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1 . INTl^ODUCTIOlSr

Post harvest loss-... of fresh vegetables and fruits is one of

the pressing problems encountered by cultivators and consumers in

a tropical country like India. Attention to the concept of post

harvest loss reduction as a significant means to increase food

availability was drawn by the World Food Conference held in Rome

during 1974.

India has emerged as an important fruit and vegetable

producer of the world ranking second in vegetable production next

^ to China. It is estimated that by the year 2000 A.D the

vegetable requirement in India will be about 83 million tonnes

(Jain, 1995).

It has been established that post harvest loss reduction is

cheaper than an equivalent increase in food production.

Unfortunately the post harvest management of fruits and

vegetables is inadequately dealt with. As a result wastage due

to microbial spoilage estimated at 20-30 percent of the total

production occurs. The situation is evidently compensated by the

higher consumer prices.

The widely accepted method for the control of post harvest

diseases is the use of fungicides. But this pauses potential

f-



oncogenic risks to the consumers. The hazardous impact of

^ fungicides or other agrochemicals in the ecosystem is also very

conspicous.

>
Biological control of plant diseases is suggested as an

alternative to chemical control (Cook, 1977) and is considered as

a cost effective and an environmentally friendly technique.

Among the biocontrol agents^ the mycoji^asites have attained a

significant position. Boosalis and Mankau as early as 1965

suggested that efforts on the biological control of plant

diseases can be achieved only through parasitism arid predation.

Eventhough a number of myc&rporasites have been recognised

^ ^ Elrxd 19B0; Janisiewiz, 1988) their role in combatinq the
post harvest diseases of common vegetables like tomato, brinial

and chilli is very little.

The present study was therefore aimed at overcoming the above

difficulty. The major items of work included

i) Isolation and identification of the fungal pathogens

associated with tomato, brinjal and chilli after harvest.

ii) Correlation studies on fungal incidence with temperature,

relative humidity and rainfall for a continuous period of

one year.

2,
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iii) Qualitative study of the naturally existing phylloplane

mycoflora of tomato, brinjal and chilli (from seedling to
o

adult plant).

iv) ^ vitro studies of the common phylloplane fungi with the

major pathogens of tomato, brinjal and chilli for

evaluating suitable antagonistic fungi.

v) Mechanism of action of antagonism.

vi) Effect of selected mycoparasite against the important fruit

rot pathogens.
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2 . REVIEW OB- LITERATURE

2.1 Isolation and identification of pathogens
associated with solanaceous vegetables.

Post harvest decay of vegetables is a major problem

encountered by cultivators and consumers all over the world. The

major items of work.carried out in India and abroad on post

harvest deterioration of common solanaceous vegetables viz.,

tomato, brinjal and chilli are reviewed below.

2.1.1. Tomato (Lycopersicon esculentum Mill.)

Critopoulos (1954) in his studies' on tomato fruits in

^ California recorded the symptoms due to infection by three

species of Phytophthora viz., P. capsici. £. drechsleri and

P. parasitica. Of these P. capsici was the vigorous type and

effected rapid decay by forming compact tuft of sporangia and

mycelia over the surface.

Symptoms due to infection by Fusarium spp. viz., F. nivale

and F. moniliforme were studied extensively by Thakur and Yadav

(1971). The symptoms started as water soaked lesions and

gradually increased in size. The tissues beneath the lesions

became depressed and sunken with irregular cracks and wrinklings
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while the tissues near the lesions became soft and the surface

was covered completely by the cottony growth of the fungus.

Pearson and Hall(1975) recorded fruit rot by Alternaria

alternata. The symptoms consisted of brown to black sunken spots

with or without a definite border. The neighbouring spots

coalesced and became ivory black in colour. The inner tissues

turned soft and became dark brown to black with a cylindrical drj

core. Under humid conditions dense velvetty olive green spore

masses were visible with profuse mouldy growth on the lesions.

Similar symptoms were also noticed at the site of the growth

cracks. Infected fruits were devoid of any bad odour.

Fruit rots caused by Corynespora cassilcola. Aspergil lus

flavus and equiseti were reported by Khanna and Chandra

(1976). Corynespora rot was generally observed on ripe fruits.

The disease made its appearance in the form of small olive qreen

coloured lesions occasionally surrounded by a chlorotic zone

during the months of December and January. The lesions

gradually increased in size and included deeper tissues of the

fruit. With age their colour changed to olivaceous black. Even

well developed lesions showed a regular outline. The infected

portion of the fruits became soft and pulpy.



Asperqillus rot was observed on fully ripe fruits. The
c

infection started in the form of water soaked spots at any place

on the skin of the fruits. The spots gradually increased in

size. The affected skin was ruptured and produced open lesions.

Gradually, the deeper tissues of the fruit became affected and

developed rotting. Finally mador portion of the fruit became

rotted and it turned into a soft shapeless mass with pulpy tissue

inside.

Fusarium rot appeared as water soaked lesion generally on

the stalk end of the fruit. This extended gradually but retained

its regular out line. The affected skin ruptured and a lesion

^ involving deeper tissues developed. Older lesions showed white
to salmon coloured cottony qrowth of the fungus consisting of

profusely branched hyphae with spores. The affected part of the

fruit soon turned into a soft pulp. Sometimes a foul odour with

a watery exudate was noticed.

Thapa and Sharma (197 6) in their studies on the incidence of

fruit rot diseases of tomato under storage conditions in Solan

area recorded fungi like Colletotrichum phomoides and

_P. parasitica to have caused maximum dam.age, while Fusarium sp.

and Rhizoctonia solani caused only negligible losses. Thomas

^ ^1. (1981) in their studies from Pennysy1vania on green and
A.

ripe fruits recorded several pathogens. These included



C. coccodes. A. solani, tenuis, F. roseum and Phomopsis sp.

on ripe tomatoes and A. tenuis and_R. solani on green tomatoes.

solani and tenuis were observed from both green and

ripe tomatoes. Studies on the fruit rot infection cycle in

packing operations from Florida by Sonoda al^ (1982) recorded

Rhizopus stolonifer as the most damaging pathogen.

Moline and Kuti (1984) made comparative studies with Mucor

species from Czechoslovakia. They recorded M. mucedo and

H. piriformis on mature green and ripe red tomato fruits. The

fungus also caused maximum decay of tomatoes within two to three

^ days.

Sharma and Sumljali (1993) conducted an extensive survey at

wholesale, retailer and consumer level to assess the various

vegetable rot causing fungi in parts of North India. A number of

fungi causing various rots in tomato were reported. They

included Pythium butleri (cottony leak), Sclerotinia sclerotiorum

(wet rot), capsici (anthracnose), F. solani (Fusarium rot),

Cladosporium sphaerospermum and cladosporioides

(Cladosporium rot), Penicillium aurantiogriseum (blue mold rot),

Geotrichum candidum (sour rot), _A. ^Iternata (dark olive green

rot), Curvularia lunata (Curvularia rot), Biyolaris spicifera.

^ (Bipolaris rot) and stolonifer (soft rot).

>



2.1.2. Brinjal (Solanum melongena L)

^ Pawar and Patel (1957) observed a Phomopsis blight and fruit

rot of brinjal. They reported disease symptoms ranging from

seedling blight to fruit rot. In the fruit, the symptoms

manifested as minute sunken dull purple lesions which coalesced

to form large rotten areas. Nximerous pycnidia of the fungus

were also visible on these spots. Markov and Ahtpakhora (1958)

recorded anthracnose of brinjal caused by melongena. This

induced extensive lesions and led to complete rotting of the

fruits. Ramakrishnan and Wilson (1968) reported Rhizopus rot

with profuse white growth and Diplodia rot with dark growth on

the fruit surfaces with extensive rotting of the tissues.

Similar results were also obtained by Alice and Pailey (1978) in

their studies on post harvest spoilage of vegetables by fungi.

Lakshminarayana and Reddy (1979) recorded capsici, niqer,

R. solani, Ascochyta lycopersici, Myrothecium roridum,

Helminthosporium spiciferum and Cladosporium cladosporioides to

have caused considerable damage. Detailed studies on the

varietal susceptibility of brinjal fruit to soft rot by P. vexans

at Jabalpur showed maximum percentage of rotting in the fruits of

long purple variety, followed by Oval green. Round f>urple and

^ Dwarf green within 20 days of incubation (Chowdhury and Hasiza,
X 1979).

>
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Brinjal fruit rot by P. rrionilifornie was recorded as a new

pathogen by Datar (1980). The variety Manjiri Gota was found to

be susceptible. The lesions were sunken and brown in colour.

Profuse pinkish growth was visible on the calyx and stemend

region of fruits.

A fruit scab characterised by scabby growth with light

cracks due to Cladosporium tennuissimum was also recorded (Mandal

and Das Gupta, 1980). Ali and Shukla (1981) reported soft watery

rot accompanied by tissue discolourations during November to

March from Gwalior due to infection by _R. oryzae. Later the

infection progressed rapidly and the pathogen completely covered

the fruit by 15-20 days.

Kumar et £1^. (1986) reported pathogens like A. nidulans,

Cephalosporium acremonium^ F. moniliforme. P. oxysporum and

R. stolonifer from market samples in Punjab. Aspergillus' rot

started as a brown water soaked lesion with brown centre and

light brown margin. Soon they became brown and the mar^rins

diffused with the original colour of the fruit. Cephalosporium

rot started as small water soaked black spots. Later they

increased in size rapidly and resulted in the complete rotting of

the fruit within 3-4 days. The rotten area was watersoaked and

glossy in appearance with a pulpy texture. The stylar end of

the fruit was also rotten where the mycelium of the fungus was



present. In the case of F. oxvsporum, the rot gradually extended
^ from the stylar end to stalk end of the fruit and in a few days

whole fruit became soft and rotten. Misra and Rath (1986) also

reported similar symptoms with F. moniliforme and F_. equiseti

from saamples collecbtid €T-.em the-, markets of Bhubaneswar.

Sundaresan ^ (1986^ isolated P. vexans, Botryodiplodia

theobromae and Rhizopus sp. in addition to Fusarium sp.

Studies conducted at the Collecje of Agriculture, Vellayani

by John (1991) revealed the occurrence of fruit rot by J*. vexans.

The rots appeared as minute, circular, sunken, greyish spots with

y brownish halo which later enlarged to produce concentric rings

with yellow and brown zones. The outer most ring got separated

from the healthy fruit surface. Lesions increased in size and

formed lar^e rotten areas with abundant pycnidia.

Sharma and Sumbali (1993) during their survey of vegetable

markets in North India reported various fungal rots of brinjal.

They reported soft rot caused by R. stolonifer, cottony leak by

Z- diliensii, anthracnose by C. capsici, Fusarium rot by

F. oxysporumj sour rot by .G. candidum. dark olive green rot b^

A. alternata, grey mold rot by Botrytis cinerea and Paeci1omyces

rot by Paecilomvces variotii.
X
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2.1.3. Chilli fCapsicum annuum L)

Rao (1965") recorded storage diseases of chilli fruits from

Bombay due to infection by Diplodia sp. Ramakrishnan and Wilson

(1968) in their studies on the post harvest diseases of chilli

reported anthracnose as a common disease of chilli causing damage

in the field and storage. Wrinkled lesions appeared on fruits

and profuse dark dots represented the acervuli of the fungus.

The rotting of the tissues was completed within 3-4 days.

Alice (1969) reported infection due to R. arrhizus, Fusarium

sp., Diplodia sp. and A,. carbonarius from the College of

Agriculture, Vellayani. Rhizopus produced a wet rot with the

entire fruit covered by the mycelium, while Fusarium rot changed

the colour to black and rotting was over by eight days. In

Diplodia fruit rot the purple colour of the fruit was changed to

dark brown. Black pycnidia developed on the surface of the

fruits in advanced stages. Asperqil lus produced drjp rot with the

black conidial head on, the rotten surface.

Sharma ^ (1980) reported fruit rot due to infection by

F. solani and P. diversisporum. In the former case^ a light

yellow colour was noticed at the site of incision. With further

advancement of the rottin_g. tissues became soft and mycelium was

visible externally. A foul smell and a waterjr secretion was also

11



visible. Final Ijr the tissues beqame yellow and soft,

p. diversisporum produced complete degradation within 5 days of

inoculation. The pedicel infection resulted in the secretion of

^ milky juice. Rots caused by Verticillium psalliote,

moniliforme, Fusarium sp. and alternata were reported by

Uma (1981).

Adisa (1985) from Nigeria described chilli fruit rots caused

by R.. oryzae, R_. stolonifer, Cladosporium sp., F_. oxysporum,

F. equiseti, fumiqatus, _A. f lavus and jP. mul ticolor and

accounted for 40-45 and 25-35 percent of the losses during the

wet and dry season respectively. The rots were widely

^ distributed and produced serious damage. Similar studies were

^ also made by Datar and Ghule (1985).

