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introduction 
Sigacoka, caused by Mycosphaerella musicola 
Leach, is the major leaf disease of banana in 
commercial production areas in Ausrralia. Ir is 
very serious in North Queensland, where warm 
and wer environmemal conditions in the sum­
mer momhs favour developmem on W illiams 
(Cavendish subgro up), the main cultivar 
grown. The disease is kept in check by regular 
spray programmes wirh the protectant fon­
gicides mancozeb and oil or chlorothalonil. The 
sysremic fongicide propiconazole is applied 
when inoculum pressure is high, bue irs con­
rinuous use is discouraged because of fears of 
the evolurion offungicide-resistant srrains of the 
parhogen. 

Work on the effecr ofSigacoka severiry banana 
production and greenlife of bananas indicares 
char more chan ren leaves ac harvesr are necessary 
co obrain optimum yields or markerable fruit 
(RAMSEY et al, 1990). Good control is rherefore 
needed if the grower is to achieve maximum 
returns. In 1990, the cost of control was esti­
mared co be A$820/ha/year or 14% of total 
production cosrs. 

One of the main srraregic goals of the Queen­
sland Department of Primary Industries 
(QDPI) is to reduce amounts of chemicals used 
in agriculture, because of health and environ­
mental concerns. To achieve this aim with 
banana, two approaches to rhe problem are 
being adopred. The firsr involves adapring pre­
dicrion systems based on climaric data or dis­
ease-moniroring techniques char have been 
developed for the control of Sigacoka diseases 
overseas (GANRY and LAVJLLE, 1983; WIELE­
MAKER, 1990) to Queensland conditions. This 
wi ll lead co more rimely applications of fon­
gicides and reduce the total number of sprays 
necessary for adequare control. The second is co 
find an agronomically suirable banana cultivar 
char has good resisrance to Sigacoka. If such a 
banana is fo und, the cosr of control will be 
subsramially reduced or even eliminared. 

As a firsr srep in a long-rerm project based on 
the second approach, germplasm was collecred 
from field collections of banana cultivars in 
South East Asia and obrained from rhe Funda­
cion Hondurefia de Investigacion Agrîcola 
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(FHIA) banana breeding program in Hon­
duras. QDPI also has access co wild banana 
species and diploid banana cultivars collecred in 
Papua New Guinea (PNG) byrhe International 
Board for Plant Genetie Resources (IBPGR) in 
1988-1989. 

Screening for resisrance co Sigacoka in the field 
is rime-consuming and expensive. One of the 
immediare requirements of the project was co 
devise a merhod whereby banana germplasm 
could be evaluared quickly and cheaply in the 
laboracory or greenhouse. Musa can now be 
rourinely propagared in tissue culture (KRIKO­
RIAN, 1989), wirh the possibiliry of providing 
small plants suirable for such wo rk. Provision 
of a reliable supply ofinoculum of the parhogen 
is, however, more difficulr. Ir is impracrical co 
collecr conidia from diseased banana plants on 
a regular basis, and ir is difficulr co induce 
profuse sporularion in in vitro cultures of Cer­
cospora and relared genera (GOODE and 
BROWN, 1970; EL-GHOLL etal, 1982). Sporu­
laring isolares of Mycosphaerella spp have been 
used in inoculation experiments (Goos and 
TSCHRICH, 1963; MOURICHON et al, 1987), 
but the aurhors were unable co identify isolares 
of M musicola rhar would reliably and contin­
ually produce conidia. Mycelium of M fijiensis, 
the cause of black leaf srreak disease ofbanana, 
has been successfully used as inoculum, al­
rhough symptom development was reported ro 
be slower chan wirh conidia (MOURICHON et 
al, 1987; FULLERTON and 0LSEN, 1991), and 
rhis approach was pursued in the presem srudy. 

