Martinique) where M. fijiensis has not yet been reported. and the Canary Islnds where
very dry conditions prevent the development of these fungal foliar diseases.

‘Tnfection results in substantial necroses of the foliage and consequently yield loss, but - most importantly
- in tmmatwe ripening that renders the fruts wnfit for export. Hence, protection of fhe crop is critically
important for the entire industry. In these production enviromments with conducive tropical humid condi-
tions for Mycosphasrelia diseases, the only carrent practice is chemical control. In addition. to be haghly
cost effective, the hugh Srequency of sprayings is & constant woury because of the development of fugi-
cide resistance, and also because of the potential effects on hoth the environment and workers. This sifua-
tion represents a technical, and impasse. Hence. to chemical

nas
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solutions for the of A

control are wgently required to provide
foliar diseases

Above: Important leaf spotting caused by Black
Leaf Smeak Diseace on a commercial farm. Right:

aca
Mjcegpbacrels leaf cpotting, which renders bananas
unfit for expor. © Jozus Ngando, CARBAP,
Cameroon,

A forecasting strategy for a rational chemical control

In most conntries exporting bananas, trditional disesse management strtegies rely on weekly applications
(40-60 weatment: /rear) of fongicides. Nevertheless, in some conntries, 1 forecasting steategy bas enabled
growers to rednee the nnmber of applications to only 3-6 treatments /year for SD control in the French West
Indies, 20d t 12-14 weatments /yeas for BLSD conteol in Cameroon and Ivory Coast. This hiological fore-
casting system is based oa exly detection of the disease theongh the calenlasion of 2 Stage of Evolntion of the
Disease (SED).

SED: Ten plants in a pl bserved weeky to di . The most
advanced stage of the discrse is scored on the yonngest lerves of the banana free fesend s fu( SD and
2 1o 4 foz BLSD). Leaf anmbez/di aze expressed in s). The

SEID s desived frotm imoltiplying the sam af 21l C5 with the Foliar Fasission Rate (FEE), gy ?apl:uc
sepresentation is nsed for timing of decisions Fignse | following page).

The zelisbility of this fozecasting suratagy depeads on very spacific technical requisements:
time between decision and speaying shonld be minimised and requites appropriate logistics for zerial
applications
Stoong cntiveeffect o sraanic fangisides (100g 34,/ mixed in poze minesl ol
Apply chemicals with diffe de of action to red de zesistance

Colliborative and centralized action of banana growers to delimit the aerial distrbution of the disease.

[ emam —Sap o Eedma e e |

Figure L Example of Black Leaf Sweak diteace forecacting. Aerial spraying (purple amow: antimitotic prod-
uct; red arrow: DMI fungicide) was decided according to the Stage of Evolution of the Dizeaze (blue Line), @
Luc de Lapeyre de Bellaire, CIRAD, France.

Chemical control of SD and BLSD is unsnstainable dse to the continnonsly increasing foagicide resistance
that deives np the Erequency of xpp].iclms Whese fangicide cesistance is esmblished, comoesiin-gn
weekly applications of contact fngicides. However, legishition also contributes to pesticide sednetions a5
showa nader Encopean conditions, fo example there are two anthosised faagicides in the French West In-
dies (FWI) vessns mose than 25 in West Africa and Latin America. In the FWL, cequirements for buffer areas
azonnd ncbanised aseas and rivers sednce 1ecil applications tht could peobably be banned soon. So, even
whete fosecasting strategies ace perfocmed, disease control becomes increasingly difficult (Fignre 2 on follow-
ing page). Hence, alternatives shonld be developed and applied. Snch ahernatives shonld be integrted with
other sgronomic measnzes such 23 feld sanitition to manape mocninm dispessal (for instance, the mechanical
ablaton of lesioned leaves).

ort

Fosecasting stratepies shonld be devoted and implemented in aceas where specific conditions aze fulfilled: ()
aceas fiee of fragicide sesistance, () new banana aress, (i) low disease pressnce arers. Where fngieide cesis-
tance is esblizhed, the of & steatepies selies on possible faasicide cesismance seves-
sion and inconung of aew mode of action Fapscides with a bigh cncatve sffect. Possible fungicide resismace
sevession zequices 3 bercer nndesstanding of pene flow berween naspaared and spraved aseas and of the com-
petitivenes: of resistant strains.

The development and introduction of fangicides with low negative environmental effects is 1 necessity. Re-
cently, vasion: bio-fungicides have been tested. Unformaately, none of these bio-fangicides enables alone 2
good control of BLSD nnder high disease pressuce. Nevertheless, recent data <how that their combinztion
with conmct fngicides conld sesnlt in significant rednctions of these Larter which ace cnzseady spzaved at
high rates (1000 g/ba versns 100 g/ha for systemic Fangicides)

Eragresze sicuton to s syzematc sy

N
N A
| NN |
FEELELELELELEREPEFPEF

[Wmancaze 281 groan? grouat

Figure 2. History of fungicide use for BLSD conrrol in a reprecentative commercial banana farm,
ELutd.zl.ipeylEﬂE Bellaire, CIRAD, France.

