
Introduction

Species of the Botryosphaeriaceae have a cosmopolitan 
distribution which occurs on a wide range of 
monocotyledonous, dicotyledonous and gymnospermous 
hosts, as well as on lichen thalli. Lasiodiplodia theobromae 
(Syn. Botryodiplodia theobromae) belongs to 
Botryosphaeriaceae, are associated with different 
symptoms such as shoot blights, stem cankers, fruit rots, 
die-back, gummosis (Ciesla et al., 1996), canker and 
die-back, followed by kino exudation, and in severe cases 
tree death (Shearer et al. 1987; Smith et al. 1994; Old & 
Davison 2000; Roux et al. 2001). Ciesla et al., (1996) 
reported that species of the Botryosphaeriaceae are 
generally regarded as weak pathogens that invade stressed 
or wounded plants after drought, hail, wind, frost or insect 
damage and was also cited that the Botryosphaeriaceae 
occur in asymptomatic tissue as latent pathogens in trees 
such as Eucalyptus, Pinus and Syzigium (Pavlic et al., 
2004). Hence, present investigation was carried out to 
investigate the efficacy of biological agents; Trichoderma 
spp. and fungicides against L.theobromae causing disease 
in plants.

Material and Methods

Four species of Trichoderma namely, Trichoderma 
harzianum, T.koningii, T.viride (green strain), T.viride 
(yellow strain) were isolated from spent (infected) 
mushroom spawn packets of Pleurotus ostreatus (Jacquin 
ex fr.) Kummer, during December’2010 to February’2011. 
Lasiodiplodia theobromae was also isolated from wood 
samples (saw dust) which used as raw materials for spawn 

packets preparation to grow commercial mushroom at 
National Mushroom Development and Extension Centre, 
Savar, Dhaka. After Surface sterilized samples were 
inoculated on PDA plates and incubated at three different 
temperatures viz. 20±2ºC, 28±2ºC, 35ºC. Radial growth of 
mycelium were measured. Mycelium of the pathogens was 
spread over the whole plate after 3 days and sub-cultured 
on PDA slants and incubated for further growth. Cultural 
and microscopic characteristics were observed under 
microscope.

In vitro assay of antagonists by Dual culture technique

Trichoderma isolates were evaluated against Lasiodiplodia 
theobromae by dual culture technique as described by 
Kunz (2007). A 5 mm diameter mycelial disc from the 
margin of the 7 days-old culture of Trichoderma isolates 
and the Lasiodiplodia theobromae was placed on the PDA 
media at opposite of the plate at equal distance from the 
periphery. In control plates, (without Trichoderma), a 
sterile agar disc was placed at centre of the plates.  
Inoculated plates were incubated at 28±2ºC, 32 ± 2ºC, and 
35ºC until the end of the incubation period of 7 days. 
Inhibition percent was calculated (Kunz, 2007) by the 
following formulae:

% inhibition = C-T/C × 100
                              Where,
                               C = Radial growth of control plates.

                               T = Radial growth of treated plates.
Volatile metabolites from antagonists on Lasiodiplodia 
theobromae

The effect of released volatile metabolites of Trichoderma 
isolates on the mycelial growth of the pathogen was 
evaluated as methods described by Dennis and Webster 
(1971). Test pathogens were inoculated at the centre on 
PDA plates with 5 mm diameter mycelial growth and 
Trichoderma inoculated plates were inverted on the top of 
the test pathogens plates and held together by adhesive 
tape. Radial growths of the pathogens were recorded at 24 
hours interval at room temperature (28 ± 2ºC).

Effects of non volatile metabolites on Lasiodiplodia 
theobromae

The method was followed as described by Kaur et al. 
(2006). Three mycelial agar blocks, each having 5mm 
diameter of four individual fungal antagonists, were cut off 
from the advanced margins of 5 day old culture and 
inoculated into a 500 ml conical flask containing 250 ml 
potato dextrose broth medium. The inoculated flasks were 
allowed for 15 days incubation period at 28 ± 2ºC. After 
incubation, the culture broth of each antagonist was filtered 
through a double ring filter paper (11cm) and finally 

through a millipore filter paper under suction pump to 
obtain cell and bacteria free extracts under aseptic 
conditions. All plates were incubated at room temperature 
28 ± 2ºC and percent inhibition in mycelia growth was 
calculated. The effects of natural untreated metabolites by 
dipping culture disc method was followed as described by 
Ashrafuzzaman and Aminur (1992).

