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Antagonistic potentials of five Trichoderma species that is Trichoderma viride, Trichoderma harzianum,
Trichoderma koningii, Trichoderma pseudokoningii and Trichoderma virens were tested against fruit
rots pathogens of sapodilla (Manilkara zapota L.) under laboratory conditions. Dual culture experiment
of tested pathogens and Trichoderma spp revealed that, the percent inhibition of T. koningii (57.70%)
and T. harzianum (54.40%) proved to be more than 50% antagonistic over control in case of A. niger.
Similarly, in case of R. solani, T. koningii (67.07%) showed eloquent antagonistic activity as compared
to others. In G. candidum, T. pseudokoiningii (75.07%) and T. viride (74.40%) have highly inhibited the
radial growth over control followed by others. In case of R. solani, only T. koningii overgrew beyond
60% (R3 scale). The results of this study identify T. koningii and T. pseudokoningii as promising
biological control agents for further testing against post harvest disease in fruits.
Key words: Manilkara zapota, dual culture, fruit rot pathogens, Aspergillus niger, Rhizoctonia solani,
Geotrichum candidum, Trichoderma viride, T. harzianum, T. koningii, T. pseudokoningii, T. virens.

INTRODUCTION
Sapodilla (Manilkara zapota L.) is one of the edible fruits
cultivated all over India. In India it ranks fifth position in
production and consumption next to mango, banana,
citrus and grapes. It is also commercially important
because it is a source of chicle, the principle ingredient in
chewing gum. It is a rich source of sugar, protein, phenol,
carotenoids, amino acids, pectin, vitamin C and mineral
like Phosphorus, Calcium, Iron and Magnesium (Moore
and Stearn, 2007). At least 50% of total production of
fruits and vegetables in the country is lost due to wastage
and value destruction, and the cost of this wastage is
estimated to be Rs. 23,000 crorers each year. As per the
specifications of National Institute of Nutrition (NIN), at
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least 300 g of fruits and vegetables are to be consumed
by an individual per day for balanced diet (Roy, 2001).
Sapodilla fruits are highly sensitive due to soft texture,
therefore exogenous agents especially fungi, that affect
physiology, morphology and biochemistry of fruits and
thus ultimately causes severe loss to the fruit seller (Arya,
2011). Chemical control of pathogens provides certain
degree of control but at the same time have adverse
effects on environmental pollution (Charaya, 1993;
Sankaram, 1999; Sokhi et al., 2000; Miller, 2004). In
recent years the need to develop biologically ecofriendly
disease control measures as an alternative to chemicals
has become a priority of scientists worldwide. Therefore,
it is important to find a practical, economic and non-toxic
method to prevent fungal deterioration of stored food.
Biological control of phytopathogens is an eco-friendly
and cost effective approach. Hence, it should become an
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important component of plant disease management
practices. Fungal antagonist that is, Trichoderma was
evaluated as potential bio-control agent against number
of fungal phytopathogens. Species of the genus
Trichoderma are well documented fungal biocontrol
agents (Papavizas, 1985; .Elad and Kapat, 1999; Howell,
2002). The antagonistic action of Trichoderma species
against phytopathogenic fungi might be due to either by
the secretion of extracellular hydrolytic enzymes (Chet,
1987; Di Pietro et al., 1993; Schirmbock et al., 1994) or
by the production of antibiotics (Dennis and Webster,
1971a; Dennis and Webster, 1971b; Claydon et al., 1987;
Howell, 1998). The effectiveness of biocontrol with
Trichoderma spp. has also been shown by other
investigators against Penicillium digitatum on citrus fruit
(Borras and Aguilar, 1990), B. cinerea on grape berries
(Elad, 1994), Monilinia fructigena on stone fruit (Hong et
al., 1998), B. cinerea, M. fructigena and P. expansum on
apple (Falconi and Mendgen, 1994), and B. cinerea and
P. expansum on yams (Dioscorea spp.) (Okigbo and
Ikediugwu, 2000).
The present investigation was made to evaluate
Trichoderma spp against fruit rot pathogens such as
Aspergillus niger, Rhizoctonia solani and Geotrichum
candidum of sapodilla under laboratory conditions.

(Kubicek and Harman, 2002). All Trichoderma spp were purified by
hyphal tip technique (Tuite, 1996). The isolated Trichoderma spp
were maintained throughout the study by periodical transfers on
PDA and TSM slants under aseptic conditions to keep the culture
fresh and viable.

