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Abstract 
Bananas are cultivated in different countries in the subtropics, including 

Australia, Southern Brazil, Egypt, Israel, Morocco, Portugal (Madeira and Azores), 
South Africa, Spain (Canary Islands) and Turkey. Despite climatic constraints which 
cause undesirable physiological effects and long cropping cycles, subtropical banana 
yields can be quite high. Although ‘Grand Nain’ is the cultivar most planted in the 
subtropics, ‘Williams’ and some Dwarf Cavendish clones, like ‘Gruesa’, a Canary Islands 
selection, are also planted. Climatic constraints and water scarcity have led to protected 
cultivation of bananas, particularly in Morocco, Canary Islands, Turkey and more 
recently in Israel where all new plantings are established in greenhouses. Management 
of pests and diseases is generally easier and cheaper compared with the tropics, due to 
the limiting effect of low temperatures and humidity on pest and pathogen activities. 
Most of the subtropical belt is free of black leaf streak (Pseudocercospora fijiensis) and 
the burrowing nematode (Radopholus similis), although the incidence of Fusarium wilt 
and, particularly, the rapid spread of tropical race 4 (TR4) is a serious concern for the 
future. Although proximity to the market is an advantage for subtropical countries like 
Israel, Turkey or Morocco which sell their bananas locally, market difficulties are 
present for Canary Islands or Madeira which export their fruits to the Iberian Peninsula 
where they face the market competition of the so-called ‘dollar bananas’ arriving from 
Latin American countries. The actual importance of and future prospects for 
developing banana in the subtropics are analysed in this paper. 

Keywords: climatic constraints, cúltivars, diséasés, Fúsariúm wilt, protéctéd cúltivation, 
pésts, Tropical Racé 4 

INTRODUCTION  
According to thé Cambridgé English Dictionary, thé súbtropics aré ‘thé parts of 

thé world that aré immédiatély soúth or north of thé tropics and havé véry hot wéathér at 
somé timés of yéar. Within this région, bananas aré cúltivatéd in différént coúntriés, inclúding 
Túrkéy, Israél, Egypt, Lébanon, Pakistan, India, China, Spain (Canary Islands), Aústralia, 
Morocco, Soúth Africa, Portúgal (Madéira and Azorés), Argéntina and thé soúth of Brazil. 
Althoúgh thé majority of thé banana-growing aréas of thé world aré géographically sitúatéd 
bétwéén thé éqúator and thé latitúdés 20°N and 20°S, théré aré commércially profitablé 
plantings at latitúdés closé or évén slightly highér than 30°N and 30°S and thésé aréas with 
mild súbtropical climatés, súch as thé Canary Islands, Israél or Túrkéy, whéré thé bést yiélds 
for bananas aré obtainéd, éspécially úndér gréénhoúsé cúltivation (Robinson and Gala n Saú co, 
2010).  

CLIMATIC CONSTRAINTS FOR BANANA CULTIVATION IN THE SUBTROPICS  
Thé most common probléms occúrring in thé súbtropics aré primarily rélatéd to cold 

témpératúrés in wintér, bút also to témpératúrés highér than 38°C (Ganry, 1973; Aúbért, 
1971) which aré common dúring súmmér in sévéral coúntriés in thé súbtropics, among 
othérs, in Israél, Morocco and Egypt. Thésé spécific probléms havé béén súmmarizéd by 
Robinson and Gala n Saú co (2010) and Gala n Saú co and Robinson (2013) as follows: 

a) Frost damage 
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b) Winter chilling of leaves 
c) Growth cessation with leaf emission rate (LER) dropping sharply at temperatures 

below 20°C to less than 1 leaf/month during winter in the subtropics compared with 
4-5 leaves/month in the tropics or during summer in the subtropics; the plant has no 
visible damage, but its cycle length is considerably increased 

d) Root growth also ceases or is reduced by low winter temperatures  
e) Choke throat problems 
f) Winter flower initiation, known as ‘November dump’ in the Southern Hemisphere or 

‘May bunch’ in the Northern Hemisphere, which can cause small and malformed 
bunches 

g) Underpeel discolouration 
h) Winter leaf photo-oxidation due to a combined effect of high (>30°C) daytime 

temperatures, low night time temperatures, low (<25%) relative humidity, high light 
intensity and a depleted feeder root system due to growth cessation 

i) Other climatic problems such as wind damage, hail and lightning are also 
characteristic of subtropical climates, imposing specific growth, yield and fruit quality 
constraints. 

Somé of thé probléms méntionéd abové, particúlarly (é), (f) and (g), may bé avoidéd 
throúgh súitablé cúltúral practicés oriéntatéd towards obtaining flowér initiation and flowér 
émérgéncé dúring thé súmmér and harvésting prior to thé onsét of low témpératúrés. 
Appropriaté fértilization, irrigation and wind protéction practicés, and adéqúaté sité 
séléction, choosing locations with appropriaté témpératúrés and othér énvironméntal factors, 
may also rédúcé somé of thésé probléms. Thé choicé of planting daté, úsúally doné in spring 
or súmmér, planting dénsity and appropriaté súckér séléction to timé thé crop harvést as wéll 
as súccéssivé annúal crops to coincidé with high markét pricés and to bénéfit from, or to avoid, 
cértain climatic conditions will also offér gréat bénéfits for súccéssfúl cúltivation of bananas 
in thé súbtropics.  