This paper reports the developmem of a rapid 
screening technique co derermine Sigacoka re­
action using fragments of mycelium as inocu­
lum and preliminary resulrs from tests under­
taken on selecred Musa germplasm. 

materials and methods 
isolation and maintenance 
of pathogen 
Necroric banana leaves wirh mature lesions of 
Sigacoka disease were collected from planes ac 
Maroochy Horricultural Research Station, 
Nambour, Queensland. Leaf samples were in­
cubated under high humidi ry for 48 h and then 



eut into 5 cm squares. After immersion in a 2% 
solution or sodium hypochlori te ro sterilise sur­

face contaminants, the leaf sections were rinsed 

in water and stapled ro pieces of paper rowel 

with the abaxial surface ourwards. After soaking 
in water for a furrher 3 min , the paper rowel 

pieces with attached leaf sections were p ressed 

onto pet ri dish lids. T he lids were placed on pet ri 

dishes containing 3% water agar. Single ascos­
pores of M musicofa, which were discharged 

from peri thecia in mature lesions onro the agar 
surface within 2 h at 25°C, were transferred ro 

4% potaro dextrose agar (PDA). Fragments of 

colonies which developed were used ro initiate 

subcultures on PDA. Samples of fungal myce­

lium of each isolate were sto red in liquid 

ni trogen (SM ITH and ÜN IONS, 1983) and rec­

onstituted when cultures beil!g used ro produce 
inoculum lost their virulence. 

preparation of inoculum 
Two, single spore isolates of M musicola from 

the same leaf section , designated A2 and A3, 
were rou tinely used ro provide inoculum for 

experiments. Colonies were grown on PDA at 

2 5-26°C, the optimum temperarure for growth 

of M musicola in culture (MEREDITH, 1970), 

until at least 20 mm in diameter. Pink surface 

mycelium was removed fro m the underlying 

dark, compact, hyphal matrix of each colony 

and weighed. After maceration for 120 s in a 

small volume of sterile distilled water using a 

mortar and pesde, the suspension of hyphal 

fragments was furrher diluted with sterile dis­
tilled water. Aliquots of 1.0 ml of suspension 

containing a known weight of mycel ium were 

measured inro glass vials prior ro inoculation. 

growth and inoculation 
of banana plants 
T issue cultures of banana cultivars, breeding 

lines and wild Musa species originally derived 

from ap ica l m eristem s or emb ryos were 

removed from culture jars and planted in small 

pots in pasteurised peat/sand (1 :2) mix. Plan­
dets were incubated in the shade under high 

humid iry fo r 7 d before pots were rransferred ro 
controlled temperature cabinets in a glasshouse. 

H ere, plants were grown at 25-26°C under 
conditions of natural ligh t for 2-4 monrhs 
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before inoculation. Active growth was sustained 

by replanting inro larger pots when necessary 

and using granules of slow-release fertiliser. 

Plants were selected for inoculation when the 

lamina of the youngest leaf was 19-22 cm in 
length. T he youngest leaf was marked using a 

black felt-tipped pen for future identification 

and the dimensions of the leaf blade noted. ln 

each experiment, leaves were inoculated with 

0 .05 g of mycelium in 1.0 ml of sterile d istilled 

water. This amount of inoculum had been 
found in p reliminary smdies ro give an accept­

able level of infection in susceptible cultivars. 

The 1.0 ml aliquot of inoculum in the via] was 

usually applied ro the underside of the leaf as a 

fine m ist using a gas-powered spray can. After­
wards, 0.5-1.0 ml of sterile d istilled water was 

used ro flush out the via! and applied in the same 

way. lmmediately following inoculation, plants 

were placed in a controlled temperature cabinet 

at 25-26°C under conditions of natural light 

and almost continuai mist generated from a 

humidifier. Plants were usually transferred ro 

arrificially lit (200-500 µ mol/m2/s) growth 

cabinets on a 16L/8D phoroperiod at 25-26°C 

after 7 d under mist. 

experiments 
ln an initial experiment, the effect of the dura­

tion of m isting on infection was determined by 

inoculating the lower leaf surfaces of 14 plants 

of cv W illiams and uansferring rwo plants after 

1, 2, 3, 4, 5, 6 and 7 d ro a sim ilar, naturally lit 

cabinet at an identical temperamre regime, but 
without mist. After 7 d, al] plants were transferred 

ro growrh cabinets as previously described. 

ln anorher early experiment, the effect of ino­

culating the upper leaf surface was investigated 

by comparing disease development in six p lants, 
three of which were inoculated on the upper 

surface and three on the lower surface. T hese 

plants were misted for the usual 7 d before 

uansfer ro growth cabinets. 

