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ABSTRACT
Azad, M. R., Alam, M. Z., Hossain, M. A. and Khokon, M. A. R. 2017. Effect of biofungicide on the production of
healthy and quality seeds of Salvia hispanica in Bangladesh. Bangladesh J. Plant Pathol. 33 (1&2): 57-64
Experiments were conducted both in the field and
laboratory to evaluate the roles of Trichoderma-based
biofungicide for improving the health and quality of
chia seeds. Four treatments viz. Control-untreated,
Seeds treated with BAU-Biofungicide @ 2% of seed
weight, Soil treated with IPM lab Biopesticide @
64kg/ha and Seeds treated with BAU-Biofungicide @
2% of seed weight + Soil treated with IPMBiopesticide @ 64kg/ha were used in the field
experiment. Among the treatments, BAUBiofungicide showed better performance in terms of
germination percentage, no. of branches, plant height,
and seed yield. Both BAU-Biofungicide and BAUBiofungicide + IPM lab Biopesticide performed better
in terms of germination percentage on blotter paper.

The identified seed borne fungi were Fusarium
oxysporum, Alternaria brassicae and Botrytis cinerea.
The prevalence of these fungi was lowest in the seeds
treated with BAU-Biofungicide compared to control.
Considering storage duration, freshly harvested seeds
showed the highest prevalence of seed borne fungi.
The quality of chia seeds treated with BAUBiofungicide remained satisfactory up to six months
compared to control. In in-vitro antagonism assay,
Trichoderma based BAU-Biofungicide showed best
performance to suppress the radial mycelial growth of
Fusarium oxysporum and Alternaria brassicae.
Application of Trichoderma based BAU-Biofungicide
might be effective for growing healthy seeds of chia,
as well as seeds can be stored up to six months.

Key words: Salvia hispanica, Seed-borne fungi, Trichoderma harzianum, BAU-Biofungicide, Biopesticide,
Antagonism.
INTRODUCTION