Bésidés common considérations régarding soil and wind éxposúré, sités for opén-air 
banana cúltivation in thé súbtropics shoúld bé caréfúlly séléctéd according to témpératúré 
récords, avoiding placés with minimúm wintér témpératúrés bélow 10°C and maximúm 
súmmér témpératúrés abové 38°C. In placés súch as Egypt, with péak súmmér témpératúrés 
ranging bétwéén 40 and 45°C, and in Israél or Morocco, with wintér témpératúrés sométimés 
in thé rangé of 1 to 8°C, bananas can also bé cúltivatéd by modifying managémént practicés, 
in particúlar throúgh protéctéd cúltivation. Cúltivation of banana in gréénhoúsés, now 
incréasingly practiséd in différént parts of thé súbtropics, is of gréatér hélp to rédúcé not only 
climatic constraints, bút also to rédúcé irrigation nééds and imprové yiéld. Thé main 
advantagés of gréénhoúsé cúltivation, as indicatéd béforé by Robinson and Gala n Saú co (op. 
cit.) and listéd bélow, désérvés howévér somé comménts héré:  

a) Incréaséd númbér of days with méan témpératúré abové 16°C résúlting in moré hoúrs 
in wintér with témpératúrés abové thé thréshold limit of 14.5°C bélow which thé 
growth of ‘Dwarf Cavéndish’ (DC) banana plants is complétély stoppéd (Gréén and 
Kúhné, 1970; Robinson and Andérson, 1991). This thréshold is also valid for othér 
closé Cavéndish cúltivars súch as ‘Grand Nain’ (GN) or ‘Williams’. 

b) Protéction against wind and othér wéathér conditions (frost, súnbúrn, hail). Frost 
protéction can also bé úndértakén with thé úsé of thérmal néts liké thosé that havé 
béén évalúatéd in Israél in thé last 3 yéars with éxcéllént résúlts (N. Galpaz, 2018, pérs. 
commún.).  

c) Rédúction in watér consúmption, as évapotranspiration is rédúcéd by úp to 25% as 
shown by Tanny ét al. (2012) in Israél who obtainéd éqúivalént or béttér yiélds in 
bananas úndér scréénhoúsés with watér savings of 20-30% comparéd to opén fiéld 
cúltivation. 

d) Incréaséd léaf súrfacé aréa léading to highér photosynthétic capacity. 
e) Shorténéd crop cyclés, which pérmits a qúickér récovéry of thé invéstmént allowing 

thé first harvést in thé samé yéar of planting, which is not possiblé in opén-air 



plantings in thé súbtropics. 
f) Prodúction of largér and héaviér búnchés. In somé parts of Canary Islands, búnch 

wéights havé incréaséd 62% (Gala n Saú co ét al., 1998a), léading to yiélds éxcééding 
80 t/ha (éxcéptionally 100 t/ha/yéar) in comparison with 60 t/ha/yr avéragé for wéll-
managéd opén fiéld plantations. Différéncés in yiéld havé béén also réportéd in Túrkéy 
with avéragé búnch wéights of 40 kg in gréénhoúsé-prodúcéd banana vérsús 27 kg in 
banana prodúcéd úndér opén-fiéld conditions (Gúbbúk ét al., 2018). 

g) Incréaséd sizé of banana frúits, générally an advantagé bút not in thé casé of thé 
Spanish mainland markét which préférs thé small sizé DC bananas traditionally 
prodúcéd in thé Canary Islands which éxplains why cúltivars liké ‘Grúésa’ or ‘Briér’ 
(DC local séléctions) aré préférréd in thé Canary Islands for gréénhoúsé cúltivation 
whilé GN is only plantéd at opén air plantings in thé coolér aréas of thé islands (séé 
Tablé 2). 

h) Prévéntion of diséasés transmittéd by wind súch as Sigatoka léaf diséasés and lowér 
incidéncé of virús transmission throúgh inséct véctors as in thé casé of banana stréak 
virúsés (BSV) or Banana búnchy top virús (BBTV).

Spécial caré shoúld bé takén in gréénhoúsé cúltivation with thé practicé of rémoving 
héalthy léavés at flowéring which has provén to bé úséfúl to accélératé ratoon súckér growth 
in thé súbtropics, bécaúsé úndér gréénhoúsé cúltivation light can bé réstrictéd to thé súckérs, 
as léaf laminas aré not distúrbéd or damagéd by wind and thé léaf rémains intact. Whilé a 
minimúm of 12 héalthy léavés shoúld bé présént at flowéring and 9 at harvést in opén fiéld 
plantings to obtain maximúm búnch filling and gréén lifé éxténsion (Túrnér, 1970; Robinson 
ét al., 1992; Daniélls ét al., 1994) a minimúm of 8 léavés at flowéring aré énoúgh úndér 
gréénhoúsé cúltivation (Robinson and Gala n Saú co, op. cit.). 