In the long tezm, the intzodnetion of cesistant cultivass in banana
ceopping spstems shonld ensnee 2 snstinable control at low cost.
Cusceatly, thee are 0o cesistaar cltivass that can commescially
seplace Cavendich bananas, and banana breeding is complicated
by stecdlity.

Howeves, new dessert bnana enltivacs with pactial resistance 1o
ELSD aad SD, peodnosd through beseding peogramanss, do
exist and ate presently being evalnated (pictured right). A poten-
tial brake on their widespread adoption is that they will have to
be accepted in the marker aad their postharvest processing
adipted to an export industsy that is cnmendy adsted manly
fo Caveadish banaazs. The adoption of aew cnltivass seleased
by conventionil breeding programmes, or that of genetically
modified bananas, conld thns be 3 very long process that should
also take into acconnt innovative ways to preserve sustzinability
of resistance.

Right: New banana vasieties produced through the CIRAD
‘breeding programme in the FWI chowing partial recistance to
Sigatoka. © Catharine Abadie, CIRAD, France.
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Mycosphaerella foliar diseases of bananas:
towards an integrated protection

Summary
Mycaspiracrells foliac diseases, Black Leaf Streak and Sigatoka diseases cansed sespectively by Mycagaber-
rella fyiensic a0 M. musicols, axe by fze the main parsitic constraints for export bananas. They resnlt in
substantial aeccosis of the Eolisge and consequents yield loss, but - most impartads - in immamse
dipening that renders basanas safit for sxporr. In the absence of commercial resistant vasisties, banana
expors can oaly be ackieved thasough intensive chemical control. I most conataes, fopicides ars ap-
plied systematically following 2 fixed-schednle treatment programme (40-60 applications /yeat) to pro-
tect the Tomug leaves against infection. In some places, forscastiog systems ace nsed 1o schednle tweat-
mems in fanction of the stage of evolntion of the disesse (5-14 trestments/yeas). In all conaties
chemical coatrol lias to face increasing difficnlties in tezms of efficacy, cost and snvironmentl impact.
This simation resnlts maialy of rwo major evenrs: (i) the development of fongicide resistance to 573
temic fnagicides that lead to a systematic nse of protectints and (i) the evolution of the legislation
| which becomes increasingly restrictive. New alternatives that must be associated with basic prophylactic
‘measuges such as the mechanical ablation of lesioned leaves are needed for a sustanable coatrol of
these diseases. They ase pressnrsd s (1) shon-teom solntions: implement the forecasting stratepy whese
itis feasible o inteodnce faapicides with low aegative snvizonmentil sffect whers fhis focecastng stat-
sgr is impsached by fragicide resistance; () mideto-long-term salntion: develop aod introdncs sesistant
caltivars in the cropping system

For further information please contact:

Luc de Lapeyre de Bellaire, Banana Cropping System Research Unit,

CIRAD, France.

Telephone: +33 (0)4 67 61 58 28

E-mail: mailto:luc.de lapeyrecirad fr

Ahout ENDURE

ENDURE is the European Network for the Durable Exploitation of Crop Protection Strategies.
ENDURE is @ Network of Excellence (NoE) with two key objectives: restructuring European
rasearch and davahpment on the use nf plant pratection products, and estsblizhing ENDURE
as 2 world leader in the of pest control st

through:

> Building a lasting crop protection research community

> Providing end-users with a broader range of short-term solutions

> Developing 2 holistic approach to sustainable past management

> Taking stock of and informing plant protaction policy changas.

Eightsen organisations in 10 European countries are commitied to ENDURE for four years

(2007-2010), with financial support from the European Commission’s Sixth Framework

Programme, priority 5: Food Quality and Security.

Website and ENDURE Information Centre:

wwer.endure-network.eu

This publication was funded by EU grant (Projsct numberi 031495). under the Sisth
., and is catal as Banana Case Study - Guide Number 2, published

in January, 2010.
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Bartrand; Vitropic; INRA, F. Carreras ; IKI, B. Hommel; INRA, 1. Weber; INRA, 1.
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Integrated Pest Management of
black weevil in banana cropping
systems

Philippe Tixier, CIRAD, France; Fabrice Vinatier, CIRAD, France; Juan Cabrera Cabrera, ICIA, Spain;
Angeles Padilla Cubas, ICIA, Spain; Justin Okolle, CARBAP, Camercon; Christian Chabrisr, CIRAD,
France; Michel Guillon, IBMA, France

Innovative options to control the black weevil Cosmopolites sordidus in banana fields include
the management of pitfall traps with pharomonas, along with that of fallows (ssen hers in
Guadeloupe, French West Indies). & CIRAD, France

