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Post-harvest technology (PHT), most 
popularly known as post-harvest handling, is a 
series of methods and techniques used in the 
preservation of agricultural commodities after 
harvest. It is a science applied to agricultural 
commodities for preservation, conservation, 
quality control and enhancement, processing, 
packaging, storage, distribution, marketing, 
and utilization to meet the food and nutritional 
requirements of consumers concerning their 
needs.
Harvested fruits and vegetables require 
extensive and advance post-harvest processing 
to minimize both qualitative and quantitative 
losses after harvesting. Every year, nearly 40% 
of harvested fruits and vegetables are wasted 
due to improper handling, storage, packaging, 
and transportation.

As a means to counter this, post-harvest 
technology or PHT provides trusted methods in 
the preservation of fruits and vegetables since 
they are often transported at a perishable state. 

These methods are used to maintain the quality 
of fruits and vegetables by strategically 
enhancing the environment related to the 
product's preservation, processing, packaging, 
storage, and distribution.

Fruits are known to have commercial and 
nutritional importance. They play a vital role in 
human nutrition by supplying some necessary 
nutritional substances such as vitamins and 
essential minerals in the human daily diet that 
can help to keep good and normal health. Fruits 
are widely consumed. One of the factors that 
impact negatively on the economic value of 
fruits is that they have a short shelf-life. This is 
a result of many factors, prominent among 
which is the activity of pathogens. It has been 
reported (Droby 2006, Zhu 2006) that about 
20-25% of the harvested fruits are lost via the 
activities of pathogens during the post-harvest 
chain.
Fruits and vegetables are exposed to 
contamination by microbes through contact 
with soil, dust, and water and by handling at 
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harvest or during postharvest processing. 
This makes them to harbor a wide range of 
microorganisms including plant and human 
athogens (Eni et al. 2010). Differences in 
microbial profiles of diverse fruits and 
vegetable results could be due to varying 
factors including resident microflora in the 
soil, application of non-resident microflora 
through animal manures, sewage or irrigation 
water, transportation and handling by 
individual retailers (Ofor et al. 2009). 
After banana and citrus, Pineapple (Ananas 
comosus, family Bromeliaceae) is ranked the 
third most important tropical fruit in the 
world. India is fourth on the list of world 
pineapple producers with about 800,000 
tonnes produced per annum. Ananas comosus 
is a rich source of Vitamin C as well as other 
vitamins and fibre. The fruit is also used as a 
raw material in confectionery industries. It 
also has various medicinal values (Amao et 
al. 2011).

1.  Potato (Solanum tuberosum) is of the family 
Solanaceae. It is a staple crop in 130 countries 
worldwide, ranking fourth in production after 
rice, maize, and wheat (Calvo et al. 2010), 
India is the fourth biggest producer in Asia. The 
tuber is the most important part of the Irish 
potato plant and it is an excellent source of 
carbohydrates, protein, and vitamins 
(Ducreaux et al. 2005). In India, S. tuberosum 
is responsible for more than half of the total 
carbohydrate requirements of the populace in 
areas where it is grown and consumed as a 
staple food (Omafuvbe and Enyioha 2011).

2. Tomato (Lycopersicon esculentum Mill. 
Syn. Solanum Lycopersicon) is a widely grown 
fruit the world over (Agrios 2005). It is native 
to South America (Nonneoke 1989), but was 
introduced into West Africa by Portuguese 
traders and freed slaves from the West Indies 
(Tindall 1988). Tomato is rich in vitamins 
(John et al. 2010, Bugel 2003), minerals and 
lycopene ,  an  exce l len t  an t iox idant  

(Osemwegie et al. 2010) that helps to reduce 
the risk of prostate and breast cancer 
(Giovannucci 1999). Global production is 
about 89.8 million metric tonnes from an area 
of about 3,170.000 ha (Samuel et al, 2011). 
India is fourth-largest producer of tomato in 
Asia (Erinle 1989) where a total area of one 
million hectares is used for tomato cultivation 
every year (Anon 1989, Bodunde et al.1993). 

