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ABSTRACT

Tomato fruit rots caused by Alternaria solani, Colletotrichum capsici, Fusarium solani, and Aspergillus niger
are among most widely distributed and destructive diseases of tomato, causing about 20-60% yield losses.
In the present study, pathogens associated with tomato fruit rot were isolated using the tissue isolation technique
on potato dextrose agar (PDA). The pathogenic fungi identified include Alternaria solani, Colletotrichum capsici,
Fusarium solani, and Aspergillus niger. The pathogenicity of these fungi was confirmed through fruit pin-
pricking and cotton swab inoculation techniques, which induced symptoms similar to those observed in naturally
infected fruits. The morpho-cultural characterization of these test fungi exhibited a wide range of variability.
Colony diameter ranged from 82.33 to 90.00 mm with rapid and highest growth rate in A. niger. Colony color
varied from greyish white to black with circular to irregular shape, regular to irregular margins, smooth to
rough topography, flat to raised elevations, and presence/absence of zonations. Furthermore, distinct
morphological variability with respect to septation, sporulation, condiophore and conidial development etc. was
observed in all the test pathogens. The diameter of conidiophores (105 x 7.5 µm2) and conidia (37.5 x 8.9 µm2)
were comparatively large sized in A. solani compared to remaining fungi isolated.
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INTRODUCTION

Tomato (Solanum lycopersicum L.) also termed as
poor man’s apple, is one of the top tenth most
significant vegetable crop worldwide, with the global
annual production of 186.8 million tonnes of fresh
fruits (FAOSTAT, 2023). It is originated in Western
South America (Rick, 1991) and belongs to the family
Solanaceae and contributes approximately US $1.4
billion to the global economy every year. China
occupies rank first among the top 10 tomato producing
countries followed by India and USA. It has a wide
variety of nutritional benefits, offering a rich source
of nutritional lycopene, β-carotene, carotenoids,
vitamin C, potassium, fiber, as well as color, flavor,
and antioxidant properties (Britt & Kristin, 2011;
Biradar et al., 2021a, 2021b, 2021c). It may grow on
a variety of soil types, from sandy loam to clay, black
to red, however soils high in organic matter are best
for its cultivation.

Despite of their significant contribution to the world
economy, tomatoes are affected by abiotic and biotic
stresses, resulting severe threats to their fruitful

production. Among them, the biotic problems incited
by different pathogens such as fungi, bacteria, viruses
and nematodes are utmost important in field and post-
harvest storage conditions resulting massive yield loss
to the farmers (Kasi Rao, 2026). Several fungi cause
infections on tomato fruits during post-harvest
particularly during transport and storage, leading to
30-40% losses worldwide (Agrios, 2005; Sunkad &
Kasi Rao, 2022). Tomato fruits are highly prone to
fungal pathogen infections due to their low pH, high
moisture content, and nutrient composition, which can
lead to fruit rots and render them unsuitable for
consumption due to the production of mycotoxins
(Moss, 2002).

Botrytis cinerea (grey mold), Rhizopus stolonifer
(Rhizopus rot), Colletotrichum species (anthracnose),
Alternaria solani (early blight), Phoma destructiva
(Phoma rot), Fusarium species (Fusarium rot) and
Aspergillus species (Aspergillus rot) are the major
tomato fruit rot causing fungal pathogens (Biradar
et al., 2021a, 2021b, 2021c). Additional fungi involved
in tomato fruit spoilage include Penicillium species,
Cladosporium species, Geotrichum candidum, and
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Rhizoctonia solani (Sunkad & Kasi Rao, 2022). The
combined effects of these fungal pathogens contribute
to a significant qualitative loss of 10-30% in tomato
production, occurring under field conditions, as well
as during postharvest handling from harvest to
consumption (Derbalah et al., 2011; Sajad et al.,
2017).

Accurate identification of the pathogens responsible
for postharvest diseases is crucial for selecting
appropriate control measures. Considering the above
facts, the present study aims to investigate the
symptomatology of various tomato fruit rot fungi and
to assess their cultural and morphological diversity.