1

Chia (Salvia hispanica L.) is an annual herbaceous
plant of Lamiaceae family. The cultivation of chia is
gaining popularity across the world because it is
considered as a good source of nutritional and healthy
food (Ayerza and Coates 2011). Because of its
nutritional value and stability, chia is already added to
a range of foods (Ayerza and Coates 2002). Chia seed
is consumed as a source of energy, composed of
protein (15–25%), fats (30–33%), carbohydrates (26–
41%), high dietary fiber (18–30%), ash (4-5%),
minerals, vitamins, and dry matter (90–93%). It also
contains a high amount of antioxidants (Ixtaina et al.
2008). The seed contains from 25% to 40% oil with
60% (omega) ω-3 alpha-linolenic acid and 20% of
(omega) ω-6 linoleic acid of the oil contents (Ayerza
and Coates 2011). These two essential fatty acids
cannot be synthesized artificially. Both essential fatty
acids are required by the human body for good health.
However, feeding chia to chickens enriches their meat
with omega-3 and to cattle, it enriches their milk with
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omega-3 (Ayerza and Coates 2002). Recently, chia
has been reported as a promising health beneficiary
new crop in Bangladesh (Hossain and Fakir 2014).
Chia can also be added to commercially prepared
infant formulas, baby foods, baked goods, nutrition
bars, yogurt and other foods.
Like other plants, chia is also exposed to a number of
plant pathogens. The previously reported organisms
identified in chia seeds by moist blotter paper and
agar plate method were Fusarium solani,
Pallidoroseum sp., Rhizopus sp., Cladosporium sp.
and the suspected disease is Fusarium wilt. This was
evidenced that some plants were found wilted in the
field plot (Yeboah et al. 2014).
Chia seeds are consumed freshly incorporating with
yogurt and beverages. However, it is also known that
essential oils in chia leaf have repellent properties
against insects, making it suitable for organic
cultivation. Therefore, organic production is
necessary and will get more market value. Biological
control of plant pathogens by microorganisms has
been considered a more natural and environmentally
acceptable alternative to the existing chemical
treatment methods (Shalini and Kotasthane 2007;
Eziashi et al. 2007; Tumpa et al. 2016). The potential
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of the antagonistic microorganisms in reducing the
intensity of crop damage by the soil-borne plant
pathogens has also been reported by Lewis and
Larkin, (1997). Several strains of Trichoderma spp.
have been found to be effective as biocontrol agents
against various soil-borne plant pathogenic fungi such
as Rhizoctonia solani, Sclerotium rolfsii, Pythium
aphanidermatium, Fusarium oxysporum, F. culmorum
and Gaeumannomyces graminis var. tritici and
nematodes under greenhouse and field conditions
(Cook and Baker 1983, Sivan and Chet 1993, Chet
and Baker 1981, Papavizas 1985). Trichoderma
strains isolated from Bangladesh and formulated as
IPM Lab. Biopesticide showed a broad spectrum of
antifungal action against Fusarium oxysporum,
Rhizoctonia solani, Fusarium circinatum, Phomopsis
vexans,
Sclerotium
rolfsii
and
Pythium
aphanidermatum (Islam et al. 2016). Moreover,
BAU-Biofungicide,
a
Trichoderma-based
biofungicide has been reported for controlling seedborne, soil-borne and air-borne diseases of different
crop plants (Hossain and sultana 2011). Trichoderma
inhibits the plant pathogens by a number of ways:
mycoparasitism
and
antibiotic
production,
competition for nutrient and space with the plant
pathogens, production of enzymes such as chitinases
and/or glucanases that are responsible for suppression
of the plant pathogen. These enzymes function by
breaking down the polysaccharides, chitin, and
glucans that are responsible for the rigidity of fungal
cell walls, thereby destroying cell wall integrity,
induction of defense response, and metabolism of
germination stimulant (Howell 2003)
Still, chia is not cultivated in Bangladesh. But there is
a very promising domestic and international market
for this crop. Dr. Md. Alamgir Hossain, Professor of
the Department of Crop Botany, Bangladesh
Agricultural University introduced chia in Bangladesh
in 2010. As it is newly introducing crop, the
identification of pathogens associated with these
seeds and their biological management is urgent for
getting seed certification as well as spreading for
cultivation in the whole country. Although
experiments on plant characters, nutrient content,
growth, and production of chia have been done
worldwide, disease related to this crop has not been
well investigated across the world. So, the present
work was undertaken to investigate the effect of
Trichoderma based bio-fungicide in improving seed
health and quality of chia seeds.
MATERIALS AND METHODS
To investigate the effect of Trichoderma based
biofungicide on the field performance of chia, seeds
of chia were treated with BAU-Biofungicide @ 2% of
seed weight, soil treated with IPM lab Biopesticide @
58
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64 kg/ha. All the necessary intercultural operations
were done as and when necessary. After harvesting
the seeds were used to investigate the association of
seed borne fungi. To investigate the association of
seed-borne fungi in `chia’ seeds, seed health testing
was done following the standard rules of ISTA (ISTA
2007). The associated pathogens were detected by
observing their growth characters on the incubated
seeds on blotter paper following the keys outlined by
Ramnath et al. (1970), and Khan and Islam (1975).
For accurate identification of fungi, temporary slides
were prepared from the fungal colony and observed
under a compound microscope and identified with the
help of keys suggested by Malone and Muskette
(1964), Booth (1971), Ellis (1971), and Neergard
(1979).The pure culture of the fungus was obtained by
culturing the fungus on PDA medium and making
the fresh culture from “hyphal tip” selected from
the periphery of actively growing colony under
aseptic conditions.
In-vitro antifungal bioassays with BAU Biofungicide
and IPM lab Biopesticide were done following dual
culture method. The biofungicides were evaluated
against Fusarium oxysporum, and Alternaria
brassicae by dual culture technique as described by
Nafiza (2010).
Data were recorded on percent germination, no. of
branches per plant, plant height, seed yield, percent
moisture contents, and the prevalence of seed-borne
fungi at different storage period and radial mycelial
growth of the associated seed borne fungi in response
to Trichoderma based bio-fungicides. The experiment
was conducted with Completely Randomized Design
(CRD) with three replications. Data were analyzed
through a standard computer package statistical
procedure MSTAT-C (Gomez and Gomez 1984).
RESULTS
Role of Trichoderma-based biofungicide on the
field performance of chia
Seed treatment with Trichoderma-based BAU
Biofungicide
significantly
increased
percent
germination, no. of branches per plant, plant height
and seed yield compared to control (Table 1).
Maximum germination (90.83%) was observed from
BAU-Biofungicide treated seeds (T1). Germination
percentage in other treatments was statistically
similar. The lowest germination was recorded in
untreated control (T0, 88.96%) Maximum no. of
branches per plant (15.00) were recorded in T1
treatments where seeds were treated with BAUBiofungicide @ 2% of seed weight followed by
14.27, 14.14, 14.00 in T3 (Seeds treated with BAUBiofungicide @ 2%+ Soil treated with IPM lab
Biopesticide @ 64 kg/ha), T2 (Soil treated with IPM

