






















































not heated by quarantine protocol and not inoculated 
with the yeast, control fruits heated but not inoculated, 
and heated fruits subsequently inoculated with C. guil­
liermondii at calculated rates of 104 or 10° cfu/cm2 of 
fruit surface. Each treatment consisted of 72 fruits. 

Except for controls that were not heated, fruits were 
placed into plastic bins that were stacked within a hot air 
chamber (Sharp et al. 1991), and air at 48°C (58-90% 
relative humidity) was forced through the column of 
fruits at an average of 0.4 m3/second for 3 hours. 
Because late season fruits arc more susceptible to heat 
damage, however, fruits harvested in April were treated 
at 47°C. After heating was completed, fruits were 
allowed to cool to 25°C. then coatings with and without 
C. guilliermondii were applied by dipping fingers into 
the suspension and spreading this over individual fruits. 
Coatings were at 80'1r of their undiluted strength after 
addition of the yeast suspension or addition of sterile 
water in the case of control fruits. Fruits were then 
placed into storage at 13°C for 2 months. During this 
time, fruits were examined weekly, and those showing 
signs of decay were discarded. Two fruits lacking signs 
of decay were sampled weekly by washing each for I 
hour in 100 mL of peptone/phosphate buffer within 
quart-size plastic freezer bags. One-tenth mL dilutions 
of the wash were cultured on MYEA-seb, and after 5 
days at 24°C all yeast colonies were counted. Individual 
colony counts were then referenced to the surface areas 
of the washed fruits calculated from their diameters. 

Results 

The recovery of C. guilliermonilii was dependent upon 
the fruit coating into which it was mixed (Fig. I). Survi­
val was greatest in Nature Seal, an emulsion primarily of 
methylcellulose, and averaged over SO°Ir, after 60 min­
utes. Recovery from the waxes FMC 214 and FMC 705 
was also satisfactory, averaging 70 and 55%, respec­
tively. Constituents of FMC 223 and Decco 402, how­
ever, quickly killed most yeast cells. 

When stored on filter papers as suspensions in the 
dried fruit coatings, or in dried buffered peptone, popu­
lations of C. guilliermondii initially declined then either 
stabilised or appeared to rebound (Fig. 2). After 60 days, 
whether applied at 5 x 104 or 5 x 106 cfu/filter, recovery 
was about cqual, but again dependent upon the coating. 
Recovery from Nature Seal rcmained between 104 and 
105 cfulfilter during the last month. similar to that in the 
dried buffered peptonc. In the waxes FMC 223 and FMC 
705, recovery ranged from 102 to 10' cfulfilter during 
this period. 

Treatment with hot air and applications of C. guil­
liermondii significantly (P s: 0.000 I) affected the recov­
ery of yeasts from grapefruit. Populations of native 
yeasts on control grapefruits before hot-air treatment 
averaged 3 x 102 cfu/em2 but declined to 2 x IO I/cm 2 
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after treatment at 4~oC (Fig. 3). These native popula­
tions thereafter recovered, often to levels as high as 
those that developed on unheated control fruits but, 
overall, heat significantly (P = 0.06) delayed population 
development. Applications of C. guilliermondii signifi­
cantly (P s: 0.000 I) increased the numbers of yeasts 
recovered, with specific coatings determining the ulti­
mate population levels. FMC 223 was more toxic to 
yeast cells in suspension than were FMC 705 and Nature 
Seal. Populations on fruits coated with FMC 223 there­
fore developed from a small number of survivors to a 
level approximately one tenth that on the other two 
coatings, the population development on which was not 
significantly different. 
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Figure I. Recovery of Candida guilliermondii when mixed at 
a final concentration of 105 cfu/mL with various 
fruit coatings. Means of 3 tests. 