3. Carrot (Daucus carota) belongs to the family 
Apiaceae. It is a root vegetable usually orange 
in color, though purple, red, white and a yellow 
variety exists. It has a crisp texture when fresh 
(Salmond 1994). The most commonly eaten 
part of a carrot is the taproot. The leaves are not 
ingested in most of the cultures because it is 
mildly toxic but it is edible (Lantz 1977). D. 
carota is very rich in vitamin C as well as 
carotene (Favel 1998). Despite all the benefits 
derived from carrots, a large percentage is lost 
annually to post-harvest deterioration caused 
by pathogens (Mahale et al. 2008).

4.  Cauliflower is one of several vegetables in 
the species Brassica oleracea which is in the 
family Brassicaceae. It is an annual plant that 
reproduces by seed. Typically, only the head is 
eaten – the edible white flesh sometimes called 
"curd" (with a similar appearance to cheese 
curd). It is a cool-season crop; it is more 
exacting in its climatic requirements than most 
other crops in this family. The plant is 
extremely sensitive to unfavorable conditions, 
such as unusually hot weather, drought or too 
low temperature, which often result in the 
formation of premature curds. It is monogenic 
species whose genomic constitution is C and 
chromosome number is n=9 belongs to 
Cruciferae family (Thamburaj and Singh 
2001). The variety attains acceptance when the 
farmers get a genetically pure seed of high 
standard. For the purpose, each cultivar should 
be properly defined with suitable descriptors, 
to maintain its identity during seed production 
through field inspection and certification. In 
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India, Protection of Plant Varieties and 
Farmer's Right Act, 2001 (PPV and FRA, 2001) 
envisages the registration and protection of 
new and notified/extant plant varieties based 
on the criteria of Distinctness, Uniformity, and 
S t a b i l i t y  ( D U S )  o f  m o r p h o l o g i c a l  
characteristics and increasing attention is being 
paid towards comprehensive plant genetic 
recourses.

5. Cabbage (Brassica oleracea L Var botrytis.). 
is an important vegetable crop species that 
includes fully cross-fertile cultivars or form 
groups with widely differing morphological 
characteristics (cabbage, broccoli, cauliflower, 
collards, Brussel sprouts, kohlrabi, and kale). 
historical evidence indicates that modern head 
cabbage cultivars are descended from wild 
non-heading brassicas originating from the 
eastern Mediterranean and Asia Minor 
(Dickson and Wallace 1986). It is commonly 
accepted that the origin of cabbage is the north 
European countries and the Baltic Sea coast 
(Monteiro and Lunn 1998), and the 
Mediterranean region (Vural et al. 2000). 
Zhukovsky considered that the origin of the 
white head cabbage was the Van region in 
Anatolia and that the greatest cabbages of the 
world were grown in this region (Bayraktar 
1976, Günay 1984).

6. Cabbage is vegetables that are grown all over 
the world, although cabbage is cultivated to a 
much greater extent. Both belong to the species 
Brassica oleracea L., a species of the 
Brassicaceae (Cruciferae) family comprising 
several crops known under the generic name of 
cole crops. Some types of kale are grown for 
fodder. Modern classifications of the family 
Brassicaceae are based on a review by Schultz 
(1936) who reduced the number of tribes from 
19 to 15; nowadays the number of tribes 
commonly accepted is 13. A problem arises 
when trying to determine the number of genera 
included in the family. Hickey and King (1997) 
indicate 390 genera, Paterson et. al. (2000) 360, 

and the USDA (2006) 107. The position of the 
family in the general classification of the 
kingdom of plants is as follows (USDA 2006).

7. Pineapple (Ananas comosus) is one of the 
commercially important fruit crops of India. 
Total annual world production is estimated at 
14.6 million tonnes of fruits. India is the fifth-
largest producer of pineapple with an annual 
output of about 1.2 million tonnes. Other 
leading producers are Thailand, the 
Philippines, Brazil, China, India, Mexico, 
Indonesia, Colombia, and the USA.