In vitro assay of fungicides

The effect of fungicides, namely Bavistin and Diathane-M 
45 were used to examine the effectiveness against L. 
theobromae on PDA medium using 30 ppm, 50 ppm, 70 
ppm concentration of each fungicides. Three replicated 
PDA plates were used for each dose of fungicides. PDA 
plate received no fungicide was served as control. The 
inoculated plates were incubated at 28±2ºC and percent of 
inhibition was calculated.

Results and Discussion

T. harzianum was characterized based on morphology such 
as colonies, hyphae, conidiophores, phialides and conidia 
according to Choi In-Young et al. (2003). Other strains of 
Trichoderma in the present study were characterized as 
described by Bernet (1960); Choi In-Young et al. (2010).

The cultural and microscopic observation of the mycelia, 
spores of L. theobromae was confirmed, as described by 
Kunz (2007). Off-white colored immature colony appeared 
which turned into black color within 2-3 weeks. Colonies 
were luxuriant with regular fast growth. Black septate 
mycelium with colourless and unicellular spores was found at 
young stage. Upon maturity, spores became brown colored, 
distichously and thick walled. Spores were elliptical and 
larger in sized. The cultural and microscopic observation of 
the mycelia, spores of L. theobromae was confirmed, as 

described by Kunz (2007).
Findings of the dual culture tests demonstrated that all the 
Trichoderma isolates tested showed inhibitory effects against 
Lasiodiplodia theobromae ranged from 60-75% at 28±2 ºC 

temperature whereas the maximum inhibition (80%) was 
exhibited by  both T.koningii and T.viride (green strain) at 
32±2 ºC and 35°C temperature (Table I). In case of volatile 
metabolites, T.viride (green strain) showed maximum 
inhibition (33.3%) whereas non volatile and naturally 
untreated metabolites of fungal cultures did not perform 
any significant reduction of mycelial growth of L. 
theobromae (Table 1). The mode of action of Trichoderma 
spp. showed mycoparasitism and competition for space 
and nutrients in dual culture which are in agreement with 
Kotze (2008). The antagonistic potentiality of 

Trichoderma spp. against Lasiodiplodia theobromae was 
also reported by earlier workers (Mortuza and Ilag, 1999, 
Yadav & Majumdar, 2005, Kunz, 2007). Mortuza and Ilag 

(1999) cited that T.harzianum exhibited the greatest 
inhibition in dual culture, whereas Yadav & Majumdar (2005) 
reported that T. viride was more effective than T. harzianum.

Volatile metabolites from Trichoderma viride only inhibit 
(33.3%) the growth of fungi, Lasiodiplodia theobromae. 
Present findings have partially conformity with the results 
of Kotze (2008) who reported 23.6% inhibition by T. 

atroviride. During present study, non volatile metabolites 
had no effects on Lasiodiplodia theobromae which 
contradict to results cited by John et al. (2004).

During present investigations fungicide Bavistin found 
effective to control Lasiodiplodia theobromae at 70 ppm 
than others used, whereas Dithane M-45 showed no 
significant effect at any concentration (Table 2). These 
findings are contradictory with Yadav & Majumdar 

(2005).
The aggressiveness of Trichoderma spp. studied varies 
more or less to previously mentioned workers. This 
might be due to difference in the characteristics of 
Trichoderma. 
So, to control the pathogen by using Trichoderma 
isolates is an environment friendly and non hazardous 
approach over chemical control. 
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Abstract

Experiments were carried out to find out the bio-efficacy of four Trichoderma species, viz. Trichoderma harzianum, T.koningii, T.viride 
(green strain), T.viride (yellow strain) against canker pathogen Lasiodiplodia theobromae. Bioassay of antagonist against test pathogens 
conducted by dual culture techniques at different temperatures; volatile, non volatile and naturally untreated metabolites of isolates were 
examined. T. koningii and T.viride (yellow strain) exhibited maximum inhibition in controlling the pathogens. Fungicides, viz. Bavistin and 
Dithane M-45 used where Bavistin found little effective but Dithane M-45 showed no effects on pathogen. Trichoderma viride showed better 
performance to control Lasiodiplodia theobromae than commercial fungicides used during present investigation.
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Introduction