lab Biopesticide @ 64 kg/ha) and T0 (Control)
treatments, respectively. The minimum no. of
branches per plant was recorded in the untreated
control treatment (T0).The highest height (119.9 cm)
was recorded in T1 (Seeds were treated with BAUBiofungicide @ 2% of seed weight) treatment.
Statistically similar height 118.4 cm and 118.1 cm
were observed in T2 (Soil treated with IPM lab
Biopesticide @ 64 kg/ha) and T3 (Seeds treated with
BAU-Biofungicide @ 2% of seed weight + Soil
treated with IPM lab Biopesticide @ 64 kg/ha)
treatment. The lowest height (111.3 cm) was recorded
in untreated control (T0) treatment.The highest seed

yield (1090 Kg) was recorded in T1 (Seeds were
treated with BAU- Biofungicide @ 2%) treatment.
Comparatively the lowest seed yield (930 Kg) was
found in untreated control (T0) treatment. Higher seed
yield (1050 kg and 1033 kg) results were also found
from T3 (Seeds treated with BAU-Biofungicide @
2%+ Soil treated with IPM lab Biopesticide @ 64
kg/ha) and T2 (Soil treated with IPM lab Biopesticide
@ 64 kg/ha) treatments respectively (Table 1). Seed
yield in all treatments except control is statistically
similar.

Table 1: Effects of Trichoderma-based biofungicide on plant characters
Treatments

% Germination

No. of branches
Plant Height (cm)
Seed Yield
per plant
(kg/ha)
T0
88.96 b
14.00 b
111.3 b
930 b
T1
90.83 a
15.00 a
119.9 a
1090 a
T2
89.17 b
14.14 b
118.4 a
1033 a
T3
89.58 b
14.27 b
118.1 a
1050 a
LSD0.05
1.16
0.603
6.08
95.64
T0 = Control, T1 = Seeds treated with BAU-Biofungicide @ 2% of seed weight, T2 = Soil treated with IPM lab
Biopesticide @ 64 kg/hectare (ha) and T3 = Seeds treated with BAU-Biofungicide @ 2% of seed weight + Soil
treated with IPM lab Biopesticide @ 64kg/ha
control (T0) (Table 2). Germination of chia seeds in
Role of Trichoderma based biofungicide on percent
T1, T2 and T3 were statistically similar.
germination and moisture contents of seeds at
After four month of storage, germination of seeds
different storage period
According to field experiment, the seeds were
significantly varied in different treatments ranged
harvested and kept separately in plastic container for
from 81.30% to 85.40%. Among the treatments, the
further study. In order to observe the storage ability of
highest (85.40%) germination was found in T1 (Seeds
chia seeds, the seeds were preserved in plastic
were treated with BAU- Biofungicide) and lowest
container and were kept in room condition for
(81.30%) in control (T0) (Table 2). Germination of
different storage duration. The seeds were taken out
chia seeds of after four month of storage in T1, T2 and
for health test time to time. Germination percentage of
T3 were statistically similar.
freshly harvested seeds did not vary in response to
After six month of storage, germination of seeds
different Trichoderma based bio-fungicide. The range
significantly varied in different treatments ranged
of germination percentage in freshly harvested seeds
from 80.80% to 84.70%. Among the treatments, the
was 12.10 to 13.30. The results indicate the dormancy
highest (84.70%) germination was found in T1 (Seeds
of freshly harvested seeds (Table 2). More than 80%
were treated with BAU- Biofungicide) and the lowest
germination of chia seeds were recorded after 2
(80.80%) in control (T0) (Table 2). Germination of
month of storage. Among the treatments, the highest
chia seeds of after six month of storage in T 0 and T2
(85.90%) germination was found in T1 (Seeds treated
are statistically similar. Germination of chia seeds of
with BAU-Biofungicide) and the lowest (80.20%) in
after six month of storage in T1 and T3 were
statistically similar.
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Table 2: Effect of Trichoderma based biofungicide on germination percentage and % moisture content of seed
at different storage period
Treatments