Hot-air treatment of grapefruits significantly (P s: 
0,()00 I) accelerated their decay in cold storage regard­
less of which fruit coating was applied (Table 2). '1l1e 
shelf life of unheated control fruit surpassed the 60-day 
storage period of the experiment, whereas heated fruits 
averaged only 43 to 51 days before they needed to be 
discarded. Applications of C. guil/iermondii generally 
prolonged she I r life (P = 0.c)05). but the rate of applica­
tion, whether at I ()4 or 106 cfu/crn2, was not a significant 
factor. By applying this yeast to grapefruits, however, 
shelf life was increased from 5 to I I days or by 12-20%. 
Shelf life was affected by the type of fruit coating (P s: 
0.05); Nature Seal prolonged storage relative to F'v1C 
223, but other comparisons were not significant. 



Table 2. Shelf life of grapefruits comparing hohlir treatment and surl~1ce applications of Candida Ruilliermondii in the citrus 
coatings FMC 705. FMC 223. and Nature Seal. 

Treatment Citrus coating Mean 
---~~-----

Heat Yeast FMC 70S FMC 223 Nature Seal 

Number of days to decaya 

None None 67.21 a 
Heat None 43.74 b 
Heat 104 Cfu i cIll 2 50.67 ab 
Heat 106 cfll.em) 54.71 ab 

65.63 a 
44.19b 
50.66 ab 
49.50 ab 

64.56 a 
50.92 b 
56.73 b 
57.40 ab 

65.80 a 
46.28 c 
52.68 b 
53.87 b 

a Within column". means follo\ved by thL' same Jetter arc nol significantly different at P = 0.05 according to separation by LSD (least significant 
difference). Means of 200 fruits (600 fruits in 'Mean' column). 
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Figure 2. Recovery of the Candida Ruillicr/l/ondii from storage at 13°C when applied in various fruit coatings to filter paper disks 
at either 5 x 104 (a) or 5 x 106 (b) cfulfilter. Means on tests. 

Discussion 

One way that processed fruits may be predisposed to 
decay is through alteration of their surface mieroflora. 
Antagonists may be restored, but to be commercially 
acceptable, the application of a biocontrol agent must be 
compatible with packinghouse operations. Citms fmits 
normally go through a waxing step. and this could bc an 
ideal stage for application of an antagonist (Pusey et aL 
1986). Waxes are already available that are compatible 
with C. guillierl1londii. and other coatings, based per­
haps upon derivatives of cellulose or another carbohy­
drate, can be developed to enhance its growth. 

C. guillierl1londii has advantages for use as a bio­
control agent over some bacterial species. This and 
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many other yeasts can better survive adversity because 
they grow over a wide range of temperatures in 
extremely varied osmotic environments (Magan and 
Lacey 1986); they also utilise a large array of carbohy­
drates and organic acids (McLaughlin et al. 1990). 
Osmotolerance and the ability to subsist on nutrients 
available in the dried buffered peptone and fruit coat­
ings may explain the yeast's survival on coated filter 
papers. A residual survival and all ability to subsist on 
a broad range of nutrients may also explain how native 
populations on heated fruits can rebound. The applica­
tion of C. guilliermondii in a fruit coating that fosters 
its growth holds promise as a commercially acceptable 
method for biological control of postharvest pathogens 
of citrus fruits. 
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Figun' 3. [)",L'iopmcnt of populations of Conditio gllillicrllwndii on the surfaccs of unheated and heated grapefruits that had been 
coated with FYlC 705 (a). FMC 223 (b). or :--Iature Seal (e). Native populations (No heat O. Heat 0) on control fruits are 
comparcd with applications uf the yeast in the waxes to deliver 104 (lleat 4) or 106 (I kat 6) efu/cm2 Means of 4 tests. 
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Phomopsis Fruit Rot of Mango and Its Control 

c. Boonraung, u. Farungsang, and Somsiri Sangchote* 

PfiOMOPSIS nrangiferae Ahmed. causes stem-end rot on 
mangoes. Other stem-end rot pathogens of mangoes can 
be controlled by heat. and chemical treatments such as 
benomyl. Dipping mangocs in hot watcr at 53°C for 10 
minutes controlled anthracl1l)sc ami stcm-cnd rot effec­
tively. Hot benomyl (O.05'Ir .. 50°C) was reported as an 
effective control measure of P. mangi(erae for 2 weeks. 
In this study, the biology of P. nrangifc'rae and the mod­
ification of available control treatments for other stem­
end rot pathogens were evaluated. 

