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Abstract: Trichoderma harzianum, T. viride, T. virens and Aspergillus niger were isolated from mustard leaf
surface. Efficacy of their conidial suspension and culture filtrates was evaluated. In dual culture test, 7. viride
caused maximum nhibition of radial growth of 4. brassicae (74%) and A. brassicicola (77%). Highest
concentration (3:1) of 7. viride culture filtrates caused 60 and 54% inhibition of radial growth of 4. brassicae
and 4. brassicicola, respectively. The culture filtrates of T. viride at their highest concentration (3:1) caused
71 and 69% mhibition of comdial germination of 4. brassicae and A. brassicicola, respectively. In field trial
foliar spray of 1x10’ conidia mIL.™" of biological control agents was done on mustard plants 24 h after artificial
inoculation by A. brassicae conidial suspension (1x10°conidia mL.~". Viability of BCAs was recorded up to
30days in phylloplane of mustard at relative humidity between 80-90% and temperatures between 20-25°C.
T. viride proved to be most effective as its conidial suspension caused up to 76 and 68% reduction in disease
intensity on leaves and pods, respectively. Whereas, its culture filtrate caused 45 and 36% reduction in disease
severity on leaves and pods, respectively. These results suggested that 7. viride can be used to control
Alternaria blight disease of mustard.
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INTRODUCTION

Alternaria blight (4liernaria brassicae (Berk.) Sacc.)
of mustard group of crops is most unportant,
devastating and widespread disease throughout the
world (Kolte, 1985; Khan et al, 2007a; Khan, 2011) on
Indian mustard {Brassica juncea (Czem and Coss)}.
Alternaria blight causes average vield loss of 46.5%
(Kolte et al., 1987). In highly susceptible cultivars of
Brassica species, the yield loss may reach up to 70%
(Godika et al., 2001) as well as the quality of seed also
adversely affects like seed size, oil content and
discoloration of seed (Kaushik ef af., 1984). The control of
Alternaria leaf blight is exclusively based on the
application of chemical pesticides. Several effective
pesticides have been recommended against the pathogen,
but they are not considered to be long term solutions, due
to concerns of expense, exposure to health risk, fungicide
residue and other environmental hazards. Some alternative
methods of control have been adopted in an attempt to
modify this condition. Recently, researches have focused
on developmg, long lasting, environmentally safe and

effective biocontrol methods for the plant diseases
management. Due to these reasons most of the work done
during recent past has been directed towards biological
disease management, use of antagonistic fungi m this
context appeared logical and safe (Kumar et al., 2005;
Latha et al., 2009).

Trichoderma harziamam Rifay, T. Viride Pers. ex Gray
are important bio control agents (BCAs) of plant
pathogens. These BCAs were used for the control of soil
borne, foliar and post harvest diseases i various crops in
the field, in commercial green house and storage depots
(Papavizas, 1985; Elad, 1994; Adejumo ef al, 1999,
Sobowale et al, 2005, Abeysinghe, 2009,
Tegathambigai ez al., 2010). BCAs differ fundamentally
from chemical fungicides in that they must grow and
proliferate to be effective (Nelson et af, 1994).
Trichoderma worl against fungal phytopathogens either
indirectly by competing for nutrients and space,
modifying environmental conditions, promoting plant
growth and plant defence mechanism and antibiosis, or
directly through mechamsms such as mycoparasitism
(Shakeri and Foster, 2007, Remno et al., 2008).
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Trichoderma spp. suppresses disease by antagonizing
the pathogen (Shah and Nasreen, 2011). Some BCAs such
as the plant growth promoting organisms (PGPOs),
control a disease by dual action, not only suppressing
a pathogen but also promoting plant growth and the
defence mechamsm of plants (Khan and Anwar, 2007,
El-Sherif and Tsmail, 2009; Mohiddin et «l., 2010).
Aspergillus niger 1s a versatile phosphate solubilizer that
is abundant in various soil types (Gaur, 1990). A. niger
fungus has a fair capacity to suppress plant pathogens
(Fujimotoe et al., 1993; Khan et al., 2006) and it increases
the yield of the plant it colonizes. The effectiveness of the
fungus, however, varies with the isolate (Sen et of., 1993;
Khan et al., 2007b).

The present study aimed at exploring the possibility
of usmng comidial suspension and culture filtrates of
Trichoderma spp. and 4. niger in the control of
A. brassicae and A. brassicicola causing leaf blight of
mustard.