In experiments ro determine the reaction of 
cultivars, breeding lines and Musa sp ecies to 

M musicofa, at least th ree plan ts of each 

accession were inoculated during the course of 

the study. ln each experiment, plants of either 
W illiams or Grande Naine, susceptible cultivars 
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in the Cavendish subgroup, were inoculated 
and used as contrais. 

reaction assessment 
Leaves were examined at regu lar intervals for 
disease symptoms. Between 30 and 41 d after 
inoculation, when symptoms on susceptible 
conuol cultivars incubated at 25-26°C had 
fully developed, experiments were terminated 
and leaves assessed visually for disease severity 
as indicated in table I. Extremely resistant, 
partially resistant and susceptible reactions 
are illusuated in photo 1. Photographie rec­
ords were kept of inoculated leaves when 
experiments were concluded. No information 
was recorded in experiments where control 
plants failed to develop a susceptible reaction. 
Initially, this occurred every 3-4 months 
when cultures lost virulence after continuous 
subculru ring on PDA. Later, loss of viru lence 
was anticipated. Fresh cultures of isolates 
were initiated and stock built up and used as 
inocu lum before problems were encountered 
with old cultures. 

results 

effect of duration of mist 
on infection 
No symptoms developed on plants of cv Wil­
liams that had been misted for 1 and 2 d. A few 
lesions developed on plants under mist for 3, 4 
and 5 d. Numerous lesions were observed on 
plants transferred afrer 6 and 7 d. 

effect of inoculating 
the upper leaf surface 
No symptoms developed on plants of cv Wil­
liams inoculated on the upper leaf surface and 
misted for 7 d. Numerous lesions developed on 
those plants inoculared on the lower surface. 

symptom development 
on cv Williams under mist 
for 7 d following inoculation 
of the lower leaf surface 
Faim circular chlorotic spots about 1-2 mm in 
diamerer appeared simultaneously on both sur-
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faces of the inoculated leaf beginning 12-16 d 
afrer inoculation. These spots enlarged and a 
fa im brown discolouration became noticeable 
when the diameter exceeded 3-5 mm. In some 
cases, the colour of the spot deepened to a 
reddish-brown. La ter, the leaf tissue within and 
surrounding the spot appeared water-soaked 
and translucent. Guttation ofren occurred at 
this stage and a drop ofliquid was noticeable on 
the spot at the beginning of the light cycle in 
the growth cabinet. This liquid dried during the 
light cycle to leave a shiny, white deposit. Death 
of the leaf tissue within the spot followed 
quickly, resulting in a dark brown, necrotic 
lesion. The colour of the lesion slowly changed 
to light brown and surrounding leaf tissue 
became translucent and <lied, chus enlarging the 
area of necrosis. The interior of the expanded 
lesion later became grey. A dark brown, well­
defined border developed around the lesion. 
Surrounding leaf tissue, especially berween the 
lesion and the leaf margin, ofren turned yellow. 
A large number of discrere and mature lesions 
had formed at 30 d after inoculation. Sperma­
gonia and conidiophores with conidia were 
sometimes seen on grey tissue afrer 40 d. 

The development of the lesion through chese 
stages was not simultaneous. At any one cime, 
chere were spots and lesions in various stages of 
development. I t was not uncommon for mature 
lesions and chlorotic spots to be present on the 
same leaf during symptom evolution. 

reaction of Musa germplasm 
The reaction of Musa species, breeding lines and 
cultivars to inoculation wich M musico!a is 
presented in table II. Reactions sometimes var­
ied berween plants of the same accession if more 
than one was included in each experiment and 
also berween plants of the same accession in 
different experiments. The reactions recorded 
are the most susceptib le observe<l for each 
access10n. 

discussion 
Conditions of continuous mist at night alter­
nared with periods (6-8 h) of lower humidity 
during the day have been shown to enhance 
penetration and disease development when 
conidia of M musico!a have been used as inocu-



lum (Goos and TSCHIRCH, 1963). A similar 
technique utilising fluctuating humidity has 
been used by MOURJCHON etaf(l 987) working 
with bath conidia and mycelium of M fijiensis . 
However, early work in this study showed that 
good symptom development occurred if plants 
remained under continuous mist for 7 d after 
inoculation and, as it was more convenient to 
permanently main tain this environment in the 
controlled temperature cabinet, it was adopted 
as standard procedure. 

