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Preliminary Studiesof in vitro Stimulation of Sexual
Mating amongIsolatesof Mycosphaerella�jiensis , Causal
Agent of Black SigatokaDiseasein Bananasand Plantains
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Single-ascospore-derived isolatesof Mycosphaerella �jiensis Morelet from falsehorn 'Ag-
bagba' plantain leaves obtained from � ve different villages in southernNigeria were
stimulatedto mate under arti�cial conditions. Pairs of isolateswere incubatedunder
blacklighton potatodextroseagar (PDA) with surface-sterilizedplantainleavesor on PDA
with autoclaved plantain leaves. Someisolateswere observed to be sexually compatible
by their ability to producesphericalto bulb-shapedfruiting body structures(FBS) and
ascosporesonpairing.FBSwereobservedto measurebetween39–65� m (smallestdiameter)
and 39–104 � m (largestdiameter;mean55.3� 71.1 � m) in diameter, whereasascospore
lengthsmeasuredbetween13.0and14.9 � m. Lengthof incubationtime requiredfor FBS
productionwasdependenton thepairof isolatesinvolved,theaveragebeing40.1days.With
somepairs,ascosporeswereobservedafter35daysof incubation.
KEY WORDS:Mycosphaerella �jiensis; mating;sexual reproduction;blackSigatoka;Musa
sp.

INTRODUCTION

Black Sigatoka diseasecausedby the ascomycetefungus Mycosphaerella �jiensis
Morelet is the most destructive leaf spot diseaseof plantainsand bananas.M. �jiensis
producespseudothecia,ascosporesandconidiosporesproli�cally on plantainandbanana
leaves. The major sourceof inoculumfor infection is ascosporesdischargedfrom older
infectedleaves(6,9). Yield lossesdueto this diseaseon plantainsandbananashave been
reportedto bebetween20%and90%(1,4,10,14,20).

Althoughresistanceto blackSigatokadiseasehasbeena breedingobjective for many
years(1,16,21),knowledgeof the pathogenicpotentialof the pathogenand its capacity
for sexual reproductionandgeneticrecombinationhasnot beenspeci�cally addressed(5).
Studiesof the geneticstructureof M. �jiensis on a global scaleshowed that populations
canmaintaina high level of geneticdiversity andthat recombinationplaysan important
role in thispathogen(2,3).Furthermore,reportson theappearanceof strainsof M. �jiensis
resistantto differentfungicidesabound(1,15,17,19).
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Knowledgeof geneticrecombinationof M. �jiensis is thereforeimperative for black
Sigatokabreedingand resistancemanagement,sincerecombinationdeterminesthe ap-
pearanceof new genotypesbreakinghostplant resistanceor developingtoleranceagainst
fungicides. However, this canbe achieved by �rst stimulatingthe pathogento undergo
sexualreproductionin vitro. M. �jiensis growsslowly oncommonculturemedia.Although
pseudotheciaareproducedabundantlyin the �eld, very little is known aboutlaboratory
studiesof sexual reproductionof M. �jiensis. In 1990, for the �rst time, Mourichon
and Zapaterreportedpseudotheciafrom sexually compatibleM. �jiensis isolatesunder
controlledconditionsin vitro (11). However, theseauthorsdid not report the harvestof
viable ascosporesobtainedin vitro. Sincethen, to the bestof our knowledge,no other
work hasbeenpublishedon in vitro sexual studiesof M. �jiensis. Mengistuet al. (7)
describedifferentmethodsto achieve sexual matingandthe productionof ascosporesin
vitro with singleascosporeisolatesof Leptosphaeriamaculans(Desmaz.)Ces.& DeNot.

There is a needfor more reliable and repeatablemethodsof ascosporeproduction
for controlledmatingandgeneticanalysis. This work aimedat gaining moreinsight on
M. �jiensis usinga simplemethodologyandcompatiblepairsto stimulatesexual mating
amongM. �jiensis isolatesfrom southernNigeriaunderarti�cial conditions.