MATERIALS AND METHODS

Tsolation of pathogenic fungi: Alternaria brassicae and
A. brassicicola were 1solated from diseased leaves of
mustard and multiplied on Potato Dextrose Agar (PDA)
medium m Petri plates. The pathogen inoculated plate(s)
were incubated at 25+2°C.

Biological control agents and their culture: Trichoderma
harzianum, T. viride, T. virens and A. niger were 1solated
from mustard leaves. Single spore method was adopted to
get pure culture. Pure cultures were multiplied in Petri
plates and these plates were incubated at 2542°C in BOD
incubator. Mancozeb was purchased from the local market
and concentration was prepared as per requirement.
Standard cultures of 7. harzianum, T. viride, T. virens and
A. niger were procured from Indian Agricultural Research
Institute, New Delhi.

In vitre dual culture test: A dual culture test was
conducted in vitro to assay the ability of biocontrol
agents viz., T. harzianum, T. viride, T. virens and A. niger
to inhibit hyphal growth of 4. &rassicae and
A. brassicicola as well as to observe interactions
between colonies. Assays were performed n petri plates
containing PDA. The mycehal disc of 5 mm diameter was
cut from the margin of 7 days old culture of pathogen as
well as BCAs. FHach disc of pathogen and BCAs was
placed on PDA at 5 cm apart from each other. Petri plates
moculated with both the organisms were mcubated in
BOD mecubator at 25+ 2°C. A disc of filter paper of 5 mm
was placed 5 cm apart from pathogemc fungus after
dipped in 0.2% mancozeb solution prepared in double

distilled water. Controls were maintained as single
organmism 1noculated in the centre of one individual
Observations were taken on growth of both the
orgamisms. Mycelium was picked from the zone of
interaction from plates of dual cultures and then
microscopically investigated and the changes in the
mycelium of 4. brassicae and A. brassicicola were
recorded.

Collection of culture filtrates of biological control
agents: Culture filtrates of fungal bicagents were obtained
by growing biocontrol fungi separately on potato
dextrose broth (PDB). Conical flasks of one litre capacity
containing 250 mL PDB were inoculated with 5 mm
mycelial plugs of 7 days old culture grown on PDA.
Culture flasks were placed on an orbital shaker
{150 rotations min™") during the first week. After
inoculation, culture flasks were checked visually and
flasks showing only pure growth of the respective isolate
after 35 days of mcubation were taken to collect culture
filtrate. The hiquid medium was filtered through oven dried
Whatman No. 42 filter paper to separate fungal mycelium.
Filtrate was collected and was considered as 100%
concentration (Vishwanath and Kolte, 1997). The culture
filtrate thus obtained was centrifuged at 5000 rpm for
15 min to make cell free and was sterilized by filtration
using 0.02 pm millipore filters.

Effect of culture filtrates on biomass of pathogenic
fungus: The in vivo efficacy of different concentrations
of culture filtrates obtained from BCAs was evaluated on
biomass production of pathogenic fungi, 4. brassicae and
A. brassicicola. Tt was grown separately on Potato
Dextrose Broth (PDB). Conical flask of one litre capacity
containing 100 mL of culture filtrate and medium (C:M) in
1:3, 2:2, 3:1 were inoculated with 5 mm mycehal plugs of
10 days old culture grown on PDA. Culture flasks were
placed on an orbital shaker (150 rotations min™) during
the first week and observed visually. After eight days of
inoculation, fungal growth was harvested by filtration
through oven dried Whatman no. 42 filter paper. The
fungal mat was washed thoroughly with distilled water
and then oven dried at 60°C for 72 h. Tt was subsequently
cooled in desiccators having anhydrous calcium chloride
and accurately weighed (Singh ef al., 2003). The conical
flasks containing 100 ml, PDB inoculated with
A. brassicae and 4. brassicicola as control (check) and
maintained by mixing distilled water in place of culture
filtrate.

