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Summary

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

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 bananas. 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 quides 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 publications2

Guide N°1 - Challenging short and mid-term strategies to
reduce pesticides in bananas

Challenging short and mid-term Challenging short and mid-term strategies to
strategies to reduce pesticides in diepipn pEStff"de,s i

Bananas: Saf uction of a major fr p
ba nanas With 2 total production of zbout 105 million tonnes, 3nanas are one of the most popular fmit crops. Two
main pes of bunanas ae cropped: dessent banaaas, among which the vasienl subgronp Cavendish s the
best kaown, and cooking bananas, lasgely plantains. In 2007, 59 million tonses of dessert bananas wese pro-
dnced, 2mong which 16 5m tonnes were shipped and traded Encope is an active hub of the dessert banam
Jean-Michel Riséde, CIRAD, France; Thierry Lescot. CIRAD, France; Juan Cabrera Cabrera, ICIA, trade, 35 it imports abonit one-third of the bananzs traded worldwide while also prodncing bananas in some of
Spain; Michel Guillon, IBMA, France; Kodjo Tomekpé, CARBAP, Cameroon; Gert H.J. Kema, WUR, its ontermost repians such as the French West Indies (Guadeloupe, Mactinique), the Canasies (Spaia), Ma-
The Netherlands; Frangois Céte, CIRAD, France p E B 2 o
deira (Pormgall, Cypems, and Gresce (see fgnce 1).

Figure 1: Main dessert banana producing or imparting sites throughout the world. ® Denis Loeillet
and Thierry Lescot, CIRAD,

Left from top: young tissue culturs banana plants on a mukched sail; yellow pitfall traps with a pheromone
storactant are sat to control bisck waevils. Shade-tolersnt Impatisns can be croppsd under banans plants to
avoid herbicide spplications. Legumes such as Neonoonia wightif can be used 3s rotational or sssociated
crops. © Jean-Michel Riséde, CIRAD, France. Main photograph: immature banana fingers. & Régis Domergue,
CIRAD, France.

Varions pathogens theeaten the production of dessert bananas in tropical and sub-tropical environments. This
simation is wozsened by the poor genetic diversity in binana crops, and it alio sesnlts from the puce stad.
cropping methods. Production has been eamred in these agrosystems by protecting, mainky by pesticides, the

highly pesforming - but snsceptible to 2 anmber of pess and diseases - Cavendish
(A, Feod Quality and Safety : S S i s S :
e Sl Prblic demand for safer food and, in this ease, the sfety of banana crops is increasing. It s 2 question o
PROGRAMM protecting the health of all sukebolders (feld wocker:, workers in the packing sttions, producess 1ad con-
diversifying crop protection smmers) by redncing exposuce to pesticides both on the production sites and in the importing mackers where
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+he banana fmits are consnmed Theze is alio 2n nrgent need o allevizte the savisonmearl injnries Linked
with excessive use of pesticides (pollntion of soils, plants and waters).

s from an a ert ha
Tn 2006-2008, in the famework of the international project ‘Pesticide Rednction ngﬂmmz for Bananas
(PRFBY”, 2 global analysis of pestiside nse in countsies produsing dessest bunana was linched by fone
sesearch and/or & Biovessity CIRAD, the Catholic
Usirersity of Lenven, 2nd Wageniapen Univessiry's Plant Reseaceh Intecnational Data wece collected with 3
questionnzize completed by prowes associations, banans specialists in the conntsies and extension officess. As
part of ENDURE's Banana Case Stud, data were facther nalysed, and completed for Cameroom, the French
West Indies (Gnadelonpe and Martinique), 2nd the Canacy [shads (Spain)
Data analyses vielded fonr main lessons

The total quantity of pesticides used in dessert banana crops is genenally Eaked with the level of ananal
zainfall (see Fignse 2 below). The link is strong for fngicides, with 2 predominance for those that are sprayed
10 cantsol the aithomne Mycassbaerells folias diseases
Figure 2 Estimared total pesticide quantifies nsed in dessert bananas in some countries, inchuding
European Comnumity ateas (2006-2007). & Thierry Lescor, CIRAD, France
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Sigatoka Sigatoka
disease i

Black Leaf Stroak disease

No major systemic
fungleides

Fungicides, dong with insecticides and nematicides applied to lessen the impact of soilhosne pests, are the
‘main pesticides on dessert banana crops (see Fignce 2 above).

In the higher sainfal acezs, the sepeated use of systemic fangieides (iiazales, stzobinines) sesnlted in resic
tance in Ay . Field s associated with 3 marked shift in Fangi-
cide mse: conract fnapicides (dithiocash I seplacing srstemic Sagcides.
Because they have 2 preventive sather than 3 crtive effect, Aas i frngacides are cnzcently spaayed
mmch more fraquently and at higher doses than systemic fangicides, in particnlis to control the very apgres-
sive Black Leaf Streak Disease (BLSD) cansed by Myasshaeralia fjensts

In the production azeas of the Encopean Commnairy, there is 2 markedly lower level of pesticide nse on
dessert bananas (see Fignce 2), dne 1o
The absence of the folias Black Leaf Streak Disease. In -— —
it Bsnesmsting oy o e A S — =S
fangicide nse for controlling the Vellow Sigrtoka disease
in the French West Tndies

The elerant efforts of peodncers, in dudiag
the last decade, to improve the control of black weewil
a0d coorfeeding semutodes by manp  altemative
cropping methods.

The impact of Ensopean regulations on agrochemical
nse. In the Encopean Comamaty, ensrent restictions on
pesticides. strongly contsbnte to sedncing their nse in
banana agrosystems. For examgle, oo insecticide semains
anthonsed, only one chemucal nematicide 15 still msed,
a0d aiccaf spayis t comuol Yelow Sigawka will
peobably be probibited in coming years Elsewhere,
legislative constraints and segulations on pesticide nse i
baminas vay widely dve to the insumtomal and
eaviraamental policies of conateies. They include aspects
that impact prodnciag conusies (mles and cestictions
on seri] speaying, timing and formulations for sprying.
pesmiced toxicological and ecotoicalogical profiles of
active ingeedients to be applied. local environmentl
peotective measnaes) a5 well a5 importing conatsies g
(Mrvionm Residne Levels of foopicides in deSem poiiogon sppess to duive seduced pesticide
bananas for the Eneopesn madker). Different 13ding ot m European banana.producing countries,
sequisements or specifications also exist on the iGN EC citiaens soncumed an average of 10.7kz por
tional macket, for example GlobalGAP, but legishition  head of bananaz in 2007. © Thierry Leccot,
appeass to be the critieal force redncing pesticide wsein  CIRAD, France.

Entopean hanana-peodnsing conntsies. It hence dsives
the search for dtematives to pesticide use.

ndrm

Altesnative and innovative solntions to decsease pesticide nse in bananas are cneady being developed by
growess, ceseaschers, and other stakeholders. Heze we focns oaly on short and mid-term sobrtions, alhongh
Toap-term soltions exist, aiming 3t a beter nnderstanding of the banan agzosvstem. along with aa in-depth
amalysis of banana aad pathogen penomes 1o nnsavel their celamonships.