8. Grapes, (Genus Vitis), any member of the 
grape genus, Vitis (family Vitaceae), with about 
60 species native to the north temperate zone, 
including varieties that may be eaten as table 
fruit, dried to produce raisins or crushed to 
make grape juice or wine. Vitis vinifera, the 
species most commonly used in winemaking, 
was successfully cultivated in the Old World 
for thousands of years and was eventually 
brought to California. 

9. Citrus fruits, which belong to the genus 
Citrus of the family Rutaceae, are of various 
forms and sizes (from round to oblong), It also 
contains important nutritional elements for 
health. Citrus is a good source of vitamin C 
(ascorbic acid), phenolic compound, 
flavonoid, folic acid, potassium, pectin and 
antioxidant properties (Chiba et al. 2003; 
Samraj an Rajamurgugan 2017). As humans 
cannot synthesize and store ascorbic acid, their 
daily requirements depend on fresh fruits. and 
vegetables. Citrus fruit production in Indonesia 
reaches 2 million tons each year while its 
consumption in 2018 totaled almost 2.76 to 
2.45 million tons. Commonly, it was planted in 
the highland and lowland (Direktorat Jenderal 
Holtikultura  2015).

Different fungal species have been reported to 
be associated with the post harvested 
deterioration of these fruits and vegetables in 
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different locations. This study was carried out 
to investigate and document the fungi 
responsible for the spoilage of some fruits and 
vegetables from three selected markets in 
Warangal District Telangana State, India. 

MATERIALS AND METHODS

Survey and Sample Collection : Three 
markets in Warangal District Telangana State: 
Kazipet, Hanamkonda, and Warangal markets 
were surveyed. Diseased and healthy 
Vegetables and Fruits of Potato (Solanum 
tuberosum) Tomato (Lycopersicon esculentum 
Mill), Carrot (Daucus carota) Cauliflower 
(brassica oleracea). Cabbage (Brassica 
oleracea L var botrytis). Pineapple (Ananas 
comosus), Pawpaw (Carica papaya) Grapes 
(Vitis vinifera) Lemon (Citrus lemon). were 
collected. All infected vegetables and fruits 
were inspected for rotted areas and were stored 
in clean polyethylene bags. The healthy 
samples were also stored separately. All the 
samples were brought to the Department of 
Botany Laboratory at Kakatiya University, 
Warangal, Telangana State India for further 
analysis.

Isolation of Associated Fungi: The diseased 
samples were the first surface sterilized by 
washing under running tap water to remove dirt 
such as sand. A flamed blade was used to cut 
partly diseased and partly healthy portions of 
the sample, the cut portions were then surface 
sterilized using 70% alcohol after which they 
were rinsed in successive changes of sterile 
distilled water. They were then inoculated on 
Potato Dextrose Agar (PDA). This was done 
for all the samples from the three markets, the 

0plates were incubated at 28 C±2. Fungal 
growth was observed daily. After six days of 
incubation, a small portion of mycelium from 
each fungal colony was transferred aseptically 
into fresh plates containing the medium used. 
The fungi were purified by repeated sub-
culturing.

Preparation of Potato Dextrose Agar

1. Suspend 39 grams in 1000 ml distilled water. 
Heat to boiling to dissolve the medium 
completely.
2. Sterilize by autoclaving at 15 lbs pressure 
(121°C) for 15 minutes. Mix well before 
dispensing.
3. In specific work, when pH 3.5 is required, 
the medium should be acidified with sterile 
10% tartaric acid.
4.The amount of acid required for 100 ml. of 
the sterile, cooling medium is approximately 
1ml.
5. Do not heat the medium after addition of the 
acid Molds will grow as filamentous colonies 
of various colors.

Identification of isolated organisms:           
Using sterile inoculating needle, minute 
portion of each organism was aseptically taken 
and teased at the center of a clean microscopic 
slides containing drop of lactophenol cotton-
blue stain, covered with cover slips and 
observed under the microscope. Identification 
was made with reference to standard textbooks 
such as Domsch et al. (1980).