Effect of culture filirates of BCAs on conidial
germination of pathogenic fungi: Conidial suspension
were prepared from 10 days old culture of 4. brassicae
and A. brassicicola grown on plates containing PDA by
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adding distilled water in Petri plates and scratching with
microslides. Spore suspension was passed through four
layers of cheese cloth to remove mycelial fragments and
centrifuged at 3000 rpm for 5 min to remove wnwanted
material. The conidial concentration was maintained at
1x10° conidia mI.~" (Chand and Singh, 2004; Patni and
Kolte, 2006). Comidial suspension of 4. brassicae and
A. brassicicola containing at least 15-20 comdia per
microscopic field (10x) was prepared. One drop (0.1 mL.) of
conidial suspension was put over acid cleaned glass
cavity slide and allowed to air dry. A drop of desired
concentration of culture filtrate (1.e., 1:3, 2:2 and 3:1) of
bioagent was subsequently put on it. The slides were kept
in moist chamber prepared by putting two folds of
Whatman filter paper wet with double distilled water, in
both sides of plates (Kumar et af., 2004). These plates
were incubated at 25+2°C for 24 h in BOD incubator. The
double distilled water was added in place of culture filtrate
as control treatment. Observations on percent conidial
germination and inhibition were recorded after 24 h
of inoculation. To comprehend the sensitivity of
A. brassicae and A. brassicicola conidia to culture
filtrates of bioagents based on comdia germination test,
observations on conidia germination were recorded by
examining three microscopic fields (10x<) on each of the 3
slides of a treatment. The data was produced as:

Number of germinated conidia

Conidia germination (%) = *100

Total number of conidia

Effect of culture filtrates on radial growth of pathogenic
fungus: The effect of culture filtrates on radial growth of
A. brassicae and A. brassicicola were evaluated and
culture filtrates of antagonists were mixed in PDA. PDA
was prepared with additional 5g L™ agar in order for the
medium to solidify after mixing the filtrate and medium at
the ratio 1:3, 2:2 and 3:1 (culture filtrate: PDA v/v)
separately prior to pouring and then 20 ml. PDA was
poured m each Petri dish and were inoculated by 5 mm
fungal mats of 7 days old culture of 4. brassicae and
A. brassicicola (Singh and Singh, 2003) and were
incubated for 7 days. Control was maintained with
distilled water in place of culture filtrate.

In vive evaluation of culture filtrate and conidial
suspension on disease development: The effect of culture
filtrates and comidial suspension of biclogical control
agents was evaluated on 4. brassicae and a field trial was
laid out in Randomized Block Design (RBD). The plot
: replications.
Brassica juncea cv. Varuna was used as susceptible host.
Each plot was covered by 4 m height of transparent

size of 4x3 m™ was used with three

polythene sheet supported by wooden sticks in a box
shape to prevent inter plot effect of inoculum. The
pathogen, 4. brassicae was inoculated on control plants
{(check). Seeds were sown at row to row spacing of 30 cm
and plant to plant spacing of 10 cm on last week of
October. For artificial inoculation of plants conidial
suspension of pathegenic fungi with conidia load of 1x10°
conidia mL ™" of distilled water was prepared and sprayed
on leaves with an atomizer. After 24 h, leaves were
sprayed with conidial suspension (110" conidia mI.™")
and undiluted culture filtrates of different BCAs as well as
0.2% mancozeb separately by an atomizer, independently.
Surfactant Triton x-100 was added to conidial suspension
and culture filtrates of pathogens and BCAs @ 0.1 (v/v).
Observations were taken on each plot in which 1, 2 and 3
sprays were applied. First spray was done after 24 h of
inoculation, second spray after 30 days and third spray
after 60 days of first spray. Data on disease severity
{on leaves after 95 DAS and on pods after 130 DAS) and
number of spots (on leaves and pods) were taken. Disease
severity was recorded following the scale of Conn et al.
(1990). Percent Disease Intensity (PDI) was calculated
using formula:

Total numerical rating

PDI= x100

Total number of observations taken
(Singh and Singh, 2005).

Statistical analysis: The experiment was conducted
during two consecutive years. Each treatment was
replicated thrice. The data obtained during the two years
were statistically identical. So, the results are based on the
experiment conducted durng the second year. As the
second year experiments were significantly performed
with greater precision and perfection gained than the
experience of the first year. All data were subjected to
analysis of variance (ANOVA) using MINITAB 11.0
software. Means were then separated using the Least
Sigmficant Difference (LSD) test at p<0.05, 0.001 and
0.001. The F-values were calculated and compared with
the table value at p<0.05, 0.01 and 0.001.