MATERIALS AND METHODS

Collection, isolation and purification of tomato fruit
rot causing fungi

Tomato fruits showing fruit rot symptoms based on
visual observations were collected from the local
market as well as farmers fields, kept in ziplock
polythene cover, labelled and transferred to the
Department of Plant Pathology, College of Agriculture,
Latur, India. Visual symptoms were recorded and the
infected areas on tomato fruits were subjected to
pathogen isolation on potato dextrose agar (PDA)
medium for further analysis (Tuite, 1969). Tomato
fruits exhibiting natural rotting symptoms were
washed gently under running tap water and blot dried.
The diseased fruit portion was cut with sharp sterilized
blade into small bits (5 mm) by keeping half healthy
and half diseased portion intact and surface sterilized
with 1% solution of sodium hypochlorite (NaOCl) for
two minutes. Subsequently, these bits were washed
thoroughly by giving three sequential changes with
sterile distilled water in petri plates to remove traces
of NaOCl and blot dried. Later, inoculated aseptically
and separately on sterilized PDA medium in Petri
plates, under laminar air-flow cabinet and incubated
in BOD incubator at 27±2°C and observed at regular
interval for growth of the pathogens. After a week of
incubation, typical fungal growths developed in PDA
plates were transferred into fresh PDA plates and
incubated further. By applying hyphal tip isolation
technique, the fungi associated with tomato fruit rots
were purified, sub-cultured and their pure cultures on
sterilized agar slant tubes were maintained in
refrigerator, for further studies.

Pathogenicity test

Pathogenicity of the major fungi associated with
tomato fruit rots were attempted by detached healthy
partially ripe and fully ripe tomato fruits inoculation
techniques such as pin-prick (PP) and cotton swab/
plug inoculation (Parey et al., 2013). The isolated
fungi from the sample collected were back-inoculated
to partially ripe and fully ripe tomato fruits and
reproduced the original disease symptoms. In both the
techniques, observations on incubation period (h),
lesion size (mm), association frequency (%) and fruit
area affected (%) were recorded regularly at an
interval of 24 h and continued upto 192 h of
incubation and the terminal data recorded at 192 h of
incubation were used to interpret the results. Finally,
cumulative numerical data recorded was averaged and
results were interpreted. The association frequency of
the test fungi was recorded by applying following
formula:

Association frequency (%):

Number of fruits exhibiting symptoms
———————————————— X 100
Total number of fruits inoculated

Cultural and morphological variability

The test fungi associated with tomato fruit rots were
separately cultured and maintained on PDA plates. For
the purpose, sterilized PDA medium was filled
(20 mL/plate) in sterilized glass Petri plates (90 mm)
and allowed to solidify at room temperature. On
solidification of PDA, these plates were inoculated
separately and aseptically by putting a 5 mm fungal
culture disc obtained from actively growing one-week
old pure culture of the respective test fungus and
incubated at 27±2°C. After a week of incubation,
observations on cultural characteristics such as colony
diameter, growth rate, colony colour, reverse
pigmentation, colony margin, colony elevation,
topography, and zonation were recorded.

To examine the morphological characteristics,
temporary mounts of pure cultures (two weeks old)
of the test fungi were prepared on sterile glass slides
with a drop of lactophenol cotton blue stain. The slides
were then covered with a cover slip and examined
randomly across 10 microscopic fields (400X) using
a research microscope. Observations on hyphae,
mycelium, spores/conidia, conidiophores, microscopic
special structures in respect of their size, shape, colour,
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conidial septation were recorded, by using Micam
3.0.2 online image analysis software.

RESULTS AND DISCUSSION

Symptomology of tomato fruit rot causing fungi

Symptoms of A. solani showing initially, brown spots
appeared on the fruit epidermis, which gradually
turned circular to oval and gray, brown-colored lesions
were covered with mycelium and conidiophores. Such
lesions coalesced as expanded and covered entire fruit
surface laterally (Fig. 1a). Tsitsigiannis et al. (2008)
observed the similar kind of symptoms on tomato
fruits. Symptoms of C. capsici on fruits, first appeared
brown circular spots, which caused superficial
discoloration of fruit skin and developed into slightly
sunken area. These lesions coalesced with sparse

mycelial growth on margins of the spots. Finally, the
whole fruit turned dirty dark brown and rotted
(Fig. 1b). Similar kind of symptoms on tomato fruits
were observed by Bankole et al. (2018).