Species of the Botryosphaeriaceae have a cosmopolitan 
distribution which occurs on a wide range of 
monocotyledonous, dicotyledonous and gymnospermous 
hosts, as well as on lichen thalli. Lasiodiplodia theobromae 
(Syn. Botryodiplodia theobromae) belongs to 
Botryosphaeriaceae, are associated with different 
symptoms such as shoot blights, stem cankers, fruit rots, 
die-back, gummosis (Ciesla et al., 1996), canker and 
die-back, followed by kino exudation, and in severe cases 
tree death (Shearer et al. 1987; Smith et al. 1994; Old & 
Davison 2000; Roux et al. 2001). Ciesla et al., (1996) 
reported that species of the Botryosphaeriaceae are 
generally regarded as weak pathogens that invade stressed 
or wounded plants after drought, hail, wind, frost or insect 
damage and was also cited that the Botryosphaeriaceae 
occur in asymptomatic tissue as latent pathogens in trees 
such as Eucalyptus, Pinus and Syzigium (Pavlic et al., 
2004). Hence, present investigation was carried out to 
investigate the efficacy of biological agents; Trichoderma 
spp. and fungicides against L.theobromae causing disease 
in plants.

Material and Methods

Four species of Trichoderma namely, Trichoderma 
harzianum, T.koningii, T.viride (green strain), T.viride 
(yellow strain) were isolated from spent (infected) 
mushroom spawn packets of Pleurotus ostreatus (Jacquin 
ex fr.) Kummer, during December’2010 to February’2011. 
Lasiodiplodia theobromae was also isolated from wood 
samples (saw dust) which used as raw materials for spawn 

packets preparation to grow commercial mushroom at 
National Mushroom Development and Extension Centre, 
Savar, Dhaka. After Surface sterilized samples were 
inoculated on PDA plates and incubated at three different 
temperatures viz. 20±2ºC, 28±2ºC, 35ºC. Radial growth of 
mycelium were measured. Mycelium of the pathogens was 
spread over the whole plate after 3 days and sub-cultured 
on PDA slants and incubated for further growth. Cultural 
and microscopic characteristics were observed under 
microscope.

In vitro assay of antagonists by Dual culture technique

Trichoderma isolates were evaluated against Lasiodiplodia 
theobromae by dual culture technique as described by 
Kunz (2007). A 5 mm diameter mycelial disc from the 
margin of the 7 days-old culture of Trichoderma isolates 
and the Lasiodiplodia theobromae was placed on the PDA 
media at opposite of the plate at equal distance from the 
periphery. In control plates, (without Trichoderma), a 
sterile agar disc was placed at centre of the plates.  
Inoculated plates were incubated at 28±2ºC, 32 ± 2ºC, and 
35ºC until the end of the incubation period of 7 days. 
Inhibition percent was calculated (Kunz, 2007) by the 
following formulae:

% inhibition = C-T/C × 100
                              Where,
                               C = Radial growth of control plates.

                               T = Radial growth of treated plates.
Volatile metabolites from antagonists on Lasiodiplodia 
theobromae

The effect of released volatile metabolites of Trichoderma 
isolates on the mycelial growth of the pathogen was 
evaluated as methods described by Dennis and Webster 
(1971). Test pathogens were inoculated at the centre on 
PDA plates with 5 mm diameter mycelial growth and 
Trichoderma inoculated plates were inverted on the top of 
the test pathogens plates and held together by adhesive 
tape. Radial growths of the pathogens were recorded at 24 
hours interval at room temperature (28 ± 2ºC).

Effects of non volatile metabolites on Lasiodiplodia 
theobromae

The method was followed as described by Kaur et al. 
(2006). Three mycelial agar blocks, each having 5mm 
diameter of four individual fungal antagonists, were cut off 
from the advanced margins of 5 day old culture and 
inoculated into a 500 ml conical flask containing 250 ml 
potato dextrose broth medium. The inoculated flasks were 
allowed for 15 days incubation period at 28 ± 2ºC. After 
incubation, the culture broth of each antagonist was filtered 
through a double ring filter paper (11cm) and finally 

through a millipore filter paper under suction pump to 
obtain cell and bacteria free extracts under aseptic 
conditions. All plates were incubated at room temperature 
28 ± 2ºC and percent inhibition in mycelia growth was 
calculated. The effects of natural untreated metabolites by 
dipping culture disc method was followed as described by 
Ashrafuzzaman and Aminur (1992).