Misra and Rath (1986) reported F. oxysporum and F. solani in

chilli from the markets of Bhubaneswar. The incidence of

Fusarium in rotten samples ranged from 47-77 percent. Based on

extensive survey conducted in parts of North India at wholesale,

retailer and consumer level to assess the various vegetable rot

fungi, Sharma and Sumbali (1993) recorded C. capsici. £. equisetj

rjud F. moni 1iforme. f 1avus, cladosporioides and

alternata from chilli.

/K
-A.
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2.2 Incidence of fruit rot in relation to environmenta
factors

Growth and sporulation of fungi are initiated by relative

humidity and temperature of the atmosphere. Depending upon these

factors variations in symptoms also occur. Thus Chand ^ al.

(1968) reported a high relative humidity favoured the disease

development by Gloeosporium. The incidence by R. solani fcJaS

maximum at 100 percent relative humidity (Ali, 1970). Effect of

temperature and relative humidity on the pathogenesis of

A" solani and tenuis have been studied in detail by

Mehta ^ (1975). Disease symptoms were not observed when the

fruits were incubated at 8°C or at 45°C for both the pathogens.

Similarly development of fruit rot by the two pathogens was

also recorded at 100 percent relative humidity.

Effect of temperature was also prominent. Thus Garg and

Gupta (1979) reported the fruit rot of tomato by JF. solani to be

maximum at temperatures of 28-30°C. Excessive low or high

temperature retarded the fungal spread and rotting.

Hasija and Batra (1979) observed the incidence of fruit rot

by Phoma destructiva at a temperature range of 15-35°C with

maximum rotting at 25°C. A relative humidity of 100 percent

favoured the maximum occurrence of Phoma rot. Bartz (1980)

13
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noticed the incidence of tomato rot by G. candidum in severe

proportions during shipment in Florida at 25-27°C and 80 percent

relative humidity. Temperatures of 25+2°G and relative humidity

of about 90 percent favoured fruit rot by Nigrospora oryzae and

Stemphylium vesicarium (Chary ad. 1980). Severity of tomato

fruit rot by tenuissimum was maximum at 25°C and 80 percent

relative humidity (Narain and Rout, 1981)* M. mucedo caused

complete rotting of the fruit within 3-4 days at 20°C. Surface
^he.

growth and sporulation of the pathogen on the fruit was ^ maximum

at hi^h relative humidity.

Highest rottinq of brinjal fruits by P. vexans occurred at

25°C and above 75percent relative humidity (Pawar and Patel,

^ 1957). Mehta and Mehta (1989) found no incidence of fruit rot by

oxysporum and _F. moni1 iforme at 8°C and 45°C respectively.

Maximum rotting was observed at 28°C for both the organisms. The

maximum disease development was found to be parallel to the rate

of radial mycelial cjrowth of the pathogens. Sharma and Sumbali

(1993) observed that high relative humidity favoured infection

and spread of stolonifer, £. diliensii, capsici.

F. oxvsporum. candidum and B. cinerea on brinjal fruits.
i.

Adisa (1985) observed that Cladosporium sp. grew best at
>-

^ 25°C on chilli but no spore germination occurred at low relative

humidity. Dasgupfco><i. and Mandal (1989) reported that high

14



humidity favoured the incidence of rots by _C. capsici and

Fusarium spp. viz., J*. sol ani and F. equiseti. Sharma and

Sumbali (1993) observed that C. capsici, F. equisetl.

F. moniliforme, ^ f lavus, C_. cladosporioides and ^ al ternata

caused enourmous post harvest wastage of chilli at high relative

humidity.

2.3 Phylloplane mycoflora of tomato, brindal and chilli

The leaf surface or the phylloplane constitutes a distinct

microhabitat and is inhabited by a varied assemblage of

saprophytic and parasitic organisms (Preece and Dickinson^ 1971).

^ Sinha (1971) in his studies on the phylloplane microflora of

chilli, brindal and tomato through out its growth period observed

several species of fungi. This included M. hiemalis, Spicariasp.

.. . F^. moni 1if orme, niger, f lavus, C. cl adosporioides ,

tenuissima and_^. solani throughout the growing season on

tomato while niqricans «md herbarum were confined to

moderately cold and cold weather. Kashyap and Levkina (1977)

isolated Penicil lium. brevicompactumTrichoderma viride.

Cladosporium sphaerospermum and Acremonium spp. from the leaves

of tomato while Nair (1977) found alternata, C. lunata and

R. bataticola in the phyllosphere of tomato plants. Khara and

W- Singh (1981) in two crop seasons obtained Achaetomium sp..

>
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A. qlobosum, Aureobasidium pullulans, Phomopsis sp., Sepedonium

ochraceum, Sphaeronema allahabadense, alternata, Asperqillus

sp., Fusarium sp., Curvularia sp. and Epicocoum purpurascens from

different tomato varieties.

Similar studies on brindal yielded M. hiemalis,

niqricans, Fusidium sp., Sporotrichum sp., C. cladosporioides,

solani and C. siddiquii throughout the growing seasons and

C. herbarum and Alternaria sp. during cold weather.

Syncephalastrum, sp., P. moniliforme, A. niqer, flavus,

_A. sydowii, Asperqillus sp., Penicillium sp., and A. tenuissima

were common during cold and moderately warm weather. During cold

weather A. sulphureus was confined to young leaves while Fusarium

and ^ fumiqatus were exclusively associated with mature leaves

only.
>

Capsicum leaves also yielded fungi like hiemalis,

Cunninqhamella sp., F. moniliforme. Fusidium sp., niqer,

P.. ianthinel lum, A. solani and siddiqui throuqhout the growing

season and C. herbarum and Alternaria sp. during moderately cold

and cold weather. niqricans, ^ koninqii, h. flavus,
0

Aspergi 1lus sp., C_. cladosporioides . Heterosporium sp.,

tenuissima and Papulaspora sp. were common during cold and

moderately warm weather. Fungi like P. candidum and

St*achybotrys ^were found on young leaves during cold weather

16



whereas moderately warm weather promoted the population of

Syncephalastrum sp., A. niveus and Fusarium sp. Those fungi

exclusively associated with mature leaves included Cephalosporium

sp., during cold and warm weather and A. fumiqatus and

C. verruculosa during the cold weather.

2.4 Studies on mycoparasitism, selection of suitabl
antagonists and mechanism of action of antagonism

Naturally occuring microbial antagonists and their

interaction have been studied extensively by various workers.

Thus Weindling (1932) recorded T. lignorum as a parasite on soil

fungi like A. niqer, PeniciIlium sp. andj*. lateritium. Boosalis

(1954) observed parasitism of R. solani by Penici1lium sp.

>. through hyphal penetration while England (1969) reported the

parasitism of C. cucurbitarum by Piptocephalis virqiniana through

production of abnormal branching manifested by swollen hyphae,

witches broom or coiling of hyphae. Turner and Tribe (1976)

observed the parasitic action of Coniothyrium minitans on

Sclerotinia sclerotiorum by invasion of sclerotia in vitro.

Hunter (1977) has reported Syncephalis californica as an

aggressive parasite capable of attacking oryzae under a wide

range of soil environments. Tronsmo and Raa (1977) reported the

suppression of the apple rot pathogen B. cinerea by

1- pseudokoninqii through growth inhibition. Huan^ (1978) found

17
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Gliocladiiim catenulatum as a hvperparasite of S. sclerotiorum and

Pusariuni spp< and caused the affected cells to collapse and

disintegrate.

Singh ^ aj.. (1978) noted Acremonium sordidulum to be

mycoparastic on detnatiurn. £. truncata in India. El-shafie and

Webster (1979) reported Curvularia sp. parasitised

R. stotonifer, R. sexualis and R^. arrhizus by penetrating the

rhizoidal hvphaft^sporangiophores and sporangia. Chiamydospore

formation by the parasite inside the host was also Ihoted. They

also explained the antagonistic action of Drechslera specifera

and alternata against arrhizus through penetration of

vegetative hyphae, sporangiophores and sporangia.

Arora and Dwivedi (1980) mm also observed the mycoparasitic

activity of Fusarium spp. viz., ;F. oxvsporum, F.. semitectum and

P_. udum towards solani through hyphal penetration and coiling.

Elad ^ aj,,(1980) observed T. harzianum as a biocontrol agent

effective against S. rolfsii and solani. The mechanism of

action was by hyphal interaction and also through the production

of cell wall lytic enzymes resulting in the lysis of the mycelia.

Hyphal parasitism of F. oxvsporum f. sp. 1vcopersici on

niqricans was characterised by coiling, penetration and

ramification inside the host. Rupture of the host hvphae and

18



chlamydospore formation by the parasite was also noted. The

host hyphae bulged out and deposited a 'wall like* barrier and

developed further (Pathak ^ aj,. , 1981).

Dwivedi and Mishra (1982) studied the hyperparasitism of

C. cladosporioides to the hyphae of orvzae. They observed

coiling, penetration and rfljnification of the hyphae inside the

host along with the granulation of cytoplasm. Brame and Flood

(1983) reported the inhibition of K. solani through the

production of antibiotics by the antagonist Aureobasidium.

pullulans.

S-

>

Padmakumari (1989) in her studies found A. niqer, Chaetomium

grlobosum, P, semitectum, F. solani , O. virens , Neurospora crassa,

^ P. citrinum, JP. oxalicum, wortmanii, R. oryzae. stolonifer,

T. harzianum and T. viride to be antagonistic to JR. solani in

in vitro conditions. Further studies with pot culture

experiments showed the effectiveness of T. viride and

T. harzianum as antagonistic organisms in reducing the intensity

of sheath blight of rice by restricting the survival of

R- solani.

19
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3 . ALS AND METHODS

3.1 Isolation and identification of pathogens associated
with solanaceous vegetables - Tomato, (Lvcopersi con
escul entum MilL), Brin-jal (Sol anum mel onaena L) and
Chilli ( Capsi cum annuunn L) .

Samples of tomato, brinjal and chilli with disease symptoms

were collected from the local markets of Thiruvananthapuram and

Instructional farm. College of Agriculture, Vellayani. The

materials were collected in polythene bags, brought to the

laboratory and isolations were made within 24 hrs of collection.

Care was taken to avoid rotted materials.

3.1.1 Isolation and identification of the organisms

Diseased portion of each sample was cut into small pieces

and surface sterilised by dippinq in 0.1 per cent acjueous

mercuric chloride for two minutes followed by washing in three

changes of sterile distilled water. The pieces were kept

asceptically 2cm. apart on sterilized and melted potato dextrose

agar medium (Appendix - I) and incubated at room temperature

(28+l°C) for 7 days. The fungal growth was transferred to potato

dextrose a^jar slants after purification by single spore

isolation. Subsequent subculturinq was done at monthly

intervals. Morphological and cultural characteristics of the

^ fungi isolated were studied and identified by slide culture
technique of Riddel (1950),

20



Plain acjar was melted and poured into petridishes to a

thickness of 2mm and after solidification, blocks of 6ram square

^ were cut out using a sterile needle. One such square was placed

in the centre of a sterile microscopic slide and all the four

sides of the agar block was inoculated with small culture bits of

the fungus. A cover slip was placed on the top of the agar block

and the slide was kept in a moist chamber and incubated at room

temperature for seven days. After this the cover slip was lifted

off gently, a drop of 15 percemt alcohol was placed in the centre

and before drying, the coverslip was mounted usinq lactophenol

cotton blue. The culture was examined and identification made.

>

The /aatho^enecity of the isolates was proved followinq

Koch's postulates. Fresh samples of tomato, brinjal and chilli

were collected from the local markets of Thiruvananthapuram^ "the

vegetables were surface sterilised as detailed earlier and

inoculations with different pathoqens were carried out usinq the

technique of Grainger and Home (1924). The method consisted of

making a hole of 8mm diameter on the fruit surface by a sterile

cork borer. A fungal bit from an actively growinq culture was

kept in the hole and plugged with the cut piece and incubated at

room temperature for 7-10 days. The isolates that proved their

pathogenecity were taken up for further studies.

>
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3.1.2. Mature of damaqe

Mature and intact fruits of uniform size and age were
'/

selected and inoculated with the selected pathoqens as given

below.

Tomato

Asperqillus flavus

Fusarium solani

Fusarium oxysporum

Rhizoctonia solani

Mucor hiemalis

Choanephora cucurbitar\im

Colletotrichum aloeosporioides

Alternaria solani

Chilli

Mucor hiemalis

Penicil1ium italicum

Fusarium oxysporum

Fusarium solani

Phoma sp.

Colletotrichum capsic

Phvtophthora capsici

Cladosporium sp.

22

Brinjal

Alternaria solani

Fusarium solani

Botrytis cinerea

Rhizopus Qigricana

curvularia l^n^t^

Botryodiplodia theobromae

Mucor sp.

Penicillium sp.



The nature and extent of damage at different periods (4, 8,

12 & 16 days) were recorded. Three replications were maintained

for each treatment. The pathogens which recorded maximum damaqe

were used for further studies.

3.2.Occurrence of funqal pathoqens and their
correlation with weather parameters

The pathoqens associated with the spoilage of tomato,

brinjal and chilli during storage were monitored for a continuous

period of one year during 1993 at monthly intervals. The

occurrence of pathogens were correlated with weather parameters

like temperature, relative hiomidity and rainfall collected from

the meteorological observatory. Department of Agronomy, College

-V of Agriculture, Vellayani.