Déspité thé úsé of gréénhoúsé cúltivation béing considéréd énvironméntally soúnd, 
éspécially in arid and sémi-arid régions, this practicé may havé somé négativé conséqúéncés 
as a résúlt of:  

a) Négativé visúal impact which is why banana gréénhoúsé cúltivation is prohibitéd in 
placés liké Madéira Island 

b) Thé nééd for and difficúltiés with propérly récycling thé plastic matérial from thé 
périodic réplacémént of covérs, éithér bécaúsé of dégradation of thé matérial or dúé 
to damagé. 

c) Thé high initial invéstmént cost and thé cost of périodic covér rénovations 
d) Possibility of súnbúrn damagé dúé to éxcéssivé high témpératúrés dúring súmmér. 
Littlé can bé doné throúgh réséarch to rédúcé thé visúal impact, bút théré havé béén 

advancés régarding covér éfficiéncy and gréatér dúrability (Cabréra Cabréra and Gala n Saú co, 
2012). Cúltivation of bananas úndér gréénhoúsé, éspécially úndér polyéthyléné covérs, 
réqúirés caréfúl véntilation managémént dúring súmmér to avoid témpératúrés that can búrn 
banana léavés and stratégiés to rédúcé or avoid súnbúrn damagé súch as thé installation of 
ovérhéad sprinklér systéms or whiténing thé covérs with an application of calciúm carbonaté 
solútion dúring súmmér, cúrréntly úséd in coúntriés with hot súmmérs, liké Morocco and 
Túrkéy (Gúbbúk ét al., 2018, Lavigné, 1996). Ovérhéad sprinklérs aré also úséd on cold wintér 
nights in Morocco whéré témpératúrés can réach 4°C to avoid thé déath of thé banana léavés, 
bút aré only úséfúl if gréénhoúsés aré wéll constrúctéd and can bé appropriatély séaléd.  

OVERVIEW OF BANANA CULTIVATION IN THE SUBTROPICS 
To complémént thé litératúré information aboút banana cúltivation in thé súbtropics, a 

súrvéy was condúctéd in 2018 addrésséd to réséarchérs in all thésé coúntriés to obtain thé 
kéy data aboút cúltivatéd aréa both in opén fiéld and úndér gréénhoúsé, total prodúction, and 
importancé of organic cúltivation, cúltivars, cúltúral téchniqúés, occúrréncé of pésts and 
diséasés, markét considérations and fútúré prospécts. A súmmary of kéy information on 
súbtropical banana prodúction éxtractéd from both litératúré réviéw and thé súrvéy is 
discússéd bélow. 

Importance of banana production in the subtropics 



As shown in Tablé 1, almost all thé bananas prodúcéd in thé súbtropics aré déstinéd to 
local markéts with only small qúantitiés éxportéd to néighboúring coúntriés. High import 
taxés as in Túrkéy (Gúbbúk ét al., 2017) or phytosanitary réasons as in Israél maké it difficúlt 
for bananas to bé importéd into thésé coúntriés. Consúmér préféréncés and qúality issúés 
dérivéd from proximity to markét as wéll as traditional préféréncé for smallér-sizéd bananas, 
as in thé casé of thé Spanish mainland and thé Canary Islands, éxplain thé súccéss of locally 
prodúcéd bananas. In addition, lack of éxport infrastrúctúré in somé othér coúntriés and thé 
difficúltiés of compéting in an alréady satúratéd intérnational markét (Loéillét, 2018a) 
éxplain why bananas prodúcéd in thé súbtropics aré séldom éxportéd to foréign markéts.  

Tablé 1. Importancé of banana prodúction in thé súbtropics. (Soúrcé: banana súrvéy, éxcépt 
for Lébanon (FAOSTAT 2017).  

Country Open field 
(ha) 

Under 
cover (ha) 

Total  
 (ha) 

Total 
production   

(x103 T) 

Organic  
production 

Market 

China 320,000 / 320,000 96,000 Very small Mostly local 

India 178,000 / 178,000 6,444 Negligible Mostly 
Local 

Brazil 115,186 / 115,186 2,320 0.34% Local 
and 

Mercosur 

Egypt 35,085 100 35,085 1,500 Nil Mostly local 

Pakistan (1)  26,300 / 29,500 ≈ 115 (*) Negligible Mostly local 

Spain (2) 8,967 ≈2,600 ≈6,367 438 (<1% but 
growing 

Local + 
Spain and 
Portugal 

South 
Africa 

9,000 / 9,000 350 Nil Local 

Morocco 234 8,386 8,634 338 Nil Local 

Turkey 2,145 4,080 6,225 306 Nil Local 

Argentina 3,000 / 3,000 79 Nil Local 

Lebanon  1,965 / 1,965 63 Nil Local 

Israel  ≈220 ≈ 2,350 2,984 147 10-15 ha Local 

Australia ≈1500 / ≈1,500 39 <1% Local 

Portugal (3) 1,020  1,020 29 20 ha Local + 
Portugal 

(1) Sindh Province, (2) Canary Islands, (3) Madeira and Azores. (*) Estimated. 