In other studies (Goos and TSCHIRCH 1963; 
MOURJCHON et al, 1987), workers inoculated 
only the lower surface ofbanana leaves because 
it has been reported to be more susceptible to 
infection than the upper leaf surface (STAHEL, 
1937; SIMMONDS, 1939). Work reported here 
indicates that inoculation of the lower leaf sur­
face is probably essential for good disease devel­
opment as no symptoms appeared following 
inoculation of the upper leaf surface. 

The stages of symptom development on young 
plants of cv Williams closely paralleled the sus­
ceptible reaction observed in naturally infected 
plants (MEREDITH, 1970). However, the speed 
of development of symptoms was quicker than 
has been recorded in the field. This may be 
because inoculated plants were held continu­
ously at temperatures which were optimum for 
growth of the pathogen. In addition, streak and 
spot symptoms tended to be circular and not 
elongated as occurs on mature field inoculated 
plants . Round lesions are characteristically 
found on young plants and are associated with 
disease development in juvenile tissue (MERED­
ITH, 1970). 

The reaction of Musa germplasm to inoculation 
with mycelium of M musicofa was analysed vis­
ually after sufficient time had elapsed for the 
development of symptoms on susceptible con­
trai cultivars. It can be argued that this is a 
subjective rating, but it is considered a more 
reliable method than comparing the number of 
days after inoculation to the appearance of 
various stages of development of symptoms. 
Although time from infection to symptom 
expression is an established method of deter­
mining reaction in plants in the field to Sigatoka 
diseases, results of tests with young plants of the 
same cultivar have been variable (FOURÉ, 

MUSA REACTION TO SIGATOKA DISEASE 

Table 1 
Criteria used to assess Musa germplasm for reaction to M musicola 30-41 
days after inoculation . 

Reaction Assessment 

Necrotic fleck response or no visible 
symptoms. Spots fail to develop 

Extremely resistant (ER) 

Sorne necrotic lesions, but no fully devel­
oped mature spots 

Partially resistant (PR) 

Numerous mature spots Susceptible (S) 

1990). This variability may be related to dif­
ferences in the density of infection in different 
plants which is known to influence the incuba­
tion period and time from appearance of first 
symptoms to mature spot formation (MERED­
ITH, 1970). Other factors associated with plant 
physiology may also be involved. Observing 
disease levels over the whole leaf area after symp­
toms had had time to full y evolve on susceptible 

Williams (AAA) 

Klu a i Te p arot (ABBB) 

C 

Tuu Gia (AA) 
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Photo 1 
Sigatoka disease symptoms on 
lea ves: between 30 and 41 d 
after inoculation, when 
symptoms on susceptible contrai 
cultivars incubated at 25-26°C 
had fui/y developed, leaves were 
assessed visually for disease 
severity. 
a) Leaf of Williams (AAA 
genotype), susceptible cultivar 
in the Cavendish subgroup; 
b) Leaf of Kluai Teparot (ABBB 
genotype), partial/y resistant 
to M musicola cultivar; 
c) Leaf of Tuu Gia (AA 
genotype), highly resistant 
cultivar. 
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contrai cultivars was considered more appropri­

ate for determining reaction. Even so, although 

key parameters such as size of inoculated leaf, 

inoculum weigh t and incubation conditions 

following inoculation were constant, the reac­

tion ofa numberofcul tivars was i nconsisten t. 

The unrel iability o f the method in some 
instances is a drawback, but this can be over­

come to a certain extent if sufficient numbers 

of plants are tested; the most susceptible reac­

tio n becoming the documented response. 