(’ Food Quality and Safety
£TH FRAMEWORK
versifying crop m PROGRAMME

Integrated Pest Management of black weevi
in banana cropping systems

The black weevil Comgpalinr sordidur Gezmar (Coleoptera: Crzenlionidae) is 2
‘major pest of bananas and plantains in most production areas. Female €. sondidis
lay eges in the corm of banana plants. After egp hatching, larvae bore inside, which
damage: the points of inserion of primasy zoots and leads 1o plant smapping and
toppling. Vield losses ase important both in indnstaal plstations for esport and in
teaditional smallholder faems: 25% cozm infestation sednces the Tield by 30%. In
the past, insecticides were mussively nsed woddwide to control the banana weevil,
bt theic nse iz aow decreasing, in pacticnlas in Encopsan banana prodncing aseas
As an example, 2kg of insecticide active ingredient were nsed per hectare in 2008 in
Matinique in the French West Indies, compared to Tip in 1999 (sonzee: CIRAD,
France) The weevl C rordidur comtamunates banana fields throngh infested
Bty e, st el i e i plinting, or colonisation
(erawling) from nesgh! felds banana psend pieces Luid
on the so were nsed to trap .na conteal poprlations of €. serdider aduits.
Howeres, the effectiveness of these tmps vases with their age, location and
eavironmental conditions. Mossover this tapping method is labodons and kas
besa ively ceplaced by ph picfall teaps. In Camesoon. 3 disc-on-
staenp teap is 2lsa msed by smallholders 2ad some larger plantations.
pitfall waps ively of C. sordidi. The phe-
‘romone Sm'dad.nm is specificto €. :pnlm‘w and artracts both sexes. Nevertheless the
spaual and tempozal azpanisation of tapping is 2 key factos i its snccess becanse
of the patchy distributions of weevdls within the field The most common and ef-
fective stratepy consists in:
- Monitoring the popslition with 1 segnlar network over the fum (4 tzaps per
hectaze)
Mass tsapping in hihly infested elds (16 tsaps pec hectase ase recommended,
placed 20m apart] of on the periphery of the field to limit its colonization with 2
basgier of tzaps (see Fignie 1 on following page)

Fallows can be managed to control black weevil

Fallows are primacly nsed in banina ccopping systems to sanitize Helds against
plaat-paisitic nematodes and to cenew soil ferilicr. Fallows abso have 3 swong
effect on . serdidus pogulations by snppressing their rasontoe (banana crop tesi.  Prance, Pitfall trap with
dnes). As 3 comsequence, after some weeks, when the resoncce has become vesy  pheromone atmactant.
low, C. sordidus populations seek new banana plaots 2nd may contaminate neigh-  © Philippe Toder,
bonding Gelds i pioducton. To praveat this ghout the fzm,  CIRAD. Disc-on-zmmp
trap used in Cameroon.

LAt can b
Eadly censhing (by Band with 2 machete, or meckanically) and sliminstion of the  © Ju5n Oliolle, CAR-
banznn cosm resdnes issned From the previons cxop. BAY, Camamon.

- Mass trapping wsing pheromone-pitfall traps, in and asonnd fallows, to provide better sanitation of bunana
pharations. The pheromone-pithall traps pravent 2 lacpe past of €. sordidus populations from moring from
fallows to othes banana plots, Therefors, fallows mst not be located next to new banans plintations in ordes
10 avoid massive dumape to the vonag plnts. The conteol of C. sordidr shonld be managed at the fiom and
Iandscape scales sather than at the feld scle, with special attantion on the location of fillows and associsted
trapping

Setting np new banana crops with tissne cnlture plants to avoid the dissemintion of weevil-infested plint-
ing matezial.

Figure ; Population

f Casmopoiites
sordides i a banana plot
with maze

trapping over two years
in the cub-tropical con-
ditions of the Canary
Iclands. & Angeles
Padilla Cubaz, ICLA,
Spain.

Areage care o C roadunvans
5 8

To achisve contzal of €. serdidas in the mid-term by promoting 3 staatey urlmgnmd Pest Eabnagemml.
rwo additional steatesies ase being evalnated:

Challenging options with biocontrol agents: In the near fritnce, trapping systems should be eahanced
with biocontrol agents such 25 the entomopathopenic fungi Beanwria hassiana and Muarbisgm avitelize oz the
entomopathogenic nematode Sterreriema carpecazzae and 5. feinar. Another atisactive approach cnzzently being
tested i to confer hioprotection to bamuna vito plantlers with endophytic fngi such 23 noa-patkogenic Fusz-
i

new cropping system scenarios with modeling tools: Simulation models, sach 35 COS-
3.{05 (Fabsice Vinaties, CIRAD), calibrated from bibliopraphical aad expesimental data, allow testing of the
effects of the Jocation and the density of phy picfall traps on the epideminlogy of C. senfidus. Fignze 2
<hows the sinmlation of different densities of ph pitfall traps over 2 one-bectase feld These simnla-
tions kelp determine the optimal density for traps: €. sardidus popnlations decrease strongly when the trap
density is incseased. bt control i not improved when there ace more than 16 taps pes hectase. Models can
also provide selevant information to find the best compromise berween the sffectiveness and the cost of the
control method The COSMOS model is so well designed for Integrared Pest \hnigmml of €. samidw
including the nse of more tolernt varieties, spatial of banana
crop residnes and trapping.

Figure % Simulation with
the COSMOS model of the
number of larvae of . sor-
4ides, om 2 one-hectare plot
for cix panems of rapping,
from zero to 25 pheromone-
pitfall rape per hectare.
Infectation iz inirialiced
from a clustered contami-
nation by adults. © Fabrice
Vinatier, CIRAD, France,

Tested irupping putiems

A = L ]

Number of larvas per hectare

@rhesrans il iy o oA GmED
Days after planting
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Integrated Pest Management of black weevil
banana cropping systems

Summary

The black weevil, Casmopalites sordidier (Coleoptera: encenlionidze) is 2 major pest of hanana in export

fx.ms and for smallbolders in developizg conatues. New Lnteprared Past Manazement steatsies incinde
of pping pe and the nse of pitfall traps.