Short-term solutions ase alrexdy being :dopted in certain dessert banana-prodncing conatries, but stll 2t km-
ired scales. Ther represeat achievable ahernstives to sednce pesticide inpnts in banana agrosrstems and aeed
to be exended at Larger scales

Mid-tezm soltions brinp topether innovations desizaed for seaching intepzated c1op manapement of the con-
cectied diseases. They inclnde compatible and challenging solntions that are being tested in banana ceseacch
programmes and ase ko based on prototypes of banana scopping systems that ase evaated by growess,
extension officers and ceseaschess. They inchide modslling 33 2 celevant ool o achievs intepration of innota-
tive solntions.

Shost and mid-term solntions are zeviewed hece for providing contral of the fone majo types of banana dis-
eases or pests: Myasphereils foliar diseases, the black weevil, plant-parasitic nematodes, and weeds. Reference
is also made to the nse of biocoatral apents and the requiremeats to snstain their development in the Enco-
pean Community (see page 7).

Short-term solutions

Use forecasung steategies to redvce fnngicide inpots
based on disease incideace. This is possible mainly i
segions with low disease peessnce and a0 existing Fagicide
sesistance, and i newly cropped aeas.

Promote prophyiactic dedeafing of bananas in the Seld
this mechanical ablation of lesioned leaves bearing
mfections conidiz and ascospores sestricts moculnm dis-
persal within and among plots.

Allocate banzna prodnetion withont fngicide iapnts 1o climatic zones that ace nafivorsble for Mﬂ:osph:
zela, snch 32 low cuafill ssgions. Banana shonld prefeses-  gp st foise cisesses ¢
tually he prgamivally. produoed 26 these regims. Black Leaf Sieak Disease cauced by AL

Use of biofonpicides and aaroal organic produces. Re- sz, and Yellow Sigatoka disease caused
cent data indicate that some conld favorably be combined by Af musiuis) severely alter the photosyn-
with zednced doses of contact fagicides. thesizing leaf surface and induce prema-

y . ture ripening of fruis. These leaf spot dis-
M feu sauians easer are ucually controlled byp aerial
> Complete integrated mansgement of Mycegbaerells folias  fungicide cprayz. © Jean-Michel Ricéde,
diseases by geowing dessert banasa enltvars with resistance  CIRAD, France,

to M. fiens and/or M sl Cosvesuopalls bred

hrvbnds ace encseatly nader evalnation. GMOs conld also be aa ahtemative. In aary case, disease-tesistaat ba-
‘nana cultivars shonld not be cropped in prire stands, bt rather throngh spatial acrangements with other cali-
wars or other plane species, 1o rednce dissase development 1nd minimize chances to brexk down sesistance to

Mycasphaerelia

Short-term solunons

* Mechanical destruction of contuminated chizomes (with
a machete, or 2 towed mechanical device)

* Use of phecomone-pitfall traps for monitoring popnl-
tions and for mass-trapping withia plots, at faom 2ad lasd-
scape scale. Alteraatively, buts of bnana psendostems (laspe
pieces Laid on sl or pre-cut slices that are tepliced in the
mother prendostent) can be nsed Akthongh less efficient
than pheromone-pitfall traps, this techuiqne is cheap and
thezefose of interest for smallholders.

Mid-term solutions

Here you can see a portion of banana corm

heavily damaged by larval ctages of Cos-
Short-tesm sclutions contribnte 10 an Integeated Pest Maa-  mopolites cordiduz. Black weevil has long

agement strategy by implementing: been controlled by polluting insecticide
> Mass trapping with ‘ateract aad kill systems’. These sys-  Teatment:, which are now banned. © Jean-

tems conple pheromones and entomopathogenic mems-  Michel Riséde, CIRAD, France.

todes (Steinernema carpocarpsae) or foapi Beawveria spp.

> Bioprotction of banana woot tissnes with entomopatho-

genic fng: such as Bemsenia bassiana, and /or non-pathogenic Fusanir wgypane.
> Model: to predict the dynamics and dispersal of the black weevil

 Spatial arrangements within banzna agrosystems to dismpt dispersal of the black weevil.
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Shori-term solutions

> St after crop souton or fllow (see below), with new
nematode free planders decived from mssme culmze Small-
bolders can, alternatively, nse in s mass muliplication
techaiques 1o sanitize planting matedial. However, dus shonld
be done in a collective process (grower association,
sematological lahomatory etr) 1o easnre disseminaton of
nematode free planters.
> Sanmize plots from major banana pacsitic aematodes, i
pastinlar Radspbolis simils, by rotsting banana crops with
locally diagnosed non-host crops (such as pineapple, different  In addition to alterations fhey cause in
enltivass of sugarcane, some forage grasses snch as Digirria  water and numient uptake, root-feeding
drcumbens or Brackiania buwwidicols, some legnmes wch as  Dematodes induce 3 Tange of cymprome
Neosotania wighsi, Macroptiliems armopurpnrexm oc Crotalaria spp.), toch 3t growth reduction and oot
or by one/two year Hllows All volgess (re-prowinp Dreakage, reculting in toppling over of
suckers) ausst be spstemaveally removed. e hasina. gl ‘:"“:n"“f“ -
> Spematically diagnose dnaation and sffectivensss of soil m"““'w!‘::ﬂm‘::; it @",::
sanitation agaiost plantpansitic mematodes with powed  ppoolipie peATE BE PR
bmms nsing ia viteo basana plants a3 waps.

nrronnd nemamde-sanitized banana plots (or banana feld
secmrs] with 50-80cm deep dirches, 1o restict R similis dissemination by water mo-off from contaminated
ploms.

Mid-term solutions
Short-term activities will snpport longer term integrated and more scologically-based banana agrosystems by
adopting

- Deployment of above-gronad divecsity iplant diversy), to ensnse ecolopical subility, inclnding beneficial
cover crops 20d nematode-resistant os tolerant banana onltivars

> Modification stratepies to impeove the soll biota with taspet steains of micro-osganisms (asbmsenlar -

B ST o i W S by 5 e T A e T e
stusenpthen plant and soil heal

> Models 1o predict nematode popriation dpaamics in banana apzosystems znd to assess and sort innovative
czopping prctices.

Stacat toeos g
- Mechanical weeding with soil tllage devices such 15

spading machines oz Rome plongh OR mowess smch as

zotay engines for mechaisable lands, and hosing os bush

corters for sloping lands.

> Set up aew banana crops in mulches from a previons

cotationl crop, which will avoid or rednce pre/post

emergence herhicide applications

> Contol weeds from heavily infected plots by 2 single

becbicide application before plinting the mew bamna

czops.

> Cover intestow space of bamana plots by mmiching

with dead banana leaves ot other organic residues (33h  Heqvy weed pressure in a banana plot,

a3 pieces of prendo-stems) fom havest 10 cover the 300 Weeds can strongly compete with banana

susface. plantz. Until now weeds have been generally
controlled by frequent sprays of herbicides.
@ Jean-Michel Ricéde, CIRAD, France.




