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Abstract

Fungal phytopathogens are considered as causal agents of many plant diseases.
Application of biocontrol agents offers a viable alternative to chemical
fungicides. Efficacy of culture filtrates of Trichoderma harzianum ISO-1, T.
harzianum 1S0-2, T. piluliferum, Aspergillus niger and Penicillium sublateritium
were evaluated against foliar pathogens isolated from Rauwolfia serpentina,
Spilanthes oleracea, Chlorophytum tuberosum and Piper longum viz., Alternaria
alternata (Rs), A. alternata (S.0), Colletotrichum dematium and C
gloeosporioides. The culture filtrates of T. harzianum 1SO-1, T. harzianum 1SO-2
and P. sublateritium exhibit maximum efficacy in inhibiting the mycelial biomass
of C. gloeosporioides and A. alternata (R.s). While T. piluliferum and A. niger
culture filtrates inhibited mycelial biomass of C. dematium and A. alternata (R.s)
respectively.
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INTRODUCTION

The increasing awareness of fungicide-related hazards has emphasized the need of
adopting biological control as an alternative disease control method. Biological control of plant
disease is the suppression of disease symptoms and disease incidence by the application of a
biological agent. Biological control of plant pathogens by microorganisms has been considered a
more natural and environmentally acceptable alternative to the existing chemical treatment
methods [1]. Aerial plant surfaces provide a suitable habitat for epiphytic microorganisms
which are influenced by the nutrients present on the leaf surfaces [2, 3]. The antagonistic
potential is the basis for the effective control of phytopathogenic fungi [4, 5]. [6] study the
possibility of biological control of fungal pathogens in the phyllosphere and proposed the
possibility for the reduction of the incidence and development of the diseases using fungal and
bacterial antagonists.

Foliar diseases are of utmost importance as not only photosynthetic area is reduced but
also respiration and transpiration processes are adversely affected. Major fungal pathogens for
foliar diseases of medicinal plants include species of Alternaria, Botrytis, Cercospora,
Colletotrichum, Septoria etc.

Biocontrol of foliar diseases is a potential alternative means of management of foliar
pathogens. Using biocontrol agents to manage the diseases is one of the most important
approaches for successful disease management and sustainable production of medicinal plants.
[7, 8] had explored the ability of certain antagonistic fungi for the possible control of pathogenic
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fungi on aerial plant surfaces. The present study was carried out to examine the efficacy of
metabolites produce by culture filtrates of phylloplane fungi of Rauwolfia serpentina, Spilanthes
oleracea against Alternaria alternata, Chlorophytum tuberosum against Colletotrichum dematium
and Piper longum against Colletotrichum gloeosporioides under in vitro conditions.

MATERIALS AND METHODS
Isolation of leaf pathogen

Leaves of R. serpentina, S. oleracea infected with A. alternata; leaves of C. tuberosum
infected with C. dematium were collected from Non Wood Forest Products Division, Nursery,
F.RI, Dehradun, Uttarakhand. Leaves of P. longum infected with C.gloeosporioides were
collected from Ayurvedic Nursery, Herbertpur, Uttarakhand. For the isolation of pure culture of
fungal pathogen, a portion of leaf containing circular brown spot was surface sterilized by
submerging in 0.1% mercuric chloride for 1 min, after which it was rinsed with three changes of
sterilized distilled water. Then, they were placed on potato dextrose agar medium in Petri plates
and incubated in a B.0.D. incubator at 25+12C for mycelial growth.

Isolation of phylloplane fungi

Phylloplane fungi were isolated from healthy leaves of R. serpentina, S. oleracea, C.
tuberosum and P. longum through leaf washing technique [9,10] identified with standard
monographs and expertise available. To study their antagonistic properties pure cultures were
maintained on potato dextrose agar medium at 4°C in a refrigerator for further studies.

Assay in liquid medium

In this method, 50 ml potato dextrose broth was taken in conical flasks (150 ml) and two
sets were maintained. Two discs (5mm) of antagonist were inoculated in each of twelve flasks
out of which six flasks (one set) were incubated in shaking incubator (shaking condition) at 150
rpm and six (second set) were maintained in a BOD incubator (stationary condition) at 25+12C
for 15 days.