MATERIALS AND METHODS

Media preparation Potatodextroseagar (PDA; Difco, Detroit, MI, USA) from dehy-
dratedpowder waspreparedandsterilizedaccordingto the manufacturer's speci�cation
andplantainleaf pieceswereadded. Unexposedpartsof 'Agbagba' falsehorn plantain
leaves which had not unrolled (forming a `cigar') were taken from plants already
establishedin the �eld. Leaveswerecut into small piecesof � 2 cm

�

andprocessedas
follows:

(i) PDA with surface-sterilizedplantainleaves(PSL): Four surface-sterilized(0.88%
sodiumhypochlorite,7 min) plantainleaf piecesweredippedin moltensterilePDA and
placedon topof alreadysolidi�ed, sterilePDA in eachglasspetri dish.

(ii) PDA with autoclaved plantain leaves (PAL): Insteadof surfacesterilizing, leaf
pieceswere put into glasspetri dishescontaining � 40 ml PDA eachand autoclaved.
Beforethe PDA solidi�ed, leaf pieceswereextractedfrom themediumwith forcepsand
four pieceswereplacedon topof alreadysolidi�ed PDA in eachglasspetri dish.

Fungal Cultur es Single-ascospore-derived isolatesof M. �jiensis from � ve villages in
southernNigeria(Table1) weresubculturedon PDA at 25–29

�

C for 10–20daysin order
to obtainactively growing culturesfor matingexperiments.Myceliaof themostvigorously
growing isolateswerescrapedintosmallquantitiesof steriledistilledwaterto formseparate
suspensions.

Aliquots ( � 2 ml) of the fungal suspensionof eachselectedisolateweremixed with
aliquotsof eachof the othersin separatepetri dishes. Suspensionmixtureswere then
placeddirectly on top of thefour leaf pieces(PAL or PSL) in petri dishes.Thenthepetri
dishesweresealedwith Para�lm andincubatedfor 56 daysundercontinuousblacklight,
producedby two Sylvania�uorescentlamp tubes(F40/350BL) �x ed 40.5cm above the
cultureplates.Eachpair of isolateswasthusculturedfour times(replications)in thesame
petri dishpermedium.Temperaturewasmaintainedbetween25and29

�

C.
After 21 daysof incubation,the top of eachpair of cultureswasscrapedandviewed

undera Leitz Laborlux S microscopex20 �tted with a Leica Wild MPS 52 camera,for
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TABLE 1. Villagesselectedfor thesamplingof singleascosporeisolatesof Mycosphaerella �jiensis
on falsehornplantainAgbagbain southernNigeria,1995

Village State Latitude,N Longitude,E IsolateNo.
Onne Rivers 4 � 43' 7 � 11' 542
Kpite Rivers 4 � 44' 7 � 18' 573
Igbo�a CrossRiver 5 � 30' 8 � 05' 639,645,

650,653
Umoghun Edo 5 � 59' 5 � 57' 848,853,

854,862
Omotosho Ondo 6 � 47' 4 � 38' 803

thepresenceof asci,ascospores,pseudothecia,and/orotherfruiting bodystructures(FBS).
Thentheplateswereresealedandincubatedfor re-examinationafter28,35,42,49and56
days.

Exp. 1: Stimulating sexual reproduction among isolatesof M. �jiensis on differ ent
cultur e media Mycelia of isolates639, 645, 650 and 653 from Igbo�a and isolates
848, 853 and 862 from Umoghunwere paired with mycelia of isolate 854 also from
Umoghun(Table2). Isolate854 wasusedasa partnerof all the other isolates,because
in earlierexperimentsit hadalwaysproducedthemostvigorouscultures.In otherwords,
culturesfrom isolate854grew fasterthanculturesfrom otherisolates,andalwaysproduced
conidiosporesearlierthandid otherisolates(unpublisheddata).Suspensionmixtureswere
placeddirectly on top of the four leaf piecesof bothmedia,PAL or PSL, in petri dishes.
Growing cultureswereevaluatedasdescribedabove.