> Caopping other plasts in the laspe intes-cows, snch as the shade-tolerant Jmpariens spp. (balsaminaceae), the
pesennial soybean Nesmatonia wghi, or short-lived vegetable or cash crops (fomato, watermelon etc)
Mid-term solutions
Tasgeting Integrated Weed Management (TWAL) in bananas by
> Improved mechanical weeders adapted 1o new vegetation azcangements in banina plots.
> Effective low-dose herbicides, to kelp amlch installztion before setting new banana crops.
> Plantiap anmal cover czops that die mamaally withont herbicide applications, while being noa-hosts t ba-
nana pathogens

Planting weed competitors (i space and in time) that sell satisfy bananas by providing drainage, 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 biack weesil and pathogenic nemarodes and 1o a lesser extent for post
harvest fimgal diseases. They stll have to be developed agminst the main folia: disease of bananas,
Black Leaf Streak Disease (BLSD).

Available biocantrol agents (BCA) belong to varions classes of Plant Protection Products:

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

> Microbials such as Entomopathogenic Fungi (EPF) for insect contral.

> Macrobials such 2s Entomopathogenic Nematodes (EPN) for nematode control

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

To further promote the development of biocontrol techniques in European banmna-producing areas,
four conditions are required:

> Pest conmol: Pest or disease control must fisst be effective and validased. To contol the black

. Control of BLSD is still under R&D as no SAR process has been fomd for Musa sp. As 2
consequence, arganic bananas can therefore be grown anly in areas where BLSD pressure is not
high.

> Quality control of Bioconirol agents: In Europe, only standardised marerial can be registered {and
then used). Production of BCA, their formulation and quality cantrol are tnder strict legislation.
> Registration trisls: Any biocantral method has to be tested in multi local fiell trials with officially
approved protocaks, and conducted by Good Laboratory Practices (GLP)/Good Field Practices
(GFP) certified teams.
> Education of growers: As use of BCA requires ‘non-chemical’ specific usage rules, development
of these new sustainable productian systems needs technical training and suppert for growers, in
order to make this techniqus worksble and understandable.
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Challenging short and mid-term strategies
to reduce pesticides in bananas

Summary

One of the most traded fruits :n Encope and wodldwide, dessert bananas have long been prodnced with
2 marked reconse o pesticides to contol the vasons pathogens that threaten the crop. New ways aze
being developed o grow banana that rely less npon pesticides but sather npon agroscological measues
and Integrated Pest Management stzategies

| These 1 sohwtions ace cefined by geowers and other skeholders
fnlly implied in ensnring more snstainsble bananz cropping systems, and frther assneing buman food
and health.

This gide, the st of 2 secies of five, 3tarts by examining the lessons tanght from an overall analysis of
pesticide nse in conntries prodncing dessert banana, including representative Enopean ones. Then, it
goes through the main altemative or insovative selntions to reduce, in the short and mid- term, pesti-
cide nze in banzess

In pasticnlac these solytions are highlighted to alleviate funpicide, nematicide and insecticide use, which

ace the main pesticides msed in dessest banana farming Fonr following guides complete, or moze

| specifically, exemplify the solntions recommended in this first puide.

For further information please contact:

Jean-Michel Ristde, Banana Cropping System Research Unit,

CIRAD, France.

Telephona: (+590) 590 86 17 65

E-mail: jean-michel.riseda@cirad.fir

About ENDURE

ENDURE is the Europsan Network for the Dursble Exploitation of Crop Protection Strategies.

ENDURE is a Wetwork of Excellence (NoE) with two key objectives: restructuring European

l research and development on the use of plant protection products, and establishing ENDURE
of

a5 3 world leader in the d and i pest control strategies
through:

> Building 2 lasting crop protection research community

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

> Daveloping = 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:

whwiw.endure-network.eu

This publication was funded by EU grant (Project number: 031499), under the Sixth
Framework Programme, and is catalogued as Banana Case Study — Guide Number 1, published
in January, 2010.

1 Photos, from 10 to bottom: A.S. Walker; INRA, C. Siagruuder; JKI, B. Hommel; Agrosoope ART; SZIE; INAR, N
Bertrand; Vitropic; INRA, F. Carreras ; JKI, B. Hommel, INAA, 1. Weber; TNRA, J.F. Picard; JKI, B. Hommel

Guide N°2 - Mycosphaerella foliar diseases of bananas:

towards an integrated protection

Mycosphaerella foliar diseases of
bananas: towards an integrated
protection

Luc de Lapeyre de Bellaire, CIRAD, France; Catherne Abadie, CIRAD, France ; Jean Carlier, CIRAD,
France; Josue Ngando, CARBAP, Camersan; Gert H.J. Kema, WUR, The Netherlands

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

. (, Food Qualltv and Safety

diversifying crop protection

ure

diversifying crop protection

Mycosphaerella foliar diseases of bananas:
towards an mtegrated protection

the major thre:

Severe defoliation induced by Sigatoka Disease. & Luc de Lapeyre de Bellaire, CIRAD, France.

Black Leaf Streak Disease (BLSD, caused by Mycosphaarsila fijiensis) and Sigatoka Disease (SD, caused
by Mycosphaerella musicola) are the main constraints of export dessert banana production. These foliar
diseases tweaten the major banana-producing countries in the world as all export banana cultivars (Ca-
vendish cultivars) are highly susceptible. Mycosphasrella fijiensis. which is more aggressive than A mi-
sicola, has totally replaced the latter in counfmes waere it has been mtroduced. Today, virtually all ba-
‘nana-cxporting cowntries suffer from BLSD, with the exception of some islands of the Caribbean (such as
Guadeloupe and Martmque) where M. fiffensis has ot yet been Teported, and the Canary Lslands where
very dry conditions prevent the development of these fungal foliar diseases.

Infection results in substantial necroses of the foliage and consequently yield loss, but - most importantly
- in immatwe ripening that renders the fruts wnfit for export. Eence, protection of the crop is eritically
important for the entire industry. In these production envirorments with conducive tropical humid condi-
tions for Mycosphaerella diseases, the only current practice is chemnical control. In addifion, to be highly
cost effective, the hugh frequency of sprayings is & constant womy because of the development of fumgi-
cide resistance. and alsa because of the potential effects on both the environment and workers This sita-
tion represeats a technical, and impasse. Hence, to chemical

- O



control are wgently required fo provide
foliar diseases.

solutiens for the of Mycosphaerella

Above: Important leaf spotting caused by Black
Leaf Streak Disease on a commercial farm. Right:
Premature ripening as a consequence of important
Myapbasreis laaf epotting, which renders bananas
unt for export. & Josue Ngando, CARBAP,
Cameroon,

A forecasting strategy for a rational chemical control

In most conmsies exporting bananas, toaditional disease manipsment stmtepies rely on weekly applications
(40-60 treatments /eas) of &mgm-ks Nevertheless, in some conatuies, 2 forecasting strategr hat enabled
growess 1o sednce the anmber of application: to oaly 5-6 westments /Tear for SD contool in the French West
Indies, and to 12-14 teeatments /year for BLSD control in Cameroon and Tvocy Coast. This biological fore-
casting system is based on eacly detection of the dizease throngh the calenlation of 2 Stage of Evolntion of the
Disease (SED)

SED: Ten plats in 2 plot aze observed weekly to moritor continaous disease development The most
advanced stage of the disease s cared on the Tonagest lexves of the basana tree (leaves | w0 5 for SD and
2 to 4 for BLSD). Leaf anmber/disease are expressed in (C5). The
SED is desived from mnltplring the s of all Cs with the Foliar Emission Rate (FER), and its praphic
sepresentation is nsed for timing of decisions (Fignee | following page)

The selishility of this forecasting strategy depends on very specific technical o

‘The time berween decision and spraving should be minimised 1nd sequices ipp(upnm ]og:sm's for zesial
application:

Strong enrative effect of spstemic fngicides (100g 24 /ha) mixed in prre mineral oil

Apply chemicals with different mode of action 1o rednce development of fangicide resistance

Collaborative and centralized action of banana growers to delinit the aerial distobution of the disease.