C lones rated as extremely resistant ( table II) did 

not develop lesions during the course of experi­

ments. Either no symptoms were observed or 

disease development ceased after a necrotic fleck 

(hypersensitive) response. T he latter type of 

response is probably analogous to chat of cv 
Yangambi Km 5 challenged by M fijiensis 
(MOURICHON et al, 1987). H ere the reaction 

p rogresses no furrher than a small, rusty brow n 

fleck. 

T he partially resistant response is expressed by 
the slow development of lesions so that when 

experiments were terminated, fewer, more im­

mature lesions were visible as compared to the 

susceptible response. This type of resistance is 

possibly controlled by multigenic facto rs and 

may ultimately be of more value than resistance 
based on the hypersensitive response which, if 

controlled by a single gene, may be overcome 

by a simple mutation of the pathogen. 

An analysis of the reactions of Musa species to 

M musicola shows that accessions of M acumi­

nata spp burmannica, M balbisiana, M boman, 
M lolodensis, M peekelii spp angustigemma and 

M schizocarpa tested had high levels of resist­

ance. H owever, ail but the one accession of 

M acuminata spp banksii were susceptible (table 

II). In field screening trials in Honduras, VAKILI 

(1968) found that of26 accessions of M acumi­
nata spp banksii tested, 14 were susceptible, 

7 were partially resistant and 5 were resistant to 

M musicola. T he Madang and Samoa accessions 

of spp banksii have also been observed to be 

suscep tible (SHEPHERD, 1990; VAKILI, 1968) 

thoughr that the high level of susceptibility 
could have been because it is the only subspecies 

of M acuminata that is indigenous to the island 
of New Guinea and some South Pacifie Islands 

and may have been isolated from M musicola in 
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its natural habitat. T his may be true, as there is 

no firm evidence to suggest M musicola has ever 

been present in coastal areas of PNG (SHAW, 

1984) where M acuminata spp banksii is found. 

T en Musa d iploids have been suggested as being 
suitable as standards fo r use in determining if 

pathogenic variation of M musicola and M fi­
jiensisoccurs (FULLERTON and STOVER, 1990). 

T hese standard clones are being distributed by 

the International Network for the lmprove­
ment of Banana and Plantain ([NIBAP) to 

interested parties so that reaction might be 

assessed at different locations around the world. 

Most of the set was tested in this work (table 
II). 

T he Calcutta IR 124 accession of M acuminata 
spp burmannica was recorded as extremely 

resistant, as reported earlier. T uu Gia was also 

found to be h ighly resistant. Both of these results 

are in agreement with reactions indicated by 

FULLERTON and STOVER (1990). However, the 

Pahang IR 296 accession of M acuminata spp 
malaccensis was rated as only partially resistant 

in this work and not as highly resistant as 

proposed by FULLERTON and STOVER ( 1990). 

T his species has been reported as having strong 

resistance to M musicola in H onduras (VAKILI, 

1968) and Brazil (SHEPHERD, 1990). In Brazil , 

it is used as a source of resistance in the banana­

breeding program (SHEPHERD, 1990) . Iris also 

h ighly resistant to M fijiensis in the field in the 

South Pacifie (FULLERTON, 1990), but not 

always in glasshouse tests using young p lants 

(FULLERTON and ÜLSEN, 1991 ). The Sigatoka 
resistant cv Buccaneer (AAAA), which was bred 

usingM acuminata spp malaccensis (SHEPHERD, 

persona! communication), was also only par­

tially resistant in tests reporred here (table II) . 

Ir is possible that the resistance of M acuminata 

spp malaccensis w Sigatoka d iseases is expressed 
more in mature leaf tissue than in juvenile tissue. 

T he reaction of the standard Pisang Mas culti­

var, Figue Sucrée, was susceptible, which is in 

agreem ent with FULLERTON and STOVER 

(1990), but cv Pisang Berlin was rated as par­

tially resistant and not susceptible. Surprisingly, 
cv Mambee Thu, which was suggested as being 

suscep tibl e by FULLERTON and STOVER 

(1990), was found to be extremely resistant. 