After incubation period, all the flasks were harvested using Whatman No.1 filter paper
and then filtered with a bacterial syringe filter (0.45pm). Three flasks containing culture filtrate
of antagonist from each set were sterilized (autoclaved) and three were kept unsterilized
(unautoclaved).

All the flasks containing antagonist culture filtrate were inoculated with two discs
(5mm) of pathogens. Then one set was incubated in shaking incubator (shaking condition) at
150 rpm and the other was maintained in a BOD incubator at 25+19C for 15 days. One set of
control was maintained in each case, in which only pathogen disc was added. After incubation
they were harvested as mentioned above. The mycelial biomass in each case was determined by
gravimetric measurement after oven drying at 602C to constant weight [11,12].

The per cent growth inhibition was calculated as
% Growth Inhibition = C-T/Cx100

Where,

C = Dried mycelial weight in control

T = Dried mycelial weight in treatment

RESULTS

Five phylloplane fungi were identified as viz. Trichoderma harzianum Rifai 1SO-1 and
ISO-2, T. piluliferum Webster and Rifai, Aspergillus niger van Tieghem and Penicillium
sublateritium Biourge. While the pathogen were identified as A. alternata (Rs) from R.
serpentina, A. alternata (S.0) from S. oleracea, C. dematium from C. tuberosum and C.
gloeosporioides from P. longum.

Culture filtrates of T. harzianum 1SO-1, T. harzianum 1SO-2, T. piluliferum, A. niger and P.
sublateritium were assessed to determine their effect on per cent inhibition of mycelial biomass
of pathogens viz., A. alternata (R.s), A. alternata (S.0), C. dematium and C. gloeosporioides. Tables
1-5 are the outcomes of two-way Analysis of Variance (ANOVA) carried out to study the effect of
culture filtrates of antagonists on per cent inhibition of mycelial biomass of the pathogens under
two different conditions viz., condition 1 (sterilized) which was further categorized in
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‘stationary’ and ‘agitated’ and condition 2 (unsterilized) which was simultaneously categorized
in ‘stationary’ and ‘agitated’ and their interactions (between pathogens and condition 1,
pathogens and condition 2).

During all the experiments it was observed that the per cent inhibition of mycelial
biomass of pathogens was found maximum in ‘stationary’ in comparison to the ‘agitated’ under
both the conditions.

When the effects of the culture filtrate of T.harzianum 1SO-1 on mycelial biomass of
pathogens studied under both conditions. The maximum per cent inhibition of mycelial biomass
was observed of C. gloeosporiodes (92.09) which was at par with A. alternata (R.s) (91.70)
followed by A. alternata (S.0) (87.11) and C. dematium (80.40) (Table 1). The effect of the
interaction between pathogens and condition 1 was non significant. Whereas, the maximum per
cent inhibition of mycelial biomass of C. gloeosprioides in ‘stationary’ and minimum of C
dematium in ‘agitated’ was examined during the interaction between pathogens and condition 2.

Table 1 Per cent inhibition of mycelial biomass of pathogens in T. harzianum 1S0-1
culture filtrate

Condition 1 Condition 2
Pathogens Sterilized Unsterilized Mean
Stationary Agitated Stationary Agitated
A.alternata (R.s) 92.96+1.87 90.45 +4.50 92.29+ 2.93 91.12+4.26 91.70
C.dematium 82.17+7.75 78.64 +6.68 84.95+ 5.25 75.86+5.92 80.40
C.gloeosporioides 93.07+4.54 91.11+5.29 95.11+ 3.49 89.04+4.05 92.09
A.alternata (S.0) 90.60+3.17 83.62 +4.13 86.44+ 6.98 87.78+2.56 87.11
Mean 89.70 85.95 89.70 85.95

P C1 C2 P xC1* PxC2

SEM+ 1.21 0.85 0.85 - 1.71

CD at5% 3.49 2.47 2.47 4.94 4.94

P-Pathogen; C1-Sterilized; C2-Unsterilized; NS*- Non-significant

Effects of the culture filtrate of T. harzianum 1SO-2 studied under both the conditions
illustrates that maximum per cent inhibition of mycelial biomass was observed in C.
gloeosporoides (92.68) followed by A. alternata (R.s) (89.62). Per cent inhibition of mycelial
biomass of C. dematium (81.59) was found to be at par with A. alternata (S.0) (79.59) (Table 2).