In vitro assay of fungicides

The effect of fungicides, namely Bavistin and Diathane-M 
45 were used to examine the effectiveness against L. 
theobromae on PDA medium using 30 ppm, 50 ppm, 70 
ppm concentration of each fungicides. Three replicated 
PDA plates were used for each dose of fungicides. PDA 
plate received no fungicide was served as control. The 
inoculated plates were incubated at 28±2ºC and percent of 
inhibition was calculated.

Results and Discussion

T. harzianum was characterized based on morphology such 
as colonies, hyphae, conidiophores, phialides and conidia 
according to Choi In-Young et al. (2003). Other strains of 
Trichoderma in the present study were characterized as 
described by Bernet (1960); Choi In-Young et al. (2010).
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The cultural and microscopic observation of the mycelia, 
spores of L. theobromae was confirmed, as described by 
Kunz (2007). Off-white colored immature colony appeared 
which turned into black color within 2-3 weeks. Colonies 
were luxuriant with regular fast growth. Black septate 
mycelium with colourless and unicellular spores was found at 
young stage. Upon maturity, spores became brown colored, 
distichously and thick walled. Spores were elliptical and 
larger in sized. The cultural and microscopic observation of 
the mycelia, spores of L. theobromae was confirmed, as 

described by Kunz (2007).
Findings of the dual culture tests demonstrated that all the 
Trichoderma isolates tested showed inhibitory effects against 
Lasiodiplodia theobromae ranged from 60-75% at 28±2 ºC 

temperature whereas the maximum inhibition (80%) was 
exhibited by  both T.koningii and T.viride (green strain) at 
32±2 ºC and 35°C temperature (Table I). In case of volatile 
metabolites, T.viride (green strain) showed maximum 
inhibition (33.3%) whereas non volatile and naturally 
untreated metabolites of fungal cultures did not perform 
any significant reduction of mycelial growth of L. 
theobromae (Table 1). The mode of action of Trichoderma 
spp. showed mycoparasitism and competition for space 
and nutrients in dual culture which are in agreement with 
Kotze (2008). The antagonistic potentiality of 

Trichoderma spp. against Lasiodiplodia theobromae was 
also reported by earlier workers (Mortuza and Ilag, 1999, 
Yadav & Majumdar, 2005, Kunz, 2007). Mortuza and Ilag 

(1999) cited that T.harzianum exhibited the greatest 
inhibition in dual culture, whereas Yadav & Majumdar (2005) 
reported that T. viride was more effective than T. harzianum.

Volatile metabolites from Trichoderma viride only inhibit 
(33.3%) the growth of fungi, Lasiodiplodia theobromae. 
Present findings have partially conformity with the results 
of Kotze (2008) who reported 23.6% inhibition by T. 

atroviride. During present study, non volatile metabolites 
had no effects on Lasiodiplodia theobromae which 
contradict to results cited by John et al. (2004).

During present investigations fungicide Bavistin found 
effective to control Lasiodiplodia theobromae at 70 ppm 
than others used, whereas Dithane M-45 showed no 
significant effect at any concentration (Table 2). These 
findings are contradictory with Yadav & Majumdar 

(2005).
The aggressiveness of Trichoderma spp. studied varies 
more or less to previously mentioned workers. This 
might be due to difference in the characteristics of 
Trichoderma. 
So, to control the pathogen by using Trichoderma 
isolates is an environment friendly and non hazardous 
approach over chemical control. 
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Plate.  Photographs showing cultural and microscopic features of Trichoderma spp. (magnification 40X)
a & b. Microscopic features and colony  of Trichoderma harzianum  showing phialides, conidia
c  & d. Microscopic features and colony  of Trichoderma koningii showing phialides, conidia,coiling
e & f. Microscopic features and colony  of Trichoderma viride (green strain) showing spores
g & h. Microscopic features and colony  of Trichoderma viride (yellow strain) showing spores