#Ewokution ofthe Disaass

Figure 1. Example of Black Leaf Streak disease forecasting. Aerial spraying (purple arrow: anfimitotic prod-
uct; red arrow: DMI fungicide) was decided according to the Stage of Evolution of the Disease (blue line). &
Luc de Lapeyre de Bellaire, CIRAD, France.

Cheaical contzol of SD aad BLSD is nasnstainable dve to the continnonsly increasing fagicide resistance
that deives np the frequency of applications. Where fangieide resistance is established, control elies on.
weekdy applications of contact fungicides. Howerer, legislation alio contibmtes to pesticide zednctions a3
<hown nader Encopean conditions, for example there are two anthorised fungicides in the French West In-
dies (FWI) vezsns mose than 25 in West Afica and Latin America. In the FW, reqnisements foc buffer acens
asomnd ncbanised azeas and divess sednces secal applications that conld probably be basaed soon. So. evea
where fozecasting stzatesies ace pecformed. disease contzol becomes increasingly diffical (Fignze 2 on follow-
ing page). Hence, alternatives shonld be developed and spplisd. Snch altesnatves shonld be integrated with
other sgronomic measnces snch as feld sanifation o manage moculnm dispersal (for instance, the mechanical
ablation of lesioned lexves).

solu

Forecasting stratepies shonld be devoted and implementsd in areas whese specific conditions ase filfilled: ()
aseas free offm.\g;md.e sesimace, (i) ok bacaan acess, () low disease pressnce aseas. Whese foagicide sess-
tance is establisk ing strategies celies on possible fangicide resistnce rever-
sion and incoming ufnewnmd.? of zetion fvugudes with 2 bigh enaative effect. Possble fngicide resistance
seversion sequires 3 better nnderstanding of gene flow between nnsprayed and spraped arezs and of the com-
‘petitiveness of sesistant strains.

The development and intwodnetion of fangicides with low nepative enviconmental effects is 3 necessity. Re-
ceatly, varions bio-fiagicides have been tested. Unformaately. none of these bio-fangicides enbles aloze 3
g0od control of BLSD nader high disease pressnse. Nevertheless, secent dara show thar theic combination
with contct fangicides conld zesnlt in significant rednctions of these lnter which are enzcently sprayed at
‘igh rates (1000 g/ha versns 100 g/hs for systemic fangicides).

s

Progressive svoiutian (22 sysiematic szategy
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&
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‘Figure 2. Hictory nrmngmd.uge&xnunmnmlm.mpnunumumﬂmmnm
& Luc de Lapeyte de Bellaire, CIRAD, France.

Lt
In the long tesm, the introdnction of resistaat enluvass in banany
cropping systems shonld ensuce 2 snstzble control atlow cost
Cucreatly, thee are 1o sesisrat enltvass that can commercally
seplace Cavendich bananas, and baninz beeding is complicated
by stesility

eve, new dessert basana eultivass with pastial sesistance to
'BL:D 2ad 5D, prodnced thcongh breedine propramames, do
exist 2ad ace presents being evalnated (pictzed cight). A poten-
tial brake on their widespread adoption is that they wil have to
be accepted in the market and their postharvest processing
adipted to an export indusery that is eurrently adymsted masnly
foz Cavendish bananas. The adoption of aew cnltivars seleased.
by conventional breeding proprammes, or thar of penetically
modified bananas, eonld thns be 2 very long process that <honld
also take into accomat innovative ways to preserve snstainability
of resistance.

Right: New banana varisties produced dirough the CIRAD
bre in the FWI showing partial resistance to
Sigatok. "6 Citbarine Abadie, CIRAD, France.
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Mycosphaerella foliar diseases of bananas:
towards an integrated protection

Summary

Mycosphaerelia folias diseases, Black Leaf Streak and Sigatoka diseases cansed sespectively by Myasphar-
rella fjiewsis and M. mrusicels, ase by far the main pacsitic constrains for export bananas. They remlt in
substantial necrosis of the foliage and consequently yield loss, but - most importandy - in immamse
sipening thar renders bananas nafit for export. In the absence of commercial sesistant Tasietes, banana.
exports can oaly be achieved through intensive chemical control. In most conntries, fangicides aze ap-
plied systematically following a fixed-schednle tzeatment programme (4060 applications /year) to pro-
tect the yonag leaves apainst infection. In some places, forecastiap systems are nsed ro schedule trear-
meats in fancuon of the stge of evoliton of the disease (5-13 teumenrs/year). In all conmtes
chemical control has to face increasing diffienlties in rezms of efficacy, cost and evironmennl impact.
This sitation zesults mainly of two major events: (i) the development of fangicide sesistance to sys-
temic Enngicides that lead 0 3 systematic nse of protectaats and (§) the evolution of the lepislation
which becomes increasingly restictive. New alternatives that mnst be associated with basic prophylactic
measnres smch as the mechanical ablation of lesioned leaves ace needed for 2 smstunable conteol of
these diseases. They aze presentad a5 (1) shor-tecm solntions: implement the forecasting swatepy whese
it i3 feauible or inrrodnce Fungcides with low aepate environmental effect where thus forscastng stac-
egy is impeached by fngicide resistance: (2) mid-to-long-term solntion: develop and introdnee resismant
§ cultivacs 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: mailtoiluc.de lapevrefcirad ir

About ENDURE

ENDURE is the European Netwark for the Dursble itation of Crop gi
ENDURE is a Network of Excellence (NoE) with two key objectives: restructuring Eun:pean
research and development on the use of plant protaction pr\oduds. and establishing ENDURE
25 a werld leader in the ane pest control strategies
through:

> Building a 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.

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

Website and ENDURE Information Centre:

v endure-natwork.su

This publication was funded by EU grant (Project number: 031499), under the Sixth
Framework Programme, and is catalogued as Banana Case Study - Guide Number 2, published
in January, 2010.
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Integrated Pest Management of
black weevil in banana cropping
systems

Philippe Tixier, CIRAD, Francs; Fabrice Vinatier, CIRAD, France; Juan Cabrera Cabrera, ICIA, Spain;
Angales Padilla Cubas, ICIA, Spain; Justin Okelle, CARBAR, Camaroon; Christian Chabrier, CIRAD,
France; Michel Guillon, TBMA, France

Innovative options to control the black weevil Cosmopolitas sordidus in banana fields include
the managament of pitfall traps with pheromonas, along with that of fallows (szen here in
Guadeloupe, French West Indies). & CIRAD, Franc