RESULTS 

Alternaria, Aspergillus sp., Penicillium sp., 
Mucor, Rhizopus sp, and Phytophthora sp.  
were isolated from Potato, Tomato, Carrot, 
Cauliflower, Cabbage, Pineapple, Pawpaw, 
Grapes, Lemon, and pineapple imported from 
Warangal town Markets respectively. (Table-1) 
show the distribution as per the markets, the 
organisms isolated. 

Six Species of Alternaria, Aspergillus flavus, 
Aspergillus niger, Mucor, Phytophthora and 
Rhozopus were isolated from infected tuber of 
Potato. Six species of Alternaria, Aspergillus 
flavus, Aspergillus niger, Fusarium, 
Phytophthora and Rhozopus were isolated 
from diseased fruit of tomato. Seven species of 
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Alternaria, Aspergillus, Fusarium, Mucor, 
Penicillium, Phytophthora and Rhozopus yet to 
be identified organisms from the pathogenicity 
test of D. carrote, four fungal species of 
Alternaria, Fusarium, Phytophthora and 
Rhozopus were isolated from fungal infected 
vegetables of Cauliflower and cabbage (Table-
1). 
Six fungal species were isolated from fruit of 
A.comosus  they are  Alternaria,  Aspergillus 

niger, Curvularia, Mucor, Phytophthora and 
Rhozopus. Highest fungal species identified 
from Citrus lemon, lowest fungal species were 
isolated from the fruit of papaya and only one 
fungal pathogen isolated from the fruit of Vitis 
vinifera. (Fig- 1 &2) .
All the organisms were found to initiate 
diseases symptoms as found on the diseased 
Vegetables and fruits were isolated from 
samples collected from Warangal market: 

Figure- 1. a- h Collected infected vegetables and fruits of three markets in Warangal town 
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Figure- 2.  Inoculation of infected surface of Vegetables and Fruits in Potato Dextrose Agar medium after five weeks of 
culture  a) Alternaria Spp, Aspergillus flavus, Aspergillus niger, Mucor Rhozopus b) Penicillium spp and Aspergillus 
flavus, Aspergillus niger, c)  Mucor and Rhozopus Sp d)  Curvularia, Mucor, Phytophthora and Rhozopus

Figure- 3.  Growth of Various species of fungus cultures on PDA plates inoculated from infected surface vegetable and 
fruits after eight weeks
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Mucor sp., Rhizopus sp. and Alternaria sp. 
from Hanamkonda and Kazipet markets;  The 
result of the pathogenicity test revealed that all 
the fungi originally isolated from diseased 
carrots induce similar disease symptoms when 
inoculated on healthy carrots.

DISCUSSION

Fruits and vegetables are susceptible to 
pathogenic attack due to their low pH, high 
moisture content and nutrient composition. 
These make them rot and unfit for consumption 
due to the production of mycotoxins (Stinson et 
al. 1981, Philips 1984). Fungi have been 
documented to penetrate host tissue through 
natural openings such as lenticels, stomata and 
through the unbroken epidermis by means of 
appressorium or germ tube. For an organism to 
cause infection, it must have the ability to 
breakdown the natural defense mechanisms of 
the host.

In this investigation, Aspergillus flavus, 
Aspergillus niger sp. were isolated from the 
pusa ruby varieties of L. esculentum and 
Solanum tuberosum tubers are of high 
economic significance and are considered as 
one of the world's most important food crops. 
Many fungal diseases have been affecting its 
production but the most challenging are the 
post-harvest diseases. Booth (1974) reported 
that this loss was as a result of physical, 
physiological or pathological factors or a 
combination of the three factors and in this 
research, the diseased Potato tubers collected 
has mechanical injuries due to physical factors. 
In the works of Abiodun and Olamide (2007), 
Rhizopus oryzae was among the organisms 
implicated for causing rot in S. tuberosum 
tuber.  In this study, Aspergillus niger, 
Aspergillus flavus and Rhizopus sp. were 
isolated from S. tuberosum. This observation is 
consistent with a previous work (Amadioha 
and Adisa 1993) that reported these organisms 
among others that were responsible for tuber 

rot in potato.