The combined nse D{Pbmoue-pﬂ:hﬂ tzaps and fallows rednces the anmbez of C. randidus adnlts i

the field and has sipnificantly sreduced insecticide use in the French West Indies and in the Canacy Isl-

aads.

Becanse of the patchy distribntion of C. serdidies and the bilities of weevils to ol hb

| Gelds, these methods shonld be deploved at the fum aad landscaps scale, with special focns on theic

spanal and remporil orpanisation.

To further refine the Integrated Pest Management of this pest in the longer term, we are evaluating

biocontrol ageats and modelling tools developed to simulate the spatial crganisation of waps at the plot

20d landscape seales

For further information please contact:

% Philippe Tixier, Banana Cropping System Research Unit,
CIRAD, France.

Telephone: (+596) 05 96 42 30 17

E-mail: tixigriicirad.fr

About ENDURE

ENDURE is the European Network for the Durable Exploitation of Crop Protection Strategies.
ENDURE is a Network of Excellence (NoE) with two key objectives: restructuring European
research and development on the use nf plant protection pmdu:xs, and establishing ENDURE
25 3 world laader in the d pest control strategies
| through:

> Building a lasting crop protection research community

> Providing end-users with a broader range of short-term selutions

> Developing a holistic approach to sustainable pest managemeant

> Taking stack of and informing plant protaction policy changes.

Eighteen organisations in 10 European countries ars committed to ENDURE for four years
(2007-2010), with financial support from the European Commission's Sixth Framework
Programme, priority 5: Food Quality and Security.

Website and ENDURE Information Centre:

wirw,endure-network.eu

This publication was funded by EU grant (Projsct number: 031439), under the Sixth
and is d 2= Banana Cass Study - Guide Number 3, published

in January, 2010,

Photos, fram top to bottom: A.S. Walker; TNRA, C. Slagmuider; JK1, B. Hommel; Ageoscope ART; SZIE; INRA, N
Bertrand; Vilropic; INRA, F. Carreras ; JK1, B. Hommel; INEA, J. Weber: INRA, 1.F. Ficard; JKI, 8. Hommel
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Integrated management of
banana nematodes: Lessons from
a case study in the French West
Indies

Jean-Michel Riszde, CIRAD, France; Christian Chabrier, CIRAD, France; Marc Dorel, CIRAD, France;
Tino Dambas, ITBAN, France; Raphasl Achard, CIRAD, France; Patrick Quénéherve, IRD, France

Association of bananas with the perennial lsgume Neonotonia wightii, © Jean-Michel
Riséde, CIRAD, France.
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Integrated management of banana nematodes:
Lessons from a case study in the French West
Indies

Plant-passitic nematodss ase try worms that
live mainly in sol and coots. In the case of
banana plans, the most damaging species
spend most of their life cycle in taot and corm
tissnes. Their month cavity contains 2 bollow
stlet with which they prncmse the cell and
cemove  the  costents.  Pludspedific
commnnities of milions of individnali can
develop in comm and root tismes of which
ther alter the phrsical aad faactional intepstr.
Nematode proliferation can dismpt nutsient
and water ptake, delay growdh and canse
banana plants to topple over In the French
West Indies, toppling over is the maia damage
camsed b nematodes.

LA
At in many other banina-prodnciag sesions

aronnd the wold, 10 years ago in the French  F1ant foppling caused by burrowing nematodes in the

West Indies methods for the conwol of French Weet Indies, © Jean-Michel Riside, CIRAD,
nematodes in export bananas relied on the  FTOICE

nse of spnthetic cacbamate 2nd orpanophosphate nematicides. For the most pat classified 2s toxic or highly
toxic, in secent Teass many of these products have pradnally been banned Alternative istesmated plast-
pacasitic nematode mamgement has coaseqnendy been developed ia banana cropping systens in the French
West Indies with the snppoxt of diffecent stakeholders (prowers, seseazchers, exteasion officess etd).

1is a key step in preventing build-up of th

The main banama parasitic nematodes do not
develop 3 resting stage for long-term
pessistence in soll Consequeatly, in most
cases soll prophrlais is efficient in slowing
down their popnlation dynamics, especially ia
the case of the woddwide endoparsitic
species Radpobolus simiir. In the Fench West
Indies, recommendations for soll sanitstion

st semitodes ace menally bused on
twofold strategy-

Improved fallow to cleanse the soil of R.
similis This type of fllow selies on the
dessction of nematode-infested  banama

only 10-15% of plants ace ceinfested after 9-
12 months as oot 75-80% with mechanica] destraetion. Tt is essential to systematically remave - by
Eand or E (‘volnateer plants) as they can host and maltiply
cesidnal nemnndepq:u'\hmns BE nesesicey i gl bl s e e by i o bl i

SN

prevent the growth of host weeds for R similiz Specier belonging to several families inclnding Poaceas, En-
phorbiaceae, 1nd above all Salanaceae and Urticaceae, can kacbonz R simili populations,

Water isolation ditches to delay the recontamination of fallows and plots that have already been sani-
tized: Rnn-off water from nematode-infested batana plots can disseminare R similis and se-contaminate sani-
tized plots. As 2 consequence, fallows being sanitized and plots that are alteads sanitized mnst be protected
against incoming water from memarode-infested plots. Digging 50-80cm deep ditches azonad plots sEficiently
prevents the dispersion of R simili:. In this war, re-infestation of banana felds by pacasitic nemstodes can be
cednced and delared by mase than three Feass.