Symptoms of F. solani on naturally fruit rot diseased
tomato fruits observed are Initially, small circular to
irregular, brownish water-soaked lesions appeared on
fruit epidermis. These lesions gradually spread over
large fruit area and became necrotic. In heavy
infection, lesions got depressed, caused soft rot and
finally whole fruits rotted, with whitish lesions on
fruits (Fig. 1c). Danis (1983) observed the similar kind
of symptoms on tomato fruits. Symptoms of A. niger
on fruits, first appeared brown circular spots, which
caused superficial discoloration of fruit skin and
developed into slightly sunken area. These lesions

Fig. 1 : Typical symptoms of tomato fruit rots induced by (a) Alternaria solani, (b) Colletotrichum capsici,
(c) Fusarium solani and (d) Aspergillus niger

Treatment Test pathogen Incubation Lesion Association Fruit area
period* size* frequency* affected*

(h) (mm) (%) (%)

T
1

A. solani

FR 45 25.7 94.24 35.46

PR 57 6.9 73.17 16.30

T
2

C. capsica

FR 40 22.9 94.66 32.52

PR 55 11.4 75.44 12.46

T
3

F. solani

FR 49 22.4 82.45 30.22

PR 70 8.7 58.32 11.69

T
4

A. niger

FR 24 43.5 83.22 26.66

PR 30 5.6 60.48 10.90

T
5

Control (untreated) - - - -

*Average of six each fully ripped and partially ripped fruits; FR=fully ripe, PR=partially ripe

Table 1 : Pathogenicity of the test fungi causing tomato fruit rots by pin-prick inoculation technique



coalesced with sparse mycelial growth on margins of
the spots. Finally, the whole fruit turned dirty dark
brown and rotted (Fig. 1d). Similar kind of symptoms
on tomato fruits were observed by Kumar & Chahal
(2016).

Isolation and identification

Naturally rotted tomato fruits collected from local
market and fields, were subjected to tissue isolation
on PDA plates and incubated at 25±20°C. After 9 days
of incubation period, spore morphology of these fungi
was examined under a microscope as well as typical
fungal growth on the petri plates were observed and
identified as A. solani, C. capsici, F. solani and
A. niger.

Pathogenicity test by pin prick (PP) inoculation
technique

Pathogenic potential assessed on the basis of various
traits such as incubation period (hrs), lesion size (mm),
association frequency (%) and fruit area affected (%)
revealed pathogenic association of the test fungi such
as A. solani, C. capsici, F. solani and A. niger, with
tomato fruit rots (Table 1).

Incubation period (h)

The results revealed that in pin prick (PP) inoculation,
the incubation period (hrs) in respect of all the four
test fungi varied from 24 to 49 h (ripped fruits) and
30 to 70 hrs (partially ripe fruits). However, in ripped
tomato fruits, it was least with A. niger (24 h),
followed by C. capsici (40 h), A. solani (45 h) and
F. solani (49 h). Whereas, the incubation period in
partially ripe tomato fruits was comparatively
maximum (30-70 h) in respect of the test fungi.
However, it was least with A. niger (30 h), followed
by C. capsici (55 h), A. solani (57 h) and F. solani
(70 h).

Lesion size (mm)

The size of fruit lesions induced by the test fungi
varied from 22.4 to 43.5 mm (ripped fruits) and
5.6 to 11.4 mm (partially ripe fruits). However, in
riped tomato fruits, it was highest with A. niger
(43.5 mm), followed by A. solani (25.7 mm),
C. capsici (22.9 mm) and F. solani (22.4 mm),
whereas, the size of fruit lesions induced by the test
fungi in partially ripe tomato fruits was comparatively
less. However, it was maximum with C. capsici
(11.4 mm), followed by F. solani (8.7 mm), A. solani
(6.9 mm) and A. niger (5.6 mm).

