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ABSTRACT 
 

A study was conducted in the Department of Plant Pathology in collaboration 
with Institute of Horticultural Sciences, University of Agriculture, Faisalabad 
during the year 2008. The objective was to see the effect of five different 
fungicides like Prochloraz, Deconil, Carbendazim, TBZ (Thiabendazol) and 
Mancozeb as dip treatments on black spot decay of mango during storage at 
20°C. The results revealed that Mancozeb and Prochloraz proved as the most 
effective fungicides. Maximum mean lesion diameter was observed in control 
(15.72 cm) followed by Daconil (15.55 cm) and Carbendazim (8.96 cm). 
Minimum lesion diameter was observed in case of Mancozeb (5.12 cm). The 
efficacy of hot water treatment was also tested with a temperature range of 40 
to 60°C. Maximum mean lesion diameter (15.42 cm) was obtained in hot water 
treatment of 45°C followed by 50°C (13.52 cm) and 55°C 12.52 cm). The lowest 
mean lesion diameter (11.14 cm) was achieved at 60 °C. Hot water treatments 
of fruits significantly reduced decay development caused by Alternaria. 
 
KEYWORDS: Mango fruits; Alternaria alternate; fungicides; dipping; 

Pakistan. 
 

INTRODUCTION 
 
Mango (Mangifera indica L.) enjoys a good status in the international market 
because of its delicious taste and high caloric value. This fruit has become an 
essential fruit crop in Asia, Southern and Central America and also in many 
parts of Africa. Due to its diverse production conditions and vast area grown, 
this fruit suffers from a number of diseases, some of them take heavy toll on 
the crop and represent as limiting factors.  
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Susceptibility of mango fruits to post harvest diseases increases after harvest 
and also during prolonged storage period which result in physiological 
changes and pathogen development in fruit (3). Alternaria black spot 
(Alternaria alternata) has become the most important disease of stored 
mango fruits. This disease can be minimized by field spray treatments with 
Mancozeb starting 2-3 weeks after fruit set (11) or by a postharvest dip 
treatment in 900 µg/ml Prochloraz (12).  
 
Preharvest treatment reduces the A. alternata quiescent infected area as 
determined by isolation of tissue (11) and the incidence of decay after 
harvest, while the postharvest treatment inhibits the development of 
quiescent infections ( 12,13). Preharvest sprays and one single postharvest 
dip treatment with Prochloraz gave similar results (12). 
 
Prusky et al. (13) concluded that hot water spray and fruit brushing (hot water 
brushing-HWB) treatment reduce the incidence of postharvest disease 
caused by Alternaria alternata and improve mango fruit keeping quality. 
Meath (7) observed that mature green hard mango fruits dipped for three 
minutes in heated (50°C) aqueous solutions of Mancozeb  (3g  a. i. /l)  and 
Iprodione (0.5 and 0.75g  a.i./l) gave excellent control of stem-end rot 
infections. He found no signs or symptoms developed either in storage or 
during ripening and afterwards. Wagan et al. (18) reported that rottening on 
all varieties was significantly inhibited when fruits were dipped in hot water at 
55оC followed by 50оC for five minutes before inoculation. Mansour et al. (6) 
isolated Alternaria alternata, Botryodiplodia theobromae and Botrytis cinerea 
from rotted fruits of mango cultivars Keitt, Kent and Tommy Atkins, and 
proved that these pathogens were highly pathogenic to all these varieties. 
They found that dipping fruits in hot water (HW) at 50оC for five minutes or 
holding in hot air (HA) for 4 hours at 40о C did not damage the fruit. 
Combination of HA followed by HW (HA + HW) was the most effective for 
retarding postharvest disease without peel blackening and fruit damage. 
These heat treatments, especially HA+HW increased the shelf life of 
inoculated and uninoculated fruits. Meijiao et al. (8) dipped the fruits of 
mango in 16 percent Prochloraz and Iprodine (267 µg/ml) for 3-5 minutes, 
where Iprodine was found to be the best. Prusky et al. (14) observed that 
spore germination and germ-tube elongation of A. alternata in vitro were 
inhibited by 95 and 65 percent, respectively, by exposure to 1.25 mM HCl, 
while fungal germination was completely inhibited by 2.50 mM HCl. They 
further found that  application of a combination of hot water spraying and 
brushing (HWB) for 15-20 seconds, followed by spraying with 50 mM HCl 
effectively controlled Alternaria rot in stored mango fruit. Similar HWB 
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treatments followed by spraying with increasing concentrations of Prochloraz 
at 45 to 900 mg ml<sup>-1</sup> in 50 mM HCl, proved as effective 
treatment with the acid alone, in preventing Alternaria rot development. 
Esguerra et al. (4) found that hot water treatment (HWT) of mangoes is long 
treatment time for disease control, which consists of a 10 minutes dip at 52-
55°C followed by 10 minutes hydrocooling, and 30 minutes drying prior to 
packing. This treatment is considered a bottleneck in packing house 
operations, resulting in slow adoption or misapplication of HWT. Jabber et al. 
(5) found Topsin-M (1g/l) as the most effective as field dip treatment in 
suppressing post harvest diseases in mango. They also observed that 
HWQT @ 48°C for 60 minutes significantly reduced the post harvest 
diseases in this fruit. 
 