Dual culture experiment
Antagonistic efficacy of Trichoderma spp namely, T. viride, T.
harzianum, T. koningii, T. pseudokoningii and T. virens were tested
against the isolated pathogenic fungi by dual culture experiment
(Morton and Stroube, 1955). Trichoderma spp and test fungi were
inoculated 6 cm apart. Three replicates were maintained for each
treatment and incubated at 28 ± 2°C for 7 days. Monoculture plates
of both served as control. Seven days after incubation (DAI), radial
growth of test fungi and Trichoderma spp were measured. Colony
diameter of test fungi in dual culture plate was observed and
compared with control. Percentage of radial growth inhibition
(%RGI) was calculated by using the formula: 100 × [C - T / C],
Where C = growth in control and T = growth in treatment (Vincent,
1947).
The degree of antagonism between each of the Trichodema
species and test pathogens in dual culture was scored on scale of
R1 - R5 that is, R1=Trichoderma completely overgrew pathogens
(100% over growth); R2= Trichodma overgrew at least two-third
pathogens (75% over growth); R3= Trichoderma colonizes on one
half of the pathogens (50% over growth); R4= Trichoderma and the
pathogens contact point after inoculation and R5= Pathogens
overgrow bioagent - Trichoderma (Bell et al., 1982).

MATERIALS AND METHODS
Statistical analysis
The experiments of this work were carried out in the period 2008 to
2011.

Isolation and identification of test pathogen
Fruits showing symptoms of fungal infection were collected and
symptomatology of the disease was studied under natural and in
vitro conditions. Isolation of the pathogen was done from each of
the distinct soft rots type of symptoms observed on fruits. Infected
fruit parts (1 to 2 mm) were cut into small pieces by sterilized blade
then surface sterilized with mercuric chloride (0.1%) for 1 min. The
pieces were then washed thrice with sterilized distilled water and
dried by sterilized blotting paper. These pieces were placed on Petri
dishes (90-mm diameter) containing 20 mL potato dextrose agar
(Peeled potato –200 g, Dextrose –20 g, Agar– 20 g and distilled
water – 1000 ml, pH – 6.5) (PDA; Sd fine-CHEM Limited Mumbai,
India) medium and incubated at 28 ± 2°C. The fungi namely,
Aspergillus niger, Rhizoctonia solani and Geotrichum candidum
were isolated and identified with the aid of standard literature
available (Ellis, 1971; Barnett, 1960). The pathogenicity test of fungi
was performed by the method of Thompson (1996).

Isolation of Trichoderma spp
Rhizospheric soils of irrigated and non irrigated plants were
collected from different parts of Marathwada region of Maharashtra,
India. From the rhizosphere soil samples, Trichoderma spp were
isolated by using PDA and Trichoderma selective medium (TSM) by
dilution plate technique (Johnson, 1957). The isolated species were
identified up to species level based on colony characters, growth,
structure of mycelium, conidiophores, phialides and conidia

Data describing in vitro antagonisms were statistically analysed
using the main factor was the A. niger, R. solani and G. candidum
isolates of fruit rots pathogen and the sub-factors were the
Trichoderma species. Arcsine transformation of biological control
(Trichoderma species) percentage was calculated by using the
following formula:

Y = arcsine 𝑝 = Sin-1 𝑝
Where, p is the percentage of inhibition and Y is the result of
transformation.
Statistical analysis of the experiments was performed using the
Handbook of Biological Statistics (Mungikar, 1997; McDonald,
2008).

RESULTS AND DISCUSSION
Isolation and identification of test pathogens
Infected soft rots fruits showed light brown coloured patch
in the centre surrounded by white or creamish boundary
and at severity complete rottening of fruit took place.
These fruits with symptoms were collected from different
locations of Thane District of Maharashtra. The fruit rot
pathogens such as Aspergillus niger V. Tieghem,
Rhizoctonia solani Kuhn and Geotrichum candidum Link
ex Fries, were isolated following protocols (Ellis, 1971).
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Isolation of Trichoderma spp
Five species of Trichoderma: T. viride Pers. ex. Gray, T.
harzianum Rifai, T. koningii Oudemans T. pseudokoningii
Rifai and T. virens J. Miller, Giddenand Foster A.A., were
isolated from irrigated and non-irrigated rhizospheric soils
of Marathwada region of Maharashtra. Isolates were
deposited at Department of Botany, Arts, Science and
Commerce College, Naldurg.

Taxonomical and morphological characters
Trichoderma viride Pers. ex.
Colony grows rapidly, white to greyish or rarely yellowish,
surface smooth becomes hairy, typical coconut odour is
emitted in old culture. Mycelium hyaline smooth,
branched and septate. Chlamydospores intercalary,
globose, rarely ellipsoidal, 10 to 15 μm in diameter.
Conidiophores arise in compact or loose tuft, main
branches produced several side branches. Phialides are
in false whorls beneath each terminal phialides, usually
more than 2 to 3 phialides, 8 to 15 × 2 to 3 μm in size,
curved, pin shaped, narrower at the base. Conidia are
Globose or short ovoid broadly ellipsoidal with minute
roughing at their wall, 3.5 to 4.5 μm in size, accumulated
at the tip of each phialides, pale green, smooth.