Freshly harvested
2 (MAS)
4 (MAS)
6 (MAS)
%
% moisture
%
%
%
%
%
% moisture
germination
germination moisture germination moisture germination
T0
12.80 ab
20.13ab
80.20 b
11.23b
81.30b
14.80a
80.80 b
13.50 c
T1
13.30 a
17.83 b
85.90 a
13.46a
85.40 a
14.20c
84.70 a
14.30 a
T2
12.10 b
21.56 a
83.30 a
14.06a
84.20 a
14.70ab
82.50 ab
13.60 bc
T3
12.20 b
21.42 a
84.20 a
14.01a
83.90 a
14.30bc
83.80 a
13.91b
LSD0.05 0.831
2.67
2.61
1.69
2.57
0.453
2.43
0.376
MAS = Month After Storage
T0 = Control, T1 = Seeds treated with BAU-Biofungicide @ 2% of seed weight, T2 = Soil treated with IPM lab
Biopesticide @ 64 kg/ha and T3 = Seeds treated with BAU-Biofungicide @ 2% of seed weight + Soil treated with
IPM lab Biopesticide @ 64kg/ha
The moisture content of chia seeds was determined at
different storage duration in response to different
Trichoderma based biofungicide. In freshly harvested
seeds, the moisture content is high which gradually
decreased over the storage time. The moisture content
of freshly harvested seeds significantly varied in
different treatments ranged from 17.83% to 21.56%.
Among the treatments, the highest (21.56%) moisture
content was found in T2 (Soil treated with IPM lab
Biopesticide @ 64kg/ha) and lowest (17.83%) in
seeds treated with BAU-Biofungicide (Table 2). The
moisture content of freshly harvested chia seeds in T0
and T1 was statistically similar.
After two months of storage, the moisture content of
seeds significantly varied in different treatments
ranged from 11.23% to 14.06%. Among the
treatments, the highest (14.06%) moisture content was
found in T2 (Soil treated with IPM lab Biopesticide @
64kg/ha) and lowest (11.23%) in control (T0) (Table
2). The moisture content of chia seeds after two
months of storage in T1, T2, and T3 were statistically
similar. After four months of storage, the moisture
content of seeds significantly varied in different
treatments ranged from 14.20% to 14.80%. Among
the treatments, the highest (14.80%) moisture content

was found on T0 (control) and the lowest (14.20%) in
T1 (Seeds treated with BAU-Biofungicide) (Table 2).
The moisture content of chia seeds in T2, T3, and T1,
T3 was statistically similar. After six months of
storage, the moisture content of seeds significantly
varied in different treatments ranged from 13.50% to
14.30%. Among the treatments, the highest (14.30%)
moisture content was in T1 (Seeds treated with BAUBiofungicide) and the lowest (13.50%) in control (T0)
(Table 2). The moisture content of chia seeds in T 2
and T3 was statistically similar.
Role of Trichoderma based biofungicide on percent
seed borne infection
Prevalence of seed-borne fungi was recorded at
different storage time. The identified fungi were
Fusarium oxysporum, Alternaria brassicae, and
Botrytis cinerea. The percent seed borne infection by
Fusarium oxysporum and Botrytis cinerea was
significantly decreased in freshly harvested seeds in
response to different Trichoderma based biofungicide
(Table 3). However, the percent seed borne infection
by Alternaria brassicae was decreased in response
Trichoderma based biofungicide but it was not
significant statistically (Table 3).