In this investigation, the fungi associated with 
the spoilage of Carica papaya are as reported 
by Gupta and Pathak (1986). Some of the 
pawpaw fruits found in these markets have 
been perched by birds and destroyed by insects 
which reduced the quality of fruit and also 
creating openings for pathogen entry. During 
the course of this study, after 3-5days, total 
rotting of the fruit occurs and as spot develops, 
some became sunken which turns to brown or 
black and oozes out a foul odor and milky latex. 
One of the diseased papayas (from Warangal 
market) was characterized by water-soaked 
spot which is caused by Fusarium 
accuminatum has also been reported by Pathak 
(1976) and Barkai-Golan (1981).

Pathogenicity test result revealed Rhizopus, 
Aspergillus and Phytophthora were the most 
virulent on S. tuberosum and Ananas comosus 
while Mucor sp. Was the most virulent on 
Daucus carota and Carica papaya. The 
occurrence of organisms at the different 
markets showed Rhizopus sp. and Mucor sp. 
have the highest frequency followed by 
Aspergillus niger. Different organisms have 
been isolated from carrot diseases ranging 
from Phytophthora sp. (McElroy et al. 1971), 
Thielaviopsis basicola (Punja and Gaya 1993), 
Fusarium sp. (Piling and Cox 1999), 
Alternaria sp. The variations in the isolates 
obtained from different researchers may be 
connected to the fact that different varieties of 
carrots may be used as well as different 
experimental procedures (Mildenhil 1975). 
Difference in the location of sample collection 
can also be accountable for this. The market 
value of fruits and vegetables are reduced as a 
result of pathogen infestation. Their presence 
in these foods products also constitute health 
risks.

D Parvathi and V Krishna Reddy J. Indian bot. Soc. Vol. 99 (1&2) 2020: 42



REFERENCES

Abiodun O S and Olumide O P 2007 Thermal 
control of some post-harvest rot pathogens of 
Irish Potato. Journal of Agricultural Sciences. 
52(1):17-31

Agrios G N 2005 Plant Pathology. Academic 
Press, New York. 922pp

Amadioha A C and Adisa V A 1993 Postharvest 
deterioration of potato tubers (Solanum  
tuberosum)  in Nigeria. Journal of Tropical 
Agriculture. 149 69-79. 

Amao I O, Adebisi-Adelani O, Olajide-Taiwo F 
B, Adeoye I B, Bamimore K M and Anon 1989 
Fertilizer use and management practices for 
crops in Nigeria. Series No. 2. Federal Ministry 
of Agriculture, Water resources and Rural 
developments Lagos. 163pp

Barkai-Golan  R 1981 Post Harvest Disease of 
Papaya. Agricultural Research Journal. 9197-
204.

Barnett H L and Hunter B 1998 Illustrated 
Genera of imperfect fungi. fourth ed. APS press 
Sentpaul , 218 pp

Bayraktar K 1976. Vegetable growing. Vol. iii 
Seed production of vegetables. Ege Ziraat 
Fakültesi Yayinlari No. 244.356, Izmir, Turkey. 
(In Turkish.)

Bodunde J G, Erinle I D, Eruotor P G and 
Amans E B 1993. Recommendation for the 
release of four heat tolerant tomato varieties. 
Paper approved by the professional and 
Academic board, IFAR, ABU, Zaria, Nigeria, 
165pp

Booth R H 1974 Postharvest Deterioration of 
Tropical Root Crops: losses and their control. 
Journal of Tropical Science. 16 49-63

Bugel S 2003 Vitamin K and bone health. Proc. 
Nutri Soc. 62 839-843

Calvo P, Ormeno-oririllo E, Martinez- Romero 
E and Zunigo D 2010. Characterization of 
Bacillus isolates of potato rhizosphere from 
Andean soils of Peru and their potential PGPR 
characteristics. Brazilian Journal of 
Microbiology. 41 899-906

