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Abstract

Antagonistic potentials of seven rhizoshere soil fungi viz., Aspergillus flavus
Link., A. fumigatus Fresen., A. niger Tiegh., A. terreus Thom., Penicillium sp.,
Trichoderma harzianum Refat. and T. viride Pers. were tested against the Fusarium
oxysporum Schlecht. and F. solani (Mart.) Sacc. — the two pathogens, isolated from
wilted roots of brinjal plants. Out of seven soil fungi Trichoderma harzianum was
found most effective to control the growth of both the test pathogens. More than
50% inhibition of the test pathogens were observed with T. viride, Aspergillus
niger and A. fumigatus in colony interaction. The maximum inhibition of radial
growth of the test pathogens was observed with volatile metabolites and cell free
culture filtrates of Trichoderma harzianum. This fungus may be exploited
commercially to control the disease.

Introduction

Brinjal or “Egg plant” (Solanum melongena L.) is the second most important vegetable
crop next to potato in Bangladesh(®. It is more or less available round the year and suffers
from more than 10 different diseases. Among them, wilt has been treated as one of the
major constrains in eggplant cultivation in the country. Along with some others Fusarium
oxysporum Schlecht. and F. solani (Mart.) Sacc. - the two soil borne pathogens were
reported as causal agents of the disease®%. In the management strategy of plant diseases,
use of biological control agents are now widely recognised especially against soil borne
pathogens. Study of antagonist as biological control agent has now become one of the
most exciting and rapidly developing areas in plant pathology because of its great
potential to solve many agricultural and environmental problems®®. It is now well
known that the nature of root exudates determine the mycoflora of rhizosphere soil
which is a massive reservoir of both beneficial and detrimental fungi. Hence, the present
investigation was designed to evaluate antagonistic potentiality of some rhizosphere
fungi in vitro against Fusarial wilt of brinjal.
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Materials and Methods

The pathogens were isolated from the roots of wilted egg plants following Tissue
Planting method®. About 4 mm long, 50 inocula were prepared after sterilized their
surface by 10% Clorox solution for one minute. This inocula were placed aseptically on
PDA medium where a drop (ca. 0.03 ml) of lactic acid was added before plating to check
the bacterial growth. Inoculated plates were incubated at 25 + 2°C for 7 days. The isolates
were purified following serial dilution method®), maintained on PDA slants and stored at
10 = 1.0°C in an refrigerator for further studies. Cultures were maintained by sub-
culturing after four weeks of intervals. Identities of the pathogens were confirmed
following the standard literature®. The virulence of the isolated pathogens were tested
following soil inoculation method where they were grown in maize meal agar medium
and 4 weeks old seedling of the selected cultivar were transplanted in the inoculated soil.
After 4 - 6 weeks, re-isolation of the causal agents were also done from the artificially
inoculated wilted roots.

The soil fungi were isolated from the rhizosphere of several healthy brinjal crop
tields following serial dilution method. For purification and maintenance of the isolates,
same methods were followed as stated above. Identities of the soil fungi were confirmed
following the standard literature(-#.

The antagonistic action of the seven selected soil fungi against the test pathogens
were carried out by dual culture technique®, where, 5 mm blocks of each pathogen and
selected soil fungus were placed 3 cm apart on PDA medium in paired combination.
Interactions were assessed in terms of grades, intermingling zone and zone of inhibition.
The interactions were recorded after 5 days of inoculation. The per cent growth
inhibitions of the test pathogens owing to the presence of soil fungi, were calculated as
follows:

rh—=r
Per cent growth inhibition = ——— x 100

where, r; denotes the radial growth of the test fungus towards the opposite side,
r, denotes the radius of the test fungus towards the soil fungus.

To assays the effects of volatile substances of the soil fungi on the two test pathogens,
each selected soil fungus was grown in 9 cm Petri plates on PDA medium. After 7 days,
the lid of each Petri plate was replaced by the same size bottom plate, containing 15 ml
PDA medium, centrally inoculated with a test pathogen and was enclosed by three layers
of parafilm, to prevent the loss of volatile substances. Control was also prepared in the
same way but with the test pathogen at the bottom. After 7 days colony diameter of the
test pathogen, in all sets, were measured.

To evaluate the effects of non-volatile substances present in the culture filtrates of the
selected soil fungi on the two test pathogens, three 0.5 mm blocks each of individual soil
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fungi, cut from the actively growing margins of 5 days old cultures, were inoculated
separately into 250 ml conical flasks each containing 100 ml sterilized potato dextrose
broth medium. After 10 days of incubation the static cultures were filtered firstly through
Whatman filter paper No. 44 and finally through Seitz filter by vacuum filter to obtain
cell free culture filtrates. Before plating, requisite amount of this filtrate was mixed well
with sterilized PDA medium separately to get final concentration of 5, 10 and 20%. Each
Petri plate was allowed to solidify and inoculated centrally with a 5 mm agar disc, cut
from the margin of actively growing culture of a test pathogen. In control, Petri plate
containing PDA medium and requisite amount of sterilized distilled water instead of
culture filtrates were inoculated with a test pathogen as described above. After 7 days
colony diameter of the test pathogen, in all sets, were measured.