Experiment J: lso/ates ofP. mangiferaeji'om different 
production areas. Mature-green mango fruits were har­
vested from different producing areas, including Cha­
choengsao, Nakhon Pathom, and Ratchaburi. The fruit 
were packed in cartons, 12 fruit per carton, and ripened 
at 25°C. At ripening, the fruit were checked for Pho­
mopsis stem-end rot incidence. Diseased fruit were iso­
lated for the causal organism by the tissue transplanting 
method. Isolates of P. nrangiferae were tested on their 
virulence on mangoes cv. Nam Dorkmai by stem-end 
inoculation. The disease severity was checked at ripen­
ing. The most virulent isolate was selected for further 
study. 

Experiment 2: eu/timr susceptibility. Four cultivars 
of mango- Okrong. Kaew. Nang Klamgwan, and Nam 
Dorkmai - werc tested for their susceptibility to P. 
mangiferae. Fruit of each cultivar were inoculated at the 
stem end and incubated at 25°C, The disease severity 
was checked at ripening. 

Experiment 3: Pathogenicity on the other fruits. Four 
kinds of fruit - papaya, guava, banana, and rambutan 
- were tested for their susceptibility to P. nrangiferae. 
The fruit were inoculated and incubated as described 
above. TIle discase incidence was checked at ripening. 

Elperiment 4: Control measures. Mangocs cv. Nam 
Dorkmai were inoculated with P. nrangiferae and incu­
bated in a moist chamber for 14 hours. The fruits were 
then dipped in one of fivc chemicals - carbendazim, 
dithainon, imazalil, prochloral. or mycobutanil - at a 
concentration of 750 ppm for 5 minutes for comparison 
with dipping in hot watn at 53°C for 5 minutes. The 
treated fruit were ripened at room temperature. Percent­
age disease incidence was chccked at the ripening. 

* Department of Plant Pathology. Kaselsarl University. Bang­
kok 10900. Thailand. 
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Results 

Iso/ates of P. rrrangifcrae from different producing 
areas. Mangoes from dilTerent producing areas showed 
different percentages of disease incidence. The highest 
disease incidence was found Oil mangoes from Nakhon 
Pathom. The isolates of I'. f1/{l/lgiferae from these areas 
were similar in their Ilwrphological characteristics. 
There were no differences in the severity of disease 
caused by the different isolates. the isolate from Cha­
choengsao tended to be the most aggressive. 

Cu/rivar susceptibility. The four eultivars showed 
some differences in their susceptibility to P.mangiferae. 
Mango cv. Kaew was the most susceptible, while cv. 
Nam Dorkmai was the least. 

Pathogenicity on the other fruits. Banana, papaya, 
guava, and rambutan were infected by f'.mangiferae. It 
infected at the wounded part of the fruit, fruit rot 
resulted. Rambutan was the most susceptible to this 
fungus. 

Control measures. Dipping inoculated fruit in car­
bcndazim, dithainon. irnazalil. prochloraz, or mycobu­
tanil (750 ppm). or hot water (53°['). and incubating for 
14 hours. showell that all of thesc treatments could con­
trol the disease (Table I). 

Table l. Percent unaffected area on mangoes cv. Nain 
Dorkmai after inoculating with P.IIl(JIlRifcrae and 
dipping in different treatments for 5 minutes and 
ripening at room temperature. 

Treatment 

Carbcndazim 750 ppm 
Dithainon 750 ppm 
lmazalil 750 ppm 
Mycobutanil750 ppm 
Prochloraz 750 ppm 
Hot water at 53 C C 
Water at room temperature 

Area offmitunaffected ('7<') 

99.5a 
9X.2a 
98.la 
98.5a 
97.8a 
99.8a 
88.4b 

Means followed Q) the same 1('1ler arc not significantly different at 
5% level hy DMRT. 