Introduction

Species of the Botryosphaeriaceae have a cosmopolitan 
distribution which occurs on a wide range of 
monocotyledonous, dicotyledonous and gymnospermous 
hosts, as well as on lichen thalli. Lasiodiplodia theobromae 
(Syn. Botryodiplodia theobromae) belongs to 
Botryosphaeriaceae, are associated with different 
symptoms such as shoot blights, stem cankers, fruit rots, 
die-back, gummosis (Ciesla et al., 1996), canker and 
die-back, followed by kino exudation, and in severe cases 
tree death (Shearer et al. 1987; Smith et al. 1994; Old & 
Davison 2000; Roux et al. 2001). Ciesla et al., (1996) 
reported that species of the Botryosphaeriaceae are 
generally regarded as weak pathogens that invade stressed 
or wounded plants after drought, hail, wind, frost or insect 
damage and was also cited that the Botryosphaeriaceae 
occur in asymptomatic tissue as latent pathogens in trees 
such as Eucalyptus, Pinus and Syzigium (Pavlic et al., 
2004). Hence, present investigation was carried out to 
investigate the efficacy of biological agents; Trichoderma 
spp. and fungicides against L.theobromae causing disease 
in plants.

Material and Methods

Four species of Trichoderma namely, Trichoderma 
harzianum, T.koningii, T.viride (green strain), T.viride 
(yellow strain) were isolated from spent (infected) 
mushroom spawn packets of Pleurotus ostreatus (Jacquin 
ex fr.) Kummer, during December’2010 to February’2011. 
Lasiodiplodia theobromae was also isolated from wood 
samples (saw dust) which used as raw materials for spawn 

packets preparation to grow commercial mushroom at 
National Mushroom Development and Extension Centre, 
Savar, Dhaka. After Surface sterilized samples were 
inoculated on PDA plates and incubated at three different 
temperatures viz. 20±2ºC, 28±2ºC, 35ºC. Radial growth of 
mycelium were measured. Mycelium of the pathogens was 
spread over the whole plate after 3 days and sub-cultured 
on PDA slants and incubated for further growth. Cultural 
and microscopic characteristics were observed under 
microscope.

In vitro assay of antagonists by Dual culture technique

Trichoderma isolates were evaluated against Lasiodiplodia 
theobromae by dual culture technique as described by 
Kunz (2007). A 5 mm diameter mycelial disc from the 
margin of the 7 days-old culture of Trichoderma isolates 
and the Lasiodiplodia theobromae was placed on the PDA 
media at opposite of the plate at equal distance from the 
periphery. In control plates, (without Trichoderma), a 
sterile agar disc was placed at centre of the plates.  
Inoculated plates were incubated at 28±2ºC, 32 ± 2ºC, and 
35ºC until the end of the incubation period of 7 days. 
Inhibition percent was calculated (Kunz, 2007) by the 
following formulae:

% inhibition = C-T/C × 100
                              Where,
                               C = Radial growth of control plates.

                               T = Radial growth of treated plates.
Volatile metabolites from antagonists on Lasiodiplodia 
theobromae

The effect of released volatile metabolites of Trichoderma 
isolates on the mycelial growth of the pathogen was 
evaluated as methods described by Dennis and Webster 
(1971). Test pathogens were inoculated at the centre on 
PDA plates with 5 mm diameter mycelial growth and 
Trichoderma inoculated plates were inverted on the top of 
the test pathogens plates and held together by adhesive 
tape. Radial growths of the pathogens were recorded at 24 
hours interval at room temperature (28 ± 2ºC).

Effects of non volatile metabolites on Lasiodiplodia 
theobromae

The method was followed as described by Kaur et al. 
(2006). Three mycelial agar blocks, each having 5mm 
diameter of four individual fungal antagonists, were cut off 
from the advanced margins of 5 day old culture and 
inoculated into a 500 ml conical flask containing 250 ml 
potato dextrose broth medium. The inoculated flasks were 
allowed for 15 days incubation period at 28 ± 2ºC. After 
incubation, the culture broth of each antagonist was filtered 
through a double ring filter paper (11cm) and finally 

through a millipore filter paper under suction pump to 
obtain cell and bacteria free extracts under aseptic 
conditions. All plates were incubated at room temperature 
28 ± 2ºC and percent inhibition in mycelia growth was 
calculated. The effects of natural untreated metabolites by 
dipping culture disc method was followed as described by 
Ashrafuzzaman and Aminur (1992).

In vitro assay of fungicides

The effect of fungicides, namely Bavistin and Diathane-M 
45 were used to examine the effectiveness against L. 
theobromae on PDA medium using 30 ppm, 50 ppm, 70 
ppm concentration of each fungicides. Three replicated 
PDA plates were used for each dose of fungicides. PDA 
plate received no fungicide was served as control. The 
inoculated plates were incubated at 28±2ºC and percent of 
inhibition was calculated.