3.3.Isolation and identification of phylloplane mycoflora

Fourteen days old seedlings of tomato, brinjal and chilli

obtained from the Instructional farm. College of Agriculture,

Vellayani were raised in earthern pots°of 35 cm. diameter filled

with garden soil. Manures and fertilizers were given as per the

packaqe of practice recommendations of KAU (1993). Two plants

were maintained in each pot and six replications were kept for

^ each crop. Leaf samples were collected at 15 days interval for a

^ continuous period of 4 months.
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The phvlloplane population in the different samples was
determined as per the soild dilution and plate technique outlined
by Timonin (1940) with slight modifications are given below.
Uniform leaves were tagged and samples collected. Leaf bits ofoht

sq. cm. were cut, pooled together,and the weiqht was adjusted to
Igm. This was then added to 99 ml. of sterile distilled water
and flasks were shaken by a mechanical shaker for 20 minutes.

One ml. of the suspension was pipetted from each flask and
transferred to 99 ml. of sterile water in 250 ml conical flasks.

This dilution of 10^ was used for estimating the population of

fungi. One ml. of this dilution was transfered in to sterile
petridish using sterile pipette. About 15 ml of the medium
peptone dextrose agar with rose bengal and streptomycin

(Appendix-II), melted and cooled to 45°C was dispensed into the

petridishes and rotated to ensure uniform spread of the
suspension in the medium. Three replications were maintained.

The plates were incubated at room temperature and isolations made

five days after plating.

24



3.4. Studies on mycoparasitism

^ 3.4.1. In vitro studies of phylloplane mycoflora with the
common pathogens of tomato, brinjal and chilli for the
selection of suitable mycoparasite

The method outlined by Skidmore and Dickinson (197 6) was

followed for studying the interactions of pathogens with

phylloplane fungi. Potato dextrose agar blocks of Snim. diameter

containing seven day old growth of mycelia of both pathogen and

the phylloplane fungi were placed 3.5cm. apart on PDA in a

petridish and incubated at room temperature for 12 days.

The pathogens were selected based on the frequency of

occurrence and extent of damage made by them.

^ The selected pathogens and the common phylloplane fungi are
given below.

Crop Pathogens Phylloplane fungi

Tomato 1. Fusarium solani 1. Botryodiplodia theobromae

2. Rhizoctonia solani 2. Pestalotig palmarum
•- • ' A

3. Phoma sp.

4. Trichoderma viride

5. Asperqillus niger

6. A. flavus

7 . terreus
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Brinjal l.Alternaria solahi

2. Fusarium solani

Chilli 1. Fusarium„solani

2. C&lletotrichum

capsici

1. theobromae

2. P. palmarum

3. Phoma sp.

4. T. viride

5. A. nicrer

G. A. flavus

7. A. terreus

1. B. theobromae

2. P. palmarum

3. Phoma sp.

4. T. viride

5. A. niqer

6. A. flavus

7. A. terreus

Three replications were maintained for each treatment. The

paired cultures were examined after 12 days and the nature of

reactions were noted. Interaction types were assigned accordincj
j

to the method adopted by Purkayastha and Bhattacharya (1982) as

follows.

A. Homogenous intermingling between organisms

B. Overgrowth - Pathogen overgrown by mycoparasite (test

fungus)

26



C. Cessation of growth at line of contact

D. Clear zone of inhibition

E. Overgrowth - mycoparasite overgrown by the pathoqen

>
3.4.2. Mechanism of action of antagonism

The dual culture technique of Dennis and Webster (1971) was

used for studying the mechanism of antagonism. In sterile

petridishes melted PDA was poured and allowed to solidify.

Sterilised cellophane discs of 90mm. diameter were placed over

this so as to lie flat on the medium, using a pair of sterile

forceps. An agar disc of 5mm diameter containing the mycelium of

^ the fruit rot pathogen cut from the margin of an actively growing
culture of the fungal pathogen was placed 2cm. apart along with a

5mm. agar disc of the test fungus. The plates were incubated at

28+l°c for seven days. Direct observations were carried out

after incubation period under a liqht microscope at the zone of

hyphal contact. Microscopic observation for hyphal interaction

was also made by cutting out one cm^ portions of cellophane

containing intermingling hyphal growth and mounted on glycerine.

The different mechanisms of mycoparasitism exhibited by the

efficient antagonists of fruit rot pathogens were also studied.

>
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3.4.3. Selection of suitable mycoparasites

The fungi that showed inhibition of the fruit rot pathogen

in in vitro studies were selected as effective mycoparasites.

From the different mycoparasites so obtained only Trichoderma

viride was utilised further for in vivo studies as shown below.

Vegetables used

Tomato

Brinial

Chi Hi

Pathogens

1. Fusarium solani

2. Rhizoctonig solani

1. Fusarium solani

2. Alternaria solani

1. Fusarium solani

2. Colletotrichum capsici

Mycoparasite selected

Trichoderma viride

Trichoderma viride

Trichoderma viride

Fresh fruits of tomato, brinjal and chilli were selected,

surface sterilised, washed with two changes of sterile water and

sprayed with the conidial suspension of T. viride from seven days

old cultures and air dried. They were then inoculated with their

respective pathogens using pin prick method viz., 5 pricks were

made near the stemend portion of the fruit using a sterile pin

and culture discs of 5mm. diameter were placed over the

pinpricks. The fruits were then incubated at room temperature.

Fresh fruits surface sterilijsed, sprayed with sterile water and

28



inoculated with the respective pathogens served as control.

Three replications were maintained for each treatment.

> Observations on keepinq quality and extent of damaqe were

recorded at 4 days interval for a period of 16 days.
>
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4. RESULTS

4.1 Isolation and identification of pathogens associated
with solanaceous vegetables

Several fungi were found to be associated with the spoilage

of solanaceous vegetables viz., tomato, brinjal and chilli under

storages conditions. They are listed below.

4.1.1. Tomato

1. Asperqillus flavus Link ex Pr.

2. Fusarium solani (Martius) Sacc.

3. F. oxvsporutn Schlect

4. Rhizoctonia solani Kiihn

5. Mucor hiemalis Wehmer

6. Choanephora cucurbitarum (Berk & Ray) Thaxt.

7 Col1etotrichum qloeosporioides Penz.

8. Mternaria solani Sorauer

9. Phoma sp.

10. Geotrichum candidum Link, ex Pers

11. Rhizopus stolonifer (Ehrenb, ex Link) Lind

12. Cladosporium sp.
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Fungi like F. solani , F. (Sxysporum, C. qloeosporioides,

A. solani, and _A. flavus were present throughout the study and

can be considered as the common pathogens associated with tomato

^ while R^. Sol ani , M. hiemal is and C.cucurbitarum were seasonal in

appearance.

4.1.1.1. Nature of damacre

The nature of damage obtained by selected fungi is described

below.

4.1.1.1.1. Aspergillus rot c.o ;Aspergillus flavus

^ The rot started initially as water soaked lesions. It

gradually increased in size, ruptured the skin and the iuice

leaked out with a fermentative odour. The tissues became soft

and mycelia with greenish sporulation was observed on the outer

surface. (plate 1.1)

4.1.1.1.2 Fusarium rot c.o ;Fusarium solani^F. oxysporum

Infection started as water soaked lesions with initially

raised but later depressed centre. Irregular cracking of the

fruits was common. Dirty white mycelia was seen along the

cracks. The disease progressed rapidly, disintegrated the inner

M' tissues which lost their turgidity and resulted in the exudation
of yellow juice with an unpleasant odour. (Plate 1.2 and Plate

1.3) .
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Plate 1. -NatJ3^ of damage by 1. Aspergillus flavus
2. Fusarium solani
3. Fusarium oxysporun

Nature of damage by I. Rhizoctonia solani
2. TTucor hiemalis
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4.1.1.1.3 Rhigoctonia rot c.o ;R.Bolani

M Lesions were roughly circular with a dark brown border and

pale centre. As the infected area enlarged, it became slightly

sunken and remained firm. Splitting of the skin occurred in

different directions. The whole fruit surface was covered with

dense flocculent mycelia within seven days. Profuse growth of

sclerotia was also observed. The inner tissues became soft and

watery. (Plate 2.1)

4.1.1.1.4.Mucor rot c.o :M. hiemalis

>

>

On the fruit surface within two to three days of infection,

water soaked areas with fluffy yellowish white mycelia of the

^ fungus was noticed. In advanced stages the fruit was completely

shrunken and emitted a fermentative smell. (Plate 2.2.)

4.1.1.1.5.Choanephora rot c.o ; Choanephora cucurbitarum

Starshaped cracks occurred at early stages of infection.

Centre of the infection became depressed and soft. The skin got

loosened from the pulp with a white scanty superficial growth

which later became dense and dark. As the lesions advanced,

secondary invasion by saprophytic fungi occurred. The rotten

fruits emitted an offensive odour. (Plate 3.1)

f
A
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Plate 3,

5^ *. .-f-

Nature of damage by 1. Choanephora cucurbitarura
2 . Colletotrichum qloeosporioidfiS i'



4.1.1.1.6.Colletotrichuin rot c. o. : jC^. qloeosporiaides

Lesions were circular at first later became water soaked

^ dark and sunken. White coloured spore masses in concentric

circles were often visible. Slight crackinq and watery ooze was

observed. (Plate 3.2.)

4.1.1.1.7. Alternaria rot c.o : A. sol am

Decayed tissue was firm and dry. The colour became brown to

black and extended deep into the fruit. Internal cavitv was

lined with dark qrey qrowth. Under humid conditions, production

of olive green mycelium with abundant spores was visible. Fruits

were devoid of any bad odour.

4.1.1.2. Extent of damage

The extent of damage caused by the major pathogens at

different periods viz., 4, 8, 12 and 16 days after inoculation

are given in table 1, Pig.l and Appendix-III. R. solani caused

maximum damage. The damage was 91 percent by the 8th day and it

became 100 percent by the 12th day and the fruit was completely

covered by fungal growth. flavus, £. cucurbitarum.

M* hiemalis, P. solani and P. oxvsporum caused more than 80

^ X percent and 90 percent damage by twelth and sixteenth day
respectively and were on par.
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Table 1,Extent of damage by major pathogens to tomato during
storage at different periods

Days after inoculation (%)
Particulars

8 12 16

Fusarium solani 49. 33 66 .33 83 .33 94. 00

Choanephora cucurbitarum 50. 67 72 .67 86 .33 96. 67

Asperoillus flavus 47. 67 78 .00 88 .33 94. 67

Col 1etotrichum
qloeosporioides 44. 00 56 .00 74 .67 83. 00

Fusarium oxvsporum 52. 67 65 .00 83 .00 89. 67

Mucor hiemalis 52. 00 72 .00 85 .67 95. 00

Rhizoctonia solani 86. 67 91 .00 100 .00 100. 00

Alternaria solani 46. 67 68 .00 73 .00 80. 00

C.D. for comparinq treatment
means (0.05)

11. 6390 15 .269 10 .398 9. 019
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4.1.2. Brinjal

The fungi associated with the spoilage of brinjal are given

. below.

1. Alternaria solani Sorauer

2. Fusarium solani (Martius) Sacc.

3. Botrytis cinerea Pers.

4. Rhizopus nigricans Ehrenb

5. Curvularia lunata (Wakker) Boediin

6. Botryodiplodia theobromae. Pat

7. Asperqillus niqer Van Tieqhem

8. Phomopsis vexans (Sacc & Sydow)

9. Col 1etotrichum qloeosporioides Penz

10. Phytophthora palmivora Butler

11. Trichothecium roseuim Link

12. Pythium aphani derma turn (Eds.) Pitz

13. Rhizoctonia solani Kuhn

14. Mucor sp.

15. PeniciIlium sp.

ftspergillus niger and T. roseum were found to be present

occasionally while fungi like A.solani, F.solani,

^ C. ql oeosporioides , B.cinerea , Penici 11 iuto sp., R. nigricans .
C.lunata and B.theobromae caused considerable damage throughout
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the ye,A»wlTfcye^P. vexans , P.palmivora , P.aphanidermatum and R^. sol anj^

were seasonal in appearance and were confined to the rainy

periods.

4.1.2.1. Nature of damage

4.1.2.1.1. Alternaria rot C.O: Alternaria polan^

The disease is characterised by small, circular spots with

definite margin. Some of the spots were sunken with or without

skin breaks. Often these coalesced together to form large

patches. The flesh became spongy and turned grey to dark tan.

Deep brown to black, scanty superfitcial mycelial mass was

visible. (Plate 4.2)

4.1.2.1.2 Fusarium rot C.O: Fusarium solani

Symptom started as water soaked areas which advanced and in

the later stages turned light brown. The infected areas got

decayed, over which the dense white mycelial qrowth of the funqus

was observed. (Plate 4.1)

4.1.2.1.3. Botrytis rot C.O : Botrytis cinerea

Infection started as circular brown area with a pale margin.