. (', Food Quality anfdnﬁgvsig
diversifying crop protection PAOGRANE

Integrated Pest Management of black weevil
in banana cropplng systems

The black weevil Cosmopalies sordider Germac ’Cukupim Carenlionidae) is 2

major pest of banans and plantsins in most prodnction areas. Female €. sondidis

Lay eggs in the corm of banana plants. After egg hatching, larvae bore inside, which |
damages the points of insertion of prmacy coot: and leads to plaat snapping a0d
toppling. Yield losses are important both in indnstaial plantations for export and in
traditional smaltholder farms: 25%: corm infesration rednces the wield by 30%. In
the past, insecticides were massively ased woddwide to contsol the banana weevdl,
bt theic mse 55 aow decreasing, in pacionlas in Encopean banasa prodneing aceas
As an example, 2kp of insecticide actve inpredient wese nsed per hectae in 2008 in
Mastinique in the French West Indies, compared to Tig in 1999 (sonsce: CIRAD,
France). The weevl C. sordidus contaminates banana felds theongh infested
plaating mateial, cesidnal popnlxtions from the p(maﬂs planting, o colonisasion
(ecawling) from neishb Selds. Traditionally, banana p ‘pisces Laid
on the sol wese nsed  wap and conwal popubtions of C sndidu advirs.
However, the effectiveness of these traps varies with theic age, location and
envitonmenral conditions. Moseover this trapping method is labosious and has

been ively ceplaced by pickal traps. In Camesoon, 3 disc-on-
stmamp top is also nsed by 2nd some larger pl
Ph pitfall traps effectively control of €. sordidus. The phe-

somone Sordidine is specific to € serdidur and artracts both sexes. Nevertheless the
spatial and tempardl orpanisation of tapping is 2 key Factor in ifs swocess becanse
of the patchy distrbutions of weevls within the feld The most common and ef-
fective statepy comsists in:

Monitoring the popnlxtion with a regulac network over the fuum (4 tzaps per
hectare)

Mass trapping in highly infested felds (16 traps per hectare ace recommended.
placed 20m apast] o on the perphers of the Seld to limit its colonization with 3
bazsies of traps (3ee Fignze | on following page).

vil stage it bores into the
banana corm, causing
Fallows ace primacdy nsed in banana cropping systems to sanitize fields 388  planie 1o topple. © Phil
phat-pacasitic nematodes and tor senew soil fertlity. Fallows also have 1 strong  ippe Tixier, CIRAD,
effect on C. sondidus popnlations by smppsessing their resonsce (banana ciop cesi-  France. Pitfall tap with
dnes). As a consequeace, afer some weeks, when the resonzce has become very  pheromone atmactant.
low, C sordidus poprlations seek new banna plants and may contaminate neigh-  © Philippe Tixier,
boniag Gekds in To prevent this d ichont the fuom, CIRAD. Disc-on-crump
staategies caa b trap used in Cameroon.

Eady conshing (by hand with 2 machete, or mechanically) and elimination of the ﬁ"{;“c‘“"‘m‘k-““’
banana corm residues issmed from the previons cxop. sAmeroot:

Mass tezpping nsing phesomone-pitfall toaps, in and aronad fillows, to provide bette: sanittion of bananz
plantations. The pheromene-pitfall traps prevent a lirge pact of C. sordidis popnlations from moving from
fallows to other banaas plots. Thesefoze, fillows mnst ot be located next to sew banama plantations in order
10 avoid massive damage to the yonng plaats. The control of €. sordidics should be managed at the farm and
landscape scales cather thaa a1 the Seld scale, with special anention on the location of fillows and assaciated.
tcapping.

Fallows can be managed to control black

Setting np new banam crops with Gxsme cnlruce plants 1o avoid the dissemination of weevil-infested plaat-
ing martesial

Padilla Cubaz, ICL4,
Spain.
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To achieve control of €. sonides in the mid-term by promoting 1 strategy uflumgumd Pest Management,
rwo additional stcatepies ase being evalnated:

Challenging options with biocantrol agents: In \im neas fornse, tapping systems shonld be enhanced
with biocontrol agents such a3 the Beaurersa pasriens and amisaplice o5 the
entomopathogenic nematode Sreinernema carpocasse md §_ febize. Anothes attcactive appmar_'h cnurently being
tested is 1o confer hioprotection to banana vitro plantlers with eadophrtic fangi such 23 non-pathogenic Fiss-
iem secysporum.

Designing new cropping system scenarios with modeling tools: Simnlation models, snch 25 COS-
MOS (Fabsice Vinatier, CIRAD), calibcated From bibliopraphical and experimental data, allow testing of the
effects of the Incation and the deasity of ph pitfall traps on the epidemiology of C. ordidur. Fignee 2
shows the simnlition of different densities of pitfal traps over 2 one-hectare field. These simula-
tions help detecmine the optimal density for traps: C. ssrdldss popalations decrease strongly when the trap
densiry 3 incceased, bt contcol is aot improved when there ace more than 16 traps per hectice. Models caa.
also provide relevant information to find the best compromise between the effectiveness and the cost of the
contcol medhod. The COSMOS modsl is also well designed for Lutegrated Pert Maszgement of C. sordhis
incinding the nse of more tolerant vadeties, spatial of banana and b ¥ of
czop cesidnes aad tapping.

Figure Z Simulation with
the COSMOS model of the
‘number of larvae of C sor-
idis, on a one-hectare plot
for six patterns of trapping,
#rom zero to 25 pheromone-
pitfall raps per hectare.

a

Tested iruping putiems w0

amn

—F i

amn

nation by adulte. © Fabrice
Vinatier, CIRAD, France.,

Number of farvae per hestare
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Integrated Pest Management of black weevil
banana cropping systems

Summary

‘The black weevil, Cermapalies sordidicr (Caleoptera: ensenlionidse) is 3 major pest of banana in export
farms and for smallholders in developing conntries. New Integrated Pest Management strategies inclnde
the implementation of prophylactic ciopping prastices and the nse of pheromone-pitfall taps.

The combined nse of pheromone-pitfall traps aod fallows rednces the nnmbes of C. sendids adults in
the field and has significantly sednced insecticide nse in the French West Indies and in the Canary Isl-
ands.

Becanse of the patchy distribntion of C. ssrdidis and the capabilities of weevils to o yhb

Selds, these methiods shonld be deployed at the fum and lindscape seale, with special foens on theie
spatial and temporal orpanisation.

To farther cefine the Lateprated Pest Management of this pestin the longer tecm, we ace svalnatiog.
biocontrol 2gents and modelling tool: developed to simnlite the spacal organisation of traps at the plot
and Lindscape seales.

For further information please contact:
Philippe Tixier, Banana Cropping System Research Unit,
CIRAD, France.

Telephone: (+596) 05 96 42 30 17

E-mail: Lixierficirad.fr

§ About ENDURE

ENDURE is the Eurapean Network for the Dursble Exploitation of Crop Protection Strategies.
ENDURE is a Network of Excellence (NoE} with two key objectives: restructuring European
rasearch and development on the uss eE plant pmte:hon pradu:ns, and establishing ENDURE
as a world leader in the pest control strategies
through:

> Building a lasting crop pratection research community

> Providing end-users with 2 broader rangs of shert-term solutions

> Davaloping a holistic approach to sustainabla past managemant

> Taking stack of and informing plant pratection palicy changes.

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

# www.endure-network.eu

This publication was funded by EU grant (Project number: 031499), under the Sixth
Framework Programme, and is cataloguad as Banana Case Study - Guide Number 3, publishad
in January, 2010.