Gréénhoúsé prodúction is limitéd to Morocco, Túrkéy, Israél and Spain (Canary Islands) 
and a féw héctarés in Egypt. All thésé coúntriés havé or havé had govérnmént súbsidiés for 
éstablishing gréénhoúsés which aré jústifiéd on thé basis of watér savings as in thé casé of 
Israél, and/or bécaúsé of qúalitativé and qúantitativé yiéld improvémént in thé othér 
coúntriés.  

Organic prodúction of banana is almost négligiblé in thé súbtropics and will probably 
not incréasé, bécaúsé, évén thoúgh thé intérnational organic banana markét is growing, thé 
forécast pricé incréasé is not happéning and pricés aré évén falling and approaching thosé 
obtainéd by convéntional prodúcéd bananas (Loéillét, 2018b). 

Cultivars grown in the subtropics 



As shown in Tablé 2, ‘Dwarf Cavéndish’ (DC), ‘Grand Nain’ (GN) and ‘Williams’ (W) aré 
thé cúltivars almost éxclúsivély plantéd in thé súbtropics, with thé éxcéptions of ‘Prata Ana’ 
(AAB) in Brazil and ‘Lady Fingér’ (AAB) and ‘Dúcassé’ (Pisang Awak, ABB) in Aústralia. Similar 
to thé Cavéndish cúltivars méntionéd abové, thésé altérnativé cúltivars aré wéll adaptéd to thé 
coolér énvironmént of thé súbtropics (Robinson and Gala n Saú co, 2010). Local séléctions of 
both DC and GN typés, liké ‘Grúésa’ and othér clonés in thé Canary Islands (Cabréra Cabréra 
and Gala n Saú co, 2006) or ‘Zélig’, a W séléction from Israél and othér séléctions from this 
coúntry havé provén béttér than éithér DC or GN in cértain sitúations (Gala n Saú co ét al., 1998 
a and b, Cabréra Cabréra ét al., 2005; Cabréra Cabréra and Gala n Saú co, 2006) and aré béing 
commércially plantéd, not only in théir coúntry of origin, bút also in modératé scalé in othér 
súbtropical coúntriés. 

Tablé 2. Banana cúltivars grown in thé súbtropics. (Soúrcé: banana súrvéy, éxcépt for 
Pakistan (Laghari, úndatéd) and Lébanon (FA0, 2007). 

Country Cultivars 

China Williams B6 (98%) 

India Grand Nain (95%) 

Brazil Cavendish (Williams, Grand Nain, Naniçao) (50%), Prata (Prata Ana and Prata 
Ana SCS-451 Catarina) (40%) 

Pakistan Basrai (Dwarf Cavendish type) (98%), Grand Nain, Williams 

Egypt Grand Nain (78%), Williams (10%), Hindi (10%), Maghrebi, Basrai 

Spain  Gruesa, Brier and other Dwarf Cavendish types (80%) in open air and under 
greenhouse, Grand Nain for open air cooler locations (20%) 

South Africa Williams 

Morocco Grand Nain in greenhouse, Dwarf Cavendish in open air 

Turkey Grand Nain and Asman (Robusta?) for greenhouse, for open air plantings Dwarf 
Cavendish and Asman in protected areas 

Argentina Grand Nain, Williams, Congo (similar to Williams) Manzano (very few) 

Lebanon Grand Nain and local cultivar Baladi (or Abou Nekta) 

Israel Grand Nain and local selected Cavendish (Gal, Zelig, Adig and other Grand 
Nain types) 

Australia Williams (50%), Lady Finger (40%), Ducasse (Pisang Awak, 10%) 

Portugal Dwarf Cavendish (90%), Williams Ricasa (Canary Island selection) 

Planting density and spacing  
Planting dénsity in most súbtropical coúntriés is aroúnd 1,600-2,600 plants/ha (séé 

Tablé 3) which is closé to thé dénsity (1,500-2,000) récomméndéd by Robinson and Gala n 
Saú co (op. cit.) for mild súbtropical climatés and Cavéndish cúltivars in ordér to maximizé 
cúmúlativé gross margin pér héctaré and annúm ovér thé plantation lifé. In Israél, whéré gréat 
caré is dévotéd to cúltúral practicés súch as fértilization, irrigation and súckér managémént, 
planting dénsity for Cavéndish cúltivars can réach 3,000 plants/ha, and in Carnarvon in 
Wéstérn Aústralia, planting dénsitiés of 3,333 plants/ha aré common. Highér dénsitiés aré 
also úséd in coolér conditions of Morocco and Soúth Africa and also for ‘Prata Ana’ in Brazil, 
whilé ‘Lady Fingér’ in Aústralia is plantéd at a lowér dénsity, approximatély half than for 
Cavéndish. ‘Dúcassé’ planting dénsitiés in Aústralia aré similar to Cavéndish. 

