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Control of PostharvestDisease®f Rambutan Using
Controlled Atmosphere Storageand Potassium
Metabisulphite or Trichodermaharzianum

D. Sivakumar R.S.Wilson Wijeratnam, R.L.C. Wijesundera
andM. Abeyeselere

Botryodiplodia theobomag Colletotrichum gloeosporioidesand GliocephalotriGium mi-

crochlamydosporumare the causalfungi of three ramhutan postharest diseasesstem-
end rot, anthracnosend bronn spot, respectrely. Two differenttreatmentsof ramtutan

fruits to control the diseasesvere investigated: applicationof potassiummetabisulphite
(250 ppm) or culture ltrate of Trichodermaharzianum(TrH 40) followed by controlled
atmospherstoragg/CA) at13.5 C and95%r.h. Potassiunmetabisulphiteat250ppmunder
CA effectively controlledthe incidenceand severity of the three postharest diseasesand

maintainedthe eatingquality and color of the fruit for 21 days. The greateseffect of this

treatmentwas on brown spotdiseasecausedy G. microchlamydosporum Application of

TrH 40 waslesseffective thanpotassiunmetabisuphite.
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INTRODUCTION

Ramhutan (NepheliumlappaceumL.) is a popular tropical fruit with high export
potential. However, during storageand transportation,postharest diseasedower the
quality and value of this commodity(9). AnthracnosgColletotrichum gloeosporioides
(Penz.) Sacc.),brown spot (Gliocephalotritium microchlamydosporund.A. Mey, B.J.
Wiley & E.G. Simmons)andstem-endot (BotryodiplodiatheobomaePat.) arethe major
postharestdiseasesf this fruit (2,5). Thesethreepostharestdiseasesanbe controlled
by the applicationof Bavistin (BASF, Colombo,Sri Lanka), but this leavesunacceptable
levelsof residuenthefruit (1). A safealternatie methodwasdevelopedto controlthese
three postharest diseasesvhich involved the combinedapplicationof biocontrol agent
TrichodermaharzianumM.A. Rifai) (TrH 40) anda GenerallyRegardedAs Safe(GRAS)
compound potassiunmetabisulphitgat 250 ppm), in low temperaturestorageat 13.5 C
and 95% r.h for 18 days (7). However, seashipmentto Europeanmarket destinations
takesabout21 days. Therefore the objective of this studywasto examinethe effect of
potassiummetabisulphitet250ppmor TrH 40 onnaturallyinfectedfruits undercontrolled
atmospheréCA) storagen low temperaturdor 21 days.
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MATERIALS AND METHODS

Preparation of pathogeninoculum The fungi B. theobomae C. gloeosporioidesand
G. microchlamydosporumvereisolatedfrom infectedramtutanfruits. Purecultureswere
maintainedon potatodextroseagar(PDA) at28 C.

A mycelial disc of 1.2 cm diam obtainedfrom a 4-5-dayold culture of the fungus
on PDA wastransferredo 100 ml of fresh,solidi ed PDA in a 250 ml conical ask and
incubatedat 28 C. G. microchlamydosporunand C. gloeosporioidesvere incubatedat
28 C for 4-5 daysand B. theobomaefor 14-15days. (B. theobomaerequires14-15
daysto sporulate.)At the endof theincubationperiod30 ml of steriledistilled waterwas
addedo eachcultureandthe asks wereshalenat50 rpm for 30 min in anorbital shaler.
The contentof eachconical ask wasthen Itered throughtwo layersof sterile muslin
cloth andthe concentratiorof the sporesvasadjustedo 10 sporesml by diluting with
sterilewater(7). This sporesuspensiomvasusedfor the inoculationof ramhutanfruits in
the experimentdescribedelow.

Preparation of spore suspensionof T. harzianum A 100-ml aliquot of of potato
dextrosebrothin a 250 ml conical ask wasinoculatedwith threemycelialdiscs(1.2cm
diam) obtainedfrom 5—7-dayold culturesof T. harzianumgrown on PDA. Theinoculated
mediumwasincubatedat 28 C in anorbital shaler (80 rpm) for 12 days,afterwhich the
culture was hanestedby ltering throughtwo layersof muslin cloth. The preparation
(culture Itrate at10 conidiaml concentrationjvasstoredat10 C until use(6).