RESULTS

In vitre dual inoculation test: In biological control, the
most important principle of choosing an antagonistic
organism 1s its capability to grow fast and occupy most of
the place in the site of probable exist of the pathogen. For
thus reason, T. harzianum, T. viride, T. virens and 4. niger
were evaluated against 4. brassicae and A. brassicicola
using dual inoculation test. Mancozeb was used to
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Table 1: Effect of different biological control agents on radial growth of A. brassicae and A. brassicicola in dual culture

Radial growth (crm)

A. brassicae A. brassicicola
Treatments 48 h 72h 96 h 120h 144 h 48 h 72h 96 h 120h 144 h
T harziconim L5 (642) 21°(52.2) 247 (63.0) 2.4°(70.0) 24 (71.7) 1.6*(42.8) 1.&(550) 22°(614) 2.2 (70.6) 22°(7.D
T viride L8 (644 2.1°(52.2) 222(661) 2.2°(72.5) 2.2(741) 1.4%(50.0)0 L7P(57.5) 19 (66.6) 1.9 (74.6) 192769
T virens 1.9 (32.1) 2.9 (38.6) 29(553) 30625 3.0@LT  1.7™(39.2) 24 @00) 27 (52.6) 2.5 (62.6) 2.8(65.8)
A. niger 21°(25.0) 3.2°(27.2) 3.8L5 400500 453@7.0) 1.r¥@G2D  27(325 3.44403) 3.8493) 53353
Mancozeb (0.2%) 1L (642) 1.52(65.9 2.00(69.2) 200 (75.00 2.0 (76.4) 1.0°(64.2) 1.22 (70.0) 1.5°(73.6) 1.5°(80.0) 1.5%81.7)
Control 2.8 4.44 6.5° 8.0r 8.5 2.8 4.8 5.7 7.5 8.2°
L.S.D. p=0.05 0.18 0.17 0.17 0.12 0.22 0.18 0.17 0.17 0.12 0.22
P<0.01 0.26 0.25 0.19 0.16 0.29 0.26 0.25 0.19 0.16 0.29
P<0.00 10.34 0.33 0.43 0.39 0.54 0.34 0.33 0.43 0.39 0.54
F value
df=2) NS 5.23¢ 7.3 NS NS (S NS 10.2° NS NS
(df=5) 96° 102 8% 96° NS 109 67 NS og NS

Figures in parenthesis are % control over check, NS: Non significant, Each value is a mean of three replications, In colurmn, means followed by a common

letter are not significantly different at p<0.05 of DMRT

compare the Alternaria growth inlubition with BCAs. It
caused maximum growth inhibition of 4. brassicae of
76.4% and A. brassicicola of 81.7%. Among biocontrol
agents, 7. viride was recorded to be as effective as
mancozeb. 7. viride caused 74.1 and 76.8% intibition of
radial growth of A. brassicae and A. brassicicola,
respectively (Table 1). Though, 4. brassicae growth
inhibition was reduced significantly equal with mancozeb,
T. harzianum and T. viride. Aspergillus niger appeared to
be least inhibitory to 4. brassicae and A. brassicicola.
The visual observation of interaction was quite
interesting. The growth of A and
A. brassicicola was restricted by T. viride and overgrew
on pathogenic fungus. There was distinct change in
colour at the zone of contact, which became light greenish
vellow in case of 4. brassicae as well as A. brassicicola.
No distinct zone of contact or colour change was
observed in case of other biocontrol agents. The growth
of A. brassicae and A. brassicicola was restricted by
T. harzianum followed by over growth on Alternaria spp.
However, 4. wniger could not restrict growth of
A. brassicae and A. brassicicola, only a slight decrease in
growth of pathogenic fungus was recorded. Regular
growth of both the fungus was observed in dual culture
Petri plates.

brassicae

Effect of culture filtrates and fungicide on dry mass of
pathogenic fungus: Dry mass of fungus consists of
hyphae, comdia and/or any other resting structure.
Estimation of dry mass of fimgus 15 an effective tool to
find out the efficacy of any control measure against
fungus as due to their effect, overall growth of target
fungus gets affected. Among all the treatments, maximum
reduction in dry weight was caused by mancozeb. Among
BCAs, T. viride caused more than 47% reduction in fungal
dry weight and appeared as the most effective BCAs

to mhibit biomass production of A. brassicae and
A. brassicicola (Table 2).