^ Centre turned greenish due to spore formation. During later
A stages, the tissues turned brown. A liquid oozed out with a foul

smft.11 . (Plate 5.2)
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4.1.2.1.4 Rhieopus rot C.O: Rhizopus niqricans

^ Water soaked areas were concentrated around injuries and

soon this was covered by the inycelial growth. Abundant

sporulation was noticed. The mycelial mass bearing brown to

black sporangia appeared only alonjf the margin. Brownish liauid

with a characteristic odour oozed out. (Plate 5.3)

4.1.2.1.5 Diplodia rot C.O: Botryodipiodia theobromae

Symptom started as a brownish colouration later became

brownish black. Skin became rough due to pycnidial

encrustations. Fruits became wrinkled and shrivelled. No juicy

^ exudation or foul smell was noticed. (Plate 4.3.)

4.1.2.1.6 Curvularia rot C.O: Curvularia lunata

Infection started as regular circular or irregular

concentric lesion with a faded outer zone initially. This later

turned grey. The inner tissues became .^oft. The whole fruit

turned brownish black with a velvetty cover due to heavy

sporulation, (Plate 6.1)

>
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Plate 6. Nature of damage by 1. Curvularia lunata
2. Colletotrichum gloeosporioides
3. Mucor sp.
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4.1.2.1.7 Colletotrichum rot C.O: Colletotrichum gloeosporioides

The disease is characterised by a small, circular, water

^ soaked lesion which later turned dark and became sunken. Salmon

coloured spore masses in concentric circles were observed. (Plate

6.2)

4.1.2.1.8 Mucor rot C.O: Mucor sp.

Water soaked areas appeared around the injuries and soon

this was covered with white fluffy mycelial mat. Brown liquid

oozed out in later stages and the fruit became soft and

^ flattened. (Plate 6.3)

4.1.2.1.9. Pencillium rot C.O: Penicillium sp.

Infection started as water soaked lesion which later turned

brown. Bluish green spore mass was observed. Fruits were

wrinkled in appearance without odour. (Plate 5.1)

4.1.2.2. Extent of damage

The extent of damage caused by different pathogens are given

in Table 2, Fig.2 and Appendix IV. B. theobromae caused maximum

infection after 4 days followed by B. cinerea and A. sol ani and
\

were on par. The damage caused by 5- theobromae was maximum at

12 and 16 days. The fruit was almost covered by fungal growth
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(92 percent) bj the 16th day. This was followed by F, solani (81

percent) and_A. solani (79 percent).

Table 2. Extent of damage by major pathogens to brinjal

Days after inoculation (%)
Particulars

8 12 16

Penicillium sp 21 .00 27 .00 37 .00 46. 67

Alternaria solani 22 .33 40 .00 59 .33 78. 67

Fusarium solani 21 .67 39 . 67 70 .00 80 . 67

Col letotrichuin
aloeosporioides 20 .73 31 .00 39 .00 46. 67

Botrytis cinerea 25 .67 51 .33 60 .87 66. 33

Rhizopus ni.qricans 20 .00 25 .00 39 .00 56. 33

Curvularia lunata 19 .00 27 .00 45 .00 60 . 00

Botryodiplodia theobromae 27 .00 36 .00 74 .33 91. 67

C.D. (0.05) for comparing
treatment means 7 .189 11 .192 14 .379 17 . 15(
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4.1.3. Chilli

The fungi associated with the spoilage of chilli are given

beloM.

r

1. Mucor hiemalis Wehmer

2. Penicillium italicum Wehmer

3. Fusarium oxvsporum Schlect

4. F. solani (Martius) Sacc

5. Curvularia lunata (Wakker) Boediin

6. Phoma sp.

7. Colletotrichum capsici (Syd.) Butler and Bisby

-y, 8. Phytophthora capsici sensu lato

9. Cladosporium sp.
k

The fungi like F. solani, C. capsici and F. oxvsporum were

found throughout the year, while P. capsici and M- hiemalis were

noticed only during rainy seasons. cradosporium sp., Phoma sp.

and C. lunata were occasionally recorded.

4.1.3.1. Nature of damage

The nature of damage by fungi were as described below.

„v-
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4.1.3.1.1. Mucor rot C.O: Mucor hiemails

The affected portions became water soaked and depressed.

Fluffy white mycelia vfas seen and the infected region became

soft, watery and the juice leaked out (Plate 7.1).

4.1.3.1.2. PeniciIlium rot C.Qi Penicillium italicum

Light brown discolouration advancing in an oval manner was

seen initially. Fruits became soft and leaky with bluish green

spore mass at the region of the fruit cap. Internal brown

discolouration was also observed. (Plate 7.2)

4.1.3.1.3 and 4 Soft rot C.O: Fusarium oxysporum and F.solani

> Infection started mostly from the stylar end as small, water

soaked, brownish area with scanty mycelial growth on the surface.

Rotten fruit became soft and a watery exudate oozed out. Under

high humid conditions, the fluffy mycelial cottony growth fully

covered the fruit. (Plate 7.3 and 9.3)

4.1.3.1.5. Curvularia rot C.O: Curvularia lunata

Light brown discolouration later turning to black was

observed. Infected area was covered with large number of

^ spores (Plate 8.1).
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4.1.3.1.6. Phoma rot C.O: Phoma ap.

^ Slight brown discolouration of the fruit was seen initially.
Water soaked spots with light brown border later becoming ashy

grey, sunken, leathery but firm with pycnidia was observed.
Dirty white mycelial growth was seen over the lesion. Internal

discolouration was also noticed. (Plate 8.2)

4.1.3.1.7. Anthracnose C.O; CoUetotrichum capsici

Symptoms appeared as small water soaked circular and sunken

spots. They enlarged gradually and centre of the spot became

black in colour with acervuli appearing as black pustules in

concentric rings. Under humid conditions, creamy pink spore

masses could be noticed along with the sparse grey black

mycelium (Plate 8.3)

4.1.3.1.8. Phytophfthora rot C.O: Phytophthora capsicj.

Greyish brown discolouration very slowly advancing was

observed. The internal tissues became soft and was seen adhering

to the loose skin. (Plate 9.1)
(

4.1.3.1.9. Cladosporium rot C.O; Cladosporium sp.

Olive green to blue green large circular spots were seen.

Later spots turned ash coloured, dry and papery. Fluffy mycelial

growth was seen on the surface of the spots (Plate 9.2).
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Plate 9. Nature of damage by 1. Phytophthora capsici
2. Cladosporium sp.
3. Fusarium solani



4.1.3.2. Extent of damage

The extent of damage due to various pathogens at different

periods viz., 4, 8. 12 and 16 days after inoculation are given in
Table 3, Fig. 3 and Appendix V.

on the 4th day'after inoculation, maximum damage was found

to be induced by C. capsicl followed by P. italicum. The fungi
like F. .olani, Phoma sp. , M. hiemalis and F. oxvse^ "ere
similar in their effects and were on par. The least damage was
causedfcyP. capsici. and p1 adnsporiun) sp. while on
day maximum damage was recorded by P. imi^ -<»
viz S. .mani and F. osisBOEun,- S- SSESiSi
„ere also similar in their effects and were on par. The least
damage was noticed by ,. -d o"

noticed eventhouqh it
daj also P. italicuffi "as

caused considerable damage.
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Table 3. Extent of damage by major pathogens to chilli

• Days after inoculation (%)
Particulars

^ •

X

12 16

Penicillium italicum 30,, 67 73.,67 100.,00 100.,00

Fusarium solani 26..33 73,,00 100,.00 ^ 100,.00

Fusarium oxvsporum 21,, 67 " 65.,33 93,.00 100.,00

Col 1etotrichum capsici 31,.00 45,,33 73,.00 94,, 67

Mucor hiemalis 22,.67 36.,33 79,,00 91,,67

Cladosporium sp. 15,.33 18,.67 25,.33 , 42,, 67

Phytophthora capsici 14,.00 17., 66 20,.33 30,.00

Phoma SP. 23,.00 31,,33 43,.33 53,. 67

C.D. (0.05) for comparing
treatment means 8,.57 9,,29 14,.46 15,.17

4.2 Occurrence of fungal pathogens and their
correlation with weather parameters.

4.2.1. Tomato

The data on the type of fungi associated with the spoilage

of tomato during storage given in Table 4 and in Appendix. VI,

January, February and March were recorded as the dry and hot

^ periods of the year with the maximum temperature ranging from

30-33°C and mean relative humidity from 70-80 percent with
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occasional rains. Fungi causing storage rots were minimum during

this period and included P. solani, ^ flavus,

C. qloeosporioides, G_. candidum and A. solani.

The temperature continued to be high during April

eventhough a total rainfall of 21.49 mm was received durng this

period. The first week of May continued to be in the grip of

high temperature with no rainfall and there after received

contitiuos rains up to the end of Auqust. The mean relative

humidity also ranged from 77-91 percent during this period. But

June, July and August continuously recorded a mean relative

humidity of above 90^telat 7am with continues rains on all weeks.

The fungal spoilage was also maximum during this period.

Mucorales represented by cucurbitarum, il. hiemalis.

R. niaricans and stolonifer dominated. Rhizoctonia solani

also recorded considerable damage. Other fungi included

A. solani, P. oxysporum, G. candidum, Phoma sp. and

C. gloeosporioides.

During September, October, November and December the maximum

temperature ranged from 28-31°C and mean relative humidity from

78-89 percent. Rainfall was also recorded during this period.

The fungal flora included A. solani , sol ani and M. hiemal is.

In addition to these, Phoma sp. and Cladosporium sp. were also

frequently observed.
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Table 4. Incidence of fruit rot pathogens of tomato during 1993
from January to December.

Month

January

February

March

Apri 1

May

June

July

August

September

October

November

December

Storage Pathogens

Fusarium solani, Asperqillus flavus, Geotrichun).
candidum. Col1etotrichum aloeosporioides

Fusarium solani,Asperqillus Jlayus,Col 1etotrichum
qloeosporioides,Geotrichum, candidum. Alternaria
solani

Asperqillus f lavus, Alternaria solani..
Colle^totrichum qloeosporioides, Fu^sarium solani,
Geotrichum candidum

Alternaria solani, Asperqillus f lavus, Fusariuy?
oxvsporum, Geotrichum candidum

Alternaria solani, Choanephora cucurbitarum,
Fusarium oxysporum, Rhizopus niqricans, Geotrichum
candidum

Choanephora cucurbitarum, Fusarium pxys£oruip_,
Geotrichum candidum, Phoma sp., Rhizoctonia solani

Choanephora cucurbitarum, C^ietot^lchi^
gloeosporioides. Fusarium solani, Geotrij;_.hum
candidum, Rhizoctonia solani, Mucor hiemalis

Alternaria solani, Choanephora cucurbitarum, Mu^r
hiemalis, Phoma sp., Rhizopus stolonifer,
Geotrichum candidum

Alternaria solani , Col 1etotrichum qloeosporioides.,
Fusarium solani, Geotrichum candidum, Mucor
hiemalis , Phoma .,sp.

Rhizoctonia solani, Cladosporium sp. FusariutQ
solani, Mucor hiemalis, Phoma sp., ghizopus
tliqricans, Alternaria solani , Asper.qil lus niger

Alternaria solani, Col 1etotrichum qloeosporioides.
Fusarium solani, Phoma sp.

Asperqillus flavus, Cladosporium sp.,
solani', Phoma sp. , Alternaria solani
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4.2.2. Brinjal

The data on the tvpe of fungi associated with the spoilage

of brinjal during storage ctte given in Table Band Appendix-VI .

The coironon pathogens associated all throughout the year were

recorded as solani and F. solani followed by P vexans.

Maximum fungal population was noticed^during the months of May,

June, July and August. This coincided with the low temeperature

and high relative humidity and rainfall of the above period. The

fungi included M. hiemalis, JP. palmivora, P aphanidermatum and
R. solani in addition to the earlier mentioned fungi.

The other fungi recorded during September, October, November

and December included B. theobromae, C. lunata, niqricans,

B. cinerea and T. roseum. Phytophthora palmivora and

P. aphanidermatum were also noticed during this period. This was

favoured by the high relative humidity and rainfall recorded

during the above period.
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Table 5 -.Incidence of fruit rot pathogens of brinjal during 1993
from January to December.

