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Solanum lycopersicum L. (Tomato) is an important vegetable crop in India and is 
consumed in diverse forms including raw, ingredient in several dishes, sauces, salads, 
drinks etc. It is considered as a vegetable for culinary purposes. China and India is the 
largest producer of this crop. Currently tomato has a higher consumption rate in more 
developed countries and is often referred to as a luxury crop.  The fruit is rich in 
lycopene, which has beneficial health effects.   

Many fungi associated with this fruit after harvest which is responsible for 
degradation and deterioration. Hence, the study was conducted for the isolation, 
characterization and identification of fungi associated with fresh and spoiled tomato fruits 
collected from different markets of Mumbai. Whole fruit were kept in sterile moist blotter 
chamber for the growth of associated fungi. Also the small piece from infected fruit skin 
tissues cut with sterile scalpel and placed on to sterile Potato dextrose agar and Czapek’ s 
dox agar in Perti dishes and incubated at 28 ±1°C for 4 to 5 days. The mycelia of fungi 
were fixed in lactophenol and or cotton blue on to glass slides and identified up to species 
level.  

The major fungi isolated from tomato fruits were Alternaria alternata, Aspergillus 
niger, Aspergillus flavus, Colletotrichum sp., Rhizopus sp.  and Fusarium oxysporum, 
were the most common and frequently isolated fungi. While, Botrytis cinerea and 
Penicillium digitatum, Penicillium chrysogenum, Phoma sp., Cladosproium sp., 
Geotrichum candidum were the least fungi isolated during the period of investigation. 
Spoiled tomato fruits collected from market places had the highest occurrence of fungal 
isolates than the fresh fruits collected from the markets same market.  

KEYWORDS: Post harvest, Fungi, Solanum lycopersicum, Vegetable crop, Lycopene,   
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Introduction: 

 Tomato is rich in vitamins, carbohydrates, proteins, fats and potassium (Talvas et 
al., 2010). In recent years, tomato has attracted the attention due to the anticarcinogenic 
and antioxidant property of lycopene and ascorbic acid contents. Lycopene being 
efficient quencher of singlet oxygen and free radicals provides protection against a broad 
range of epithelial cancers (Di Mascio et al., 1991). The production of the normal red 
colour of ripe fruit is due to the destruction of chlorophyll and the extensive accumulation 
of the carotenoids (lycopene, β -carotene) while the chloroplasts are transformed into 
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chromoplasts. In developing countries like India, tomato is becoming more important part 
of the food basket; hence the farmers aim to increase quantity than quality of the produce.   

World vegetable and fruit losses can depend upon soil and air borne pathogens. 
Fungal pathogens are considered to be one of the highly damaging agents that cause the 
reduction of tomato production and post harvest losses.  Post-harvest diseases are 
responsible for significant loss of vegetable and fruit production (Kakde et al., 2012).  
Post harvest losses are estimated to range from 10 to 30 % per year despite the use of 
modern storage facilities and techniques (Harvey, 1978).   In developing countries like 
India the postharvest losses are more severe due to inadequate storage and transportation 
facilities (Sharma et al., 2009). 

 A significant proportion of post-harvest losses are also due to post harvest 
diseases caused by fungi and bacteria.  Losses caused by post-harvest diseases are greater 
than generally realized because the value of fresh fruits and vegetables increases several 
fold while passing from the field to the consumer (Eckert & Sommer, 1967). Post harvest 
handling, weak storage practices, transportation and improper marketing are seriously 
affecting the quality of tomatoes. Improper handling and storage practices may 
responsible for the degradation and deterioration of this fruit. Fruits and vegetables 
contaminated with mycotoxin producing fungal species such as Aspergillus, Fusarium 
etc. are dangerous for human health, because they produce mycotoxin which is 
carciniogenic in nature (Willie, 1978; Bullerman, 1979; Kakde et al., 2017).  

Fungi are more commonly found attacking fruits and vegetables as postharvest 
pathogen. Spoilage is refers to any changes in the condition of food in which the food 
becomes less palatable, or even toxic; these changes may be accomplished by alternations 
in taste, smell, appearances or texture. These microbes render fresh fruits and vegetables 
unfit for human consumption by causing their deterioration and leading to reduction in 
quality, texture, off flavor development and loss of nutrients (Lund, 1992).       

 Though much of research work has been conducted abroad and in India on 
various aspects of tomato fruit rots, yet not much is known about the different aspects of 
post harvest fungal diseases become a serious constraint.  The data on post harvest 
disease of tomato is scanty and no data available on the post harvest diseases from 
Mumbai region where the vegetables and fruit commodities come from all over 
Maharashtra and neighboring states.  The weather condition in Mumbai is favorable for 
the growth of many microbes due to hot and humid conditions.   