Chiba H, Uehara M, Wu J, Wang X, Masuyama 
R, Suzuki K, Kanazawa K and Ishimi Y (2003). 
Hesperidin, a citrus flavonoid, inhibits bone 
loss and decreases serum and hepatic lipids in 
ovariectomized mice. Journal of Nutrition 
133(6) 1892-1897

Dickson M H and Wallace DH 1986 Cabbage 
breeding in Brassett. MJ.ed Breeding  
Vegetables , crops 392-432 

Direktorat Jenderal Holtikultura 2015 Sub 
S e k t o r  H o l t i k u l t u r a ,  
h t t p : / / w w w . p e r t a n i a n . g o . i d / a p _  
pages/mod/datahorti (In Indonesian Domsch, 
K .H, Gams, W and Anderson, T .H. (1980). 
Compendium of Soil Fungi. Vol 1, Academic 
Press, London. 859pp

Domsch K H, Gams W and Anderson T H 1980 
Compendium of soil fungai academic press 
landon

Droby S 2006 Improving quality and safety of 
fresh fruits and vegetables after harvest by the 
use of biocontrol agents and natural materials. 
Acta Horticul. 709 45–51. 

Ducreaux L J M, Morris W L, Hedley P E 
Shepherd T, Davies H V,  Millam  S  and Taylor 
M A 2005 Metabolic engineering of high 
carotenoid potato tubers containing enhanced 
levels of β-caroten and lutein. Journal of 
Experimental Botany 56 81-89

J. Indian bot. Soc. Vol. 99 (1&2) 2020: 43Postharvest diseases of vegetables and fruits



Eni A O, Oluwawemitan T O and Solomon O. U 
2010 Microbial quality of fruits and vegetables 
sold in Sango Ota, Ogun State, Nigeria. African 
Journal of Food Science, 4(5) 291-296. 

Erinle I D 1989 Present status and prospect for 
increased production of tomato and pepper in 
Northern Nigeria. Procedure of international 
symposium. Integrated Management Practices. 
AVRD, Tainan, Taiwan

Favell D J 1998 A comparison of vitamins C 
content of fresh and frozen vegetable. Food and 
Agriculture Organization of United Nation 
(FAO) (2008). International Year of the 
Potato.www.potato2008.org. 

Giovannucci E 1999 Tomatoes, tomato-based 
products lycopene, and cancer: review of the 
epidemiologic literature. J. Natl cancer Inst. 17  
(91)317-331. 

Günay A 1984 Special vegetable growing 
(Brassica crops). Vol. 3. Ankara, turkey. (in 
turkish.)

Hickey M and King C 1997 Common Families 
of Flowering Plants, Cambridge University 
Press, Cambridge, UK

John D, Suthin R T, Usha R S and 
Udhayakumar R 2010 Role of defense 
enzymes activity in tomato as induced by 
Trichoderma virens against Fusarum wilt 
caused by Fusarium oxysporum F. Sp 
Lycopersici. J. Biopesticide, 3 158-162.

Lantz L E 1997 Population characteristics of 
exotic plants in a Willamette valley  native 
prairie. M Sc. Thesis, Oregun State University, 
Carvallis.79pp  
           
Mahale D P, Ranjana G K and Varsha K V 2008 
Microbiological Analysis of street vended Fruit 
juices from Mumbai city India. Internet 
Journal of Food Safety.  10  31 – 34. 

McElroy F D, Pepin H S and Ormiod S J 1971 
Dieback of carrot roots caused by Pythium  
debaryanum. Phytopathology.  61 587 – 588

Milden Hill J P 1975 Pythium brown rot and 
forking of muckgrown carrots, Plant Dis. 
Resp. 55 536-540

Monteiro A and Lunn T 1998 Trends and 
perspectives of vegetable brassica breeding. 
World Conference on Horticultural Research, 
17-20 June 1998, Rome, italy. 