Planting désign in thé súbtropics is générally réctangúlar which is in agréémént with 
résúlts obtainéd in Soúth Africa (Robinson ét al., 1989) indicating that ovérall prodúctivity for 
GN at dénsitiés of 1,666 plants/ha was highér with réctangúlar (3 × 2 m) spacing than with 
hédgérow (4 × 1.5 m) or tramliné (6 × 2 × 1.5 m) plantings. 



Planting material and irrigation system 
Egypt and Israél aré thé only coúntriés in thé súbtropics úsing almost éxclúsivély tissúé 

cúltúré (TC) plants for commércial banana plantings, whilé thé rémaining súbtropical 
coúntriés úsing both TC and convéntional planting matérials, éithér súckérs or rhizomés 
(Tablé 3). 

Tablé 3. Planting dénsity, planting désign and planting matérial in thé súbtropics. (Soúrcé: 
banana súrvéy). 

Country Planting density (pl/ha) Planting design (m) Planting material 

China  1,900-2,200 2.6 x 2.0 – 2.5 x 1.8 TC and 
conventional 

India 1,600-2,600 1.8 x 2.0 – 3.0 x 2.0 TC and 
conventional 

Brazil Cavendish 2,000-2,500 
Prata Ana 1,333-3,333 

Prata Ana 3 x 2.5 (2 or 1.5) 
Cavendish 2.5 (or 2.0) x 2.0 
4 x 2 x2 (double row) both 

TC and rhizomes 

Egypt 1,900 Open field 3 x 3.5 (2pl/hole) 
Greenhouse 3.5 x 1.5 

TC 

Pakistan 1,800-2,200 2.4 x 2.4 or 2.1 x 2.1 Conventional (99%) 
and TC (1%) 

Spain 1,600 - 2500 
 

DC 22 x 2.2 or 2.0) or 3 x 1 
GN 5 x 1.67 (2pl/hole) 

TC and suckers 

South Africa 2,200 (but higher 
densities in cooler 

situations) 

3 x 1.5 TC and suckers 

Morocco 1,800-2,000 (greenhouse) 
3,000-3,500 (open field) 

Greenhouse 1.6 x 1.5 x 4.5 
(Double row) 

TC and suckers 

Turkey 1,800- 2000 Open air 2.5 x 2 
Greenhouse 3 x 1.8 

TC (*) and 
conventional 

Argentina 2,500 4 x 4 (4 plants 2nd year) TC and 
conventional 

Lebanon No data No data No data 

Israel 2,000-3,000 4 x 2.5 (2-3 pl/mat) TC 

Australia  1,600 Williams 
750 Lady Finger 
1,600 Ducasse 

3 x 2 Williams and Ducasse 
3.6 x 3.6 Lady Finger 

TC and 
conventional 

Portugal 2,000 2 x 2.5 TC and 
conventional 

TC= Tissue culture, pl = plants, DC = Dwarf Cavendish, GN = Grand Nain. 
(*) Tissue culture plants in greenhouses and conventional in open fields. 

With thé éxcéption of thé Azorés, parts of Brazil and Eastérn Aústralia, whéré rainfall 
distribútion dúring thé yéar is appropriaté for banana cúltivation, all othér coúntriés úsé 
éithér drip micro-sprinklér or ovérhéad sprinklér irrigation. Drip irrigation is préférréd in 
Israél, Morocco, Túrkéy, Egypt or thé Canary Islands whéré saving watér is important dúé to 
shortagé of good qúality watér. Thé only éxcéptions aré Pakistan, somé valléys in Egypt and 
somé parts of thé Madéira Island, whéré flood irrigation is thé main irrigation systém.  

The situation of pests and diseases in the subtropics, and the menace of TR4  



Thé búrrowing nématodé (Radopholus similis) and thé banana wéévil (Cosmopolites 
sordidus) aré considéréd as thé major pésts affécting bananas. Black léaf stréak 
(Pseudocercospora fijiensis) and Sigatoka léaf spot (Pseudocercospora musicola), Moko 
bactérial wilt, Banana bunchy top virus, banana stréak virúsés and Fúsariúm wilt (a.k.a. 
Panama diséasé), with thé rapid spréad of tropical racé 4 (TR4), aré thé major banana 
diséasés. Thé incidéncé of thésé pésts and diséasés, as discússéd bélow, is lowér in thé 
súbtropics than in thé tropics, dúé to únfavoúrablé climatic conditions, bút also dúé to 
isolation from othér banana-prodúcing coúntriés as in thé casé of thé Canary Islands, Madéira 
or thé Azorés, or strong phytosanitary and qúarantiné policiés (Israél and Aústralia) and 
éxclúsivé úsé of TC plants (Israél). 