Maximum per cent inhibition of mycelial biomass was found in C. gloeosporioides in
‘stationary’ and ‘agitated’ conditions and minimum was in C. dematium and A. alternata (S.0) in
‘agitated’ condition during the interaction between (pathogens and condition 1). Similarly,
maximum per cent inhibition of mycelial biomass of C. gloeosporioides was observed in
‘stationary’ condition and minimum was in C. dematium and A. alternata (S.0) in ‘agitated’
condition during the interaction between (pathogens and condition 2).

In the culture filtrate of T. piluliferum, maximum per cent inhibition of mycelial biomass
was observed of C. dematium (89.62) which was at par with A. alternata (R.s) (87.09) and
minimum was of C. gloeosporioides (83.87) which was at par with A. alternata (S.0) (83.86)
under both the conditions (Table 3).However, the effect of condition 2 (unsterilized), interaction
between pathogens and condition 1 and pathogens and condition 2 were found to be non
significant.
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Table 2 Per cent inhibition of mycelial biomass of pathogens in T. harzianum 1SO-2
culture filtrate

Condition 1 Condition 2
Pathogens Sterilized Unsterilized Mean
Stationary Agitated Stationary | Agitated
A.alternata (R.s) 91.80+3.39 | 87.44+4.45 | 90.22+4.22 | 89.02+¥4.91 89.62
C.dematium 86.31+4.42 | 76.87+6.54 | 85.85%¥4.45 | 77.33+7.24 81.59
C.gloeosporioides | 92.45+4.19 | 92.91+4.68 | 95.06+2.23 | 90.30+4.59 92.68
A.alternata (S.0) 82.59+2.91 | 76.59+1.50 | 79.76+5.06 | 79.42+2.57 79.59
Mean 88.29 83.46 87.73 84.02
P C1 C2 P xC1 Px C2
SEM+ 0.97 0.69 0.69 1.37 1.37
CD at5% 2.81 1.98 1.98 3.97 3.97

P-Pathogen; C1-Sterilized; C2-Unsterilized

Table 3 Per cent inhibition of mycelial biomass of pathogens in T. piluliferum culture
filtrate

Condition 1 Condition 2
Pathogens Sterilized Unsterilized Mean
Stationary Agitated Stationary Agitated
A.alternata (R.s) 87.54+3.43 86.63+4.35 86.43+3.77 87.75+3.99 87.09
C.dematium 91.16+3.53 88.08+3.62 88.89+4.79 90.35+2.66 89.62
C.gloeosporioides | 86.97+2.76 80.77+6.38 84.85+4.09 82.88+7.24 83.87
A.alternata (S.0) 87.57+5.44 80.16+4.56 86.58+5.88 81.15+5.57 83.86
Mean 88.31 83.91 86.69 85.53

P C1 c2* P xC1* P x C2*

SEM+ 1.28 0.90 - - -

CD at5% 3.69 2.60 2.60 5.21 5.21

P-Pathogen; C1-Sterilized; C2-Unsterilized; NS*- Non-significant

In table 4 showed that maximum per cent inhibition of mycelial biomass was found of
A. alternata (Rs) (80.21) followed by C. dematium (66.21) which was at par with C.
gloeosporioides (68.28) and A. alternata (S.0) (69.04) in the culture filtrate of A.niger under both
the conditions.

Maximum per cent inhibition of mycelial biomass was observed in A. alternata in
‘stationary’ and minimum in C. dematium in ‘agitated’ condition during the interaction between
pathogens and condition 1. However, the interaction between pathogens and condition 2 were
found to be non significant.