In the present work, simple technological improvements involving hot water 
and fungicides treatments were explored against alternaria black spot in 
mango for its optimum quality. 
 

MATERIALS AND METHODS 
 

This study was conducted in the Plant Pathology Department in collaboration 
with Institute of Horticultural Sciences, University of Agriculture, Faisalabad, 
Pakistan during the year 2008.  Rotted mango fruits of three cultivars 
(Sindhri, Chaunsa and Dosehri) were collected from local markets of 
Faisalabad and cold storage of Institute of Horticultural Sciences. Isolations 
were made by common isolation technique. For this purpose, infected 
portions of fruits alongwith healthy areas were cut into small pieces, 
immersed in 0.1 percent mercuric chloride solution for about two minutes, 
rinsed twice in distilled water, dried and then placed on potato-dextrose agar. 
The fungi associated with the diseased pieces were isolated and identified 
with the help of available literature (1). The frequency of pathogens isolated 
from each variety was calculated by the following formula 
 

                  Total number of pieces colonized by a pathogen 
Colonization (%) = ———————————————————————x 100 

                Total number of pieces of rotted fruits 
 

Pathogenecity of isolated fungus 
 

The pathogenecity test of the most predominant fungus (Alternaria alternata) 
was carried out under laboratory conditions. The spore suspension of the 
fungus was prepared from seven days old culture by adding 25 ml distilled 
sterilized water in petri dish. The number of spores in one milli litre of water 
was counted with the help of haemocytometer. Healthy mango fruits were 
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surface sterilized with 70 percent alcohol to make them free from surface 
contamination and then washed thoroughly with distilled water. The fruits 
were inoculated with spore suspension of Alternaria alternata 
(1x105spores/ml of water) with camel hair brush after making injuries with 
sterilized needle.  The untreated fruits were considered as control. All mango 
fruits were placed on newspaper under bell jar for daily observation. Water 
was sprayed twice a day with the help of atomizer to provide moisture for 
fungus growth. After few days fruits started to decay and decayed fruits were 
washed with distilled water. To confirm the Koch postulates re-isolation of 
fungus was made by adopting the method described earlier.    
 
Management 
 
For evaluating the efficacy of different fungicides, hard firm fruits were dipped 
in fungicides solutions of Carbendazim, Deconil, Mancozeb, Thiabendazole, 
and Prochloraz @ 450 mg, 2g, 2ml and 0.5 ml per litre of water, respectively. 
 
The untreated fruits were used as check. Fruits were injured with the help of 
sterilized needle and then inoculation was carried out. Fruits were incubated 
at 20оC.  The data were recorded after 5, 10, 15 and 20 days and then 
analyzed statistically (16). Mango fruits were also dipped in hot water baths 
at different temperatures of 45°C, 50°C, 55°C and 60°C for five minutes each 
to test the effect of hot water treatment (HWT) on post-harvest decay caused 
by Alternaria alternata. The untreated mango fruits were considered as 
check. The mango fruits were artificially injured with sterilized needle and 
then sprayed with already prepared spore suspension of the fungus. The 
data regarding the black lesion present on mango fruit were recorded after 
the appearance of lesions on mango fruits. The length and width of lesions 
were measured with measuring tap and then average of length and width 
was calculated for mean lesion diameter. 
 

RESULTS AND DISCUSSION 
 

The data (Table 1) showed maximum rotting in Chaunsa (55%) followed by 
Sindhri (30%) and Dosehri (22%). 
 

Table 1. Incidence of rotting of mango fruits. 
 

Variety Total fruits Diseased fruits Rotting 
percentage 

Chaunsa 360 199 55 
Sindhri 360 107 30 
Dosehri 360 78 22 
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Isolation of fruit rotting fungi: 
 
The fungi responsible for causing post-harvest decays were identified as 
Alternaria alternata, Botryodiplodia theobromae, Aspergillus niger and 
Aspergillus flavus on the basis of their typical colony characteristics and 
spore morphology. These results confirm the findings of Prusky et al. (10) 
who isolated Alternaria altrnata from rotted mango fuits alongwith Aspergillus 
niger, Aspergillus flavus and Botryodiploidia theobromae. Some other 
scientists (2, 13) also isolated the same fungi from decayed mango fruits. 
 