Table 3: Role of Trichoderma based biofungicide on prevalence of seed-borne infection at different storage
period
Treatme
% seed-borne infection
nts
Fusarium oxysporum
Alternaria brassicae
Botrytis cinerea
0 MAS 2 MAS 4 MAS 6 MAS 0 MAS 2 MAS 4 MAS 6 MAS 0 MAS 2 MAS 4 MAS 6 MAS
T0
3.200 a 3.100 a 2.980 a 2.580 a 5.87
6.100 a 5.790a 3.64
5.350 a 5.200a 5.280a 2.190a
T1
1.600 c 1.700d 1.760 b 1.780 c 5.60
4.200 d 5.300b 3.43
4.270 b 3.960b 3.890b 1.960 b
T2
2.400 b 2.600 b 2.700 a 2.320b 5.67
5.100 b 5.380b 3.48
5.330 a 5.110a 4.410b 2.120a
T3
1.930 c 2.100 c 1.907 b 1.810 c 5.48
4.600 c 5.310b 3.45
4.710 b 4.210b 4.200b 1.990 b
LSD0.05 0.461 0.326 0.297 0.188 0.465 0.342 0.336 0.429 0.453 0.291 0.505 0.103
T0 = Control, T1 = Seeds treated with BAU-Biofungicide @ 2% of seed weight, T2= Soil treated with IPM lab
Biopesticide @ 64 kg/ha and T3= Seeds treated with BAU-Biofungicide @ 2% of seed weight + Soil treated with
IPM lab Biopesticide @ 64kg/ha
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After two, four and six months of storage the percent
seed-borne infection by Fusarium oxysporum,
Alternaria brassicae and Botrytis cinerea were
significantly decreased in response to different
Trichoderma based biofungicide (Table 3).
Antagonistic effect of Trichoderma based
biofungicide against Fusarium oxysporum and
Alternaria brassicae
The effect of Trichoderma based biofungicide on the
radial mycelial growth of Fusarium oxysporum and
Alternaria brassicae was recorded up to 72h (Table
4). The radial mycelial growth of Fusarium
oxysporum was significantly decreased in response to
Trichoderma at 24 hrs, 48 hrs, and 72 hrs. After 24h,
the growth of all treatments showed a significant
difference. At 24h of incubation, the highest mycelial
growth was observed in T0 and T2 treatment while the
lowest was observed in T1 and T3 treatment (Table 4).
At 48h, the highest mycelial growth was recorded in
T0 while the lowest growth was recorded in T 1 and T3
treatments. At 72h, the highest mycelial growth was
observed in T0 while rest of the treatments showed
lower mycelial growth (Table 4).
It was observed that all the treatments showed
significant effects on mycelial growth of Alternaria

brassicae at 24h, 48h, and 72h of an interval (Table
4). The growth of Alternaria brasssicae at the 24h
interval against different treatments was significantly
different (Table 4). Among the treatments, the highest
mycelial growth (10.33mm) of Alternaria brassicae
was observed in control treatment. The lowest growth
(8.33mm) was observed in T1. At 24h, the initial
growth of this fungus is almost similar. The growth of
Alternaria brasssicae at the 48h interval against
different treatments was significantly different (Table
4). The highest mycelial growth of Alternaria
brassicae (22.67mm) was observed in control
treatment and the lowest growth (10.33mm) was
observed in T1. The growth of the fungus, Alternaria
brasssicae at the 72h interval against different
treatments was significantly different (Table 4).
Among the treatments, the highest mycelial growth of
Alternaria brassicae (30.67mm) was observed in T0.
Statistically similar growth of the fungus (15.67mm
and 14.00mm) was observed in T2 and T3,
respectively. The lowest growth (11.00mm) was
observed in T1 (Table 4). Among the treatments
Trichoderma based BAU biofungicide showed the
best performance.