Association frequency (%)

The results revealed that the frequency of test fungi
associated with tomato fruit rots ranged from 82.45
to 94.66% (ripped fruits) and 58.32 to 75.44%
(partially ripped fruits). However, in ripped tomato
fruits, it was highest with C. capsici (94.66%),
followed by A. solani (94.24%), A. niger (83.22%)
and F. solani (82.45%), whereas, in partially ripped
tomatoes, the association frequency of C. capsici was
maximum (75.44%), followed by A. solani (73.17%),
A. niger (60.48%) and F. solani (58.32%).

Fruit area affected (%)

The results revealed that the fruit area affected by the
test fungi ranged from 26.66 to 35.46% (ripped fruits)
and 10.90 to 16.30% (partially ripped fruits).
However, in ripped tomato fruits, it was maximum
with A. solani (35.46%), followed by C. capsici
(32.52%), F. solani (30.22%) and A. niger (26.66%),
whereas, in partially ripped tomato fruits, it was
maximum with A. solani (16.30%), followed by
C. capsici (12.46%), F. solani (11.69%) and A. niger
(10.90%).

Pathogenicity test by cotton swab/plug fruit
inoculation technique

Pathogenic potential assessed on the basis of various
traits viz., incubation period, lesion size, association
frequency and per cent fruit area affected revealed
pathogenic association of the test fungi such as
A. solani, C. capsici, F. solani and A. niger, with
tomato fruit rots (Table 2).

Incubation period (h)

Cotton plug fruit inoculation technique, the incubation
period (h) in respect of all the four test fungi varied
from 30 to 54 h (ripped fruits) and 38 to 78 h
(partially ripe fruits). However, in ripped tomato fruits,
it was least with A. solani (30 h), followed by
C. capsici (45 h), F. solani (49 h) and A. niger
(54 h) whereas, the incubation period in partially ripe
tomato fruits, it was comparatively more (38-78 h) in
respect of the test fungi. However, it was least with
A. solani (38 h), followed by C. capsici (59 h),
F. solani (62 h) and A. niger (78 h).

Lesion size (mm)

Size of fruit lesions induced by the test fungi varied
from 18.60 to 38.66 mm (ripped fruits) and 3.9 to
9.2 mm (partially ripe fruits). However, in ripped

Biradar et al.



tomato fruits, it was highest with A. niger (38.66 mm),
followed by A. solani (22.6 mm), C. capsici
(20.62 mm) and F. solani (18.60 mm), whereas, the
size of fruit lesions induced by the test fungi in
partially ripe tomato fruits was comparatively less.
However, it was maximum with C. capsici (9.2 mm),
followed by F. solani (6.9 mm), A. solani (5.5 mm)
and A. niger (3.9 mm).

Association frequency (%)

The frequency of test fungi associated with tomato
fruit rots ranged from 78.11 to 90.86% (ripped fruits)
and 50.30 to 70.40% (partially ripped fruits).
However, in ripped tomato fruits, it was highest with
A. solani (90.86%), followed by C. capsici (90.22%),
A. niger (79.20%) and F. solani (78.11%), whereas,
in partially ripped tomato, the association frequency
of C. capsici was maximum (70.40%), followed by
A. solani (61.00%), A. niger (58.26%) and F. solani
(50.30%).

Fruit area affected (%)

The fruit area affected by the test fungi ranged from
22.30 to 33.20% (ripped fruits) and 6.50 to 14.10%
(partially ripped fruits). However, in ripped tomato
fruits, it was maximum with A. solani (33.20%),
followed by C. capsici (28.50%), F. solani (26.55%)

and A. niger (22.30%), whereas, in partially ripped
tomato fruits, it was maximum with A. solani
(14.10%), followed by C. capsici (9.40%), F. solani
(8.56%) and A. niger (6.50%).

Thus, based on pathogenicity traits observed in both
pin prick and cotton plug/swab inoculation, the most
potent pathogenic fungi ascertained were A. solani and
C. capsici, causing tomato fruit rots. The
pathogenicity characteristics and associated
symptomatology have been previously investigated and
established by several researchers (Sajad et al., 2017).