Management of 'Jelly-Seed' in Mango 
(Mangifera indica L.) ev. Tommy Atkins 

David Mayne, V. Vithanage, and J.H. Aylward* 

Abstract 

'Jclly-seed' is a characteristic breakdown in the tlesh of ripening mangoes starting from around the seed and 

progressing towards the surfaee orthe fruit. causing it to develop an offensivc taste and smell. This is a postharvest 

problem which starts at the preharvest stage. Until the last stages of this tlesh breakdown. the affected fruit 
maintains a normal external appearance. A number of cultivars such as Tommy Atkins. Sensation. Kent, and Van 
Dyke are susceptihle to this disorder and it is a worldwide problem whenever mangoes arc grown. The cause of 
jelly-seed is unknown. Although a number of hypotheses based on harvest time, fungal. and nutritional aspects, 
have been put forward to explain this disorder, none of these has been experimentally proven. We believe that 

jelly-seed may be caused by a number offactors, one of which may be genetic. In ollr quest to find a management 
tool for this disorder. we investigated the effect of flowering time on jclly-seed incidcnce. Our results show that 

delaying the flowering can significantly reduce the incidence or jelly-seed in Tommy Atkins mango. The methods 

we developed to delay the flowering time and the significance of these results will be discussed. 

* C5JRO Division of Horticulture. 306 Carmody Road. 5t 
Lucia. Queensland 4067, Australia. 
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Session Summaries -
Contributed Poster Papers 



Overview Issues - Maturity Assessment -
Postharvest Diseases and Disorders 

Chainnan: Dr Peter Hofman, Queensland Department of Primary Industries, Australia 
Rapporteur: Dr Grantley Chaplin, Horticultural Consultant, Australia 

Overview Issues 

Dr Farooqi described a series of postharvest studies conducted on tropical fruit in 
Pakistan. These included low temperature waxing and chemicals, as well as disease control 
and packaging. 

Interesting infollnation on the potential for cultivation and processing of tropical fruits in 
Papua New Guinea was presented by Dr Ihekoronye and Mr Levi. 

The need for careful quality control and detailed information about tropical fruits 
exported to temperate areas was emphasised by Professor Roy. 

Maturity Assessment 

Dr Blumenfeld carefully defined the various physiological stages of avocado - a major 
export crop of Israel. Special attention was given to the relationship of oil, dry matter, and 
taste to develop an objective maturity index. 

Similarly, Dr Shanthi described maturity studies on Sri Lankan Ambul bananas. 
Professor Onnop and colleagues have established correlations between the 
physicochemical measurements and eating quality of various longan cultivars in Thailand. 

Postharvest Diseases and Disorders 

Mr Cooke analysed the relative effects of weather and packing-house operations on final 
quality of ripe Australian mangoes, rain at harvest being deleterious. 

Time of tlowering was shown by Mr Mayne to influence incidence and severity of 
'jelly-seed' in Tommy Atkins in Australia and speculated that pollen 'quality' may be a 
factor. 

Dr Richter showed how physical damage and storage temperature and chemical 
treatments influences the development of sour rot of imported citrus in Gennany. 

'Semperfresh' was investigated as an alternative to refrigeration on several fruit species 
by Mr Negoni in Zimbabwe. Benefits were found in only some cultivars. 

Dr Hardjo investigated disease-control treatments for Indonesian mangoes to detennine 
optimal treatment conditions. Dr Sepiah investigated disease control in a new papaya 
cultivar in Malaysia by assessing several chemicals in plate and fruit treatment studies. 

Freckle disease has become widespread on most banana cultivars in Sri Lanka and export 
opportunities are thereby limited. Professor Nimol showed that improved cultural practices 
reduced the disease and also increased fruit yield. 

Miss Ubol studied the internal CO2 and C2H4 atmosphere of pre- and postharvest 
avocados by a new eqllil ibration technique to monitor ripening of wrapped andllnwrapped 
fruit. The method was simple. non- destructive, and gave consistent results. 

Dr MeGuire's poster was read by Dr Champ: a yeast antagonistic to Penicillium, applied 
to grapefruit in commercial waxes was found to extend storage life of fruit by up to 20o/c. 
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