Effect of culture filtrates and fungicide on radial growth
of pathogenic fungi: Mancozeb was observed to be most
wnhibitory to radial growth of 4. brassicae and
A. brassicicola. Radial growth of pathogenic fungi was
significantly (<0.05) affected by culture filtrates of
different BCAs (Table 2). Maximum reduction in radial
growth of A. brassicae and A. brassicicola was recorded
due to T. viride followed by T. harziamm culture filtrates.
A. niger culture filtrates were least effective in inhibiting
radial growth of A. brassicae and A. brassicicola.

Effect of culture filtrates on conidial germination of
pathogenic fungi: Culture filtrates of different BCAs
significantly inhibited spore germination of 4. brassicae
and A, brassicicola. Mancozeb caused maximum
inhibition of comidial germination of 4. brassicae and
A. brassicicola (Table 3). Among BCAs, T. viride was
recorded to be the inhibitoriest to conidial germination of
pathogenic fungi. A. niger culture filtrate was least
effective to inhibit conidial germination of pathogenic
fungi. With increase in culture filtrate concentration
increase 1 mnhibitory effect on comdial germination was
recorded.

In vive evaluation of efficacy of culture filtrates and
conidial suspension of biocontrol agents on A. brassicae:
Significant difference (<0.05) between treatments and
number of sprays were recorded for all the components of
disease development viz., number of spots on leaves and
pods and percent disease intensity on leaves and pods.
Least number of spots 1.e., 6.0, 2.3 and 2.0 were observed
after 1 spray, 2 sprays and 3 sprays of conidial
suspension of 7. viride, respectively (Table 4). Mancozeb
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Table 2: Effect of different concentrations (C:M) of culture filtrates of different biological control agents on radial growth and dry mass of A. brassicas and

A. brassicicola

A. brassicae A brassicicola
Treatments Radial growth (cm) Dry mass (ing) Radial growth (crm) Dry mass (ng)
Concentration (C:M) 1:3 2:2 3:1 1:3 2:2 3:1 1:3 2:2 3:1 1:3 2:2 3:1
T. harzicpuim (CH 4.00 4.6 4.0 469.0° 288.3° 387.6 7.6% 5.3 4.5 469.0¢ 400.0¢ 3685
(529) 458  (529)  (30.6) (57.3) @27 (17.6)  (37.6) (47.0) (185 (41.8)  (46.5)
T. viride (Ch) 4.3 4.0° 3.4 353.0¢ 201.5 186.0¢ 6.9° 5.00 3.9 353.3° 209.0° 169.3°
(@94) (529  (60.0) (47.8) (70.2) (725 (188) (4Ll (541) (521) (69.6)  (753)
T. virens (C) 57 4.7 4.5 403.7 377.58  225.¢ 6.9° 5.8 5.1° 403.7 306.0¢ 205.0¢
(329) (@47 @70 (403 @42 (666 (188 (L7  (#00) (376 (55.6  (70.2)
A. niger (Cf) 0.8 6.1° 6.2 521.8 489.3¢ 427.0¢ 8.0° 8.0° 7.08 521.8 461.0¢ 4135.0¢
(20.0)  (282) (2700 (228) (27.6) (368 (58 (58) (176 (268 (3290  (39.9)
Mancozeb (0.2%) - - - 139.6* 90.8 43.6* - - - 139.6* 85.07 50.3*
(79.3)  (86.5)  (93.5) (824)  (87.6)  (92.6)
Control 8.3 8.31 8.3 676.3 676.3 676.3° 8.3° 8.3° 8.3 676.2° 688.0° 688.0°
LSD p=0.05 0.17 0.22 0.17 767 767 767 017 017 0.22 0.22 4.763 4.763
p«0.01 0.22 0.28 0.22 10.84 10.84 10.84 0.22 0.22 0.28 0.28 6.735 6.735
p=0.001 0.38 049 0.38 18.78 18.78 18.78 0.38 0.38 0.49 0.49 11.666 11.666
F value (d=2) NS 507 11.02% 51.1% 21.13° 15.23% NS 143.1° 1943  4.03* 3.2 7.74¢
df=5 NS 52.09° 16.37° 83.2%° 23.13° 21.21° 34.51° 123.0¢ 2423 NS N8 102.01°

Figures in parenthesis are %o control over check, NS: Non significant, Cf: Culture filtrates, each value is a mean of three replications, in colurmn, means followed

by a common letter are not significantly different at 5% level of DMRT

Table 3: Effect of different concentrations (C:M) of culture filtrates of different biological control agents on spore germination of A brassicae and A. brassicicola