Materials and Methods: 

Survey of postharvest diseases of tomato fruit: For the study of post harvest diseases of 
tomato a regular survey was conducted in Mumbai.  Samples of fresh and infected fruits 
were randomly collected from 4 different markets in Mumbai every month (viz., Dadar, 
Ghatkopar, Fort and Andheri).  Ten samples were collected from each market. Fruit 
surface showing symptoms of fungal infections were cultured to identify the associated 
pathogens.  The disease incidence was recorded by counting number of fruits showing 
fungal infection (rotting symptoms) and calculated by using formula:  

Percent disease incidence =   No. of infected fruits × 100  
     Total No. of fruits observed  
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 Furthermore, the fresh, diseased, infected fruit samples were collected from 
different markets of Mumbai. The fresh and spoiled or discarded tomatoes including 
mechanically wounded or bruised, diseased etc. were collected in pre-sterilized polythene 
bag and brought back into the laboratory for further investigations. The unwashed 
samples were kept in pre-sterilized moist blotters chambers separately. The samples were 
incubated at 28oC for 3 to 5 days to allow the growth of fungi associated with it.     

Also the diseased or decayed fruits sample was examined for the fungi by taking 
surface issues from the infected part or margins. Small sections of infected fruit were cut 
and surface sterilized individually in 2% sodium hypochlorite for 1 min and rinsed twice 
in sterile distilled water to remove the tresses of HgCl2 and then aseptically transferred to 
Petri dishes containing Potato dextrose agar (PDA) and CZ. The plates were incubated 
for the growth and sporulation of fungi. Fungi were carefully isolated and the slides were 
prepared in   lactophenol cotton blue mounting on the glass slide. The microscopic slides 
were covered with a cover slip and were examined under the microscope for 
morphological examination. The culture thus obtained was observed under the 
microscope for various cultural and morphological characters viz., mycelial growth, 
shape, size, colour and microscopical characters of the fungus so as to identify the 
pathogen.  On the basis of cultural and morphological characteristics the fungal 
pathogens were identified with the help of descriptions given in standard literatures 
(Ainsworth, et al.  1972; Barnett, 1960; Ellis, 1971;  Ingold, 1974; Gilman, 1957; Smith, 
1969).  

Results and Discussion:  

 Fungal rot is world-wide problem as it has been reported almost in all parts of the 
world. According to Sokhi and Sohi (1982), the destructive pathogen causing fruit rots on 
tomato is reported from the countries where moisture is plentiful and temperatures are 
moderate, favoring its development. Losses due to fruit rot diseases are associated with a 
number of factors such as commodity type, cultivar susceptibility to the disease, the 
environmental events (temperature, relative humidity, atmosphere composition etc.) 
and/or ripeness stages.  

Every vegetables and fruits have different resistance capacity to decay and 
infections but they are most resistant when they are dry. Mature green tomatoes are more 
resistant to most decay pathogens than are ripe fruit. Over-ripe fruit may be attacked by 
organisms, such as Penicillium spp., that normally are not considered decay pathogens of 
tomatoes (Jerry et al., 2017). In this investigations species of Aspergillus, Fusarium, 
Alternaria are the major fungi associated with the post harvest decay of the tomato.  

In this investigation the molds like Aspergillus niger, Aspergillus flavus, 
Alternaria alternata, Colletotrichum gloeosporioides and Fusarium oxysporum were 
most prevalent among all isolates. Temperature and humidity are important factor, which 
affect the vegetable fruits and provides medium for the growth of fungal pathogens. This 
is in agreement with the findings of Kutama et al. (2007) reported several fungal 
pathogens associated with the tomatoes.   Alternaria rot has been considered a common 
diseases and causes huge losses to tomatoes thus making tomatoes unfit for consumption 
(Douglas 1922). The magnitude of post-harvest losses always vary from one country to 
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another country and one season to another and even one day to another (Mujib et al., 
2007). The climate of Mumbai is hot and humid which is favorable for the fungal growth. 

Vegetable and fruit rots are generally caused by opportunistic fungi that normally 
live on packaging materials and plant debris. However, these opportunists can infect 
tissues that are wounded or exposed to air. These microorganisms are ubiquitous in the 
nature and can infect the vegetables and fruits. Mechanical injuries on the fruit surface 
that occur during harvest and post harvest activities like transportation, storage, 
marketing and handling etc provide the site for fungal infections. Internal bruises may 
occur during harvest, transportation and storage and fungi can colonize internally and 
deteriorate the quality and decay of vegetable and fruits. 

Srivastava et al. (1966) gave the systematic account of fungal diseases of 
tomatoes during storage. They reported many fungi viz., Alternaria tenuis, 
Colletotrichum dematium, Cladosporium fulvum, Fusarium roseum, Malustela aeria, 
Myrothecium roridum, Oospora lactis f. parasitica, Phoma sp. and Rhizopus nigricans. 
Similar results were also registered in the present investigation.   Osakwe et al. (2010) 
identified three species of fungi viz., Fusarium moniliforme, R. stolonifer and 
Geotrichum candidum that were responsible for tomato rot and reported all the fungi 
were found to be pathogenic on different varieties of tomatos. They also tested severity of 
infection of fungal isolates on the three varieties and reported 100 per cent severity of 
infection by R. stolonifer and 92 and 90 per cent severity by G. candidum and F. 
moniliforme respectively.  