Symptomatology based on pathogenicity tests

On fully ripe tomato fruits the symptoms induced by
A. solani in pin prick inoculation (Fig. 2a) were small,
circular, water-soaked lesions of grayish brown
colored appeared on fruits skin, but on partially ripe
fruits no visual symptoms appeared. Whereas, in
cotton plug inoculation (Fig. 3a), large, irregular
lesions on fruits with fruit cracking developed, which
were of brown to black colored.

On fully ripped tomato fruits, the symptoms induced
by C. capsici in pin prick inoculation (Fig. 2b) were
large, irregular, water-soaked lesions on fruit surface,
which were of dark brown to black colored. Whereas,
the symptoms induced in cotton plug inoculation

Table 2 : Pathogenicity of the test fungi causing tomato fruit rots by cotton swab/plug fruit inoculation
technique

Treatment Test pathogen Incubation Lesion Association Area
period* size* frequency* affected*

(h) (mm) (%) (%)

T
1

A. solani

FR 30 22.6 90.86 33.20

PR 38 5.5 61.00 14.10

T
2

C. capsica

FR 45 20.62 90.22 28.50

PR 59 9.20 70.40 9.40

T
3

F. solani

FR 49 18.60 78.11 26.55

PR 62 6.9 50.30 8.56

T
4

A. niger

FR 54 38.66 79.20 22.30

PR 78 3.9 58.26 6.50

T
5

Control (untreated) - - - -

*Average of six each fully ripped and partially ripped fruits; FR=fully ripe, PR=partially ripe

Fungal foes in tomato (Solanum lycopersicum L.)



inoculation (Fig. 3b) were small, irregular, water-
soaked lesions on fruits, which were greyish brown
colored.

On fully ripped tomato fruits, the symptoms induced
by F. solani in pin prick inoculation (Fig. 2c) were
circular to irregular, water-soaked lesions which got
depressed and caused soft rot. Finally, whole fruits
rotted with whitish lesions on fruits. Whereas, in
cotton plug inoculation (Fig. 3c) large, irregular
lesions appeared on fruits and finally whole fruits
rotted with whitish mycelial growth.

On fully ripe tomato fruits, the symptoms induced by
A. niger in pin prick inoculation (Fig. 2d) were large,
circular to irregular, dry black patches on fruits.
Finally, whole fruits rotted and covered with blackish
mycelial growth. Whereas, in cotton plug inoculation
inoculation (Fig. 3d) it induced the large spots with
blackish center surrounded by water-soaked lesions.

Cultural and morphological variability

Cultural characteristics such as growth rate, colony
diameter, colony colour, colony elevation, shape,
colony margin, colony topography, zonation etc. of the
test pathogenic fungi were studied, using PDA as basal
culture medium and the results obtained were
presented and summarized in Table 3 and Fig. 4.

Fig. 2 : Tomato fruit rots symptoms induced by
(a) A. solani, (b) C. capsici, (c) F. solani and
(d) A. niger in pathogenicity test by pin prick

inoculation technique

Table 3 : Cultural characteristics of fungal pathogens causing tomato fruit rots

Test Growth Colony Colour Shape Margin Topography Elevation Zonation
Pathogen rate diameter*

(mm)

A. solani Medium 82.33 Greyish white Circular Regular Rough Raised Indistinct

C. capsici Medium 86.77 Whitishgrey Circular Irregular Rough Raised Indistinct

F. solani Medium 88.00 Brownish white Circular Irregular Smooth Flat Indistinct

A. niger Fast 90.00 Black Irregular Irregular Smooth Flat Absent

*Average of triplicate set of PDA plates per test pathogenic fungi

Fig. 3 : Tomato fruit rot symptoms induced by
(a) A. solani, (b) C. capsici, (c) F. solani and

(d) A. niger in pathogenicity test by cotton swab
inoculation technique

Fig. 4 : Cultural characteristics of tomato fruit rot
causing pathogens

Front view of A. solani (a), C. capsici (c),
F. solani (e) and A. niger (g)

Rear view of A. solani (b), C. capsici (d),
F. solani (f) and A. niger (h)