Table 4: Effect of Trichoderma based biofungicide on inhibition of radial mycelial growth of Fusarium
oxysporum and Alternaria brassicae
Treatments

Radial mycelial growth (mm)
24h
48h
72h
F. oxysporum A. brassicae
F. oxysporum A. brassicae
F. oxysporum A. brassicae
T0
9.670 a
10.330 a
14.67 a
22.67a
18.67 a
30.67a
T1
8.330 b
8.330 c
11.33 c
10.33c
11.67 b
11.00 c
T2
9.330 a
9.290 b
13.00 b
15.67b
12.33 b
15.67b
T3
9.000 b
9.330b
11.67 c
15.33b
12.00 b
14.00b
LSD0.05
0.665
0.854
1.09
1.06
1.11
2.13
T0 (control= No Trichoderma), T1 (Trichoderma harzianum of BAU-Biofungicide), T2 (Trichoderma harzianum of
IPM lab Biopesticide) and T3 (Trichoderma harzianum of BAU-Biofungicide + Trichoderma harzianum of IPM lab
Biopesticide).
DISCUSSION
Seed treatment and soil treatment with Trichodermabased BAU Biofungicide significantly increased
percent germination, no. of branches per plant, plant
height and seed yield compared to control. Abd-ElKhair et al. (2010) reported that Trichoderma spp.
improved the plant characters and decreased the
damping off disease incidence of the bean. Alam et al.
(2014) reported that seed treatment with Trichoderma
based biofungicide decreased the prevalence of seedborne fungi of chili. Sultana et al. (2009) and Hossain
and Sultan (2011) reported that BAU-Biofungicide
increased germination and seedling vigor of some
vegetable seeds. Naznin and Hossain (2005) observed

50.80% higher germination over the control in
cowpea by applying BAU-Biofungicide. Trichoderma
harzianum treated seed of blackgram resulted up to
16.66%
seed
germination
over
control
(Shamsuzzaman and Hossain (2003). These results
indicate that Trichoderma might suppress the growth
of soil-borne pathogens and stimulate the growth of
plants.
In this experiment, the efficacy of bioagents against
the isolated seed borne pathogens was assessed in lab
condition. Trichoderma harzianum of BAUBiofungicide showed better performance to suppress
the growth of all isolated pathogens. Therefore this
can be hypothesized that application of bioagents in
the field suppressed both soil-inhabiting and seed
Vol. 33, No. 1 & 2, 2017
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borne fungi. Moreover, these bioagents may also
activate some enzymes in the host plants which
suppress the growth of pathogen as well as produce
healthy seedlings. The findings of some researchers
also support the present findings that Trichodermabased bioagents can promote vegetative growth and
increased yield of different crops. Harman (1990)
reported that Trichoderma harzianum provided good
control against a range of pathogens, including
Phytophthora, Pythium
ultimum, Rhizoctonia
solani, Fusarium spp., Sclerotium rolfsii and Botrytis
cinera, if properly applied. Xu et al. (1993) found that
mycelial growth of Fusarium solani and F.
oxysporum was inhibited with T. harzianum.
Michalikova and Michrina (1997) reported the
greatest inhibition rate of the radial growth of F.
culmorum (55-58%) with T. harzianum. Similar
findings were obtained by Begum (1997), Sultana et
al. (2001), and Kashem (2005). Trichoderma inhibit
the plant pathogens by a number of ways:
mycoparasitism
and
antibiotic
production,
competition for nutrient and space with the plant
pathogens, production of enzymes such as chitinases
and/or glucanases that are responsible for suppression
of the plant pathogen. These enzymes function by
breaking down the polysaccharides, chitin, and
glucans that are responsible for the rigidity of fungal
cell walls, thereby destroying cell wall integrity,
induction of defense response, and metabolism of
germination stimulant (Howell 2003).
CONCLUSIONS
Chia is a promising health beneficial new crop to be
released in Bangladesh. The results of this research
suggest that Trichoderma based biofungicide
improves the field performance of chia, reduces the
prevalence of major seed-borne fungi of chia,
decreased the radial mycelial growth of seed-borne
fungi in-vitro and improves the storability of chia
seeds. Since Trichoderma based biofungicide
promotes the production of healthy and quality seeds
of chia, as well as chia has enormous beneficial
effects on health; so it can be introduced in
Bangladesh as a new crop. Therefore, Biofungicide
can be recommended for better production of chia in
Bangladesh.
LITERATURE CITED
Abd-El-Khair, H., Khalifa, R.K.M., and Karima,
H.E.H. 2010. Effect of Trichoderma species
on damping off diseases incidence, some
plant enzymes activity and nutritional
status of bean plants. J. American Sci. 6(9)
486-497.
62 Bangladesh J. Plant Pathol.