In the present investigation Aspergillus niger and A. flavus showed 95% and 67% 
association with the fruit samples collected from all the different markets. Followed by 
Fusarium oxysoprum (49%), Alternaira alternata (53%), Colletotrichum gloeosporioides 
(35%) and Rhizopus stolonifer (20%) respectively. The different fungal species such as 
Penicillium,   Cladosporium,   Geotrichum,  Verticillium, Rhizoctonia solani also found 
associated with the fruit samples with varying frequencies. Frequency of occurrence of 
fungal isolates from different locations is given in Table 1 and Per cent contribution of 
major fungal species associated with tomato fruit in different markets of Mumbai is 
depicted in Fig#1.  The important pathogens causing post harvest diseases of tomato are 
Alternaria, Aspergillus, Rhizopus etc., which make the fruit not only to lose its attractive 
appearance but also make them to become soft and watery (Ratnam and Nema, 1967).   

Ogaraku et al. (2010) carried out work on storage decay of tomato and vitamin C 
content of infected fruits in Nigeria in four locations and they reported that out of 48 
samples of tomatoes 34 samples had fungal associations. The species of fungi isolated 
and identified from deteriorated tomatoes were Aspergillus niger, A.flavus, Alternaria 
alternataani and Fusarium oxysporum.   Abdel-Mallek et al. (1995) while studying the 
microflora of tomato fruit from Assiut (Egypt) reported that A. alternata, Rhizopus 
stolonifer and A. niger were abundant with their maximum occurrence at 53, 36 and 25%, 
respectively. Similar results were obtained in the present investigation.  It was also 
reported that the vitamin C content of uninfected tomato fruits was more than that of 
infected tomato fruits. It shows that the fungal infection can reduce the quality of the 
fruits as well as the important nutrients also depleted due to fungal attack.  
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Kakde et al., 2001 and 2012 carried out an extensive survey of vegetable and fruit 
market environment.  They reported Aspergillus niger, A. flavus, Penicillium 
chrysogenum, Curvularia sp., Alternaria sp., Fusarium sp. The fungi like Aspergillus, 
Penicillium, Cladosporium, Fusarium, Alternaria etc. were the most frequent associated 
fungi isolated from the vegetable and fruits. These fungi were most prevalent in the air of 
market environment and also found to be responsible for most of the decay of the 
vegetables during storage. Hence, there is probably a cyclic relationship existing between 
the prevalence of fungal bioaerosols and spoilage diseases in market environments 
(Kakde et al., 2012).   

 
It is also observed that the fungal association with the tomato fruit is also varied 

from market to market. Maximum fungi were recovered from the fruit samples collected 
from Dadar market (15 species) followed by Ghatkopar (11 species), Fort (10 species) 
and Andheri (6 species). Total number of fungal species associated with fruit samples in 
different markets of Mumbai have been depicted in the Fig #2.  

Therefore, treatments and handling methods for the control of diseases are 
required to prevent losses. Consumer’s increasing desire for high quality and nutritional 
foods has created a need for longer market keeping-period for both domestic and export 
markets. This is especially true for tomatoes which ranks number one among vegetables, 
contributing vitamins and minerals availability to consumers (Rick, 1978). 

Table: 1: Frequency of occurrence of Fungal Isolates from Different locations 

Location Fungal species Percentage 
frequency 
(%) 

Fort 

Alternaria altarnata 44 
Alternaria solani 18 
Aspergillus flavus 70 
Aspergillus niger 98 
Cladosporium sp. 8 
Colletotrichum gloeosporioides 25 
Fusarium oxyspsporam. 53 
Geotrichum candidum 5 
Penicillium digitatum 15 
Rhizopus stolonifer 18 

Ghatkopar 

Alternaria alternata 62 
Alternaria solani 11 
Aspergillus flavus 53 
Aspergillus niger 94 
Colletotrichum gloeosporioides 35 
Fusarium oxysporum 41 
Fusarium solani 3 
Geotrichum sp. 3 
Phoma sp. 2 
Rhizoctonia solani 6 
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Rhizopus stolonifer 23 

Andheri 

Alternaria alternata 51 
Aspergillus flavus 72 
Aspergillus niger 95 
Colletotrichum gloeosporioides 34 
Fusarium oxyspsporam 58 
Penicillium chrysogenum 5 
Rhizopus stolonifer 18 

Dadar 

Alternaria alternata 53 
Alternaria solani 11 
Aspergillus flavus 73 
Aspergillus niger 95 
Botrytis cinerea 4 
Cladosporium sp. 14 
Colletotrichum gloeosporioides 44 
Fusarium oxysporum 45 
Fusarium sp. 14 
Geotrichum sp. 9 
Penicillium chrysogenum 39 
Phoma sp. 5 
Rhizoctonia solani 9 
Rhizopus stolonifer 20 
Verticillium sp. 3 

 

 
Fig.1: Per cent contribution of major fungal species associated with tomato fruit in  
           different markets of Mumbai 
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Fig.2: Total number of fungal species associated with fruit samples in different 
           markets of Mumbai
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responsible for the contamination of the environment. Hence, the salable articles like 
vegetable and fruits should sell in good conditions where plant debris and thrown away 
materials, packaging materials should not be available to grow the opportunistic fungi ion 
the market environments.  
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