@ Photos, from top to bottom: AS. Walker; INAA, C. Slagmulder; JKI, B. Hommel; Agruscope ART; SZIE; INRA, N
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Integrated management of banana nematodes
Lessons from a case study in the French West
Indies

Plant-parasitic nematodes ae tiny worms that
live manly in sod aad roots. In the case of
banana plats, the most damagine species
spend most of their life cycle in oot and corm.
tissues. Their month cavity contains 3 bollow
stlet with which they punctuce the cell and
cemove  the  comtents.  Plnmspecific
commnnities of millions of individnals can
develop in comm 2nd root tissnes of which
they alter the physical and fanctional integity.
Nematode proliferation can dismpt motient
a0d wate: nptake, delay growth 1ad cmse

banana plaats to topple over In the Freach
West Indies, toppling over i the main damage
cansed by sematodes

Jzan-Michel Riséde, CIRAD, France; Christian Chabrier, CIRAD, France; Marc Dorel, CIRAD, France;
Tine Dambas, ITBAN, France; Raphaél Achard, CIRAD, France; Patrick Quénéhervé, IRD, France

At in maay othes busana-prodnciag segons
acomed the wodld, 10 rears ago in the French  Flant toppling caused by burrowing nematodes in the

West  Fnddies macthixds: for ihe cantod’ af French West Indies. E‘Junful'hd Riséde, CTRAD,
sematodes i expost bmm celied om the  TOECS

nse of ides. For the most part classified 22 toxic o highly
toxic, in ecent yeass many nf these prodners have grdully been banned Altemative inteprated plant-
pasasitic aematods mznspement has consequeatly beea developed in banans croppiag systemss in the Freach
West Indies with the sapport of different stakefiolders (growess, sesearchess, extension officess etc)

ting the build-

The main banana parasitic nematodes do gor
develop 3 resting suge for longterm
persistence in soil: Consequently. in most
cases 3ol prophylxis is sfficient in slowing
down their population dynamics, especially in
the case of the woddwide endopacasitic
species Radsobolus similic. In the French West
Indies, recommendations for sol sanmation
apainst nematodes are memally based oo a
rwofold swategr
Improved fallow to cleanse the soil of R.
similis: This pe of fallow celies on the
destmetion of nematode-infested banana
lots by iyectunp a sednced guastry of
- "", Food Quality and Safety ﬁmﬂde ﬂc the prendostems When the ~Female of the burrowing nematode Raipbsius simifi. © Jean-
aure “HE | semEmene e
i o 5% ts are tex -
diver aop 12 months as oppose to 75-80% with mechanical destmction. It is essential to systematically remove - by
band oz - a1l spontansonsly re-prowing suckers (volnateer plants)) as ther can host and mnluply
sesidnal nematode pepnlstions, If ascessacy, the gronad shonld dso be weeded by hosing or mechasically 2

Association of bananas with the perennial legume Neonatonia wightii. © Jean-Michel
Riséde, CIRAD, France.

prevent the growth of host weeds for B similis. Species be] t0 several families inclsding Poaceae, En-
phorbiaceae, and above all Solanaceae and Usticaceae, can kasbons K. similis populations.

Water isolation ditches to delay the recontamination of fallows and plots thar have already been sani-
tized: Rua-off water from nematode-infested banana plots can disseminate R similis and re-contaminate sani-
tized plots. As 2 conseqnence, fallows being sanitized and plots that are already sanitized mnst be protected
against incoming water from nemarode-infested plots. Disging 50-30cm deep ditches aronad plots efficienty
preveats the dispersion of K. similis. In this way., re-infestation of banana felds by pacasitic nematodes can be

compete. In addition to voiding the need for herbicides in banana plots, perennial sorbean provides 2 key
scosystemic semvics, i Enng:nd !npp}ymgmogm for plant productiviry.

‘being unsuitable for the

cednced and delaved by more than fhree years.

N

host crops alse contributs

d prophylaxis aga
A vy © e soil sanimtion and
prophrlazic againse plant pacasitic nematodes in
banana ageosystems is planting nematode-
sesismanr plats as romuonal or associated
czops. Snch cropping practices aze most effec-
tive apainst the bugowing B simiis, but less
effective agamnst the lesion nematode Prapien-
chas gffeae, which has 2 wider ecological siche.
Vadons gpes of plants can be nsed as fota-
tional erops thaaks 1o their non-host stams for
R similis.

Cash crops inclnding certain vaieties of sng-
ascane 2ad pineapple.

Pastuce prasses such as Pangols grass (Dig-
taria deciumben), creeping signal grass (Brackiaria
umidicals) 103 Grinea geass (Pawicun wacirmi);
and also legume prasses snch a: perennial 307 Abover Parture rotation with la grasc (Dlzmni
bean (Newmatonia wighti), Sylo. geass (Spsawrher  deumbensy, gease s being mawed. © Jean-Michel Riside,
bamars). and Sirawo (Marrprilium amogurpuream).  CIRAD, France.

Other cover eraps snch as Croralaria species.

Cover crops that ase aot hosts for R similis can
also be associated with banana to favons below-
ground biodiversity in banzna cropping spstems
2nd to promote more beneficial sod biota. Two
czop associations ace cuczeatly being developed
1 the French West Indies:

Banana-Impanens association: Impaien: spp.
ace shade-tolerant Balsaminacese that do not
compete with banana. This type of association
is being developed in the highlinds of Guade-
lowpe. In 2ddition to being nasnimble foc buld
wp of R simillc populations, Lmpatiens species
may lessen or even avoid harbicide applications.

Banana-perennial soybean association: per-

ennial soybean (Nenemniz wiphni) is 2 leghme  Above: Crotsiania species are promising annual legumes
with 3 strong @p oot that peastaates verueally  that are not enly resistant to R simils but can alto be
into the deep soil hayers. while banana roors used fo sustain soil ferulity, © Jean-Michel Riside,
gxow hosizontally in the shallower soil liyers,  CTRAD, France.

Az consequence, the two plants do not
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build up of & simiir popu-
lations, Inpations species
‘may lessen or even aveid
‘nherbicide applications, @
Jean-Michel Ricéde,
CIRAD, France.

Menitoring soil sanitation before banana planting i ial
Mvdhmest:mmnmzshggmgxeas ufdanungdm:mlu[ﬂ.mmﬁjmmmmﬂhmampluﬁmbe
performed by 2 nematology labocatory. Snch bistests 1z 2 decision tool thar shonld be nsed to monitor the
effectiveness of 2 soil sanitation process before plinting 2 new plot The basie principle is to trap and muluply
residnal nematode populations present in soil samples of the plot to be diagnosed nsing fwsifrs micro-

plase: of 3 de-smsceptible banana vaserr. After two months, basana pluts ass nprocted
and their oot system analysed to estimate the percentage of nematode-infested planes.

hy planting rial 7 d when planti

As 2 basic precept. it is essental
crease the valne of as et noinfested
or dready sanitized soils, by plating
bealihy matesial. Tt is 2 fact taat banana
corms have long been the major sonzce of
nematode  dissemination  thronghomt
£ields, conatries 1nd continents. Today,

Even o, such material must be pesiodi-
cally checked for the presence of nema-
todes. The water nsed in weaning and
hasdening nnrsedies of tissne enlmee ba-
nanz plants smst also be checked for
nematode contamnation. Nemarodes can
be spread by river water and introduced

! B ; s Fiveweelc-old tissue culfure banana plants under weaning
into pncsecies by praiping and st eay hns o gigons © Jean-Michel Riséde, CTRAD, France.