Month

January

February

March

April

May

June

July

August

Storage Pathogens

Alternaria solani,Colletotrichum gloeosporiodes,
Fusarium solani , Mucor sp. , Rhizopus. niqricang

Alternaria solani.Colletotrichum aloeosporioides,
Fusarium solani, Rhizopus niqricans

Alternaria solani, Aspergillus ni.qer,
Botryodipl'odia "theobromae. Curvularia lunat^,
Fusarium solani, Mucor sp., Rhi zopus niqricans

Alternaria solani, Aspergillus niger,
Botrvodiplodia theobromae, Curvularia lunata,
Fusarium solani, PenciIlium sp., Phomopsis vexans

Alternaria solani, Asperqillus niger
solani, PenciIlium sp., Phomopsis
Rhizoctonia solani

Alternaria solani. Botrytis cinera,
solani, Phomopsis vexans, Phytophthora
Rhizoctonia solani

Fusarium

vexans,

Alternaria solani, Botrytis cinerea, Fusarium
solani, Phomopsis vexans, Phytophthora palmivora,
Trichothecium roseum, Rhizoctonia solani, Pythium
aphanidermatum

Fusarium

palmivora,

Alternaria solani, Aspergillus niger,
Botryodiplodia theobromae, Curvularia, lunata,
Fusarium solani, Phytophthora, palmivora,
Penicillium sp., Rhizopus niqricans, Phomopsis
vexans

September Alternaria solani, Asperq-il lus .nigei:,
Botryodiplodia theobromae, Curvularia, lunata,
Penicillium sp., Phytophthora palmivora, Pythiuffi.
aphanidermatum, Mucor sp., Rhizopus niqricans,
Phomopsis vexans
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Month Storage Pathoqens

October Botrytis cinerea, Pusarium solani, Phytophthora
palmivora, Pvthium aphanidermatum, Mucor sp.,
Rhizopus niqricans, Trichothecium roseum, Phomopsis
vexans

November Botrytis
Phomopsis

cinerea. Col 1etotrichum qloeosporioides,
vexans, Rhizopus ni^ricans

December Botrytis
PhomoDsis

roseum

cinerea. Col1etotrichum qloeosporioides,
vexans. Rhizopus niaricans. Trichothecium

4.2.3. Chilli

The incidence of fruit rot pathogens of chilli were given in

Table 6 and Appendix-IV.

Fusarium spp. were found to be present throuqh out the year

followed by C_, capsici and M. hiemalis. P. capsici was recorded

durinc[ the months of Ma^, June, July, August, September and

October. The growth and sporulation u&s favoured by the low

temperature, hi^h relative humidity and the hi^h rainfall

recorded during this period.
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Table 6 -.Incidence of fruit rot pathogens of chilli during 1993
from January to December

Month

January

February

March

April

May

June

July

August

September

October

November

December

Storage Pathogens

Pusarium solani, Penicillium italicum

Cladosporium sp.,
Fusariumsolani

Colletotrichum

4

Cladosporium sp., Col 1etotrichum capsic^,
oxvsporum, Phoma sp.

Cladosporium sp., Col 1etotrichum capsici. Fuaarium
solani

Cladosporium sp . , Fusarium oxvsporum., Penici 11 ium
italicum. Phoma sp., Phvtophthora capsici,
Colletotrichum capsici

CnU etotrichum capsici. Fusarium solani, Fusariut^^
oxvsporum, Phvtophthora capsici, Mucor hiemalis

Col letotrichum capsici, Fusarium solanj.,
Phvtophthora capsici, Mucor hiemalis

Fusarium oxysporum, Peni ci11ium italicum,
Phvthophthora capsici, Mucor hiemalis,
Colletotrichum capsici

Fusarium solani, Phoma sp. , Penici11ium italicum,
Phvtophthora capsici, Mucor hiemalis,
Colletotrichum capsici

capsici

Colletotrichum capsici Fusarium oxysporum.

Phvtophthora capsici, Mucor hiemalis, Curvularia
lunata

Colletotrichum capsici, Curvularia lunata, Fusarium
solani. Penicillium italicum

Colletotrichum capsici. Curvularia lunata, Fusarium
solani. Penicillium italicum
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4.3. Isolation and identification of phylloplane
mycoflora

4.3.1. Tomato

The following fungi were isolated from the leaf surface of

tomato plants.

1. Alternaria solani Sorauer

2. Rsperaillus flavus Link ex Pr.

3. ^niqer Van Tieghem

4. A. terreus Thorn

5. Acremonium sp.

6. Botryodiplodia theobromae Pat

7. Choanephora cucurbitarum (Berk & Ray) Thaxt.

8. Col1etotrichum gloeosporioides Penz

9. Clasterosporium flaqellatum Schw

10. Corvnespora cassiicola (Berk. & Curt.) Wei.

11. Curvularia lunata (Wakker) Boedidn

12. E^sarium solani (Martius) Sacc

13. Helminthosporium or.vzae Breda de Hann

14. Penicillium notatum Westlina

15. P. wortmanii Kloecker

16. Pestaloti^^almarum Cooke

17. Phoma sp.

18. Rhizoctonia solani Kuhn

THBISSUR
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19. Rhizopus nigricans Ehrenb

20. R. oryzae Went and Geerlinqs

^ 21. Trichoderma viride Pers. ex Pr.

4.3.2. Brinjal

The following fungi were isolated from the leaf surface of

brinjal plants.

1. Alternaria solani Sorauer

2. Rsperqillus aculeatus lizuka

3. A. alliaceous Thom and Church

4. A. flavus Link ex Pr.

5. A. niqer Van Tieqhem

6. A. ochraceous Wilhelm

7. A. panamensis Raper and Thom

8. A. repens (Corda) De Bary & Woron

9. A. restrictus Smith

10. A. terreus Thorn

11. A. ustus (Bain) Thom & Church

12. Aureobasidium sp.

13. Botrvodiplodia theobromae Pat

14. Curvularia eraarostidis (P.Henn.) Meyer

15. cmrvulatria, sp.

16. Cvlindrocladium scoparium Morg.
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17. Pusarium Qxvsporum Schlect

18. F- Rolani (Martius) Sacc

19. Mucor hiemalis Wehmer

^ 20. Penicillium notatum Westling

21. PRgtalotia palmarum Cooke

22. Phoma sp.

23. Phomopsis vexams (Saoc & Sydow)

24. Rhizopus nicjiricans Ehrenb

25. oryzae Went & Geerlinqs

26. Trichoderma viride Pers. ex Fr.

4-3.3. Chilli

The followinq fungi were isolated from the leaf surface of

chilli.

1. Alternaria solani Sorauer

2. A. candidus Link.

3. A. flavus Link ex Pr.

4. A. niqer Van Tieqhem

5. A. tamarrii Kita

6. A. terreus Thom

7. Botryodiplodia theobromae Pat

8. Col 1etotrichum capsici (Syd.) Butler and Bisby
Ik-^ 9. C. gloeosporioides Penz
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10. Corynespora cassiicola (Berk & Curt.) Wei.

11. Curvularia lunata (Wakker) Boediin

12. Cladosporium sp.

13. Fusarium tricinctum (Corda) Sacc.

14. PeniciIlium notatum Westlinq

15. Pestalotia palmarum Cooke

16. EkQma sp.

17. Rhizopus niqricans Ehrenb

18. R.oryzae Went & Geerlings

19. Trichoderma viride Pers. ex Fr.

4.4. Studies on mycoparasitism

4.4.1. Iin vitro studies for the selection of suitabl
^ mycoparasite

4.4.1.1. Tomato

The type of reactions observed between fruit rot pathogens

and phylloplane fungi are given in Table 7.

It was observed that Fusarium solani and Rhizoctonia solani

w&iee. overgrown by Botryodiplodia theobromae, Trichoderma viride

(Plate 10 and 11), Asperoillus niqrer. A- f lavus and A, terreug

while Pestalotia palmarum showed cessation of growth at the line

of contact. Phoma sp. showed cessation of growth at the line of

contact with F. solani. When tried with R. solani over growth by

Phoma sp. was observed.
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The mode of action of T. viride alone was studied in detail.

It was observed that inhibition of F. solani by T. viride was

effected through coiling and penetration of hyphae while with

% R. solani the inhibition was through coiling and disintegration
of hyphae.

Table 7 :Type of reaction of fruit rot pathoqens of tomato with
the phylloplane funqi.

Pathogens tried

Botryodiplodia tbeobromae B B

Pestalotia oalmariim C C

Phoma sp. C E

7richoderma viride B B

Asperaillus nig^ B B

Asneraillus flavus B B

Asneraillus terreus B B

B - Overgrowth-pathogen overgrown by the test fungus.

C - Cessation of growth at line of contact.

E - Overgrowth-test fungus overgrown by the pathogen.
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|j^ Plate 10. wv<= j.j.VJ-'i_n. JL- ujcti-
Trichoderma viride

a*.

Plate 11,

OvergrG^-^th. Fusarium "r.olani overgrown by
Trichoderma viride'

Overgrowth. Rhizoctonia solani_overgrown by
Trichoderma viride
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4.4.1.2. Brinial

The type of reactions between the fruit rot pathogens and

the phylloplane fungi are given in Table 8.

The pathogens viz., Fusarium solani and Alternaria solani
were found to be overgrown by the phylloplane fungi viz.,

Botryodiplodia theobromae, Trichoderma, yiri^ (Plate 12 and 13),

Asperqillus niqer and flavus. Homogenous free intermingling

was noticed with Phoma sp. and Alternaria solani. Cessation of
growth at line of contact was shown by Pestalotia palmarum with
both pathogens while a clear zone of inhibition was noticed with

A. terreus and F. solani.

^ The mode of action was studied for T. viride alone.

Penetration and coiling of hyphae was noticed with F. solani

while penetration and distinteqration was common with solani.
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Plate 12. Overgrowth. Fusarium solani overqrown by
' 'rTrichoderma viride
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Pl^te 13. Overgrowth. Alternaria solani overgrown by
Trichoderma viride
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A Table 8 ;Tvpe of reaction of fruit rot pathogens of brinjal with
the phylloplane fungi.

Pathogens tried
Phylloplane funqi
(test fungus) Pusarium solani Alternaria solani

Botryodiplodia theobromae B B

Pestalotia palmarum C C

Phoma sp. C A

Trichoderma viride B B

Asceraillus niaer B B

Asoeraillus fla_vus B B

Asoeroillus terreus D B

Type of reaction A - Homogenous free intermingling between
organisms

B - Overgrowth-pathogens overgrown by
roycoparasite

C - Cessation of growth at line of contact

D - Clear zone of inhibition

4.4.1.3. Chi Hi

The type of reaction between fruit rot patho3ens and the

phylloplane fungi is presented in Table 9.
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The pathogens viz., Fusariurp sol ani and Col letotri chum

capsici were found to be overgrown by Trichodertna viride (Plate

14 and 15) and Asperqillus niger while cessation of growth at

line of contact was noticed with PhoTna sp. , 1^. f 1avus and

K. terreus.

Mode of antagonism of T. viride towards P. solani was by

coiling and penetration while for C. capsici it was by

penetration alone.

Table 9 tType of reaction of fruit rot pathogens of chilli with
the phylloplane fungi.

Pathogens tried
Phylloplane fungi
(test fungus) Fusarium solani Col 1etotrichum

capsici

gotrvodiplodia theobromae C B

Pestalotia palmarum C B

Phoma sp. C C

Trichoderma viride B B

Aspergillus niger B B

Aspergillus flavus C C

Aspergillus terreus C C

Type of reaction : B - Overgrowth-pathogen overgrown by
mycoparasite

C - Cessation of growth at line of contact
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Plate 14. Overgrowth. Fusarium solani overgrown by
Trichoderma viride

r

Plate 15. Overgrowth. Colletotrichum capsici overgrown by
Trichoderma viride



Jr 4-5.1. Tomato

4.5.1.1 Infected by F. aolani

The effect of T. viride applied as a biological antogoni
to fruits infected by F. Sfilani is giv- in Table 10a, Plate 16
and Pi,.4. in control samples, fruits started rotting bv the 4th
day (26 percent) and continued to rot. Ninety percent damage »as
noticed bv 8th and the fruits were con,pletely rotten by 12th
day. in nhoderma treated fruits rotting eventhouah started by
4th day, recorded only 55% damaqe by 16th day.

4.5.1.2. Infected by R- solai^

The effect of T. viride applied as a biological antagoni.,l
to fruits infected by R. sol^ are given in Table 10b, plate 17
and Fig.5. In control samples the extent of damage was 87
percent by fourth day and the damage was complete (100 percent)
by eighth day. Whereas in Trichafleima treated fruits, the
extent of damage was 22 percent by fourth day and continued to
increase. Only 60 percent damage was noticed on the 16th day.

59



"f'

Table 10a Effect of Trichoderma treatment on tomato fruit rot cause
by Fusarium solani

Control Treated with Trichoderma viride

Days

after

inocul

ation

Nature of
damage

Extent of
damage
(in %)

Nature of
damage

Extent of
damage
(in %)

4 Developed cracks,
profuse dirty white
mycelial growth,
skin loose,soft rot
developed,exudati on
noticed.

8 Cracks widened,
mycelial cover
thickened,high
exudation,unpleasant
odour,almost completely
rotten

12 Complete rottinq,
high exudation
and unpleasant
odour

16 Complete rottincj
fruits flattened

No cracks.Trichoderma
grown over rotten

75.00 areas. Firm fruits, 26.00
no exudation

No cracks, bluish
green spore mass of

90.00 Trichoderma. no 36.00
unpleasant odour or
exudation.

Little cracking,rottinq
100.00 increased, bluish spore 52.00

mass coverage increased,
fruits continued to be
firm, no foul smell and
no exudation.