Non-host tributs

on and proj 15 ag

A wiy  complete sol sanitastion asd
prophrlasis against plant parasitic nematodes in
banam agsosvstems is plaatins gematode
sesistant phints 33 of mssociated
cops. Such cropping practices ace most effec-
tive against i hmmu:mg R similc, but less
Bl e it the Vit it Priye
chas cpfiae, which has 2 wider scologieal nichs

Vasions types of plants can be nsed 25 rota
tional crops thanks to their non-host stams for
R similir.

Cash erops including certzin varieties of sng-
ascane and pineapple.

- Pasmse grasses snch 2s Pangola grass (Digr
saria decumbens), creeping signal prass (Brachiaria
Sunmidicals) and Guinea grass (Panicur maximm),
and abio legame prasses uch 5 perennial 50T Above: Pasture rotation with grsse (Digharia
bean (Nesnatonia wighti), Stjlo grass (Splosansbes  decumbens); grass is being mowed. & Junumhd Riséde,
lamara), and Sinateo (Macropsifam aropwrpareiy). CIRAD, France.

- Other cover ccops such as Cromaliria species

Cover crops that ace not hosts for R simslir can
als0 be associated with bananz to frvons below-
ground biodiversity in banana cropping systems
2nd to promote more beaefical sl biota. Two
crop aseociations are cacrently being

in the French West Indies:

- Baazna-Impariens association: Impasiens spp.
ace shade-tolerant Babaminaceae that do aot
compete with banama. Thic type of associition
is being developed iz the hiphlands of Grade-

. In addition to being nasnitable for bndd
np of K. swili popnlanoas, Inpariens species
may lessen or even avoid herbicide applications.

- Banana-perenaial sorbean association: per- :
enaial sorhesn (Newomwia wighe) iz 2 legnme  Above: Cretalovis species are pr

omising annual legumes
with 2 swong tap foot that penstzates verucally  that are not only resiztant to K simiis bur can alzo be
into the deep soil liyers, while binwia roots used to custain coil fertlity. @ Jean-Michel Risade,

grow hosizontally in the shallower soil layess.
As 2 consequence, the two plants do mot

CIRAD, France.
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compete. In sddition to avoiding the need for berbicides in banana plots, perennial sobean provides = key
scospatemic secvice, e Eing aad npplrng nitogen fo plas prodeniy.

Left: Shade-tolerant Iz~
ien do mot compete with
banana and are being
tested in the highlands of
Guadeloupe. In addition to
eing unsuitable for the
‘build up of £ simili popu-
lations, Inpariens cpecies

‘may lessen or even avoid
‘Tnerbicide applications, ©
Jean-Michel Ricéde,
‘CIRAD, France.

in commescial hanana plots can be
pesformed by 2 nematalogy laboratory. Such biotests are a decision ool that should be nsed to monitor the
effectivensss of 1 soil sanitation process before planting 2 new plot. The basic principle is to trap and mnltiply
cesidmal mematode popnlations present in soll samples of the plot to be diagnosed nsing nif> micco-
plaats of 2 e-smicspuble banaas vaser. Afis o2 moaths, humuphnr!mnpmaﬂd

amlysed fe il

and their

"

g

g

rial

Healthy plan: t b d when pl

As 2 Basic peecept, it is esseamal 1o in-
ccease the valne of a et nainfested soils
or dleeady sniized sols, by planng
Bealthy matecal It is 2 fact that banana
cozms have long beea fe major sonce of
nematode  dissemination  thonghos:
fislds, countries and continenrs. Todxy,
tissne caltmre banan plants represent an
opposmairy 10 use clean plating miaterial
Even 20, such material must be periodi-
cally chacked for the preseace of nema-
todes. The water nied in weaning and
Bacdening oncsesies of fane culmce ba-
nana plits omst dso be checked for
aematode conamination. Nematodes can
bre peml by etiet wrabs ol mimidbond. i e alione st plisks udex il
into aussesies by prenpuag and it may S op g @ Jean-Michel Riséde, CIRAD, France.

be necessary to equip pnmping matesil

with S sieves 1o prevent contnimtion of izdipation water
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Banana ybrids undek fieid Son
© Jean-Michel Rizéde, CIRAD, Frace.