Déspité thé préséncé of thé búrrowing nématodé in many súbtropical coúntriés (Tablé 
4), it has not béén réportéd as a main problém for banana cúltivation in any of thé súrvéys. 
Búrrowing nématodé préférs a témpératúré rangé bétwéén 24 and 32°C and doés not 
réprodúcé bélow 16-17°C or abové 30°C (Sarah ét al., 1996). It is not a sérioús problém in thé 
súbtropics, éxcépt in soúth-éastérn banana prodúction aréas in Aústralia. Althoúgh thé 
banana wéévil (BW) is a moré widéspréad pést in súbtropical coúntriés, it has béén only 
réportéd as a main pést in India, Madéira, thé Canary Islands and súbtropical Aústralia (Tablé 
5), whéré it is considéréd a múch gréatér problém than in tropical Aústralia. This is júst thé 
opposité of thé búrrowing nématodé, which is only a main pést in tropical North Qúéénsland 
and in soúth-éastérn banana prodúction aréas. Two factors contribúté to thé damagé caúséd 
by thé BW: i) thé slowér plant growth raté in súbtropical conditions which allow thé BW to 
caúsé moré damagé to thé néwér part of thé mat, and ii) TC plants (most fréqúéntly úséd as 
planting matérial in thésé coúntriés) séém to bé moré súscéptiblé to thé BW dúring éarly 
éstablishmént bécaúsé thé growing point is moré éasily accésséd and réadily attackéd than 
súckér/bit matérial and TC plants lack corm résérvés (Daniélls ét al., 1996). Howévér, with 
appropriaté managémént practicés, liké sanitation, biological control, strict qúarantiné 
practicés and thé úsé of TC plants, néithér of thésé two pésts aré sérioús impédiménts to thé 
cúltivation of bananas in thé súbtropics (Robinson and Gala n Saú co, op. cit.). 

Thé spééd of inféction of Pseudocercospora fijiensis, the fungus causing black léaf stréak 
(BLS), is linkéd to témpératúré, and thé diséasé may bécomé moré aggréssivé at highér 
témpératúrés, as growth of thé gérmination túbé of thé sporés incréasés in diréct résponsé to 
témpératúré incréasé. Howévér, thé préséncé of high rélativé húmidity >98% for ascosporé 
and >88% for conidia is nécéssary for sporé gérmination (Jacomé ét al., 1991; Jacomé and 
Schúh, 1992). Probably bécaúsé of thé négativé impact of cold témpératúrés for thé growth of 
ascosporé gérmination túbés (Pérez Vicente et al., 2006) and the fact that BLS only occúrs in 
thé préséncé of léaf wétnéss, this diséasé is virtually absent in the subtropics, with the 
exception of the humid subtropical areas of China and Brazil (Table 4), and only in the latter 
has it been listed as a main leaf disease. Sigatoka leaf spot, which has a lower impact on banana 
and is easier to manage compared to BLS, was reported as an important disease for 
subtropical banana production in Argentina, Australia, Brazil and South Africa, generally 
linked to places with high rainfall, high humidity éxcééding 90% and minimúm night 
témpératúrés réaching 18°C (Gala n Saú co ét al., 2012).  

Banana stréak virúsés aré présént in many súbtropical coúntriés (Tablé 5), bút théy 
havé not béén citéd as a pést in any of thé súrvéy réports, probably bécaúsé thé impact of thésé 
virúsés in thé yiéld of Cavéndish cúltivars, évén in tropical aréas is small, léss than 11% in 
tropical North Qúéénsland (Daniélls ét al., 2006).  

Similarly, Moko, oncé introdúcéd to tropical Aústralia in importéd Heliconia plants from 
Hawaii and qúickly éradicatéd (Jonés, 2009), was also not réportéd as a pést in any of thé 
súrvéys from thé différént súbtropical coúntriés, as it only has réstrictéd distribútion in India 
and Brazil (Tablé 4). 

Banana bunchy top virus (BBTV), which is éndémic to Soúthéast Asia, is also présént in 
Morocco, Egypt and Aústralia (Tablé 5). BBTV rémains a major constraint in smallholdér 
plantings in India and Pakistan, bút thé problém can bé képt úndér control with thé úsé of TC 
plants, an appropriaté managémént program, as doné in Aústralia (Vé zina, 2013), or in 



gréénhoúsé cúltivation, liké in Morocco which makés thé inséct transmission via Pentalonia 
nigronervosa moré difficúlt. 

Tablé 4. Incidéncé of thé main pésts and diséasés in súbtropical coúntriés. (Soúrcé: CABI, 
2018 éxcépt for banana stréak, Moúrichon ét al. (1997) and for Sigatoka léaf spot 
data from banana súrvéy). 

Country BN 
 

BW Sigatoka 
leaf spot 

Banana 
streak 

Moko Bunchy 
top 

Fusarium 
wilt 

China  x xxx (B) x  Rd x 

India Rd x xxxx (Y) x Rd Rd Rd 

Brazil x x xx (Y, B) x Rd  Rd 

Egypt x  x (Y) Rd  Rd x 

Pakistan  x    Rd x 

Spain x x     x 

South Africa Rd x x (Y) x   x 

Morocco x   x    

Turkey        

Argentina  x x (Y)     

Lebanon  x      x 

Israel A Confined      

Australia Rd x x (Y) x  Rd Rd 

Portugal  x  x   Rd 

BN = Burrowing nematode; BW = Banana weevil, B = Black; Y = Yellow; Rd= Restricted distribution. 