Alam,

M.Z., Hamim, I. Ali, M.A. and
Ashrafuzzaman, M. 2014. Effect of seed
treatment on seedling health of chili. Journal
of Environmental Science and Natural
Resources 7: 177-181
Ayerza, R., and Coates, W. 2002. Dietary levels of
Chia: Influence on hen weight, egg
production and sensory quality, for two
strains of hens. British Poultry Science 43(2)
283- 290.
Ayerza, R. and Coates, W. 2007. Seed yield, oil
content and fatty acid composition of three
botanical sources of ω-3 fatty acid planted in
the Yungas ecosystem of tropical Argentina.
Tropical Science 47(4) 183–187.
Ayerza, R. & Coates, W. 2011. Protein content, oil
content and fatty acid profiles as potential
criteria to determine the origin of
commercially grown chia (Salvia hispanica
L.). Industrial Crops and Products, 34(2),
1366–1371.
Begum, M.M. 1997. Efficacy of Trichoderma
harzianum as a biocontrol agent for
controlling Fusarium spp. and Sclerotium
rolfsii in food legumes. MS thesis, Dept. of
Plant Pathology. Bangladesh Agricultural
University, Mymensingh. Bangladesh. 61p.
Booth, C. 1971. The genus Fusarium Commonwealth
Mycol. Inst. Kew, Surrey, England.pp.236.
Chet, I., Baker, R. 1981. Isolation and biocontrol
potential of T. hamatum from soil naturally
suppressive
to
Rhizoctonia
solani.
Phytopathology. 71 286-290.
Cook, R.J., Baker, K.F. 1983. The Nature and
Practice of Biological Control of Plant
Phatogenes.
The
American
Phytopathological Society St. Paul, MN.
Ellis, M.B. 1971. Dematiaccous Hypomycetes. CMI,
Kew, Surrey, England. pp. 507.
Eziashi, E.I., Omamor, I.B., Odigie, E.E. 2007.
Antagonism of Trichoderma viride and
effects of extracted water soluble compounds
from Trichoderma species and benlate
solution on Ceratocystis paradoxa. African
Journal of Biotechnology 6 388-392.
Gomez, K.A., and Gomez, A.A. 1984. Duncan’s
Multiple
Range
Test.
Statistical
Procedure for Agril. Res. 2nd. A Wiley
Inter-Science Publication, Johan and Sons,
New York. 202-215 pp.
Harman, G.E. 1990.Development of an effective
biological seed treatment system. Biological
control of soil-borne plant pathogens 12(4)
415-426.
Hossain, I., and Shamsuzzaman, S.M. 2003.
Developing Trichoderma based bio-