100.00 Cracking increased
slightly, infected area
widened. Bluish spore
mass almost covered the
fruit.
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Days after inoculation

T-reat&duiL-h
LlJ Control ^Tnchodernia

Fig. 4. Effect of Trichoderma treatment on tomato
fruit rot caused by Fusarium soiani
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Table 10b Effect of Trichoderma treatment on tomato fruit rot cause
by Rhizoctonia solani

Davs after
inoculation

Control

Nature of
damage

Dense white
mycelial cover,
fruits became soft
and little depressed.
No odour, slight
exudation noticed.

Whole fruit covered
with mycelia,
fully rotten

Extent of
damage
(in %)

Treated with Trichoderma viride

Nature of
damage

Extent oi
damage
(in %)

Mycelial growth
87.00 restricted to point 22.00

of inoculation,
fruits remained
firm, no exudation.

Bluish spore mass of
100.00 Trichoderma over 36.00

the mycelia of the
pathogen. Infection
noticed, but fruits
continued to be firm
without exudation.

12 Whole fruit rottened
and flattened, 100.00
high.exudation of sap
noticed

Spore coverage
increased, infection 50.00
progressed. Fruits
continued to be firm
without exudation.

Infected area increased
but fruits continued 60.00
to be firm without
any exudation.

16 Fruits turned into
rotten mass 100.00
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Fig. 5.

4-

8 12

Days after inoculation

S Control
-Treated with
iTrichoderma

Effect of Trichoderma treatment on tomato fruit rot
caused by Rhizoctonia solani
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Plate 16. Biological control of Fusarium solani with
Trichoderma viride - 4 days after treatment

1. Control
2. Trichoderma treated

I

Plate 17. Biological control of Rhizoctonia solani with
Trichoderma viride 8 days after treatment

1. Control

2. Trichoderma treated



4.5.2. Brindal
• %

4

* 4.5.2.1. Infected by F. solam

^ The effect of T. vlrlde applied as a biological antogoniat
to brinjal fruits infected by F. solanl is given in Table 11a.
Plate 18 and Pig.6. In control sanples. fruits showed sever,
symptoms of rotting by 4th day (68 percent) and resulted in
complete rotting by 12th day where a, in Trichod^ treated
fruits. even though synptoms were visible by 4th day. it caused
only 48 percent damage by 12th day.

r

4.5.2.2. Infected by solani

Similar results were also recorded with T. viri^ in brinjal
fruits infected by A. solani (Table lib). The extent of damage
was 48 percent in control samples on the fourth day after
inoculation. This continued to increase and complete destruction
of the fruit was noticed by twelth day whereas in Triohoderma
treated fruits, the extent of damage was 44 percent by fourth day
and by sixteenth day it recorded about 90 percent damage.
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Table 11.a Effect of Trichoderxna treatment on brinial fruit rot
by Fusarium solani

causf

Control Treated with Trichoderma viridi

Days

after

inocul-

at ion

Nature of
damaqe

Extent of
damaqe
(in %)

Nature of
damaqe

Extent <

damaqe

(in %)

12

16

White mycelia was
visible. Infection 68.00
rapidly increased,
brownish lesions
developed

Mycelial coverage
increased, fruit 91.00
became soft and
exudation noticed.

Complete destruction
of the fruit, 100.00
exudation increased

Complete destruction
of the fruit, 100.00
exudation maximum

63

Mycelial qrowth
restricted,fruits 30.00
remained firm

Little mycelial
qrowth, fruits 36.00
continued to be firm.
No exudation

Fruits continued to be
firm. Bluish spore mass 48.00
of Trichoderma was
visible over infected
areas. No exudation.

Fruits continued to be
firm, infection 53.00
slightly increased.
Bluish spore mass was
noticed to be scattered
all over the surface of
fruits.



8 12

Days after inoculation

E3 Control
,T*'e.9tecl witK
iTrichoderma

Fig. 6. Effect of Trichoderma treatment on brinjal
fruit rot caused by Fusarium solani
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Plate 18. Biological control of Fusarium
Trichoderma viride 8 days after treatment

1. Control

2. Trichoderma treated

with



Table 11.b Effect of Trichoderma treatment on brinial fruit rot
by Alternaria solani

caused

Control Treated with Trichoderma

Days

after

inocul-
ation

Nature of

damage
Extent

damage
(in %)

of Nature of
damage

Extent of

damage
(in %)

4 Blackish grey oval
lesion observed.
Fruits became soft,
centre of lesions
got depressed

8 Rotted area largely
advanced towards

medical.Centre became
slack brown fruits,
almost fully rotten
with exudation.

12 Complete destruction
of fruits,
exudationt was
maximum

16 Complete destruction
of fruits, fruits
fruits flattened

48.00

83.00

100.00

100.00
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Trichoderma was found

to be overgrown by the
pathogen. Brown lesion
extended. Brown
exudation noticed.

Fruits became soft,
ooze increased

Fruits became soft,
almost complete
destruction of

fruits.Centre ofthe

lesion depressed,
profuse exudation
noticed.

Fruits became soft,
almost complete
destruction of

fruits, with
profuse exudation.

44.00

78.66

87.00

91.00



4.5.3. Chilli

4.5.3.1. Infected by P. solani

^ The fruits Inoculated «ith F. solani shoued severe symptoms

of rottino (87 percent) by 8th day and resulted in almost
complete rotting by 12th day. Trichoderma treated fruits also
showed similar results, Trichoderma treatment showed no disinct
reduction of fruit rot by P. solani. (Table 12a).

4.5.3.2. Infected by C. capsici

But for CoUetotrichum rot, Trichoderma treatment jave jood
results. Fruits inoculated with C. capsici showed severe rottino
(79 percent) during 8th day and complete rotting by 12th day.

^ But in Trichoderma treated fruits, fruit rot infection was 16
percent after 4th day. This continued to record increase and by
16th day caused 50 per cent damage. (Table 12b. Plat. 19 and
Fiq. 7).

T
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Table 12a.

Days

after

inocul-
at ion

Effect of Ti-ichodei-ma treatment on chilli fruit rot
by Pusarium solani

caused

Nature

damage
of

Control

Extent of
damage
(in %)

Treated with Trichoderma viride

Nature of
damage

Extent of
damage
(in %)

4 Yellowish brown Yellowish discolour
46.00discolouration 49.00 ation. Exudation

exudation noticed noticed

8 Lesion size increased Lesion sized increased.
84.00considerably,white

mycelial qrowth,
and profuse exudation
with rotten smell

87 .00 white mycelial growth
and profuse exudation
with a rotten smell.

12 Whole fruit covered Whole fruit covered
96.00with fungal growth

almost complete
rotting.

96 .00 with fungal growth,
rotting almost
completed and with
maximum exudation.

16 Whole fruit disinte Complete destruction
grated into a pulpy of fruits,with high

100.00mass with rotten 100 .00 exudation and rotten

smel 1 smel 1
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^ Table 12.b :Effect of Trichederffia treatment on chilli fruit rot caused
by Colletotrichum capsici

Control Treated with Trichoderma yiric^g.

Days
after

inocul
ation

Nature of
damage

Extent of
damage
(in %)

Nature of
damage

Extent of
damage
(in %)

4 Deep brown
oval lesions 43.00

8 Black small
acervuli seen, 79.00
deep brown
lesions developed

12 Whole fruit blackened
with acervuli and 99.00
became shrunken

16 Complete coverage of
fruit with acervuli,
became a black 100.00
shrivelled mass

67

Discolouration
highly reduced

Discolouration slowly
advanced, no acervuli
formation

No acervuli noticed
discolouration
noticed. Fruits not
shrunken.

No acervuli,discolour
ation continued. Fruits
continued to be firm.
Not shrunken.

16.00

36.00

43.00

48.00
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8 12

Days after inoculation

Scontrol
Tireattd

iTrichoderma

Fig. 7. Effect of Trlchioderma treatment on chilli
fruit rot caused by Colletotrichum capsici
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IPlate 19. Biological control of Colletotrichum capsici
using Trichoderma viride

1. Control

2. Trichoderma tre-.ted
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ID I SCUSSTON

^ Fungi are mainly responsible for the spoilage of vegetables

during transit and storage. The common fungi associated with the

storage rot of solanaceous vegetables include speciesa^ of
Fusarium, Rlternaria, Phytophthora, Rhizoctonia, Mucor and

Colletotrichum. These fungi are all soil borne pathogens and

hence can be assumed to be carried over from the soil at the

time of harvest. Transit and storage atmosphere may also help in

the deposition of fungal spores on them. The spores deposited on

y the surface of these vegetables may remain in the latent form and
may not usually show symptoms. The injuries sustained during

harvest and transit plays a key role in the development, of

symptoms during storage. The symptom also varies depending upon

climatic factors and storage practices.

Among the storage rots of tomato, soft rot by Furasium spp.

occupy a prominent position. This included P. nivale

F. eQuiseti, P. solani, and _F. roseum (Thakur and Yadav, 1971,

Khanna and Chandra, 1976; Garg and Gupta, 1979; Thomas et

1981). In the present study also storage rot due to F. solani

and F. oxysporum was found to be very common.
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storage rot due to Alternaria solani also occupied an

important position. Almost all the samples yielded Alternaria.

^ Similar observations were also recorded by Rao (1965),

The role of Phytophthora palmivora and Rhizoctonia solani in

initiating soft rots were also spectacular. Both of them caused

complete rotting within 2-3 days during rainy months and is in

agreement with the findings of Critopoulos (1954) who has

recorded JP. capsici as the most vigorous type.

Zy^omycetous fungi like Mucor hi ema1is, Choanephora

cucurbitarum and Rhizopus stolonifer were also found to be

associated.

Mucor hiemalis and C. cucurbitarum recorded in the present

study are new reports even though rotting due to M.. mucedo and

piriformis (Moline and Kuti, 1984) and Rhizopus spp. viz.,

JR. stolonifer, R. arrhizus, R. nigricans and R. oxyzae

(Sonoda ^ » 1982) were already reported.

The other fungi which have recorded considerable damage in

the present study included Aspergillus spp. viz., A. niger and

A. f1avus followed by Qeotrichum candidum, Curvularia lunata and

^ Cladosporium sp.. These fungi are all known pathogens of tomato

and initiated fruit rot under storage conditions (Golan, 1980;

Bartz, 1980; Narain and Rout, 1981).
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Fruit rot due to Phoma sp. was also common eventhough the

^ fungus is reported to have caused fruit rot in cold climate and
stemblight under relatively warm conditions (Singh, 1985).

Similarly Geotrichum sp. was also recorded in certain cases

to have caused minor damage. G^. candidum is well known in

initiating sour rots on ripe and over ripe vegetables at warm and

humid conditions (Moline, 1984; Sharma and Sumbali, 1993).

Brinjal fruits also suffer great losses due to post harvest

infection. As in the case of tomato considerable rotting due to

Fusarium solani has been recorded throughout the study. Mehta

and Mehta (1989) has recorded the extent of rotting by

P. oxysporum and F. moniliforme to be maximum under storage

conditions.

Soft rot due to Rhizopus nigricons was encountered as a new

pathogen eventhough rotting by Rhizopus stolonifer has been

reported already (Sharma and Sumbali, 1993).

Phomopsis vexans also caused considerable damage under

storage conditions. Pawar and Patel (1957) has recorded severe

blighting under storage conditions eventhough John (1991) has

recorded severe bliqhtinq of the stem and fruit under field

conditions from Vellayani. Hence it can be assumed that the

pathogen might have been carried from the field to the store

house.
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soft rot bv HsoerailluB nlqer and Botrytlg clnerea recorded
in the present study has already been reported by Kumar et al.
(1986) and Sharma and Sun>bali (1993). Phytophthora palmvor^,
PvtViiiim anhanidermatum and ahisafitonia solani were also recorded

to induce soft rot during humid climatic conditions,

Rhizopus niaricans and P. Balmivora. recorded in the present

study are new reports on brinjal. The wound parasite,
T^nfrvodiplodia theobromae was also reported irrespective of
season.

Anthracnose disease of Chilli caused by Colletotrichum

> gloeosporioides is recorded to cause considerable damage both
under field and storage conditions in various parts of India

(Ramakrishnan and Wilson, 1968; Thind and Jhooty, 1984). It is
prevalent throughout the year and is common on semi ripe and ripe
fruits. The disease development is maximum during the humid

seasons. In the present study also, symptoms were recorded
throughout the year with maximum development durinq humid
seasons. The symptoms eventhouqh initiated in the field miqht

have continued to develop durinq transit and storaqe (Singh,

1985). In certain cases the nearotic areas have extended and

covered the entire length of the fruit. This is facilitated

through the action of toxins produced by the fungus under
suitable environmental conditions (Sharma and Sharma, 1969).
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spp. vi.. , F. o^jsporum ^nd P. aslani have also
caused considerable damage and is reported from different
localities in India (Sharma et al. 1980: Sharma and Sumbali,
1993). symptoms generally started from the stylar end as small
lesions and further development is favoured by hij-h humidity (Das-
gupta and. Mandal , 1989) .