be necessary o equip prmping matesial

ith Sy sieves o prevent contaminztion of irsigation water

=



Although Cavendish bananas 5= snsceptible to both R similiz and P. caffeae species, they exhibit differeat lev-
els of snsceptibility to these nematodes. These diffecences can be exploited if prodncess of tssne culture
plaats single ont the less susceptble Crvendish Lines, 35 it was the case for the MA13 line, 2 Cavendish selec-
tion abtained by CIRAD and Vitopic 5.4 In addition, the selection of banana hybrids that are resistant to
nematodes is 2 promising medinm-term solntion that 325 zkready been lannched by the CIRAD breeding pro-
gramme, and is enrrently being farther developed in the framework of the ‘Plan Benane Durabil (Snstanzble
Banana Plag), 2 aew participatory project brnging together ceseaschers, prowess and other stakeholders deal-
ing with pesticide reduction. Cogventionally bred, such bananz hybrids have the key advantage of displaying
stong pastial sesistance 10 both Black Leaf Streak Disease and Yellow Sipatoka Disease, the most damaging
aichome diseases of banina These hybrids are cusreatly being released for joint evalnation by growers and
seseacchess. Some ace showing promising sesisrance tc K. simil.

w

‘The stricter cegnlations on the nse of chemical nematcides alongside the combination and then the adoption
of the prophylactic measnzes nd moritoring procedices deseribed above has led to seductions of np to 60%
of nematicide inpnts in banana cropping systems. Te enable disrmption of the spatial, temposal and penetic
homogeneiry characterising banana plant covers, and 1o create new below-ground biological balances that
sednce the bnadance and mitiare the effects of nemtodes pamsitic to banaass, 3 major wep will be the
complete integration of cnrreat nematode and the of biod in
banana agzosyitems, to easnze a Tasery of ecological services that sustainably suppost sail and plant health.
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Integrated management of banana nematodes:
Lessons from a case study in the French West
Indies

Summary

Plant-parasitic sematodes are tiny worms that live in soils and soors; in the case of banana plants, they
spead most of their kfe cyele in oot 2nd corm tissnes. Their proliferation mainly discapts nutcient and
water nptake, delars prowik, and mav canse the banana plants 1o topple over. Until secendr, most
‘methods for the coatrol of bananz nematodes selied o the nse of chemical nematicides, many of which
ase gradnally being banned in Encope. This gnide reviews the main steps of alterntive integeated plant-
pacasitic nematods management in banana cropping sTstems in the Freach West ndies. This inclndes 1)
soil sanitation measnces such as improved fallow to cleanse the soil of the burrowing nematode
Radgpbalus similis, wates isclation ditches 1o delay secontamination of fallows and alseads sasitized plots,
along with the nse of non-host plants inclnding cash crops, pastce grasses, and legnmes; &)

of soil sanitition before plating new binana coops; i mse of healthy plinting matesial, maials tissme
culmce banana plants; iv] nse of nematode tolerunt banana varieties, and in the medinm-tesm, nematode
cesistant vasieties; and v) farther intepration sucaregies and th of biodi-
vecsity to ensare sustainable control of nematodes

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

Telephone: (+590) 550 86 17 65

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

About ENDURE

ENDURE is the European Network for the Durable Exploitation of Crop Protaction Strategies.
ENDURE is a Network of Excellence (NoE] with two key objectives: restructuring European

| research and development on the use of plant protection products, and establishing ENDURE
as a world leader in the an of pest control strategies
through:

> Building 2 lasting crop protection research community
> Providing end-users with a brosder range of short-term solutions

> Daveloping = holistic approach to sustsinable 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 Eurcpean Commissions Sixth Framework
Programme, priority 5: Food Quality and Security.

Website and ENDURE Information Centre:

www.endure-network.eu

This publication was ﬁmded by EU grant (Project number: 031499). under the Sixth
s Banana Case Study - Guide Number 4, published

in January, 2010.
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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

Banana pr
In the Canary Islands, commercial production of basanas
started at the end of the 19¢h centey and today it =5 the
lazpest banana producing cepion in Encope. Banana peo-
dnction stmetnres the agricnlmeal landscape and snpports
the economy. The banana growers are mostly smallholders
with less than one heetase and have profonnd knowledge
of crop management in snbteopical conditions. Unlike
bananas prodnced in the bumid tropies, bananas from the
Canacy Iilinds ace not affected by Mycegphaerella diseases.
bt other pests aad diseases do cequise snstainable contzol

i In the Canary Islands, bananas are produced
New Entopesn Commnuty discuves cestacting e e of | mainly by smallolders. © Jun Cabresa
<puthetic agroch . protecting the and  Cabrera, ICI4, Spain.

preserviis’ food mfsy wnd huso hedh mesd i

technical knowledge needs to be npdated to maintair the economie viability of banana farms. With the sop-
‘pont of different administranons, the banana prowess’ association of the Canary Islands (ASPROCAN, Aso-
ciscién de Organizacionss de Prodncroses ds Plitinos de Canariss) decided 1o promots conteolled prodnc-
tion, chosen to fit their prodnction and tradiag systems, to comply with the new Enropean smadards. As a
sesult, banana growers have now vasions cestifications such as AENOR (UNE 155202), GLOBAL-
GAP, Integraied Production 2nd Ecological Prodnction, thns offering consnmers 2 safer fmit of higher qual-
. At ke same tims, they asmed 1 536687 soviconmencl conidecatogs 15 wll 3 impeoring wacesbiiy 104
working conditions theic peodnction 2nd 5

The rnmbined ne nf sdspred coapping practicss 2ad sprring with slerntives -t narearianal sparherie
pesticides has alzeady allowed some prowers to mest the standacds of inteprated o scological prodnction.
Howeres, t extend sch innovative stratepies and pro-
mote sustainable production of high quality bananas, new
‘tools mmst be refined, validated and then wansferred to
growers to ensnze harmlessness for the environment pro-
dncers and consnmers.

anic matter

‘nm traditional practice in the Canary Islands is
impostance in both inteprated and ecological prodretion
systems. Inputs of organic matter ducing land prepantion
o periodically to the banana crop maintain 2 well balinced
<oil for nntrients and biota. Vasions studies in the Canary
Tslands kave shown that organic ingwts improve the bio-
Togical acuiviy in the dizosphecs Zons, thas iscceasine

of asbuzonlas and my 1 frags Euvenaing  Inputs of sxganic matter aze itioa fo the
plant growth, promoting i and p in the Canary Ielands. € Juan
Cabrera Cabrera, ICIA, Spaia.
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benefical fse Living nemarodes, aad indncing bewer plaat tolerance to biotic o abiotic stoesses

Use of banana vitroplantiets

Widely nsed by producers, healthy banana plantlets developed throngh tissne cultnce considecably sednce the
spesad of pests and diseases throngh pluting matesial in new planttons. They also Scilivne pedodic renswal
of banzna ecops and allow alternative production systems to be introdnced, snch as one-cyele cropping 57
tems, pew plancation armagements and new plantation deasities.