The frequency of isolated fungi was estimated by standard formula as 
described previously. The results (Table 2) show that maximum frequency of  
Alternaria alternata  was in Chaunsa (54.60%) followed by Sindhri (52.33%) 
and Dosehri (11%). The high frequency of Alternaria alternata may be due to 
the reason that mango is a fruit of both tropical and sub-tropical regions. 
Prusky et al. (10) also report similar findings.     
 

Table 2. Frequency of fungi (%) isolated from rotted mango fruits.  
 

Variety Alternaria alternata Aspergillus niger 
 

Aspergillus 
flavus 

Botryodiploidia 
theobromae 

Chaunsa 54.60 26.97 13.06 5.36 
Sindhri 52.33 37.31 4.67 5.60 
Dosehri 11.00 20.00 65.00    4.00 

 

Pathogenicity test 
 

The pathogenicity test revealed that symptoms of disease infection appeared 
after 5 days more prominently on Chaunsa and Dosehri varieties. The mango 
fruits artificially injured with inoculating needle and then inoculated with spore 
suspension of Alternaria alternata, were found to be completely rotted after 
seven days. The rotting was not observed on uninjured fruit sprayed with 
distilled water (control) (Table 3). 

 
Table 3. Disease infection (%) of mango cultivars in different treatments. 

 
Treatments Infection (%) 
 Chaunsa Sindhri Dosehri 
Uninjured fruits sprayed with distilled water (control) 0 0 0 
Injured inoculated fruits 75 65 50 

 
Management of fruit rots 
 

Hot water treatment: The data indicated that rate of lesion was faster in 
case of check which reached to 27.00 cm after 20 days with a mean of 17.38 
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cm. Among hot water treatments maximum mean lesion diameter (15.42 cm) 
was noted in hot water treatment of 45°C followed by 50°C (13.52 cm) and 
55°C (12.52 cm) (Table 4). The lowest mean lesion diameter (11.14cm) was 
noted at 60°C. The present results are also in line with the findings of Jabber 
et al. (5) who showed that HWQT at 48°C for 60 minutes significantly 
reduced the post harvest diseases in mango. In present study hot water 
treatment of 55°C and 60°C proved effective against Alternaria black rot of 
mango fruits. These results are in line with those of Wagan et al. (16) who 
found that rotting in all varieties could  significantly be inhibited by dipping of 
fruits in hot water at 55оC followed by 50оC for five minutes before 
inoculation.  
 
Table 4. Effect of hot water treatments on lesion diameter of mango fruits 

stored at 20 °C at different storage periods. 
 

Hot water treatment Lesion diameter (cm) Mean 
5 Days 10 Days 15 Days 20 Days  

Control 9.883h 13.23f 19.47c 27.00a 17.38a 
45оC 7.000j 12.00g 17.50d 25.17b 15.42b 
50оC 6.5000j 9.900h 17.17d 20.50c 13.52c 
55оC 6.000jk 9.567hi 17.00d 17.50d 12.52d 
60оC 5.000k 8.500i 14. 57 16.50 11.14e 

 
In case of fungicides, Mancozeb and Prochloraz proved to be the most 
effective against the disease incidence. The data (Table 5) showed that 
maximum mean lesion diameter was observed in control (15.72 cm) followed 
by Daconil (15.55 cm) and Carbendazim (8.96 cm). The latter fungicide was 
statistically at par with TBZ (8.46 cm). The lowest mean lesion diameter of 
mango fruits was noted in Mancozeb fungicide (5.12 cm) followed by 
Prochloraz (5.62 cm). 
 
Table 5. Effect of different fungicides on lesion diameter of mango fruits stored at 

20°C at different storage periods. 
 

Fungicides 
Lesion diameter after Mean 

5 Days 10 Days 15 Days 20 Days  
Control 8.000g 12.00f 19.18c 23.00b 15.72a 
Prochloraz 2.000k 3.517j 5.967hi 11.02f 5.62c 
Mancozeb 2.583jk 2.933jk 6.053hi 8.920g 5.12d 
TBZ 6.250hi 5.967hi 8.567g 13.07e 8.46b 
Carbendazim 5.517i 6.900h 8.567g 14.85d 8.96b 
Daconil 6.933h 12.05f 18.59c 25.29a 15.55a 
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According to these results, Prochloraz and Mancozeb were found to be the 
most effective in reducing the extent of fruit spoilage at 20 °C temperature 
thus, helped in extending the shelf life of mango fruit. Prusky et al. (10) also 
reported that Prochloraz reduced the black decay caused by Alternaria 
alternata. These results are further strengthened by the results obtained by 
Mansour et al. (6) and Wagan et al. (16). Mancozeb proved to be effective 
against black decay of mango fruits during storage as reported by Meath (7).  
 

CONCLUSION 
 
The study concluded that Alternaria alternata is mostly associated with rotted 
mango fruits. Rotting during storage can be reduced by dipping the mango 
fruits in solution of  Mancozeb and Prochloraz. Hot water treatment at 60 оC 
also proved effective for mango fruits during storage. 
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