NBA 14 (SF 2 15) was rated as exuemely resis-
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tant and Niyarma Yik (SF 248) as partially 
resistan t. No reactions of these latter two 
diploids to M musicola were proposed by FUL­
LERTON and STOVER (1990). 

Differences in reaction could be due to 

pathogenic variability of the Queensland isolate 
of M musicola or an artifact of the screening 
technique. It is interesting to note chat Gu Nin 
Chio (II-249), a "Sigatoka Resistance Differen­

tial Variety" proposed by VAKILI (1968) was 
resistant in these tests which is in agreement 
with VAKILI (1968) , but Amau (III-154) was 

susceptible and not partially resistant as found 
by VAKILI (1968). 

The Fe'i edible ban ana group with characteristic 

upright bunches is thought to have evolved from 
M maclayi (S!MMONDS, 1962) of which two 
subspecies have been identified in PNG (AR­
GENT, 1976). It is highly likely that Mjackeyi, 
which is found in Australia, is also a member of 

the M maclayi complex (ARGENT, 1976). The 
Fe'i banana cultivars, M maclayi spp ailulai, 
M maclayi spp maclayi and M jackeyi, have ail 
been shown to be extremely resistant to M mu­
sicola in these tests ( table II). 

The reaction of edible diploid cultivars (AA 

genotype) toM musicola was invest igated by 
VAKILI (1968) . He found chat 86% of 
accessions from the island of New Guinea and 
the South Pacifie region and 66% of accessions 
from South East Asia were susceptible. The 
resu!ts recorded here (table II) show chat 48% 
of the diploid accessions collected in PNG by 
IBPGR and tested are susceptible to M musi­
cola, 50% partially resistant and 2% extremely 
resistant. 

Iris ofinterest chat the FHIA breeding diploids 

SH 3142 and SH 3362 and most accessions of 
cv Pisang Mas are susceptible to M musicola 
(table II), but resistant to M fijiensis in the field 

in the South Pacifie QONES, 1993) . Ir does not 
always fo llow chat Musa germplasm is more 
susceptible to M fijiensis t han M musicola. 
However, one accession of Pisang Mas, cv Suc­

rier from Queensland, was extremely resistant 
to M musicola in tests (table II). This reaction 

is surprising as Sucrier is known by persona! 
observation to be susceptible in the field in 
North Queensland. 

MUSA REACTION TO SIGATOKA DISEASE 

Triploids of the AAA genotype were generally 
susceptible to M musicola in the tests (table II). 
Exceptions were cvs Red, Green Red, Kluai 
Kbai Bonng and Yangambi Km 5, which ex­
pressed strong resistance. The reaction of Red 
and Green Red was unexpected as it is listed as 
being susceptible or partially resistant (VAKILI, 
1968). Indeed, persona! observations of Red in 
the field in North Queensland indicate chat it 
is susceptible. This would suggest chat with this 
clone, as with Sucrier, resistance is expressed in 
young plants and disappears as tissues mature. 
The reaction of one FHIA tetraploid cultivar of 
the AAAA genotype was also unexpected. SH 
3436 was rated as susceptible, but is known to 
have resistance in the field. 

Resistance levels were generally higher in tri­
ploids of the AAB genotype, a higher percentage 
of accessions being in the partially resistant and 
extremely resistant categories chan in the AAA 
genotype. 

Ail accessions of the ABB and ABBB genotypes 
tested were resistant to M musicola (table II). 
T his is in agreement with field observations 
(CHEESMAN and WARDLAW, 1937). 

conclusion 
Results indicate that the technique described 
here for the rapid assessment of Musa germ­
plasm for reaction to Sigatoka disease is useful 
and will detect most clones that have resistance. 
However, it may mislead on occasion. Useful 
resistance may be missed because it is not fully 
expressed in young plants. Conversely, some 
clones may show resistance as young plants, but 
this resistance may be lost in mature plants. 
More work needs to be undenaken to refine 
the methodology and also to distinguish more 
accurately the differing types of response of 
Musa to M musicola. 
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