Effect of CA and potassiummetabisulphite/TrH 40 on inoculated fruit A setof 30
ramhutanfruits var. "Malwana'speciakelectioratcolorstages (pericarp/5%redand25%
orangishred) was surfacesterilizedwith 75% ethanolandthe fruit surfacewaswounded
with a No. 2 cork borer (1.2 cm diam) to a depthof 3 mm. The woundwasinoculated
with 0.1 ml of the sporesuspensioifl0 sporesnl ) of thetestpathogenandincubated
for 3 h at 28 C. Theinoculatedwoundsof the fruits werethentreatedimmediatelywith
0.1 ml potassiunmetabisulphit€250 ppm) or 0.1 ml of theculture Itrate of TrH 40 (7).
TheinoculatedandTrH 40- or potassiunmmetabisulphite-treateftuits wereplacedin tray
packsand pacledin corrugatedcardboardboxeslined with pin-pricked polystyrenelm
andkraft paper(8). Thepaclkedfruits werestoredunderCA at13.5 C and95%r.h. for 10
days.A setof fruits inoculatedandtreatedwith steriledistilled wateror autoclavedculture
Itrate of TrH 40 senedascontrol.

Recorery of the pathogensind TrH 40 wasconductedyy removing the pericarpof the
fruit andhomogenizinghetissuein 0.1 M acetatduffer, pH 4.5(w/v 2:1). Thepreparation
was serially diluted and 0.1 ml of eachdilution was platedon PDA by the spreadplate
method. The plateswereincubatedat 28 C for 5-7 daysand obsenedfor growth of the
postharestpathogenandTrH 40 (7).

A completerandomizeddesign(CDR) was adoptedandthe experimentwasrepeated
twice. Datawereprocessedor analysisof variance. Thetreatmenmeansverecompared
by Duncans Multiple RangeTest(DMRT) at P=0.05.

Controlled atmosphere storage The CA consistebf animpermeablestoragechamber
madeof stainlesssteelwith a perspa lid anda gasinlet andoutlet. Theatmospherén the
chamberconsistedf 3% O and7% CO (3), appliedat a continuouso w rateof 30 ml

min  at95%r.h. overthefruits. O andCO concentrationsveremeasuredisinga gas
chromatograplGC-9A. Speci cationswere: column, Carboyen 1000; detectoy Thermal
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Conductvity Detector(TCD); carriergas(He) at 30 ml min ; oventemperature40—
225 C, atincrementf 20 C permin.

Naturally infected fruit A setof 45 naturallyinfectedfruits washarnestedanddipped
in 31 of potassiummetabisulphitg250 ppm) or 3 | of TrH 40 culture Itrate for 20 min

andthenleft to air-dry for 5 min (7). Then,thefruits werepaclkedandstoredasdescribed
above underCA storageat 13.5 C and95%r.h. for 21 days. Anothersetof 45 naturally
infectedfruits dippedin 3 | steriledistilled wateror 3 | autoclared TrH 40 andpacled as
describedabove, sened as control. The obsenationswererecordedas describedbelon

after21 daysin storage The experimentsvererepeatedwice.

Assessmenbf diseasancidenceand diseaseseverity Diseaséncidencevasexpressed
astheratio of numberof fruits with diseasesymptoms(brown spot,anthracnoser stem-
endrot) to total numberof fruits in a commercialpack. The severity was evaluatedby
measuringhe lesiondiameterof the diseasesymptomin cm (7). Statisticalanalysiswas
conductedisinga Statgra c programfor CDR designanalysisof variance.The treatment
meanswverecomparecdy DMRT at P=0.05.

Assessmenbf quality Eatingquality wasassesseledonicallyby a panelof six people.
Six fruits were randomly selectedfrom the packagecontaining fruits from different
treatmentainderCA andratedfor eatingquality (1 = poorto 9 = excellent)(4). Theskin
color of thefruit wasscoredaccordingto the hedonicscalefrom 1 = poorto 5 = excellent
skin color quality (6). At the sametime the skin color of the mid-sideof eachfruit was
measuredising a Minolta chomamete(9 mm aperture)and Commissioninternational
de I'Eclairage (CIE) color space(l* a* b*). Theresultswere analyzedaccordingto the
Freidmantwo-way test.

RESULTS

Fruits inoculatedand treatedwith potassiummetabisulphiteat 250 ppm or culture
Itrate of TrH40 and stored under CA at low temperaturehad signi cantly smaller
(P 0.05)lesiondiameterdor all threepostharestdiseases comparisorwith the control
fruits (Fig. 1). Potassiunmetabisulphitéreatmentesultedn smallerlesiondiameterthan
the TrH 40 culture ltrate treatment.The smallestesionswereseenin brown spotcaused
by G. microchlamydosporumjut the differencewasnot signi cant.