Results and Discussion

T. harzianum was characterized based on morphology such 
as colonies, hyphae, conidiophores, phialides and conidia 
according to Choi In-Young et al. (2003). Other strains of 
Trichoderma in the present study were characterized as 
described by Bernet (1960); Choi In-Young et al. (2010).

The cultural and microscopic observation of the mycelia, 
spores of L. theobromae was confirmed, as described by 
Kunz (2007). Off-white colored immature colony appeared 
which turned into black color within 2-3 weeks. Colonies 
were luxuriant with regular fast growth. Black septate 
mycelium with colourless and unicellular spores was found at 
young stage. Upon maturity, spores became brown colored, 
distichously and thick walled. Spores were elliptical and 
larger in sized. The cultural and microscopic observation of 
the mycelia, spores of L. theobromae was confirmed, as 

described by Kunz (2007).
Findings of the dual culture tests demonstrated that all the 
Trichoderma isolates tested showed inhibitory effects against 
Lasiodiplodia theobromae ranged from 60-75% at 28±2 ºC 

temperature whereas the maximum inhibition (80%) was 
exhibited by  both T.koningii and T.viride (green strain) at 
32±2 ºC and 35°C temperature (Table I). In case of volatile 
metabolites, T.viride (green strain) showed maximum 
inhibition (33.3%) whereas non volatile and naturally 
untreated metabolites of fungal cultures did not perform 
any significant reduction of mycelial growth of L. 
theobromae (Table 1). The mode of action of Trichoderma 
spp. showed mycoparasitism and competition for space 
and nutrients in dual culture which are in agreement with 
Kotze (2008). The antagonistic potentiality of 

Trichoderma spp. against Lasiodiplodia theobromae was 
also reported by earlier workers (Mortuza and Ilag, 1999, 
Yadav & Majumdar, 2005, Kunz, 2007). Mortuza and Ilag 
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(1999) cited that T.harzianum exhibited the greatest 
inhibition in dual culture, whereas Yadav & Majumdar (2005) 
reported that T. viride was more effective than T. harzianum.

Volatile metabolites from Trichoderma viride only inhibit 
(33.3%) the growth of fungi, Lasiodiplodia theobromae. 
Present findings have partially conformity with the results 
of Kotze (2008) who reported 23.6% inhibition by T. 

atroviride. During present study, non volatile metabolites 
had no effects on Lasiodiplodia theobromae which 
contradict to results cited by John et al. (2004).

During present investigations fungicide Bavistin found 
effective to control Lasiodiplodia theobromae at 70 ppm 
than others used, whereas Dithane M-45 showed no 
significant effect at any concentration (Table 2). These 
findings are contradictory with Yadav & Majumdar 

(2005).
The aggressiveness of Trichoderma spp. studied varies 
more or less to previously mentioned workers. This 
might be due to difference in the characteristics of 
Trichoderma. 
So, to control the pathogen by using Trichoderma 
isolates is an environment friendly and non hazardous 
approach over chemical control. 
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Fig. (a) Septed mycelium of L.theobromae

 

Plate. Photographs showing growth and antagonistic activity of four Trichoderma spp. against Lasiodiplodia theobromae on PDA medium
a. Overgrowth of T.harzianum  to Lasiodiplodia theobromae
b. Overgrowth of T.koningii to Lasiodiplodia theobromae
c. Inhibittion zone between colonies of Lasiodiplodia theobromae and T.viride (yellow strain )
d. Overgrowth of T.viride (yellow strain) to Lasiodiplodia theobromae

Fig. (b) Bi-celled mature spore and single celled immature spore of 

L.theobromae



Introduction

Species of the Botryosphaeriaceae have a cosmopolitan 
distribution which occurs on a wide range of 
monocotyledonous, dicotyledonous and gymnospermous 
hosts, as well as on lichen thalli. Lasiodiplodia theobromae 
(Syn. Botryodiplodia theobromae) belongs to 
Botryosphaeriaceae, are associated with different 
symptoms such as shoot blights, stem cankers, fruit rots, 
die-back, gummosis (Ciesla et al., 1996), canker and 
die-back, followed by kino exudation, and in severe cases 
tree death (Shearer et al. 1987; Smith et al. 1994; Old & 
Davison 2000; Roux et al. 2001). Ciesla et al., (1996) 
reported that species of the Botryosphaeriaceae are 
generally regarded as weak pathogens that invade stressed 
or wounded plants after drought, hail, wind, frost or insect 
damage and was also cited that the Botryosphaeriaceae 
occur in asymptomatic tissue as latent pathogens in trees 
such as Eucalyptus, Pinus and Syzigium (Pavlic et al., 
2004). Hence, present investigation was carried out to 
investigate the efficacy of biological agents; Trichoderma 
spp. and fungicides against L.theobromae causing disease 
in plants.