Exp. 2: Compatibility amongisolatesfr om the � ve villages Singleascosporeisolates
of M. �jiensis from � ve villageswereusedto pair every isolatewith eachother(Table3)
andplatedonto PAL, incubated,andevaluatedasdescribedabove. Only PAL wasused,
sinceit waseasierto prepareandhandle.Additionally, previousresultsdemonstratedthat
therewasnodifferencein thematingof M. �jiensis whenusingPSLor PAL.

RESULTSAND DISCUSSION

Isolatesfrom UmoghunandIgbo�a wereselectedfor Exp. 1 becausethesevillages
were most distant from each other (Table 1). Carlier et al. (3) and Müller et al.
(12,13)reportedthat isolatesfrom distantareasweregeneticallymoredifferentfrom each
other, than isolatescollectedfrom more closely locatedareas. In Exp. 1, four of the
seven combinationsof arti�cially paired isolatesproducedFBS after 21 to 35 daysof
incubation(Table2), indicatingthat somereproductive processesfollowed pairing under
theconditionsmentioned.To thebestof ourknowledgethis is the�rst time that(partially)
compatiblepairs from isolatesof M. �jiensis producedFBS and ascosporesunder the
describedconditionsin thelaboratory. In thematerialscrapedfrom fungal coloniesof pair
650*854,FBSwerealwayspresent,irrespective of medium.Pairs639*854and650*854
producedFBSalsoonbothmedia,whereaspairs853*854and653*854producedFBSonly
on PAL or PSL, respectively. Of the four pairs that producedFBS, threealsoproduced
ascospores(Table 2). Pair 639*854producedascosporeson both media,whereaspairs
853*854and653*854producedascosporesonly onPAL or PSL,respectively. However, it
is alsopossiblethatarti�cially pairedcultureswithout FBSor ascosporeswerenot given
enoughtime to produce(or not) fertile perithecia.
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TABLE 2. Formationof fruiting body structures(FBS) and/orascosporesamongsingleascospore
isolates of Mycosphaerella �jiensis from southernNigeria on different culture media, under
continuousblacklightat 26–29� C, 1995

Pairs Incubationtime (days)
21 28 35 42 49 56

PAL
�

639*854 - + +x - + -
645*854 - - - - - -
650*854 + + + + + +
653*854 - - - - - -
848*854 - - - - - -
853*854 - - x - - +
862*854 - - - - - -
PSL

�

639*854 - + x - - -
645*854 - - - - - -
650*854 + + + + + +
653*854 - + x - - -
848*854 - - - - - -
853*854 - - - - - -
862*854 - - - - - -

�

PAL: PDA with autoclavedplantainleafpieces;PSL:PDA with surfacesterilizedplantainleafpieces.
- NeitherFBSnorascospore(s)observed.
+ FBSonly observed.
x Ascospore(s)only observed.
+x BothFBSandascospore(s)observed.

TABLE 3. Formation of fruiting body structures(FBS) and/or ascosporesamong � ve single
ascosporeisolatesof Mycosphaerella �jiensis from southernNigeriaafterincubationonPAL

�

, under
continuousblacklightat 26–29� C, 1995

Incubationtime (days)
Pairs 21 28 35 42 49 56
650*542 + + + + + +
650*573 - - - + + +
650*803 - - - - - +
650*854 - + +x + + +
542*573 - - - - - -
542*803 - - - - - -
542*854 - - - - - -
573*803 - - - - - -
573*854 - - - - - -
803*854 - - - - - -

�

PAL: PDA with autoclavedplantainleafpieces.
- NeitherFBSnorascospore(s)observed.
+ FBSonly observed.
+x BothFBSandascospore(s)observed.

All thepairsinvolving isolate650producedFBSin Exp. 2 (Table3). In fungal material
scrapedfrom colonies650*854,ascosporeswerealsofound after 35 daysof continuous
incubation(Table3). Theotherpairsof isolatesdid notproduceFBSand/orascospores.In
addition,duringExp. 1, pair650*854wastheonly onewhichonall observationdatesand
onbothmedia,FBSwerealwaysfound.Thissuggeststhatisolate650is sexually different
from and(partially) compatiblewith theotherisolates.
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TABLE 4. Incubationtime (IT) for productionof fruiting bodystructures(FBS)from differentpairs
of Mycosphaerella �jiensis afterincubationundercontinuousblacklightfor 21–56daysat26–29� C,
southernNigeria,1995

Pair MeanIT for FBSproduction
(days)

650*542 28.0a
�

650*854 33.3ab
650*573 47.3bc
650*803 56.0c

�

Meansfollowedby acommonletterdonotdiffer signi�cantly atP=0.05accordingto Duncan's Multiple Range
Test.