Spore germination

Treatments A brassicae A brassicicola

Concentration (C:M) 1:3 2:2 3:1 1:3 2:2 3:1

T harzicoum (CF) 72.2 (14.7) 60.0° (29.1) 40.5 (52.1) 70.00 (17.3) 58.31(31.1) 4.2 (47.8)

T, viride (CD) 66.3 (21.7) 48.0° (43.3) 24.2 (71.4) 68.07 (19.7) 40,3 (52.4) 26.5 (63.7)

T, virens (C) 76.08(10.2) 66.00(22.0) 45.00 (46.8) 6410 (24.3) 54.3% (35.8) 32.7 (61.3)

A. niger (C) 80.3 (5.1) 70.6° (16.6) 70.0F (17.3) 80.0° (5.5) 66.5 (21.4) 38.6 (30.8)

Mancozeb (0.296) 57.2(32.2) 38.3 (54.7) 18.6" (78.0) 62.00 (26.8) 50.2" (40.7) 16.6 (80.4)

Control 84.7° 84.7 84.7° 8.7 84.7 847

LSD p«0.05 1.53 1.53 1.53 1.58 1.58 1.58
p=0.01 2.16 2.16 2.16 2.24 2.24 2.24
p<0.001 374 3.74 374 3.87 3.87 3.87

F-value (df=2) 9.03" NS 38" NS 15.08" 25.22¢
df=3 NS NS e NS NS NS

Figures in parenthesis are %% control over check, WS: Non significant, Cf: Culture filtrates, Each value is a mean of three replications. Tn column, means
followed by a common letter are not significantly different at 5%6 level of DMRT

Table 4: Effect of different number of sprays of biological control agents on leaf blight of mustard caused by Alternaria brassicae

No. of spots 10 cm ™ leaf area

No. of spots pod™!

Disease intensity on leaves (%)

Disease intensity on pods (%0)

Treatments 1 spray 2 spray 3spray  1spray 2 spray 3 spray 1 spray 2 spray 3 spray 1 spray 2 spray 3 spray
T. hewzicmam (C8)  9.0P 4.8 39 8.0t 4.3 3.0 37.8 24.0¢ 18.8 16.8 11.% 11.0r
(50.0) (72.2) (78.3) (36.0) (65.6) (76.0) (36.2) (59.5) (68.2) (28.2) 49.1) (52.9
T. viride (C8) 6.0¢ 2.3 2.0 7.8 kNI 2.0 35.0¢ 20.5 14.3° 15.¢° 10.00 7.5
(66.6) (87.2) (88.8) (37.6) (76.0) (84.0) (40.9) (65.4) (75.8) (33.3) (57.2) 67.9)
T virens (C8) 10.¢¢ 9.3 4.3 10.0¢ 3.8 38 40.0¢ 30.5¢ 21.¢ 18.¢¢ 14.0¢ 12.5¢
(44.4) (48.3) (76.1) (16.0) (69.6) (69.6) (32.5) (48.5) (64.5) (20.5) (40.1) (46.5)
A. niger (C8) 12.8 1178 9.0¢ 11.32 7% 6.0¢¢ 48.5 44,0 30.5% 22.(¢ 21.(e 18.0¢
(28.8) (35.0) (50.0) (9.6) (36.8) (52.0) (18.2) (25.8) (48.5) (62.9) (10.2) (23.0)
Mancozeb (0.2%) 9.0F 4.8 3.0 7.8 3.7 2.0 20,0 16.5 12.3° 12.5 6.07 5.0r
(50.0) (73.3) (83.3) (44.0) (70.4) (84.0) (51.0) (72.1) (79.2) (46.5) (74.3) (78.6)
T hardicpum (CH - 17.0F 10.0¢ 8.5 10.0¢ 8.0¢ 5% 40.0¢ 36.0¢0 3.6 19.0¢ 17.0¢ 16.0¢
(5.58) (44.4) (52.7) (36.0) (36.0) (53.6) (32.5) (39.2) (41.0) (18.8) 27.3) (31.6)
T. viride (Ch) 15.¢% 12.08 8.¢ 8.¢ 8.0¢ 7.8 38.5 35 32.5% 19.5 16.5 15.0¢
(11.6) (33.3) (50.5) (28.8) (36.0) (44.0) (35.0) (41.8) (45.1) (17.5) (29.4) (35.8)
T. virens (C) 16.07 14.5 12.0¢ 11.6% 8.6 7.8 42.0¢ 38.0°6 35.0¢ 207 18 15.7
(11.1) (20.5) (33.3) (7.2) (31.2) (44.0) (29.1) (35.9) (40.9) (11.5) (22.2) (32.9)
A. niger (Cf) 17.0¢ 15.0F 13.5 12.08 9.5 8.7 50.5 49.00 48.0° 22.(¢ 21.2% 20.3
(5.5 (16.6) (26.1) (4.0) (24.0) (30.4) (14.8) (17.3) (19.0) (5.9 0.4 (13.2)
Control 18.(F 18.(¢ 18.0f 12.5 12.0¢ 12.5 59.3 59.3% 59.3 23,4 23.4% 23.4*
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Table 4: Continue