Trichoderma harzianum Rifai
Colony growing rapidly, white green, bright green to dull
green. Mycelium is septate, colourless, smooth, 1.5 to 2.5
μm. Chlamydospores are mostly globose, smooth, 6 to
12 μm in diameter. Conidiophores are loose, tuft, main
branch produced numerous side branches specially in
lower portion. Phialides arise in false verticillate up to five
in numbers, short, skittle shaped, narrow at the base, and
attenuate abruptly sharp, pointed neck, 25 to 75 × 3 to 4
μm. Conidia are acuminated at the tip of the phialides,
subglobose short, obovoid, often broad truncate base,
smooth, pale green, much darker in mass, 2.8 to 3.2 ×
2.5 to 2.8 μm.
Trichoderma koningii Oudemans
Colony fast growing, greenish white, dull to dark
green.Mycelium is hyaline, highly ramified, 2 to 5 μm in
size. Chlamydospores is formed in submerged hyphae,
globose, ellipsoidal to barrel shaped, up to 12 μm in
diameter. Conidiophores are branched, compact or in
loose tuft, main branch produced several side branches,
in group of 2 to 3 at wide angles. Phialides are pin
shaped, narrower at the base, attenuate towards apex,
7.5 to 12 × 2.5 to 3.5 μm. Conidia are elliptical, oblong,
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truncate base and rounded apex, pale green appear
much darker in mass, 3 to 5 × 1 to 2 μm in size.

Trichoderma pseudokoningii Rifai
Colony grows rapidly with very poor aerial growth.
Mycelium is septate, smooth, colourless, 1 to 5 μm in
size. Chlamydospores are infrequently in medium,
globose, smooth, hyaline, 7 to 10 μm in diameter.
Conidiophores are loosely tuft, may appear hairy at
maturity, somewhat powdery with numerous long
branches. Conidiophores branches irregularly formed,
single or in opposite pairs or group of three. Phialides are
in false whorls, opposite pair in group of four in apical
portion, pin shaped, narrower at the base than middle,
attenuated distinctly, abovate or spindle shaped, 5.5 to 8
× 2.5 to 3.5 μm in size. Conidia are short, sub cylindrical,
almost oblong, ellipsoidal usually rounded, distally
attenuate below, short, truncate base, green mass, 3.5 to
2 × 2 μm.

Trichoderma virens J. Miller, Gidden and Foster A. A.
Colony grows rapidly, floccose, white to grayish
colouration. Mycelium is whitish in colour, turning grey at
maturity, irregularly branched. Chlamydospores are
mostly globose to subglobose, smooth, 7 to 12 μm in
diameter. Conidiophores are conidiophores sub hyaline,
30 to 300 μm long, 2.5 to 4.5 μm in diameter, towards
base frequently unbranched for about half of the length,
towards the apex, branching irregular. Phialides are
ampulliform to lageniform, 4.5 to 10 × 2.8 to 5.5 μm,
swelling in the middle, mostly arising in closely verticils of
2 to 5 or terminal branches. Conidia are broadly
ellipsoidal to obovoid, 3.5 to 6.0 × 2.8 to 4.1 μm, dark
green.
Dual culture experiment
Trichoderma spp effectively inhibited the mycelial growth
of the fruit rot pathogens. Table 1 illustrates that, in case
of A. niger, T. koningii (57.70%) and T. harzianum
(54.40%) spp were found to be more than 50%
antagonistic over control. In R. solani, T. koningii (67.7%)
showed highest mycelial growth inhibition, but others
showed below 50% antagonism. Similarly, T.
pseudokoningii (75.07%) and T. viride (74.40%) showed
significant results followed by others in G. candidum.
Among the three fruit rot pathogens, only G. candidum
showed better inhibition by Trichoderma spp. (Figures 1
and 2).
According to modified Bell’s scale, T. harzianum and T.
koningii did not progress beyond 60% (R3 scale) but
remaining species failed to overgrow A. niger. In case of
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Table 1. Evaluation of Trichoderma spp against fruit rots pathogens of sapodilla.

Trichoderma spp

Radial growth
of A. niger
(mm)

T. viride

50

T. harzianum

41

T. koningii

38

T. pseudokoiningii

52

T. virens

50

Control
SEm± CD(p=0.05)

% Inhibition
44.40
(50.57)
54.40
(62.58)
57.70
(67.31)
42.20
(48.06)
44.40
(50.98)

89.22
7.53 19.35

Test Pathogens
Radial growth
%
of R. solani
Inhibition
(mm)
44.40
50
(51.43)
38.80
55
(42.19)
67.07
29
(80.00)
44.40
50
(51.00)
44.40
50
(50.57)
90
8.11 20.83

Radial growth of
G. candidum (mm)
23
35
30
22
28

%
Inhibition
74.40
(88.12)
61.10
(72.02)
66.07
(79.18)
75.55
(88.90)
68.9
(80.44)

89
10.42 26.76

Inhibition (%)

Radial growth and percent inhibition values are means of three replicates. Figures in parentheses are arcsine transformed values of %
inhibition. ± = Standard Error
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20
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0
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Figure 1. Evaluation of Trichoderma spp against fruit rots pathogens of sapodilla.