The other fungi associated with soft rots included Mucor
htemalis, rladosporium sp., Phytophthora capgici, Phoma sp.,
curvularia lunata and PeniciIlium italicum.

Mucor hiemalls and Penicilltum italicum recorded in the
jSresent study are new reports on Chilli.

successful infection also depends upon the age of the
vegetable. Ag^ exerts a pronounced influence on the rotting
pattern. But this factor could not be evaluated as the age of
the vegetables collected from the local areas could not be
clearly ascertained.

Further studies with inoculation trials have indicated the

role of wounds or injuries in initiating infection. Injuries
serve as a prerequisite for successful colonization by pathogens.
The study thus clearly indicated the importance of avoiding
injury to vegetables durln3 harvest, transit and storage.

72



>

Another important aspect is the transmission of diseases

^ through seeds. Seeds extracted from rotted samples serve as the
source of primary infection in the field. Madoritv of the fungi
associated with spoilage was., already reported to be seedborne
(George, 1992). Thus the study highlighted the significance of
seed borne transmission in vegetable crops.

Growth and sporulation of fungi are in general influenced by
environmental factors like relative humidity, rainfall and
temperature of the atmosphere.

Studies on the effect of environmental factors and fungal

incidence have revealed that fungi like P. palmivora, R. sol^,

M. hiemalis and C.. tmcurbitarum to be highly specific and
associated with low temperature accompanied by high relative

humidity and rainfall. A relative humidity of above 90 percent

coupled with a temperature range of 24 to SQOC favoured infection
by Phvtor^hthora sp. (Singh, 1985). In the present study also
high mean relative humidity of 88 percent and rainfall of 14-24mm
coupled with low temperature occurred during the period of July
and August.

In the case of Rlternaria rotting also, 100 percent relative

< humidity with a temperature of 280C was found to be favourable

and the ratio of disease development was proportional to the
o
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humidity level (Mehta ^al., 1975). But in the present study

^ damage due to A. solani was recorded throughout the year except
during January and February when the relative humidity and

^ Imaximum temperature ranged from 70-91 percent and 25-33°C
I'
V *

respectively.

The incidence of Geotrichum was noticed from January to

September, when the temperature and mean relative humidity

ranged from 28 to 33°C and from 70 to 91 percent respectively.
Bartz (1980) reported Geotrichum infection to be severe during

shipment in Florida at 80 percent relative humidity and at a

y temperature range of 2S-21°C. Abundant moisture followed by warm
dry weather helped in th rapid development of disease (Singh,
1985).

Studies on Asperaillus rot caused by flavus showed that

infection appeared in its most severe form during January,

February, March, April and December while rotting due to Fusarium

sp. was noticed throughout the year irrespective of range in
temperature or relative humidity. In a similar study Khanna and
Chandra (1976) recorded infection by A. flavus to be severe

during October and November. Similarly Fusagi^tn rot was noticed
only during January and February in Allahabad.
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in the case of brinjal also Fusarium solani. and Alternaria
^ solani caused maximum rotting and were observed throughout the

study irrespective of the variations in relative humidity and
^ temperature. Mehta and Mehta (1989) has also made similar

observations and recorded maximum rotting at room temperature.

Phomopsis vexans emersed as an important pathogen and caused

considerable damage fiSJvApril to December. The relative humidity
and temperature also showed wide variation which ranged from
75-95 percent and 25-33°C respectively. This is in confirmity

with the findings of Pawar and Patel (1957) who have recorded a
y, temperature of 25^0 and relative humidity about 75 percent as

optimum for its growth and sporulation.

In the present study Phvtophthora palmivora., Pythium
aphanidermatum and Rhiaoctonia solani were found to be associated

^ during the rainy periods of the year. Arelative humidity of
above 87 ps«cent was recorded at 7 AM from June to September.

The temperature also ranged from 25-30°C during this period.
Rainfall was also maximum during this period.

Among the several fungi associated with the spoilage of
Chilli, Colletotrichum capsici emerged as the most common

^ pathogen irrespective of the variations in mean relative humidity
(73-90 percent) or temperature (25-33°C) eventhough Das ^upta and
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Mandal (1989) reported that Col1etotrichum rotting was favoured
by high relative humidity.

Fusarium rot caused by P. solani was also prevalent

throughout the year- The funqus is recorded on both ripe and
green chillies with lesions starting from the stylar end
(Das-2.gupta and Mandal, 1989). They have suggested that the
disease is favoured by high relative humidity.

Fruit scab by Cladosporium was noticed only during the

summer months when the maximum temperature ranged from 30-33°C.

Mandal and Dasgupta (1980) has also recorded C. tenuissimum
during summer and partial rotting under humid conditions.

In general, it was observed that relative humidity and
temperature are the two important factors responsible for the

development of fungal rots in stored vegetables. Relative

humidity is in turn influenced by the amount of rainfall

received.

The quantitative and qualitative composition of the
phylloplane microflora of crop plants varied with their age and
growing conditions. Healthy leaves in general carried more
saprophytic organisms compared to youn^ and unhealthy leaves.

X The leaves of field grown crops are covered by a relatively

dense popualation of microorqanisms includinq spores and hyphae,
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Seasts, bacteria, actinomycetes and pollen grains. It is also to
^ be noted that the leaf surface microorganisms are under the great
^ influence of host, variety, environment, a^e of the plants,

foliar leachates etc. But detailed investijfations on the above

factors could not be taken up and study was concentrated only on

the isolation and identification of fun^i associated with the

three solanaceous crops viz., tomato, brinqal and chilli. The

fungi so isolated were utilised for furthur studies in the
selection of a suitable antagonist against storage pathogens.

A comparative glance at the fungi isolated revealed that
^ brindal crop harboured a rich crop of fungi (26 nos) followed by

^ tomato (21) and chi11i (19). It is interesting to note that

fungi like Pestalotia -palmarum, Aspercfillus niger, _A. ^rreus,

A. flavus, Botryodiplodia theobromae, Rhizopus ni^Xican^

Trichoderma viride and Phoma sp. were common to all three host

plants. While certain other fungi were exclusively associated
with one host only. For example, Acremonium sp., Clasterosporium

flaoellatum, Helminthosporium oryzae, Rhizoctonia solani,

Choanephora cucurbitarum and Penici1lium wortmani? were isolated

from tomato while ^reobasiddjim sp. , Cvlindrocladium. scoparium

and Asperqillus spp. comprisinq of alliaceus, aculeatus,

A. restrictus, Ik, panamensis, A. niqer, Jk. f lavus, terreus,

A. ochraceous and _A. ustus were restricted to brinial.

%
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Similarly funqi like Asperqillus tamarii, P. tricinctum..

^ nladosporium sp., Curvularia lunata and Phoma sp. were recorded

from chilli.

V

Host specificity is already known from the work of Sin^h and
Sinha, 1962. Host specificity among other factors is known to be

controlled by the physical nature of the surface and the chemical

nature of exudates.

Distribution of microorganisms in relation to host species

weather changes^ leaf maturity.^ and air currents are all well

known. Along with this meteoroloqical factors such as
atmospheric temperature, humidity and rainfall Wajre also

^ important in influencing the quality of microorqanisms (Greqory,

1957artil961).

The selected phylloplane fungi/test fungji were utilised for

antagonistic studies with the major fruit rot pathogens in
in vitro studies with dual cultures. Verv good antagonistic

activity (overgrowth of the pathogen by the test fungus) was
shown by B. theobromae, T. viride, Phoma sp., ni^er, f 1avu§

and A. terreus. But Asperaillus spp. were not considered for

further studies because of their possible role in the production

^ of the potent -toxin viz., aflatoxin (Kulik and Holdday, 1969).
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The study was limited to Trichoderma viride alone because of
^ its potential antagonistic activity against a variety ct

pathogens (Dennis and Webster, 1971b: Elad et al-, 1980: Das,
1986; Gokulapalan, 1989).

Several reports on the occurrence of micro - orqanisms
antagonistic to plant pathogens are available. Isolates of fungi,
yeasts and bacteria have been reported to be antagonistic to a
wide ran^e of pathogens and are successfully utilised asfainst
soilborne, foliar and post harvest diseases of vegetables and
fruits (Weindlin^, 1932; Ghewande, 1987: Janisiewiez, 1988).

> The mechanism of mycoparasitism is based on the studies with

dual cultures in synthetic media. But the effect of nutrition or

the physiology of hyperparasitism has not been studied.

The mode of mycoparasitism has been observed to differ amonq

fun^i. Thus Boosalis (1954 and 1956) kam observed hyphal
penetration of R. solani by Penicillium. sp. and penetration
followed by collapse and disinteqration in P. vermiculatum-
R. solani combination. But disintegration due to alteration in
the pH of the medium or due to nutrient improverishment (Newhook,
1951; Skidmore, 1976) has also been suggested. It was also

X suggested that penetration was made possible thrqush the
disinteqration of host cell walls by the action of antibiotics

A
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(Baigent and Ogawa, 1960; Brame and Flood, 1983) or due to lysis
by enzymatic action.(Jones ^ al., 1974). In similar studies
suppression or growth inhibition by T. pseudokoningii in Botrytis

^ cinerea (Tronsmo and Raa, 1977) is also reported.

In certain cases in addition to competition for nutrients,

space and mechanical obstructions, physical factors and size of
the host hyphae were also suggessted to be involved in penetration

(Durrell, 1966; Huan^ and Hoes, 1967; Dwivedi and Arora, 1978).

Huang (1978) has observed direct hyphal contact resulting in
collapse or disintegration of cells in the hyperparasitism of
Gliocladium catenulatum on Sclerotinia sclerotiorum and

Fusarium spp.. In similar studies Pathak ^ a],. (1981) r- :

recorded hyphal parasitism by coi1injg penetration , rupture of

the host hyphae and ramification inside the host when R^hizopus

nigricans was hyper^parasitised by Fusarium pxysporum f.sp.
lycopersici.

Fravel (1988) has postulated the role of toxic or inhibitory

metabolites in addition to parasitism, competition for nutrients

or space, or mechanical obstructions.

In the present study, the role of Trichoderma as a

y, biological antagonist was established against the major pathogens

of tomato (F. solani and solani), brinjal (F. splani and

A. solani) and chilli (F- solani and C. capsici).
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, v,riet, of antagonists has. be.n al.:e.d, r.coanis.d for
th. biOlcical control of fruit rot pathogens. Thu. Bo^ rot
of strawberr, and apple hae. been sucoessfull, controlled through
the application of 2- pseudokojlinflU -""i I' iSI-i-Sm
respectively (Trnnsmo and Dennis, 1977, Tronsn.o and Ystaas,
,980). Antagonistic jeast and bacteria were also found to be
elective against citrus fruit rot caused by DijlS^ natal^s
and Ppnicillum ex^sum as well as Mternaria alternata
gMio^ Siolonifal d-" •

The results of the present study thus clearly indicated the
possibilities of utilising T. viri^ as abiocontrol agent for
con,batinc the maior fruit pathocens of tomato vi.., f- soUBi and
K. solani. It can also be successfully utilised against fruit rot
of brin^al caused by f. sol^ and the co™.on anthracnose disease
of chilli caused bv capsici •
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<5 . SUMMARY

The fungi coranonly associated with the deca:y of solanaceous

vegetables viz., tomato, brinjal and chilli under storage
conditions were isolated and identified.

Mucor hiemalis and Choanephora cucurbitaram as well as

Rhizopus niqricans and Phytophthora palmivora are new reports on

tomato and brinjal respectively. Similarly Mucor hiemalis and

Penicillium italicum are new reports on chilli.

Based on the frequency of occurrence and extent of damage

Fusarium solani was selected for all the three crops alon^f with

Rhizoctonia solani, Alternaria solani and Col 1etotrichum capsici

for tomato, brinjal and chilli respectively. These fungi were

used for further studies.

Studies on the occurrence of fungal pathogen.s and their

correlation with weather parameters have showed minimum spoilage

during the dry periods of the year viz., January, February and
March. The funaal population was found to be correlated with low

temperature and hi^h relative humidity and rainfall.

The phylloplane studies revealed maximum fungal population

on brinaal followed by tomato and chilli. The fungi included

common pathogens and saprophytes.
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Funqi like Botrvodiplodia theobromae, Pe3talotiqpi.1spalinarum,

^ Phoma sp., Trichoderma viride, Rsperqillus spp. viz., k. niqer,
A flavus and A. terreus were common to all the three crops and

hence were selected for jji vitro studies against the selected

fruit rot pathogens respectively.

The mechanism of action of T. viride towards the pathoqens

was found to be through coiling, penetration and disinteqration

of hyphae.

Jl

>

The role of Trichoderma as a bioloqical antagonist againist

the common fruit rot pathoqens was studied. It was observed that

T. viride was effective in reducinq the fruit rot of tomato

i, caused by the maior pathoqens viz., P. solani and R. solani by

about 50 percent upto 12 days of storage under artificial

inoculated conditions. Similar results were also obtained with

F. solani on brinial and C. capsici on chilli.

The study thus highliqhted the possibility of utilising

Trichoderma as a biocontrol agent aqainst the maior storage

disease of tomato, brinial and chilli.
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Potato dextrose a^ar

Potato

Dextrose

Aqar

Distilled water

APPENDIX-I

200.0 q,

20.0 q.