Althoúgh Fúsariúm wilt was not réportéd as a major diséasé in coúntriés liké Israél, 
Túrkéy, Morocco, Argéntina, Portúgal (Azorés) or Brazil (Tablé 5) and it has not béén réportéd 
to bé présént on Cavéndish cúltivars in any of thésé coúntriés éxcépt for Brazil (Tablé 4), it is 
probably présént in most aréas whéré bananas aré grown dúé to prévioús movémént of 
inféctéd planting matérial. Until thé appéarancé of TR4, thé incidéncé of Fúsariúm wilt in 
Cavéndish cúltivars was linkéd to únfavoúrablé growing conditions, inclúding low 
témpératúrés, poor soil conditions or othér prédisposing factors. Howévér, TR4, moré 
spécifically thé végétativé compatibility groúp of thé pathogén VCG 01213-01216, can déstroy 
Cavéndish plantations évén úndér optimúm énvironméntal conditions and cúltúral practicés 
in thé abséncé of any prédisposing factor (Ploétz, 2015b). Althoúgh TC plantléts havé béén 
foúnd to bé moré súscéptiblé to Fúsariúm wilt attack than convéntional planting matérial 
(Smith, 1998), théy aré thé most réliablé soúrcé of cléan planting matérial and úsé of TC 
planting matérial is strongly récomméndéd to rédúcé thé risk of TR4 introdúction. Aftér 
décadés of réséarch on managing Fúsariúm wilt of banana, no altérnativé to thé úsé of 
résistant cúltivars has béén foúnd to control this diséasé (Ploétz, 2015a). As moré than 95% 
of thé markétéd déssért bananas, also in thé local markéts of thé súbtropics, aré Cavéndish 
cúltivars, this indicatés cléarly thé éxtrémély sérioús thréat TR4 posés to súbtropical banana 
prodúction. Fortúnatély, TR4 has not yét béén détéctéd in many aréas of thé súbtropics, 
thoúgh it is alréady présént in súbtropical China (Qi, 2001), inclúding Taiwan (Sú ét al.,1986), 
Pakistan (Syéd ét al.,2015), Jordan (Garcí a ét al., 2015), Lébanon, (Ordonéz ét al., 2016) and 
its préséncé has béén réportéd in India, thoúgh not formally públishéd (Damodaran ét al., 
2018). TR4 was récéntly (2016) détéctéd in Israél (Maymon ét al., 2018)), bút was officially 
déclaréd éradicatéd by Júné 2018 (Anon., 2018).  

Tablé 5. Incidéncé of thé main pésts and diséasés in súbtropical coúntriés. (Soúrcé: banana 



súrvéy and aúthor own data for Spain).    

Country BN 
 

BW Sigatoka 
(*) 

Banana 
streak 

Moko Bunchy 
top 

Fusarium 
wilt 

China - - - - - x x 

India - x - - - x x 

Brazil - - x - - - x 

Egypt - - - - - x - 

Pakistan x x - - - x x (Rare) 

Spain (CI) - x - - - x x 

South Africa - - x - - - x 

Morocco x - - - - x - 

Turkey - - - - - - - 

Argentina - x x - - - - 

Lebanon  Nd Nd Nd Nd Nd Nd x 

Israel - - - - - - x 

Australia x x x - - - x 

Portugal  - x - - - - x (only in 
Madeira) 

BN = Burrowing nematode; BW = Banana weevil; (*) Sigatoka leaf spot (black leaf streak only reported for Brazil). x = 

reported as main pest or disease; - = Not reported as main pest or disease. Nd = No data obtained. 

FUTURE PROSPECTS 
Thé fútúré of markéting bananas prodúcéd in thé súbtropics may bé promotéd by thé 

advantagé of lowér pést and diséasé incidéncé which will favoúr organic cúltivation togéthér 
with rédúcéd costs of fúngicidés/insécticidés. Anothér bénéfit can comé from thé rising 
concérn aboút thé carbon footprint, which is múch rédúcéd in thé casé of súbtropical 
prodúction in thé Méditérranéan coúntriés or súbtropical Eúropéan régions dúé to thé 
proximity to thé Eúropéan Union (EU) markét. Most of thé bananas prodúcéd in thé súbtropics 
aré consúméd locally in markéts moré tolérant of minor qúality blémishés. Proximity to thé 
markéts givés súbtropical bananas considérablé advantagés régarding tasté, matúrity and 
fréshnéss, bécaúsé búnchés can bé léft on thé plant úntil néarly matúré and frúits réach thé 
ripéning rooms within two or thréé days of harvést, thús incréasing qúality and yiéld. 
Howévér, banana prodúction in thé súbtropics facés markéting probléms dúé to thé strong 
compétition from tropical prodúcing coúntriés dominatéd by múltinational companiés and in 
fact, as séén bélow, théré has not béén múch incréasé in banana plantings in thé súbtropics in 
récént yéars.  