The results revealed an array of distinctive cultural
characteristics of the four test pathogenic fungi such
as A. solani, C. capsici, F. solani, and A. niger,
causing tomato fruit rots. The growth rate was fast
in A. niger, while it was medium in rest of three fungi
(A. solani, C. capsici and F. solani). The colony
growth/diameter ranged from 82.33 to 90.00 mm,
which was highest in A. niger (90.00 mm), closely
followed by F. solani (88.00 mm), C. capsici
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(86.77 mm) and A. solani (82.33 mm). Colony colour
varied from greyish white in A. solani, whitish grey
in C. capsici, brownish white in F. solani and black
in A. niger. Colony shape varied from circular in
A. solani, C. capsici, F. solani to irregular in A. niger.
Colony margin was regular in A. solani and it was
irregular in rest of three fungi (C. capsici, F. solani
and A. niger). Colony topography was rough in
A. solani and C. capsici and smooth in F. solani and
A. niger. Colony elevation was raised in A. solani and
C. capsici and flat in F. solani and A. niger. Zonation
was poor in A. solani, C. capsici and F. solani and
absent in A. niger.

Morphological characteristics of the four test
pathogenic fungi such as A. solani, C. capsici,
F. solani and A. niger revealed variations among them
(Table 4). The mycelium was septate in all the four
test fungi (A. solani, C. capsici, F. solani and A. niger)
and sporulation was excellent (++++) in C. capsici,
F. solani and A. niger, while, it was good (+++) in
A. solani. The conidiophores were comparatively large
sized in A. solani (105 x 7.5 µm2) than C. capsici
(20.45 x 7.20 µm2), F. solani (88.60 x 3.50 µm2) and
A. niger (19.70 x 5.45µm2). In A. solani, the conidia
were brownish coloured and muriform shaped, which
measured 37.5 x 8.9 µm2. In C. capsici, the conidia
were hyaline and fusiform which measured
35.9 x 5.5 µm2. In F. solani, macroconidia were
hyaline and fusiform which measured, 21.5 x 3.80 µm2

whereas, microconidia were hyaline and reniform,
which measured, 7.50 x 2.80 µm2. In A. niger, the
conidia were hyaline and globose which measured,
4 x 3.9 µm2. Distinctive microscopic structures such
as beak were found in A. solani, avervuli and setae
in C. capsici, chlamydospores in F. solani and vesicles

and phialides in A. niger were observed (Fig. 5).
The morpho-cultural characteristics observed in
tomato fruit rot causing pathogenic fungus A. solani,
C. capsici, F. solani and A. niger, causing fruit rots/
anthracnose/blights in various crop hosts are in
consonance with the reported of Sajad et al. (2017).

Table 4 : Morphological characters of fungal pathogens causing tomato fruit rots

Isolates Mycelium Sporulation Conidiophores                                  Conidia Presence of
Average size* Shape Size* special

 (µm) (µm) microscopic

Length Breadth structure

A. solani Septate & +++ 105 7.5 Muriform & brownish 37.5 x 8.9 Beak
green to brownish

C. capsici Septate & hyaline ++++ 20.45 7.20 Fusiform & hyaline 35.9 x 5.5 Acervuli and setae

Macr conidia
21.5 x 3.80 Fusiform  & hyaline

F. solani Septate & hyaline ++++ 88.60 3.50
Micro conidia

7.50 x 2.80

Clamydospores

Reniform & hyaline

A. niger Septate & hyaline ++++ 19.70 5.45 Globose & hyaline 4 x 3.9 Vesicles and Phialides

*Average of five observations recorded under microscope; Sporulation grading: ++++ = Excellent, +++ = Good, ++ = Moderate, + = Poor

Fig. 5 : Morphological characteristics of tomato fruit
rot causing pathogens

(a, b) Mycelium and muriform conidia in A. solani,
(c, d) Conidia and acervuli with setae in C. capsica,
(e, f) Conidia and chlamydospores in F. solani and
(g, h) Vesicles, phialides and conidia in A. niger

CONCLUSION

Tomato fruits showing typical symptoms of rotting
revealed the typical cultural growth of the important
fruit rot causing fungi such as A. solani, C. capsici,
F. solani and A. niger. Furthermore, the morpho-
cultural characterization and pathogenicity test
confirmed the association these pathogenic fungi with
post-harvest fruit rotting in tomato.
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