20.0 q,

1000 ml.

APPENDIX-II

Peptone dextrose a^ar with rosebengal and streptomycin

Dextrose 10.0 q.

Peptone 5.0 q.

Pottassium dihydroqen phosphate 1.0 q.

Magnesivim Sulphate

Agar

Distilled Water

Streptomycin

Rose bengal

pH

0.5 q.

20.0 q.

1000 ml.

0.3 ml. per 100 ml. of
cooled medium

1 part in 30,000 parts of'
the medium

6.8
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APPENDIX-III

Anova for percentaqe of infection of tomato stored after 4

days of inoculation.

Source df SB HSS F Value

Treatment 7 3896.961 556.709 * *

Error 16 796 49.85 11.190

Total 23 4692.961

* * Significant at 5% level

Anova for percentaqe of infection of tomato stored after

days of inoculation.

$ource df SS MSS F Value

Treatment 7 2108.5 301.214 * *

Error 16 1370 85.625 3.518

Total 23 3478.5

* * Significant at 5% level

ir



Anova for percentage of infection of tomato stored after 12

days of inoculation.

source df SS MSS F Value

Treatment 7 1475. 625 210 .804 * *

\

Error 16 635. 328 39 .708 5.309

Total 23 2110. 953

* * Significant at 5% level

Anova for percentage of infection of toms^to stored after 16

days of inoculation.

Source df SS MSS F Value

Treatment 7 1005.625 143. 6607 * *

Error 16 478 29. 875 4.809

Total 23 1483.625

* * Significant at 5% level

in



days of inoculation.

Source df SS MSS F Value

Treatment 7 280.958 40.137 * *

Error 16 276 17.25 2.327

Total 23 556.958 24.216

* * Significant at 5% level

Anova for percentage of infection of brinial stored after

days of inoculation.

Source df SS MSS P Value

Treatment 7 2116.997 302.428 * ie

Error 16 668.836 41.802 7.235

Total 23 2785.833 121.123

* * Significant at 5% level

IV



A Anova for percentage of infection of brinial stored after 12
days of inoculation.

p Value

4889.958 698.565

10.124
1104

Error

Total
5993.958 260.607

* * Significant at 5% level

Rnova for percentage of infection of brinial stored after 16
days of inoculation.

Source df SS MSS F Value

Treatment 7 7667. 291 1093 .899 * *

Error 16 1570. 667 98 .167 11.143

Total 23 9227. 958 401 .216

* * Significant at 5% level
i—
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APPENDIX-V

toova for percentage of infection of chilli stored after •

days of inoculation.

Source df SS MSS F Value

Treatment 7 641.333 171.048 * *

Error 16 556 40.083 4.267

Total 23 1197.333 52.058

* * Significant at 5% level

Anova for percentaqe of infection of chilli stored after 8

days of inoculation.

Source df SS MSS P Value

Treatment 7 11022.29 1571 .76 * *

Error 16 3684.668 230 .29 6.83

Total 23

* * Significant at 5% level

VI



A Anova for percentaqe of infection of chilli stored after 12

days of inoculation.

Source df SS MSS F Value

Treatment 7 22517.667 3217.095 * *

Error 16 1244.333 77.771 41.366

Total 23 23764 1033.217

* * Significant at 5% level

Anova for percentaqe of infection of chilli stored after H

days of inoculation.

Source df SS MSS F Value

Treatment 7 18135.167 2590.738 * *

Error 16 630.667 39.417 65.727

Total 23 18765.833 815.906

* * Significant at 5% level
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APPENDIX-VI

WEATHER DATA OP 1993 FROM JANUARY TO DECEMBER

Temperature (Oc) Relative HumiditY(%)
Month

Week Days Max Min At 7.22AM At 2:.22PM Mean

Rainfall

(mm)

1 1 1-7 30. 4 18. 6 91. 1 55. 1 73. 1 0. 00

January 2 8-14 30. 4 21. 1 93. 3 62. 0 77 . 65 0. 00

3 15-21 29. 9 20. 7 93. 7 68. 8 81. 25 0.,00

4 22-28 30. 7 21. 7 93. 3 58. 7 83. 71 0.,00

5 29-31 30.,23 20. 63 93..66 63.,67 78.,67 0,.00

2 1 1-7 31.,33 19..44 90.,85 49..57 70.,04 0,.00

February 2 8-14 30..68 20.,41 91.,57 59..14 75.,36 0,.00

3 15-21 31,.51 23.,22 87,.42 73..43 80,.43 0,.00

4 22-28 31..34 21..85 92,.00 74,.00 83,.00 2 .80

3 1 1-7 32 .14 22,.27 89..85 61,.28 75,.57 0 .00

March 2 8-14 32 .74 21,.92 89 .26 59 .86 74 .85 0 .00

3 15-21 32 .53 24 .03 91 .00 67 .26 79 .13 , 0 .00

4 22-28 32 .64 24 .05 87 .05 66 .34 76 .70 18 .50

5 29-31 32 .20 24 .00 75 .33 65 .00 70 .17 0 .00
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Temperature (°C) Relative Humidity(%)
Month

Week Days Max Min At 7.22AM At 2.22PM Mean

INCl X 11 C4 X X

(nrni)

4 1 1-7 31.97 24.6 82.57 72.00 77.29 0.00

Apri 1 2 8-14 32.33 24.33 90.57 73.00 81.79 6.35

3 15-21 32.62 20.76 90.14 73.57 81.85 12.50

4 22-28 33.27 25.40 75.00 78.43 76.71 1.80

5 29-30 33.00 25.05 93.50 84.50 89.00 2.30

5 1 1-7 33 .34 25.93 89.14 78.57 83.86 0 .00

May 2 8-14 28.69 26.01 92.14 78.71 85.43 21.00

3 15-21 31.97 24.70 85.71 72.41 79,07 9.00

4 22-28 31.34 23.75 92.71 76.43 84.57 8.40

5 29-31 29.76 24.17 88.67 77 .00 82.84 36.30

6 1 1-7 29.70 23.49 91.29 73.57 82.43 40.53

June 2 8-14 29.49 23.74 91.85 7 6.57 84.21 12.27

3 15-21 30.25 22.04 91.57 7 9.43 85.50 5.86

4 22-28 30.42 24.60 90.42 93.97 82.71 7.63

5 29-30 29.30 23.00 87 .00 75.00 81.00 28.90

7 1 1-7 28.71 22.71 92.29 88.14 90.22 29.00

July 2 8-14 29.46 22.47 89.86 82.00 85.93 13.53

3 15-21 28.47 22.95 90.14 84.71 80.35 7.53

4 22-28 28.20 22.96 92.57 68.14 80 .36 3 .63

5 29-31 28.67 25.20 94.33 83.00 88.67 4.88
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Month

8

Auqust

September

10

October

1

2

3

4

5

1

2

3

4

5

1

2

3

4

Temperature (°C) Relative Huroldlty(%)

Max Min at 7.22iUl at 2.22PM Mean (mm)

1-7

8-14

15-21

22-28

29-31

1-7

8-14

15-21

22-28

29-30

1-7

8-14

15-21

22-28

25.20

29.71

28.86

29.50

29.83

29.78

30.99

30.97

30.38

30.26

29.00

29.50

30.40

30.60

23.43

24.05

23.89

23.49

23.43

23.19

23.69

27 .11

24.15

23.05

23.20

23.40

23.30

23.10

24.06

91.71

92.57

87.00

92.14

91.66

87.70

90.14

86,00

88.57

87.00

89.00

91.80

91.10

87.40

88.33

78.57

73.43

72.71

89.88

78.33

75.85

73.00

73.57

82.00

81.00

80.70

77.30

74.60

77.00

83.50

85. 14 5.00

83. 00 1.20

79. 85 1.00

91.,01 4.00

85,.00 14.00

81 .78 0.00

81 .57 0.00

79 .78 33.00

85 .29 1.00

84 .00 14.93

84.85

84.55

82.85

82.20

85.92

23.00

19.68

13,30

19.20

4. 95

11 1 1-7 30.08 23.54 91.71 81.00 86.53 8.44

November 2 8-14 28.62 22.80 95.00 73.42 84.21 56.33

3 15-21 30.58 23.24 91.57 80.00 85.78 7.65

4 22-28 29.57 23.17 92.57 82.71 87.63 9.75

5 29-30 31.05 27.25 83.00 73.50 78.25 0.00



^ ^ T^perature (°C) Relative Hiimidity(%)
Month Max Min At 7.22AM At 2.22PM Mean (mm)

%

>-

i

4
/»

12 1 1-7 29.41 23.51 95.00 78.57 86.79 8.10

December 2 8-14 29.51 23.21 90.41 74.57 82.41 11.00

3 15-21 30.34 22.81 93.43 85.29 89.36 7.75

, 4 22-28 30 .14 22.72 89.42 77.71 83.56 8.80

5 29-31 29.33 23.00 92.33 80.00 86.17 0.00

XI
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ABSTRA.CI'T

The fungi commonly associated with the spoilaqe of

solanaceous vegetables viz., tomato, brinjal and chilli under

storage conditions were studied for a continuous period of one

year during 1993.

Tomato fruits were found to be damaged by Asperqi11us

flavus, Fusarium solani, P. oxvsporum. Col 1etotrichum

qloeosporioides and Alternaria solani. These fungi were present

throughout the year, while Rhizoctonia solani, Mucor hiemalis and

Choanephora cucurbitarum were seasonal in occurrence. Mucor.

hiemalis and C. cucurbitarum recorded in the present study are

new reports.

With brinial the common pathogens included Alternaria

solani, Fusarium solani, Col 1etotrichum qloeosporioides,

Penici11ium sp., Botrytis cinerea, Rhizopus niqricans, Curvularia

lunata and Botryodiplodia theobromae. While Phomopsis vexans,

Phytophthora palmivora, Pythium aphanidermatum and Rhizoctonia

solani were confined to the rainy periods of the year.

Rhizopus• niqricans and P. palmivora recorded in the present

study are new reports on brinjal.



studies „ith chilli yielded funqi like Fusariim ^lani,

F. Qxvsporum and Col 1etotrichum capsici throughout the year.
PKutophtnora capsici and Muc.qr y^aUs were recorded during the

rainy seasons only.

Mucor hiemalis and Peniciliiim ital.i^ recorded in the

present study are new reports in chilli.

The nature and extent of damage caused by major pathogens

were studied for all the three crops. Based on the frequency of
occurrence and extent of damage two pathogens were selected for

each crop for further in ^tj^ studies. This included F. sglani
and R. solani for tomato and F. solani and A. .soiani for brinjal .

For chilli, the pathogens selected included F. solani and

C. capsici.

Studies on the occurrence of fungal pathogens and their

correlation with weather parameters have showed minimum spoilage

during the dry periods of the year viz., January, February and
^4at-oh, n in the Cuuual Clai a wan noMopd w^ th rhnncH no

seasons. Low temperature coupled with high relative humidity and

rainfall were found to be favourable for growth and sporulation

of fungi. Funqi like Phvtophthora, Pythium, Rhizoct,gi^_a and
Mucor were found to occur during this period.



The phyllsOplane fungi associated with tomato, brinjal and

chilli were studied. The plants were raised in pots and

observations , were recorded at fortnightly intervals for a

continuous period of four months. Brinjal leaves harboured the

maximum fungal population followed by tomato and chilli. The

fungi included the common pathogens and saprophytes. Fungi like
Botrvodiplodia theobromae, Pestalotia palmarum, Phgma sp.,

Trichoderma viride. A: niger, A. flavus and A. terreus were

common to all the three crops and were selected for in vitro

studies, along with the common pathogens of the specific crops in

search for a suitable antagonist.

Based on the above studies B. theobromae, T. vj^ride and

Rsperaillus spp. viz., A. niger, A. flavus and A. ter^^s were

selected as suitable antagonists. But only T. viride was

utilised for further studies.

The mechanism of action of Trichoderma viride towards

Fusarium solani was through coiling and penetration while with

R. solani the inhibition was through coiling and disintegration

of hyphae. Penetration and disintegration was found with

A. solani while for C. capsici it was by penetration alone.



The role of Trichoderma as a biological antagonist against

the common fruit rot pathogens were studied. Fresh samples of
tomato, brinjal and chilli were collected and sprayed with the
conidial suspension of T. viride. airdried and inoculated with
their respective pathogens and the extent of damage recorded and
compared with the control. It was observed that T. vn^ide was
effective in reducing the fruit rot of tomato caused by the major

pathogens viz., P. solani and R. solani by 52 and 50 percent
respectively up to 12 days of storage under artificial inoculated
conditions at room temperature. Similar results were also

obtained with F. solani in brinjal (48 percent) and C. capsici in

chilli (43 percent).

The study thus highlighted the effectiveness of utilising

Trichoderma as a biological antagonist against the major storage

pathogens of tomato, brinjal and chilli.
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