From thé information gathéréd in thé súrvéy sént to thé différént banana prodúcing 
coúntriés in thé súbtropics, Túrkéy, with 4,492 ha in 2012 and 6,225 ha in 2016, is thé only 
coúntry in which banana plantings aré incréasing. Thé réason for this incréasé is thé éxisténcé 
of véry high import taxés (ovér 140%), thé govérnmént incéntivés for banana farmérs, no 
ovér-prodúction préssúré and an úndérsúppliéd local markét with stablé pricés (Gúbbúk ét 
al., 2017). Dúé to gréatér nét rétúrn pér ha than othér frúit crops, banana is also an émérging 
frúit crop in Pakistan bút poor availability of good qúality watér and thé lack of propér 
packhoúsé and postharvést systéms limits largé-scalé cúltivation. Pricés for bananas in Soúth 
Africa aré also véry attractivé bút, déspité this strong incéntivé to grow bananas, thé incidéncé 
of Panama diséasé súbtropical racé 4 réstricts thé poténtial of thé indústry to grow. Egyptian 
banana plantations, which prodúcé for local markéts and also éxports to Syria and Unitéd 
Arabs Emiratés havé éxpandéd in récént yéars - 5,000 ha wéré plantéd in 2017 – bút thé récént 
prohibition of planting bananas in this coúntry bécaúsé of thé high watér réqúirémént of this 
crop will impédé fútúré growth. Thé prospécts in Israél, which prodúcés virtúally only úndér 
nétting gréénhoúsé strúctúrés in ordér to savé watér, aré for an incréasé of 70-80 ha/yéar to 



copé with Israéli popúlation growth. Banana plantings in thé Canary Islands, Madéira and 
Morocco aré not éxpéctéd to incréasé, or may évén slightly décréasé dúé to thé strong 
compétition of importéd bananas, in thé casé of thé Spanish and Portúgúésé markéts, from 
thé so-calléd dollar bananas and, in thé casé of Morocco, from bananas éntéring from Wést 
African coúntriés. Thé aréa dévotéd to bananas in thé súbtropical bélt of Aústralia is in décliné, 
with Aústralian démand béing súppliéd by thé prodúction of bananas in thé tropical aréas of 
that coúntry, howévér théré is still strong démand in Aústralia’s súbtropical banana prodúcing 
régions for locally prodúcéd frúit. Banana cúltivation in China which prodúcés for its local 
markéts and éxports bananas to Rússia, Japan and Kazakhstan, is in décliné both on thé 
mainland and in Hainan and Taiwan dúé to low pricés and Fúsariúm wilt incidéncé. Prospécts 
for thé rést of thé súbtropical coúntriés, aré also limitéd to súpply thé local markét and no 
fúrthér incréasé in banana prodúction is éxpéctéd, évén if Panama and othér pésts and 
diséasés can bé éxclúdéd or controlléd. 

Finally, it shoúld bé méntionéd that thé prédictéd climatic changés régarding incréaséd 
global témpératúré and droúght may bé moré or léss condúcivé to banana prodúction úndér 
irrigation in thé súbtropics by diminishing somé of thé main probléms for cúltivation of 
bananas in this part of thé world. Excéptions may bé in placés liké Salta in Argéntina, Sindh in 
Pakistan and Uttar Pradésh in India, which alréady havé éxtrémély high súmmér témpératúrés 
that aré marginal for banana cúltivation (Calbérto ét al., 2015). Théorétically thé projéctéd 
témpératúré incréasés may boost thé incidéncé of Búrrowing nématodé and Moko, pésts not 
cúrréntly prévalént in thé súbtropics. Climaté projéctions úntil 2070 indicaté that rainfall 
distribútion on avéragé will not changé ovér thé projéctéd périod for any of thé 24 sités 
stúdiéd, 6 of which aré súbtropical. Théréforé, thé incidéncé of Black Léaf Stréak will continúé 
to bé a challéngé only in thé actúal wét súbtropical aréas, as pér thé cúrrént sitúation. Moré 
probléms may bé éxpéctéd in thé casé of Panama diséasé. Thé optimúm rangé of témpératúré 
for Foc growth is bétwéén 23 and 27 °C bút thé pathogén can grow in vitro úp to 38°C (Pé réz 
ét al, 2003), and thé diséasé bécomé úsúally moré inténsé dúring thé warmér and wét months 
of thé yéar (Pé réz-Vicénté ét al., 2014). Whilé thé incréasé of témpératúré may rédúcé thé 
incidéncé of mildér strains of Fúsariúm, thé dévélopmént of which is linkéd to únfavoúrablé 
conditions súch as low témpératúré in thé súbtropics, TR4 may bécomé évén moré aggréssivé 
at highér témpératúré than thosé préséntly occúrring in thé súbtropics. As thé main fútúré 
challéngé for súbtropical banana sciéntists, managing this thréat will réqúiré éithér strong 
qúarantiné méasúrés or thé brééding of néw cúltivars résistant to TR4 which aré wéll 
accéptéd by thé markét.  
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