The per cent inhibition of each test pathogen owing to the effects of volatile and non
volatile substances of the soil fungi was calculated separately as follows.
C-T

| = Txloo

where, I = Per cent growth inhibition, C = growth in control and T = growth in
treatment.

All the Petri plates were incubated at 25 + 2°C. Three replications were maintained in
every trial. The results were statistically analyzed by 't' test following Steel and Torrie(.

Results and Discussion

Two fungal pathogens namely, Fusarium oxysporum Schlecht. and F. solani (Mart.)
Sacc. were isolated from the wilted brinjal roots following Tissue Planting method. They
were found as virulent in the test of pathogenicity and grown the same two species on
PDA when re-isolation was done from the inoculated wilted brinjal roots.

A total of 12 fungi, representing seven genera were isolated from the rhizosphere soil
of brinjal. They were Aspergillus flavus Link, A. fumigatus Fresen., A. niger Tiegh., A.
terreus Thom, Cladosporium sp., Curvularia lunata (Wakker) Boedijn, Fusarium oxysporum
Schlecht., F. solani (Mart.) Sacc., Penicillium sp., Rhizopus sp., Trichoderma harzianum Rifai
and T. viride Pers.. Among them 7 species under the genera Aspergillus, Penicillium and
Trichoderma were selected for the test of antagonistic potentiality. These were collectively
named as 'soil fungi'.

The results of colony interaction between the test pathogens and the soil fungi have
been summarized in Table 1 and Fig. 1. Variation in antagonistic effects of the soil fungi
were noted against the two test pathogens. It is evident that the antibiotic production
varies depending on the organisms. Grade 3 was found to be the most commonly
encountered type of colony interaction, grades 4 and 5 were recorded to be very
infrequent. The intermingled zone between the soil fungi and test pathogens was very
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common. The maximum intermingled zone (0.4 cm) was observed in case of Aspergillus
flavus and A. fumigatus against Fusarium oxysporum and Trichoderma harzianum against F.
solani. All the soil fungi grew over the colony of the fungi except A. niger and A. terreus
where inhibition zone was found 0.4 and 0.3 cm, respectively.

Table 1. Colony interaction between the soil fungi and test pathogens in dual culture.

Test pathogens Fusarium oxysporum Fusarium solani

. . Gr* IMZ IHZ Gr* IMZ  IHZ
Soil fungi

(cm) (cm) (cm) (cm)

Aspergillus flavus 3 0.4 - 3 0.2 -
A. fumigatus 3 0.4 - 3 0.2 -
A. niger 5 - 0.4 5 - 0.4
A. terreus 4 - 0.3 4 - 0.2
Penicillium sp. 3 0.3 - 3 0.3 -
Trichoderma harzianum 2 0.2 - 2 0.4 -
T. viride 2 0.2 - 2 0.3 -

*Gr = Grades from 1 (mutually intermingling growth) to 5 (mutual inhibition at a distance), based on Skidmore
and Dickinson(?. 2 = Mutually intermingling growth where the fungus under observation has ceased growth
and is being overgrown by another fugus. 3 = Intermingling growth where the fungus being observed is
growing into the opposed fungus either above or below its colony. 4 = Slight inhibition of both the interacting
fungi with a narrow demarcation line (1 - 2 mm). 5 = Mutual inhibition of growth at a distance more than 2 mm.
IMZ = Intermingling zone, IHZ = Inhibition zone, and '-' = Not applicable. Results were significant at p = 0.01
to 0.05in 't' test.
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Fig. 1. Per cent growth inhibition of the test pathogens owing to the soil fungi in dua culture. Afl
Aspergillus flavus, Afu = A. fumigatus, Ani = A. niger, Ate = A. terreus, Pen = Penicillium sp., Tha
Trichoderma harzianum and Tvi = T. viride. Results were significant at p = 0.01t0 0.05in ‘t’ test.
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All the tested soil fungi inhibited the growth of all the test pathogens to varied
degrees in dual culture experiments on agar plates (Fig. 1). In case of F. oxysporum,
highest inhibition of radial growth was found in T. harzianum (80%) followed by A. flavus
(68.33%) and A. niger (66.66%). The maximum inhibition of radial growth of F. solani, was
exhibited by T. harzianum (82.14%) followed by T. viride (66.66%) and A. niger (56.25%).

Vinalea et al.0) has reviewed tripartite interactions among Trichoderma-plant-
pathogen and showed that Trichoderma spp. produce numerous biologically active
volatile and non-volatile compounds which might be responsible for the suppression of
the two pathogens of brinjal wilt in the present study. Owing to fast growing nature,
rapid sporulation and toxic metabolite producing capacity, Trichoderma spp. considered
as potential antagonist. Hence, highest antagonistic activity of the T. harzianum was
observed against the test pathogens in the present study.