Althongh Cavendish baganas ase susceptible to both R simikis aad P. cofear species, they sxhibit different lev-
els of mscepubility to these sematodes. These differences can be exploned if producess of tisme cnlfuce
plants single out the less snsceptible Cavendish lines, 25 it was the case for the MA13 line. a Cavendich selec-
tion obtained by CIRAD and Vitopic SA. In addition, the selection of biniaa hybrids thut are resistant 1o
nematodes is a promising medinm-tecm soltion that has alseady been Limached by the CIRAD breeding pro-
gramme, a0d is cnsently being facther developed in the framevock of the ‘P Bonane Darablé (Sustunzhle
Banana Plan), 2 new pacticipatory project bringing together sesearchers, growers and other stakebolders deal-
inp with pesticide radnction. Conveationally beed, sk basana hybeids have the key advanmee of displaving
stzong pastial sesistance to both Black Leaf Streak Disease and Yellow Sigatoka Disease, the most damaging
airborne diseases of banana. These Lyheids s cusseatly being saleased fo joint evabnamion by prowess and
hers. Some ace sk to R similii

iction o

The sticter segulations on the e of chemical nematicides longside the combination snd then the adoption
of i hylactic measnres and dnzes descibed above has led to zednctions of np to 60%
of nemaricide inputs i banana cropping systems. To ensble diseuption of the spatial, temporal and genetic
homogeneity chacactecising bamana plant covers, and to create new below-geonad biological balances that
cechice the abundance and mitigate the effects of nematodes parsit to bansnas, 3 msjor step will be the
complete integration of cnzent nematods tachuignes, aad the e-i of biodivessity in
banana agsosTstens, to ensnise 3 vasiery of ecological services that sustinably snppost soil and phint health.
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Integrated management of banana nematodes:
Lessons from a case study in the French West
Indies

Summary

Plant-pansitic nematodes are tiny worms that live in soils 2nd roots; in the case of bananz plants, they
spead most of their life cycle in root 20d corm tissnes. Theis proliferation mainly dismmpts antzient 1ad
wates uptake, delays growth, and may canse the banana plants to topple over Ustil recendy, most
methods for the control of bunanz nematodes relied on the use of chemical nematicides, many of which
ase gradnally being banned in Entope. This gride reviews the main steps of alternative integrated plant-
pacasitic sematode manzgement i banana czopping s73tems i the Freach West Indies. This inclndes )
soil sanitation measuces such as improved fallow o cleanse the soil of the buscowing semarode
Badgphbels sieiiis, wates isolation ditches to delay ioa of fallows and alseady sanitized plots,
along with the 11se of non-host plants inclnding cach crops, pastnre grasses, and legnmes; i) monitoring
of 50l sasitation before plintine aew banacs crops; ii) ns of healthy plasting murerial, maialy e
enlmee banana plants; 1v) nse of nemarode tolerant banana varietes, and in the medinm-term, nemarode
cesistant vasieties; aad v) Farther intepration of management stzatepies and the reintrodnction of biodi-
versity to easnce sustainable control of nematodes

For further information please contact:
Jean-Michel Riséde, Banana Cropping System Research Unit,
CIRAD, France.

Telephone: (+590) 590 86 17 65

E-mail: jean-michel.risedeficirad.fr

About ENDURE

ENDURE is the European Netwark for the Dursble Explaitation of Crop Protection Strategies.
ENDURE iz a Network of Excellence (NoE) with two key objectives: restructuring European
research and development on the use of plant protection products, and establishing ENDURE
25 2 world leader in the develap: an of pest control strategies

ing = lasting crop protection research community

> Providing end-users with a broader range of short-term solutions.

> Developing a holistic approach to sustainable pest management

> Taking stock of and informing plant protection policy changes.

Eighteen organisations in 10 European countries are committed to ENDURE for four years
(2007-2010), with financial support from the European Commission's Sixth Framework
Programme, priority 5: Food Quality and Security.

Website and ENDURE Information Centre:

www.endure-network.eu

This publication was funded by EU grant (Project number: 031459), under the Sixth
Framework Programme, and is catalaguad as Banana Case Study - Guide Number 4, published
in January, 2010,

Photas, from top to bottom: A.S, Walker; INRA, C. Slagmaider; JKI, B. Hommel; Agroscope ART; SZIE; INRA, M.
Bastrand; Vitrapic; INRA, F. Carreras ; JKI, B. Hommel; INRA, 1. Weber; INRA, 1F. icard; 11, B. Homme!
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Banana production under
Integrated Pest Management and
organic production criteria: the
Canary Islands case study

Juan Cabrera Cabrera, ICIA, Spain; Estrella Hermandez Susrez, ICIA, Spain; Angeles Padilla Cubas,
ICIA, Spain: Maria del Carmen Jsizme Vega, ICIA, Spain; Javier Lopez Cepero, COPLA-
CA/ASPROCAN, Spain

Banana crops in the agricultural landscape in the Canary Islands.
& Juan Cabrera Cabrera, ICIA, Spain
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Banana production under Integrated Pest
Management and organic production criteria:
the Canary Islands case study

roduc
l.ndaeCmm Tlands, m-mlpxud‘ncum of bananas
started at the end of the 19th cenmey and rtoday it is the
Targest banana prodncing segion in Enrope. Banana pro-
dnction stmetnces the ageicnlmaal kandscape and snpports
the economy. The banana growers are mostly smallholders
with less than one hectaze and have profonad kaowledee
of crop management in smbtropical conditions. Uslike
bananas produced in the bumid tropics, bananas from the
Canacy Islands are not affected by Mycegpbarreiia diseases,
bt other pests and diseases do raquice sustainble control.