TABLE 1. Combinedeffect of potassiummetabisulphite(PM) or Trichodermaharzianum(TrH
40) underCA at low temperaturestorageon color retentionof ramtutanfruits (Color valueswere
determinedvith a Minolta chromameteusingCIE| ,a ,b )

Fruitsdippedin: | a b

PM, 250ppm 21.94 +57.0 +1.6
Steriledistilled water 27.93 +20.45 +18.5
Culture Itrate of TrH 40 27.95 +40.0 +4.6
Autoclavedculture ltrate of TrH40  27.95 +22.17 +16.2

I, lightness;a andb, chromaticcoordinates:+a value, red color; +b value, yellow color; the numericalvalue
expressesheintensityof thesecolors.
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Fig. 1. Mean lesion diameter of inoculated fruits (n=30) treated with 250 ppm potassium
metabisulphit¢PM) or Trichodermaharzianum(TrH 40) andheldundercontrolledatmospher¢CA)
atlow temperatureSDW, steriledistilled water; A. TrH 40, autoclaed TrH 40. Statisticalanalysis
wasdoneseparatelyor eachof thetestedorganismgP=0.05).

Fig. 2. Percentageecovery of the postharest pathogensfrom inoculatedfruits treatedwith
potassiummetabisulphite(PM) or Trichodermaharzianum(TrH 40) and held under controlled
atmosphergCA) at low temperature. SDW, steriledistilled water; A. TrH 40, autoclaed TrH 40.
Statisticalanalysiswasdoneseparateljor eachof the testedorganismgP=0.05).
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Fig. 3. Diseasencidenceof naturallyinfectedfruits treatedwith potassiunmetabisulphit€PM) or
Trichodermaharzianum(TrH 40) and held undercontrolledatmospheréCA) at low temperature.
SDW, steriledistilled water; A. TrH 40, autoclared TrH 40. Diseasencidenceis expressedasthe
ratio of numberof fruits with diseasesymptomso total numberof fruits in acommerciapack.

Fig. 4. Diseaseseverity (as measuredy lesiondiameter)of naturallyinfectedfruits treatedwith
potassiummetabisulphite(PM) or Trichodermaharzianum(TrH 40) and held under controlled
atmospherg¢CA) atlow temperatureSDW, steriledistilled water;A. TrH 40, autoclared TrH 40.
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Fig. 5. Color andeatingquality of naturally infectedfruits treatedwith potassiunmetabisulphite
(PM) or Trichodermaharzianum(TrH 40) and held under controlled atmosphergCA) at low

temperature.SDW, steriledistilled water; A. TrH 40, autoclared TrH 40. Statisticalanalysiswas
doneseparatelyor eachof thetestedorganismqP=0.05).

The recovery of the postharestpathogensvassigni cantly low (P 0.05)in all the
treatmentsn comparisorwith thecontrolfruits. In inoculatedtruits treatedwith potassium
metabisulphitetherecorerywas2—5%.Fruitsinoculatedandtreatedwith TrH 40revealed
13%recovery of the antagonistand 20—24%recovery of the threepostharestpathogens
(Fig. 2). In naturally infected fruits, potassiummetabisulphiteor TrH 40 under CA
signi cantly reduced(P 0.05) both diseasencidenceand meanlesion diameter(Figs.
3, 4). However, of the two treatments,potassiummetabisulphiteunder CA at low
temperaturevasthe moreeffective one. The naturallyinfectedfruits dippedin potassium
metabisulphiteand held underCA showved signi cantly higher(P 0.05)scoresfor color
(Tablel) andeatingquality (Fig. 5) thanthe othertreatments.

DISCUSSION

Carbondioxideis known to have afungistaticeffectat concentrationsf 15%or above,
but high CO concentrationtiave detrimentaleffectson the quality of tropical fruits (3).
A CO concentratioetweern’/% and12%is reportedo retard a vor andcolorlosswhen
the O concentrations 3% (M. Abeyeselere,unpublishedesults).However, the optimal
CO concentratiomdepend®n the cultivar of thefruit (3).

Potassiummetabisulphiteacts as an antifungal agent, and an effective antioxidant
(7), andits stability may have beenretainedin the low-O environment. Therefore,the
applicationof potassiunmetabisulphiteat 250 ppm to ramhutanfruit, and storageunder
CA (CO 7%andO 3%)atlow temperatur€13.5 C), effectively controlledthe diseases
causedby B. theobomae C. gloeosporioidesand G. microchlamydosporumcolor and
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eatingquality of the fruits weremaintainedor up to 21 days. Applicationof TrH 40 was

lesseffective thanpotassiunmetabisulphitainderCA. Probably the CA storageaffected
the activity andsurvival of T. harzianumdueto the high CO concentration(7%). This

was demonstratedby the low level of recovery of T. harzianum(Fig. 2). However, the

low temperaturg13.5 C) did not affecttherecovery of T. harzianum(8). A similar effect

of CA hasbeenobsened on mary otherfungi (3). Therefore potassiummetabisulphite
applicationand CA storage,in combination,can be usedcommerciallyto extend the

storagdife of ramtutanfruits upto 21 days.
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