R. solani, only T. koningii overgrew beyond 60%
(R3 scale). In G. candidum, T. pseudokoningii and T.
viride overgrew at least two third of pathogen (R2 scale)
but others were beyond 60% (R3 scale) (Table 2).
Dual culture of pathogens and Trichoderma spp
revealed that T. viride (Tv-2) (71.41%) highly inhibited the
mycelia growth over control (Faheem et al., 2010). T.
viride (86.2%) inhibited maximum growth of test fungus
inciting collar rot of groundnut followed by T. harzianum
(80.4%) (Harsukh et al., 2011). Seventeen Trichoderma
strains were screened against R. solani in vitro, all strains

including T. harzianum, T. viride and T. aureoviride,
inhibited the growth of R. solani (Shalini, 2007). The
antagonistic activity of the genus Trichoderma to F. solani
and R. solani has been widely demonstrated (Lewis,
1998). The species of Trichoderma significantly inhibited
the mycelial growth of plant pathogenic fungi (Rajkonda
et al., 2011). Efficacy of Trichoderma species were
reported against Fusarium oxysporum sp. carthami
causing wilt of safflower and isolates no. 29 and 33 were
found to minimize the growth of the pathogen as
compared to others (Waghmare and Kurundkar, 2011).

Bhale et al.
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Figure 2. Antagonistic effects of Trichoderma spp on fruit rot pathogens of
sapodilla. Row 1: Rhizoctonia solani (a-control, b-T. koningii, c-T. harzianum);
Row 2: Aspergillus niger (a- control, b- T.koningii, c- T.viride); Row 3: Geotrichum
candidum (a- control, b- T.virens, c- T.koningii).

T. harzianum was isolated from rambutan orchards in
Sri Lanka and proved its antogonistic effect against
Botryodiplodia theobromae (Sivakumar et al., 2000). T.
pseudokoningii and T. harzianum have good antagonistic
potentials against C. destructivum of cowpea (Akinbode
and Ikotun, 2011). The results indicated that the
treatment with the invert emulsion formulation of T.
harzianum protected fruit from infection by the primary
postharvest pathogens (Rhizopus stolonifer, Botrytis
cinerea, and Penicillium expansum) of the fruits (grape,
pear, apple, strawberry, and kiwifruit) tested for up to 2
months and reduced the diameters of decay lesion up to
86% and is a promising treatment to prolong the
postharvest shelf-life of fresh fruit (Batta, 2007). Haran et
al. (1996) reported dual culture experiments in which T.
harzianum was overgrown by R. solani but hardly
overgrown by S. rolfsii under the same conditions.

growth of all the tested three pathogens. Trichoderma
spp showed significantly reduced the mycelial growth in
G. candidum. We found an inhibition of mycelial growth of
the pathogen tested. If there is direct contact between the
two fungi, Trichoderma spp invaded colonies of fungal
isolates sporulated there even after six days of
confrontation. Therefore it can be incorporated for
integrated disease management of fruit rot pathogens.
Future research in this area should include in vivo studies
on the effectiveness of the Trichoderma species as
biocontrol agents. This could be done by Tricoderma into
the soil of sapodilla plantations or by dipping the fruits
into a suspension of Trichoderma after harvest. The
effect of Trichoderma against other microorganisms
especially against those that are beneficial to crops
should also be investigated. Our future strategy will be to
treat the soil by Trichoderma spp during plantation and
after harvesting, sapodilla fruits can be dipped into a
suspension of Trichoderma can be suggested.

Conclusion
Trichoderma grows rapidly on a culture medium which
should be beneficial during the confrontation. Our results
concluded that the tested Trichoderma spp reduced the
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Table 2. Evaluation of Trichoderma spp against fruit rots
pathogens of sapodilla by dual culture,using Bell’s scale*( R).

Trichoderma spp
T. viride
T. harzianum
T. koningii
T. pseudokoiningii
T. virens

A. niger
R4
R3
R3
R4
R4

Test pathogen
R. solani G. candidum
R4
R2
R4
R3
R3
R3
R4
R2
R4
R3

*Degree of antagonism. R1=Trichoderma completely overgrew
pathogens (100% over growth); R2=Trichoderma overgrew at least
two-third pathogens (75% over growth); R3=Trichoderma colonizes
on one half of thepathogens (50% over growth); R4=Trichoderma
and the pathogens contact point after inoculation; R5= Pathogens
overgrow bioagent - Trichoderma.
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