Once planting has been complered, covering the soil sncfice with plant cesidues rednoes soil warming and
lms helps rednce nematode damage and slow weed colonisation, withont requiring intensive hesbicide nse. Tn
addition. mulching the soil with plant residnes frvoncs moisture setention and reduces water evaporation,
thms decreasing the need for irsgation.

satior

New ghotiton spacing with broad allers allows maay
enltnal practices to be mechasised 1nd consequently helps
ationaise ccop management. These allers eaable spraving
machines to pass and facilitate bnch hacvesting. In addi-
tion, following harvest, machines can ccoss over the ba-
nana filds to slice nd chop psendosterns, thas stongly
‘pertsting the habitat of Comapolins sordidis.

Selective deleafing (dead leaves and green leaves obstruct-
ing the emerging inflorescence) along with the removal of
floal mmaznts improve: the control of insect pests and

diseases such as Dysmicoaws grassii (Leonasdi), Torips flor  E™ plamation cpacing allows mechaniza-

tion to be introduced. € Juan Cabrera
Cabrera, ICIA, Spain.

In bananas cropped in greenhonses, plastic sheets that cover greenhonses suongly reduce UV radiation and
‘preven: invasions by the white flies 4 /exrodices dispersus (Rassell) and Llewrodicus foccissimus (Mactin # af). They
also slow the eatry of owlet moths into the sreenhonses.
iy

Innadative releases of natmral enemies and protection of the native anxilizry fmna are helpfil for manzging
banana pests in the Canary Idands For example, biological conteal of the spider mite Temaqychis aricae
{Koch) is snccessfully achieved by releases of the predatory mite Phyzseidis _:)(mmiu (Athizs-Hensiof) (see
photograph on following pags). In-depth knowledpe of the Lifecyeles and popnlstioa drnamics of the ozpan-
ssms iarolved allows for ananil and efficient management of these processes.

“These pes of tzps are desisned for monitocing and contsalling insect pests. Ther can be nsed with 21 33
gregation pheromone for population monitoring and for mass trapping within plots of the black weerl Cos-
mapolier sardidis (Germas). They maintain popultions nader acoeptable levels for the crop, thns sedncing ar
even remoring the need to spzay with the specific syathetic insecticides which ace nsed zpainst this pest. Also,
traps with sexual attmactants ase deploved to monitor caterpillass of the moths Chrsodsiats chales and Sodee-
rema dimralis. Colonzed stcky traps caprace white fies (rellow taps) oz thuips (blne traps). Sticky paper stips
ase also laid on psendostems or on buach stalks for delaying 2nt walking, as an additional means to control
he coten mealy bug.

Table: Widespread altemative cropping practices and control measures contributing to the reduc-
tion ard rafionalisation of synthetic pesticides in the Canary Islands

Cropping practces; conmal Targeted pests Reduction of :
measures
Toprts of exagencns aramic Banana pamsiic nematodes emancide:
matter
Tse of banana vitroplantlets Banana pasasitic nematodes ematicides
Cosmapaiites sordidus Insecticides
Newplnttion pacag; dzop- Allin genesal Nemancides
‘br-dcop irrigation/ccop .
mechanisation e
Acasicides
Sod cover with dead o Living Banana pamsitic nemamodes Nematcides
coiilch Herbicides
Removal of Bozal cemnants Theips :pp., Opegena saccbar, Tasectcides
(tecminal np:::ld bud, bracts ikl deviromee Fgiites
Selective deleaking |green and | Djsricocous grasss, —Alearodicis Insecticides
dead leaves) dispersa, Alearodins floccivsinmis
Cropping noder preenbonses - | White Biss Aiearadicns spp.). Tasectcides
v
moths
Slicing and choppang of banana, Cosmepalites sordidics Tnsecticides
phint residnes
Cre—cycle ciopping spstemss Cormapalizes sardidis Tasecticides
Speeading of el Cormapalies sordidics Tasectcides
ameadments aconad bagzma
prendostems
; n Casmapolires sardisis, morths. Tasectcudes
.t gettallton theips, white flies L-Almradicu
amractans :
“ep)
Tonndacive releases wnd Taratychar arsose, Dysasicocs Acanicides
pratecton of aaral enemies grassii, Chpyrodeiis chalcites, rssa
Spodapeena Hrearalis, Apbis gospiod,
Aspidiotus nerit
Spraying with alternatives 1o Allin genesal Tnsecticides
syathetic pesticides o
Nemaricides
*

ure

diversifying crop protection

A vasiety of prodnets replicing conven-
tional spathetic pesticides ace carrently
used i the Canary Iilands, inclnding
Azadirachun, Badlls rhuningienss, ofs,
snlphne, potassinm salts of fany acids |
from plants, and microorganisms from |
soil miccobial fora which are wntago-
aists of plamt pacasitic sematodes. V:
oms swans of entomopathogeni: frasi
axtive 1o the Canarr Iihads xe alio
being tested against white fies ind the
black weevil These alternatives ace ex-
pected to help mamge banan: pests,
a0d some are alzeady madespong ac-
creditation.

Above: Pmmm serinsis, 3 predator of phvah:geou.: cpider
trella Herna

mites, © Es ndez Suarez, ICIA, Spain.

Adult white fly parasi-
tized by the fangue

myces f 2. ©
Angeles Padilla Cubas,
ICIA, Spain.

Banana production under Integrated Pest
Management and organic production criteria:
the Canary Islands case study

Summary

§ Pioneers in the cropping of commercial banana in Encope, the growess of the Camary Islands have
moce than 2 centey of experience in banana pmdn('unn Combining new cropping lechnnlugles and
waditions] practices gives dam the maiotn peod Good agsimlmal practices
that preserve the eaviconment have evalved ﬂpud]v Witk the suppost of vasious admicistations, the
banana grower associtions of the Canary Islands (ASPROCAN) decided to promote controlled pro-
dnction, making the choios 1o fit theic prodnetion and trading systems to the new standards of the Eu-
copern Commnaity. The combined nse of a variety of cropping peactices and of spraying with alterna-
tives to conventional spnthetic pesticides is cuzrently allowing varions growers to snecessfully ccop ba-
aanas nadss the standads of inteprated or scclogial prodnction. These stratepies ase reviewsd in the
preseat pride. Some of the new tools stll need 1o be refined Talidsted and then transfecred 1o prowess,
in order to prodnce banams of high quality that are kaemless for prodncers, consnmers and the emvi-
zoament

For further information please contact:

> Juan Cabrera Cabrera. ICIA: jcsbreraicia.e
> Estralla Hernandez Suirez. ICIA: ehemand@.c.a es

> Angeles Padilla Cubas. ICIA:

> Maria del Carmen Jaizme Vega, ICIA: mcjaizme(icis.es

> Javier Lopez Capero, COPLACA/ASPROCAN: cepern@coplacs.org

Address: ICIA, Instituto Canario de Investigaciones Agrarias,

28200 Apdo 60, Tenerife, Spain.

Telephone: (+34) 922476300

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
ressarch and development on the use ai plant protection products, and establishing ENDURE
25 3 world lzader in the 4 of pest control stratagies
through:

> Building 2 lasting crop protection research community

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

> Developing = holistic approach to sustainable pest management

> Taking stock of and informing plant protection palicy changes.

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

Website and ENDURE Information Centre

www.endure-natwork.eu

This publication was funded by EU grant (Project number: 031499), under the Sixth
Framework Programme, and is catalogusd as Banana Case Study — Guide Number 5, published
in February, 2010.
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