In the Canary Islands, bananas are produced
New Ensopean Commuity dirsctves sestricting the nse of  mainly by smallholders. & Juan Cabrera
spathetic agrochemicals, protecting the and  Cabrera, ICIA, Spain.

preserving food saferr ad bnman heath mean thnt

technical knowledze needs to be npdated to maintain the economic viability of bagana fams. With the sup-
post of different administrations, the banana growers’ association of the Canary Iskinds (ASPROCAN, Aso-
ciacidn de Osganizaciones de Prodnctores de Plimnos de Canacias) decided to promote controlled prodne-
tion. chosea 1o £t their prodnction and trading systems. 1o comply with the aew Enzopeas standacds. As 1
sasnls, banana prowess Lave now dopted Tadon: cenifitations ek 1: AENOR (UNE 155202, GLOBAL-

GAP. Inmgiztzﬂ Prodetion and Ecological thms 2 safer frait of higher qual-
ity At the same time, they aimed o satisfr eavizonment] consdecttions s wel 13 improving waceabikey and
= Chebiaghie i prind 5

The combined use of adapted cropping practices and spraping with altemnatives to conventonal synthetic
pesticides has already allowed some prowers to mest the standards of inteprated or ecologisal prodnetion.
However, 1 extend such inaovative sttesies and pro-

mote snstainable production of high qality bananas, new |
‘tools mmst be refined, validated and then transferred to J
sroves to ensuce hazmlessasss for the envisonment, pro-
dncers and consnmers.

This traditional peactice in the Canary Ishinds is regaining
importance in both integrated and ecologiedl production
sratems. Iapnts of oszanic mamer dndng hind prepantion
or periodically to the banana crop maintain 2 well bilanced
soil for notrients and biota. Vagons stndies in the Canacy
Tilands kave shown that osganic inpnts improve the hio-
logical activity in the chizosphere zone, thns increasing
popniations of abnsenixs 2ad mycarchizil fung:, frvonsing  Inputs of organic marte are critical for the
plant growth, and p in the Canary Ilands. © Juan
‘Cabrera Cabrera, ICLA, Spain.

ary



ENDURE — Deliverable DR1.16

bensficial fzee living nemarodes, and indncing berrer plaat rolerance to biotic or abiotis stesses.

Use of banana vitroplantiets

Widely nsed by prodncers, healthy hanana plantlers developed throngh tisie cnlmse considerably cednce the
spread of pests and diseases throngh planting material in new plnttions. They alsa facilitate pesiodic renewal
of banans crops and allow alternativa prodnction systems to be introdnced, snch ax one-cycle cropping s
tems, new plantation arangements and new plantation densities.

Onse plantiog has been completed, coveding the soil sncfice with plan cesidnes sednces soil wazming 10d
thns helps rednce nematode damage and slow weed colonisation, withont eqiing intensive hechicide se. In
addition, mnlching the soil with plant sesidnes favones moismie tetention and zednces Water evaporation,
thns decreasing the ngedfari::igmm

New phntation spacing with broad alles allows masy
culcal peactives 1 be mechanised and consequeatly helps
cationalize crop manigement These alleys enzble spraying
machines 1o pass and facilinate brnch harvesting: In addic
tion, following harvest, machines can ccoss over the ba-
ana felds to skce 2d chop psendostems, thus stroagly
pertuching the habitat of Cosmapoiites sardidc.

Selective deleafing {dexd leaves and green leaves obstrmot-
ing the smerping inflorescence) along with the cemoval of
foal semmnts improves the control of insect pests and

2 . S8 Nzwpllnlaunn spacing allows mechaniza-
g.saases smch as l'.blmmmw groci (Leonacdi), Ian,w oS e ey

Cabrera, ICIA, Spain,

In bananas cropped in greenhonses, plastic shests tht cover greenhomses stongly rednce UV adiztion and
prevent invasions by the white flies Aradio dipersar (Revssell) and Lwrodicas faccissimus (Mactin ## 2l). They

Innadative releases of natmeal enemies and protection of the mative anxiliary frmna are helpfl for managing
banina pests in the Canary Iilands. For eample, hiological contol of the spider mite Temapichus mmicar
(ock) is snccessfully achieved by releases of the predatory mite Pysaseiuls persimils (Athias-Hensiof) (see
photogaph on fallowing page). In-depth knowledge of the ifscrcles 2ad popnlition dynamics of the ozpan-
isms iavolved allows for atonal and efficient management of these proceszes.

s Trpes of tps are desipned for monitosing and conwolling inssct pests. They can be nsed with 12 3p-
gregation pheromane for popnlition monitoring 2nd for mass trapping within plots of the black weeril Cos-
mapeliees sordidis (Germas). They maintain popnlations nrder acceptable levels for the crop, thns sednaing oc
even semoving the need to spray with the specific sratheric insecticides which aze msed against this pest. Also,
traps with sexnal attzactants ace deployed to monitar catespillass of the moths Chpysedeinar chakies and Spodeo-
era lienals, Colimsed sticky taps capte whuts fiss (rallow taps) or theips (blne waps). Sucky paper suips
ae 1o liid on psendostems or oa bunch stalks for delaying 2nt 35 an additional mezns o control
the cotton mealy bug