Ofor M O, Okorie V C, Ibeawuchi I I, Ihejirika 
G O, Obilo O P and Dialoke S A 2009 
Microbial Contaminants in Fresh Tomato 
Wash Water and Food Safety Considerations in 
South-Eastern Nigeria. Life Science Journal, 1 
80-82

Olabode I 2011 Economic analysis of 
pineapple marketing in edo and Delta States 
Nigeria. Libyan Agric. Res. Cen. J. Intl. 2(5) 
205-208.

Omafuvbe B O and Enyioha L C 2011 
Phenotypic Identification and technological 
properties lactic acid bacteria isolated from 
selected commercial Nigerian bottled yoghurt. 
African Journal of Food Science 5(6)340-348

Osemwegie O O, Oghenekaro A O and Owolo, 
L O 2010 Effect of pulverized Ganoderma spp., 
on Sclerotium rolfsii Sacc and Post-harvest 
tomato fruit preservation. J. Appl. Sci Res. 6 
1794-1800.

Paterson A H, Bowers J E, Burow M D, Draye 
X, Elsik C G, Jiang  C, Katsar C S, Lan T, Lin Y, 
Ming R and Wright R J 2000 Comparative 
genomics of plant chromosomes, Plant Cell 12 
1523-1539

Pathak N V 1976 Effect of Chemical and Hot 
Water Treatment of Fusarium and   Rhizopus 

D Parvathi and V Krishna Reddy J. Indian bot. Soc. Vol. 99 (1&2) 2020: 44



Rots of Papaya. Indian Phytopathology 
Journal. 29 210-211.

Phillips D J 1984  Mycotoxins as a post-harvest 
problem. Pp. 50-54. In: Post-harvest Pathology 
of  Fruits and Vegetables: Post-harvest Losses 
in Perishable Crops. (Ed.): H.E. Moline.  
Agricultural Experimental Station, University 
of California, Berkeley Publications, NE 

Piling H and Cox P 1998 The development of 
crown rot disease on carrots. 12th Biennial 
Austrialian Plant Pathology Conference. 27th– 
30th September 1999. 

Punja J K and Gaya M M 1993 Influence of post 
harvest handling practice and tip treatments on 
development of black root rot on fresh market 
carrots. Plant Diseases. 77 989 – 995.

Salmond G P 1994 Secretion of extracellular 
virulence factors by plant pathogenic  bacteria. 
Annual Review of  Phytopathology. 32 181-
200.

Samraj S, Rajamurgugan S 2017 Qualitative 
and quantitative estimation of bioactive 
compounds and antioxidant activity in Citrus 
hystrix. International Journal of Engineering 
Science and Computing 7(6)13154-13163

Stinson E E, Bills D D, Osman S F , Siciliano J, 
Ceponis M J and Heisler E G 1980 Mycotoxin 
production by Alternaria species grown on 
apples, tomatoes, and blue berries. J. Agric. 
Food Chem., 28  960-963

Thamburaj S, Singh N. Vegetables, tuber crops 
and spices. Directorate of Information and 
Publications of Agriculture, ICAR, New Delhi, 
2001, 137

Tindall R L 1988 Tomato in the tropical 
Western press Boulder, Colorado. 56-71

USDA, 2006, The PLANTS Database, 
National Plant Data Center, Baton Rouge (July 
1 2 ,  2 0 0 6 ) ;  
http://plants.usda.gov/classification.html. 

Vural H, Eşiyok D, Duman I 2000. The culture 
vegetables (vegetable growing). 440 p. Izmir, 
Turkey. (in turkish.)

Zhu S J 2006 Non-chemical approaches to 
decay control in postharvest fruit. In: 
Noureddine, B., Norio, S. (Eds.), Advances in 
Postharvest Technologies for Horticultural 
Crops. Research Signpost, Trivandrum, India, 
pp. 297–313

J. Indian bot. Soc. Vol. 99 (1&2) 2020: 45Postharvest diseases of vegetables and fruits

http://plants.usda.gov/classification.html
http://plants.usda.gov/classification.html

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