fungicide using agro-wastes. BAU Research
Progress 14 49-50.
Hossain, I. and Sultana, I. 2011. Advantage of
biocontrol
means
over chemicals
in
controlling seed and seedling diseases
of maize. International Journal of
Sustainable Agricultural Technology 7(5)
21-27.
Hossain, M.A. and Fakir, M.S.A. 2014. Chia seed
(Salvia hispanica L.): A Promising Health
Beneficial New Crop in Bangladesh.
Seminar on Seeds for the Future
Generations, 10 February 2014. 23.
Howell, C. 2003. Mechanisms Employed by
Trichoderma Species in the Biological
Control of Plant Diseases: the history and
evolution of current concepts. Plant Disease,
87(1), 4–10.
Islam, M. M., Hossain, D., Rahman, M. M., Taishi,
N., Hossain, I.H., Meah, M.B., and Harada,
N. 2016. Trichoderma strains isolated from
Bangladesh with broad spectrum of
antifungal
action
against
fungal
phytopathogens. Archives of Phytopathology
and Plant Protection.
ISTA, 2007. International Rules for Seed Testing
Association. Proceedings of International
Seed Testing Association pp.19-41.
Ixtaina, V.Y., Nolasco, S.M., and Tomas, M.C.
2008. Physical properties of chia (Salvia
hispanica L.) seeds. Industrial Crops and
Products 28(3) 286–293.
Kashem, A. 2005. Trichoderma in controlling foot
and root rot and collar rot of lentil. Ph. D.
thesis, Dept. of Plant Pathology, Bangladesh
Agricultural
University,
Mymensingh,
Bangladesh. 192 pp.
Khan, A.Z.M. and Islam, S. 1975. Colletotrichum
lindeinuthianum of Dolichos lablab from
Bangladesh. Bangladesh Journal of Botany
4(1-2) 121-123.
Lewis, J.A. and Larkin, R.P. 1997. Extruded granular
formulation with biomass of biocontrol
Gliocladium virens and Trichoderma spp. to
reduce damping-off of eggplant caused by
Rhizoctonia solani and saprophytic growth
of the pathogen in soil-less mix. Biocontrol
Science Technology 7 49-60.
Malone, G.P., Muskette, A.E. 1964. Seed-borne fungi
Description
of 77 fungal
species.
Proceedings of International Seed Testing
Associatio 29(2) 180-183.
Michalikova, A., and Michrina, J. 1997. Biological
control of fusarium foot rot in wheat
seedlings by Trichoderma harzianum.
Biology 52(4) 591-598.

Nafiza, R. 2010. Identification of Bacterial Antagonist
to Control Soil Borne Fungi. MS Thesis.
Department of Plant Pathlogy. Bangladesh
Agricultural University, Mymensingh. pp 3435.
Naznin, M.H.A., and Hossain, I. 2005. Effect of
BAU-Biofungicide on germination
and
seedling vigour of some summer vegetables.
Bangladesh Journal of Seed Science &
Technology 8(2) 85-90.
Neergaard, P. 1979. Seed Pathology.Vol.1.The
Macmillan Press Ltd. pp. 839.
Papavizas, G.C. 1985. Trichoderma and Gliocladium
Biology, Ecology and Potential for
Biocontrol.
Annual
Review
of
Phytopathology 23 23-54.
Ramnath, Mathur, S.B., Neergaard, P. 1970. Seedborne fungi of mung bean (Phaseolus aureus
Roxb.) from India and their significance.
Proceedings of International Seed Testeting
Association 35 225-241.
Shalini, S., and Kotasthane, A.S. 2007. Parasitism of
Rhizoctonia solani by strains of Trichoderma
spp. EJEAFChe ISSN: 1579-4377.
Shamsuzzaman, I., and Hossain, I. 2003. Production
of Trichoderma conidia in agro-wastes.
Bangladesh Journal Environmental Science
9 146-150.
Sivan, A., and Chet, I. 1993. Integrated control of
media on growth and interactions between a
range of soilborne glasshouse pathogens and
antagonistic fungi. Phytopathology 10 127142.
Sultana, N., Chowdhury, M.S.M., Hossain, I. 2001.
Growth and storability of Trichoderma
harzianum and its effect on germination of
tomato seeds. Bangladesh Journal Seed
Science & Technology 5(1-2) 117-121.
Tumpa, F.H., Sultana, A., Alam, M.Z., Khokon.
M.A.R. 2016. Bio-stimulation by seed
priming with Bacillus subtilis for
suppressing seed-borne fungal pathogens of
vegetables in Bangladesh. Journal of the
Bangladesh Agricultural University. 14(2):
177-184, December 2016.
Xu, T., Zhong, J.P., and Li, D.P. 1993. Antagonism of
Trichoderma
harzianum
T82
and
Trichoderma species NF9 against soil and
seed borne pathogens. Phytopathology 23(1)
63-67.
Yeboah, S., Owusu, D.E., and Lamptey, 2014.
Influence of Planting Methods and Density
on Performance of Chia (Salvia hispanica)
and its Suitability as an Oilseed Plant.
Agricultural Science 2(4) 14-26.

Vol. 33, No. 1 & 2, 2017

63

64 Bangladesh J. Plant Pathol.