Table: Widespread alternarive cropping pracrices and control measures contriburing to the reduc-
fion and ratienalisation of synthetic pesticides in the Canary Islands

Cropping practices/ contal Targeted pests Reduction of
‘measures
Tapwts of sxczeaons ommamic || Bamans parsin: aematodes Nemunade:
marer
Te of b vioplats B par 3 Neaunade:
Cosmapaiites sordides Insecticides
New plnmtion sprcing d ipr— Nemmtoides
by-dcop izzgation, ciop .
mechanisaton Insecaccley
Acasicides
ol cove: with Aead o lmimg || Bamns pamsias aemaiode: Neannade:
soudell Hesbicides
Removal of Soral remnants Theips spp . Opagona sacchars, Tnsecticides
L Veriliaas hecbromae —
Selectvs Addeiking (zreen a2d || Dyrwiec: gract, i Toernede:
dead leaves) Gigpersus, Alraradicus facassims
Cropping nader greenbonses - | White Hies L 2enrsdicar 2pp.), Tasecucides.
oy moths
Shcing 2ad chopping of bamans [ —p—— Taectcides
plant cesidnes
[P p— Cosmapaie: s Tasecmde:
P Crsmazais o Tosecmade:
amendments aronnd banana
prendostems
= F Casmigpalie: sordid, ot Toerncide:
Vet pusdleope ity hcips, whire flies L4 kuradicir
f—
*P)
Tanndative releases 2nd Tangias vt D Acancides
protection of natral enemies | poasus, Chrysades chaleis, Lusectioides
Soadapsora limanaii, A2 gorgyeh,
Agpidiors: neni
et —— Euprper—— Toemmnds:
spathetic pesticides e
Nemaricides
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A vadery of prodnets seplacing conves-
tional spathetic pesucides ate cnrently
wsed in the Canary Tshinds, incloding
Azadicachuin, Bacillr thuringiensis, ols,
sulphnr, potassinm salts of farry acids
£om plants, 20d muccoorpanisms from
soil miccobial florz which ace anfago-
mists of plant pacasitic nematodes. Vasi-
ons struns of entomopathogenic frngt
zative to the Canary Idands ace ako
being tested apainst white flies and the
black weewil These altecnatives ace ex-
pected o help manape banana pests,
and some are already mndecgomng ac- "
creditation T ¥ ‘. Tt
A}mv-.?b;m-;.m sersimili, a predator of phytophageous spider
mites. & Ectrells Hernandez Suarez, ICIA, Spain.

Adult white fly parari-
tized by the fungus
Pai

Angeles Padilla Cubas,
ICIA, Spain.

Management and organic production criteria:
the Canary Islands case study

Summary
Dicnsecs in the coopping of commercis] bizana in Encope, the prowess of the Canaey Iilinds have
emose than 2 cenmey of expesience i banana prodnotion. Combining aew nlanmg technologies and
traditions] practices gies them the to maintain peactices

| that preserve the environment have evolved rapidly. With the support Dr vasions administrations, the
banana prower associations of the Canary Islands (ASPROCAN) decided to promote controlled pro-
dnction, making the choice to £t their prodnction and trading syitems 1o the sew standacds of the En-
copean Commnaity. The combined nse of 2 variety of cropping practices and of spraying with altena-
tives 1o conveational spnthstic pesticides is cnzsently allowing vasous growes: to snccessfully czop ba-
nanas under the standards of integrated or ecological production. These strategies are reviewed in the
present pride. Some of the new tools sl need to be sefined, validared and then transfecsed o prowess.
in ozder to prodncs bananss of high qualicy that ace hazmless for prodncers, conmmmers and the sovi-
zonment

For further information please contact:

> Juan Cabrars Cabrers. ICTA: jeabreraiicia.es

> Estrella dez Sudrez. ICIA: o

> Angeles Padilla Cubas. ICTA: mpadilla@icia.es

> Maria del Carmen Jaizme Vega, ICIA: mcjazme@icia.es

> Javier Lopez Cepero. COPLACA/ASPROCAN: ceperoficoplaca.org

| Address: ICIA, Instituto Canario de Invastigaciones Agrarias,

38200 Apdo 60, Tenerife, Spain

Telephone: (+34) 922476300

About ENDURE

ENDURE is the European Netwark for the Durable Exploitation of Crop Protection Strategies.

ENDURE is a Network of Excellence (NoE) with two key objectives: restructuring Europsan

rasearch and development on ths use of plant protaction products, and establishing ENDURE
o =5 2 world leader in the devel ane of pest control strategies

through:

> Building = lasting crop protection research community

> Providing end-users with a broader range of short-term selutions

> Davalaping 2 holistic approach to sustainable pest management

> Taking stack of and informing plant protection policy changes.

Eightsen organisations in 10 European countries are committed to ENDURE for four years
(2007-2010), with financial support from the European Commission's Sixth Framework
Programme, priority 5: Food Quality and Security.

Website and ENDURE Information Centre:

www.endure-network.eu

This publication was funded by EU grant (Project number: 031499), under the Sixth

Framewiork Programme, and is catalogued as Banana Case Study - Guide Number 5, published
in February, 2010.
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