No of spots 10 cm° leaf area No of spots pod™!

Disease intensity on leaves (%) Disease intensity on pods (%)

Treatments 1 spray 2 spray 3spray  1spray 2 spray 3 spray 1 spray 2 spray 3 spray 1 spray 2 spray 3 spray

LsD (p=<0.05) 044 0.42 0.34 0.42 0.34 042 0.65 0.65 0.65 0.44 0.44 0.44
p<0.01 0.81 0.77 0.61 0.77 0.61 0.77 1.19 1.19 1.19 0.81 0.81 0.81
p=0.001  1.39 1.34 1.06 1.34 1.06 1.34 2.06 2.06 2.06 1.39 1.39 1.39

Fvalue (df=2) 13° 8T 34 9% 15 2% 2r 35 420 1% 15 120
df=15) NS NS NS NS NS NS NS NS NS NS NS NS

Figures in parenthesis are %o control over check, NS: Not significant, Cf: Culture filtrate, Each value is a mean of three replications. In colurmn, means followed

by a common letter are not significantly different at 5% level of DMRT
caused up to 83% reduction in number of spots 10 cm™
leaf area. Trichoderma viride and mancozeb were
significantly at par or equally effective to control no. of
spots 10 cm ™ leaf area, on pods and reduction of percent
disease intensity on leaves after 3 sprays of each of
them, separately (Table 4). In case of culture filtrates,
T. harzianum culture filtrates were more effective than
T. viride to reduce number of spots/unit area of leaf and
mumber of spots/pod Maximum reduction in disease
severity was recorded after foliar spray of mancozeb.
However, T. viride conidial suspension as well as culture
filtrate spray was found to be the best among all the
biocontrol agents to decrease disease intensity. Efficacy
of conidial suspension, culture filtrates and mancozeb
increased with increase in frequency of spray. Culture
filtrates were less effective than conidial suspension
against all the parameters of disease development as its
foliar spray using similar method and number of sprays.
Conidial suspension as well as culture filtrates of 4. niger
were least effective to decrease no. of spots/unit area.

DISCUSSION

In the present study, fastest growth was attained by
Trichoderma spp. The rapid growth gives Trichoderma
an umportant advantage m the competition for space and
nutrients with plant pathogenic fungi even before deploys
arsenal of mycotoxing (Barbosa et al., 2001). Accordingly
in present study 7. viride caused up to 76.8% inhibition
of radial growth of Alternaria spp. Kumar et al. (2005)
and Abd-El-Kareem (2007) observations on
Alternaria alternata caused disease in bean plants are
supporting to this study. Microscopic observations on
hyphal interactions between antagonists and 4. brassicae
and A. brassicicola revealed lysis and protoplasmic
disruption of hyphae of test fungus at many locations.
Mycoparasitism through physical contact with coiling
and pathogen cell lysis in case of Sclerotium rolfsii by
T. harzianum has been reported by Upadhyay and
Mukhopadhyay (1986). The disintegration of mycelium of
test fungi may be due to action of enzymes produced by
Trichoderma spp. (Elad et al., 1982) and production of
volatile and non volatile  chemical  compounds
(Upadhyay and Roy, 1995) and toxin (Brain and
McGowan, 1945). Tackson et al. (1991) reported that

Gliocladium virens, T. pseudokoningii and T. virens
produced antifungal metabolites which were effective in
reducing the radial growth of Rhizoctonia solani and
Botrytis cinerea as well as Sclerotium cepivorum.