Table 4 Per cent inhibition of mycelial biomass of pathogens in A. niger culture filtrate

Condition 1 Condition 2
Pathogens Sterilized Unsterilized Mean
Stationary Agitated Stationary Agitated
A.alternata (Rs) | 87.19+10.48 | 73.24+4.75 | 85.22+12.61 | 73.24+5.48 80.21
C.dematium 68.46+2.84 | 63.97+4.81 | 67.76+x5.49 | 63.97+2.72 66.21
C.gloeosporioides | 69.33+5.54 | 67.23+4.68 | 70.91+3.95 | 67.23+4.80 68.28
A.alternata (S.0) 72.69+3.50 | 65.38+2.99 | 71.37+4.85 | 65.38+4.06 69.04
Mean 74.41 67.46 73.82 68.05
P C1 C2 PxC1 P x C2*
SEM+ 1.12 0.79 0.79 1.58 -
CD at5% 3.22 2.28 2.28 4.56 4.56
P-Pathogen; C1-Sterilized; C2-Unsterilized, NS*- Non-significant
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In both conditions, the effects of culture filtrate of P. sublateritium was studied. The
maximum per cent inhibition of mycelial biomass was observed of C. gloeosporioides (83.57)
which was at par with A. alternata (S.0) (83.20) and A. alternata (R.s) (82.84) and minimum of C.
dematium (65.04) (Table 5).

Table 5. Per cent inhibition of mycelial biomass of pathogens in P. sublateritium culture
filtrate

Condition 1 Condition 2
Pathogens Sterilized Unsterilized Mean
Stationary Agitated Stationary Agitated
A.alternata 85.70+5.20 | 79.98+3.14 | 82.92+5.13 | 82.77+5.50 82.84
C.dematium 69.90+5.89 | 60.18+7.52 | 65.70+10.27 | 64.38+6.44 65.04
C.gloeosporioides | 85.23+3.73 | 81.92+5.57 | 83.42+5.73 | 83.73+4.32 83.57
A.alternata(S.0) 87.67+2.83 | 78.73+2.89 | 82.75+5.36 | 83.65+5.91 83.20
Mean 82.13 75.20 78.70 78.63

P C1 Cc2* PxC1* P x C2*

SEM+ 1.48 1.05 - - -

CD at5% 4.28 3.03 3.03 6.06 6.06

P-Pathogen; C1-Sterilized; C2-Unsterilized; NS*- Non-significant

DISCUSSION

Biological control methods could be considered as an alternative of chemical control.
Successful biological control of foliar diseases has been achieved by a number of researchers
under greenhouses and field trials using fungal and bacterial antagonists
[13,14,15,16,17,18,19]. [20] found that leaf spot diseases of wheat can be controlled in vitro and
in vivo by the use of potential microorganisms such as fungi, bacteria and yeast isolated from
phylloplane of wheat.

Culture filtrates of T. harzianum ISO-1 and T. harzianum ISO-2 effectively inhibited
mycelial growth of C. gloeosporioides. Similar observations were made by [21] where T.
harzianum was found to be more effective antagonist in inhibiting the mycelial growth of
Colletotrichum gloeosporioides causing leaf spot of Kokum. The culture filtrate of A.niger caused
inhibition (68.28%) of C. gloeosporioides mycelial biomass. This finding was in accordance with
the study conducted by [22] where the culture filtrates of A.niger also caused more than 50%
inhibition of C. gloeosporioides. [21,23, 24] reported the efficacy of culture filtrates of
antagonists in inhibiting the mycelial biomass of the pathogenic fungi.

CONCLUSION

In vitro findings demonstrated that culture filtrates of T. harzianum 1SO-1, T. harzianum
ISO-2 and P. sublateritium caused maximum per cent inhibition of mycelial biomass of C.
gloeosporioides and A. alternata (Rs). T. piluliferum and A. niger culture filtrates caused
maximum per cent inhibition of mycelial biomass of C. dematium and A. alternata (R.s).
Therefore, phylloplane fungi can be applied as biocontrol agents for the management of foliar
diseases in medicinal plants in the field conditions.
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