It is clear from Fig. 2 that the volatile substances emanating from the cultures of the
soil fungi inhibited the radial growth of both the test pathogens to varied degrees.
Highest inhibition of radial growth of F. solani found was by T. harzianum (36.55%)
followed by T. viride (27.33%) and A. niger (25.06%), whereas, T. harzianum showed
31.30% inhibition of radial growth of F. oxysporum which was followed by T. viride
(23.26%) and A. niger (19%). In case of each test pathogen A. flavus and A. fumigatus
showed lesser degree of inhibition of radial growth of the test pathogens.
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Fig. 2. Per cent growth inhibition of test fungi owing to volatile substances of the soil fungi. Abbreviations
aresame asin Fig.1. Results were significant at p=0.01t0 0.05in ‘t’ test.

The growth inhibition of the test pathogens may be attributed to the presence of
growth inhibitory substances in the volatile metabolites(?. The gross effect may also
depend on the interaction between the volatile factors of two fungi as some sort of
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chemical reaction may occur there, which may include the nullification of the metabolites
by each other.

The present observation suggests that there were qualitative and quantitative
differences in the volatile substances produced by various soil fungi as they exhibited
different degrees of growth inhibition of the test pathogens. Dennis and Webster(® noted
that certain Trichoderma spp. produced volatile antibiotics. These compounds inhibited
the growth of Rhizoctonia solani, Pythium ultimum and Fusarium oxysporum. No lethality to
any of the test pathogens was reported by these authors and comprehensive chemical
analyses of the volatile components of the fungal cultures were not performed, although
acetaldehyde was suggested as one of the volatiles. Some protective compounds recently
isolated from endophytes are taxol, oocydin-A, cryptocin, ambuic acid and jesterone(+17.
However, Hutchinson® gave direct evidence by quantitative analysis of these volatiles.

Dennis and Webster(®) detected the following substances from volatile fraction of
culture filtrates of fungi: acetaldehyde, n-propanol, propionaldehyde, isobutanol,
n-butyraldehyde, ethyl acetate, isobutyl acetate and acetone. Alcohols, esters, ketones of
which 1-butanol, 3-methyl acetate, styrene, methyl isobutyl ketone, naphthalene and
butylated hydroxytoluene, 1-butanol, 3-methyl- followed by 1-butanol, 3 methyl-acetate
were detected from Muscodor albus, a novel endophytic fungus®.
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Fig. 3. Per cent growth inhibition of Fusarium solani owing to culture filtrates of the soil fungi at 5, 10 and
20% concentrations. Abbreviations are same asin Fig.1. Results were significant at p = 0.01t0 0.05in
‘t' test.

The Fig. 3 shows the effect of non-volatile metabolites on the growth of F. solani. All
the antagonists showed varied degree of growth inhibition of the pathogen at different
concentrations. Out of the seven antagonists, T. harzianum showed highest inhibition of
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the pathogen at all the concentrations tested. The inhibition of the pathogen increases
with the increase of the concentration of the treatments. The order of effectiveness
against F. solani at 20% concentration was T. harzianum > T. viride > A. terreus > A. niger >
A. flavus > A. fumigatus and Penicillium sp.

Similarly, the maximum inhibition of radial growth of F. oxysporum was observed by
T. harzianum at all the tested concentrations (Fig. 4). The order of effectiveness against F.
oxysporum at 20% concentration was T. harzianum > A. terreus > T. viride > Penicillum sp.,
A. fumigatus > A. niger and A. flavus. The inhibition of the radial growth of the test
pathogens owing to non-volatile metabolites, may be attributed to the production of
antibiotic substances in the culture filtrates and/or nutrient impoverishment®>-22,
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Fig. 4. Per cent growth inhibition of Fusarium oxysporum owing to culture filtrates of the soil fungi at 5, 10

and 20% concentrations. Abbreviations are same as in Fig.1. Results were significant at p = 0.01 to 0.05
in‘t test.

Figs 1 - 4 show that out of seven soil fungi Trichoderma harzianum was found most
effective to control the growth of both the test pathogens. Akter et al.®) also found the
same results against six pathogenic fungi viz., Colletotrichum sp., Curvularia lunata,
Fusarium moniliforme, F. oxysporum, F. semitectum and Phomopsis sp. isolated from different
leaf spots and fruit rots of brinjal. The figures also show that none of the soil fungi could
inhibit the growth of the test pathogens completely. The per cent inhibition of the test
pathogens against the soil fungi also differed. The differences might be owing to
differences in nature, quality and quantity of the inhibitory substances produced by the
soil fungi.
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The present observation suggests that Trichoderma harzianum may be exploited
commercially as a control agent of Fusarial wilt of brinjal.
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