In present study, culture filtrates of different
biological control agents were used to evaluate their
efficacy in inhibiting radial growth of pathogenic fungus
iLe., Alternaria and its spore germination. T. viride caused
21.7 and 19.7% inhibition of conidial germination at its
lowest concentration. Dennis and Webster (1971) and
Tinantara (1995) observed that culture filtrates produced
by Trichoderma contained inhibitory substances against
microorganisms. Among them antibiotics produced by
T. harzianum were 6-n-pentyl-2H-Pyran-one. In present
study, T. viride culture filtrates were more effective
(up to 25% ) than T. virens culture filtrates. This finding is
in the contradiction to the observation taken by
Tackson et al. (1991). They reported T. virens culture
filtrates were more effective than 7. viride culture filtrates,
though, they have tested these BCAs against
S. cepivorum not Alternaria spp. Tt has been observed in
the present study that the efficacy of culture filtrates in
inhibition of radial growth and conidial germination
increased with increase in their concentration
Effectiveness of 7. viride culture filtrates increased up to
50% with increase 1n its concentration from 1:3 to 3:1
(culture filtrate: Medium). Similar observations were
reported by TImtiaj and Lee (2008) on onion blotch
disease caused by Alternaria porri. Pandey et al. (1993)
had also reported that culture filtrates of 4. niger caused
more than 50% inhibition of Colletotrichum
gleosporioides. Volatiles produced from the culture of
A. niger were also reported to be effective against
Colletotrichum gleosporioides. Brunner et al. (2005)
reported increase in the ability of a biocontrol strain of
T. atroviride to activate systemic resistance response in
the host plant by using a glucose oxidase encoding gene
obtained from another fungus (4. niger). Aspergillus
niger aggregate is a contact as well as an invasive
necrotroph (Mondal et al., 2000; Abarca et al., 2004) and
grows and sporulate well on the mycelium of fungi such
as Rhizoctonia solani (Sen et al., 1995). The production
of NH,, HCN and siderophore might have contributed in
the suppression of R. selani (Nair and Burke, 1988;
Palakshappa et al., 1989).
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Effectiveness of a biocontrol agent is related to its
potential to proliferate and swrvive on the plants for a
prolonged period after application, mainly on tissues that
are usually prone to infection by the target pathogen
(Elad, 1990). Therefore, in vive studies, foliar spray of
conidial suspension and culture filtrates was done to
ascertain their efficacy against 4. brassicae. Biocontrol
agents can be applied as foliar spray Alternaria spp. are
necrotrophic  pathogen and they mainly produce
symptoms on leaves. Biocontrol agents must normally
achieve a high population in the phylloplane to control
other organisms, but colonization by the BCAs may be
reduced by competition with the indigenous microflora
(Kubota, 1996) or other factors. Application of BCAs,
operating through nutrient competition to healthy leaves,
however, is generally not very effective, because the
pathogen rapidly penetrates the leaf and escape
competition (Fokkema, 1993).

Effectiveness of T. viride increased up to 35% with
increase in its number of sprays from one spray to three
sprays at 30 days interval. Three sprays of T. viride
decreased disease severity by 76% that is as effective as
mancozeb (0.2%) which caused 79% reduction in disease
severity on leaves. Similar results were recorded by
Elad et al (1993), Jegathambigai et al. (2010) and
Mir et al. (2011). They sprayed a conidial preparation of
T. harzianum on cucumber plants in greenhouse in order
to control fruit and stem grey mold. Up to 90% control
was achieved by the biocontrol agent (0.5, 1.0 g L.™"). In
most experiments in commercial conditions was as
effective as dicarboxamide fungicides, iprodione or
vinclozolin (0.5 g 1. each). Population of T. harzianum
were on a level of 3x10°-8x10° CFU leaf™ and ten times
lower on the fiuit. They remained higher after the second
and third sprays. Nutrient changes preceding germination
in Trichoderma comdia can either enhance or decrease
their biocontrol potential, depending on environmental
conditions in the microhabitat (Hjeljord and
Tronsmo, 2003). Perello et al. (2009) reported that
T. harzianum and T. koningii significantly reduced tan
spot of wheat caused by Pyrenophora tritici-repentis
under field conditions.

Results of the present study are very encouraging to
establish Trichoderma spp. In  particular,
Trichoderma viride as an effective tool to control leaf
spot disease of mustard whereas, 4. niger does not
appear to be effective. Further studies are conducted to
their  adaptable
environmental requirements.

understand microclimate  and
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