Fig. 1. Mating betweensingleascosporeisolatesof Mycosphaerella �jiensis in vitro. Top, fruiting
bodystructure;bottom,releasedascospore.

It was interestingto notethat if ascosporeswereproduced,they wereobserved after
35 daysof incubation,irrespective of themediumandisolatesinvolved (Tables2 and3).
As incubationtime increased,ascosporeswereno longerobservedfrom thesepairsor any
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otherpair. Undernaturalconditionsit takesabout42 daysfor ascosporesto beproduced
in vivo in falsehornAgbagbaplantainleaves(6). MourichonandZapater(11) inoculated
youngbananaplantsin the greenhousewith differentpairsof M. �jiensis andobserved
formationof pseudotheciaapproximately5 weeksafterinoculation.

Of the seven pairs that producedFBS (Tables 2 and 3), four pairs representing
57% also producedascospores,indicating that the FBS were fertile. Except for these
combinationswhich producedascospores,no completecompatibility was proven for
the other combinations. It seemsthat sexually compatibleisolatesrequire a certain
developmentperiod beforepairing and conditionssuitablefor mating. Mourichon and
Zapater(11) reportedalsocasesof sexual incompatibilitybetweenisolatesof M. �jiensis
uponpairing in vitro. Thus,sexual matingamongM. �jiensis isolatesdependson their
sexualcompatibility, i.e., two differentmatingtypesmustuniteto completeasexualcycle.
M. musicola, acloselyrelatedfungus,hasbeenreportedto beheterothallicalso(18).

Althoughfour pairsproducedFBSin Exp. 2 (Table3), theincubationtimerequiredfor
their productionvariedsigni�cantly (P=0.05)between28 and56 days(Table4). Stover
(18),workingwith M. musicola, observedpseudotheciain bananaleavesafter4 to 6 weeks
of inoculationwith pairedascosporesor conidial cultures. The signi�cant differences
observed could be due to their innategeneticcomposition,which probablyaffects their
rateof geneticrecombinationwhichoccursduringsexual reproduction(1,2,3,5,12,13).

Sphericalto bulb-shapedFBS (Fig. 1, top) and ascospores(Fig. 1, bottom) were
observed, resemblingrespectively pseudotheciaandascosporesof naturallyoccurringM.
�jiensis. Whilediametersof FBSfrom combinationsof arti�cially pairedisolatesmeasured
between39–65� m (smallestdiameter)and39–104� m (largestdiameter;mean55.3–71.1

� m; n=18),ascosporeslengthsmeasuredbetween13.0and14.9 � m (Fig. 1), respectively.
Measurementsof diametersfor naturallyproducedpseudotheciarangebetween50 and85

� m (mean63 � m) andlengthsof ascosporesrangebetween11.5and15.6 � m (mean13.7
� m), respectively (8). Theresemblanceof observedFBSandascosporesto thosedescribed
by MeredithandLawrence(8) asoccurringnaturallywithin diseasedleaf tissuessuggests
thatsexually compatiblepairs,matedin vitro, mayhavegonethroughasexualreproductive
processequivalentor similar to thenaturalone.

In summary, it was shown that sexually compatibleisolatesof M. �jiensis can be
stimulatedto reproducesexually under arti�cial conditions,as proved by their ability
to produceFBS and/orascosporesupon pairing. Incubationtime requiredto produce
FBSamongpairsvariedsigni�cantly (P=0.05)between28 and56 daysfrom pair to pair
dependingon the isolatesinvolved, indicatingthat therearedifferencesin fertility among
isolates. Singleascosporesobserved after 35 daysof incubationcould not be harvested
becausethereweretoo few of them.More researchis still neededto increasethecapacity
for pseudotheciaandascosporeproduction.
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