Material and Methods

Four species of Trichoderma namely, Trichoderma 
harzianum, T.koningii, T.viride (green strain), T.viride 
(yellow strain) were isolated from spent (infected) 
mushroom spawn packets of Pleurotus ostreatus (Jacquin 
ex fr.) Kummer, during December’2010 to February’2011. 
Lasiodiplodia theobromae was also isolated from wood 
samples (saw dust) which used as raw materials for spawn 

packets preparation to grow commercial mushroom at 
National Mushroom Development and Extension Centre, 
Savar, Dhaka. After Surface sterilized samples were 
inoculated on PDA plates and incubated at three different 
temperatures viz. 20±2ºC, 28±2ºC, 35ºC. Radial growth of 
mycelium were measured. Mycelium of the pathogens was 
spread over the whole plate after 3 days and sub-cultured 
on PDA slants and incubated for further growth. Cultural 
and microscopic characteristics were observed under 
microscope.

In vitro assay of antagonists by Dual culture technique

Trichoderma isolates were evaluated against Lasiodiplodia 
theobromae by dual culture technique as described by 
Kunz (2007). A 5 mm diameter mycelial disc from the 
margin of the 7 days-old culture of Trichoderma isolates 
and the Lasiodiplodia theobromae was placed on the PDA 
media at opposite of the plate at equal distance from the 
periphery. In control plates, (without Trichoderma), a 
sterile agar disc was placed at centre of the plates.  
Inoculated plates were incubated at 28±2ºC, 32 ± 2ºC, and 
35ºC until the end of the incubation period of 7 days. 
Inhibition percent was calculated (Kunz, 2007) by the 
following formulae:

% inhibition = C-T/C × 100
                              Where,
                               C = Radial growth of control plates.

                               T = Radial growth of treated plates.
Volatile metabolites from antagonists on Lasiodiplodia 
theobromae

The effect of released volatile metabolites of Trichoderma 
isolates on the mycelial growth of the pathogen was 
evaluated as methods described by Dennis and Webster 
(1971). Test pathogens were inoculated at the centre on 
PDA plates with 5 mm diameter mycelial growth and 
Trichoderma inoculated plates were inverted on the top of 
the test pathogens plates and held together by adhesive 
tape. Radial growths of the pathogens were recorded at 24 
hours interval at room temperature (28 ± 2ºC).

Effects of non volatile metabolites on Lasiodiplodia 
theobromae

The method was followed as described by Kaur et al. 
(2006). Three mycelial agar blocks, each having 5mm 
diameter of four individual fungal antagonists, were cut off 
from the advanced margins of 5 day old culture and 
inoculated into a 500 ml conical flask containing 250 ml 
potato dextrose broth medium. The inoculated flasks were 
allowed for 15 days incubation period at 28 ± 2ºC. After 
incubation, the culture broth of each antagonist was filtered 
through a double ring filter paper (11cm) and finally 

through a millipore filter paper under suction pump to 
obtain cell and bacteria free extracts under aseptic 
conditions. All plates were incubated at room temperature 
28 ± 2ºC and percent inhibition in mycelia growth was 
calculated. The effects of natural untreated metabolites by 
dipping culture disc method was followed as described by 
Ashrafuzzaman and Aminur (1992).

In vitro assay of fungicides

The effect of fungicides, namely Bavistin and Diathane-M 
45 were used to examine the effectiveness against L. 
theobromae on PDA medium using 30 ppm, 50 ppm, 70 
ppm concentration of each fungicides. Three replicated 
PDA plates were used for each dose of fungicides. PDA 
plate received no fungicide was served as control. The 
inoculated plates were incubated at 28±2ºC and percent of 
inhibition was calculated.

Results and Discussion

T. harzianum was characterized based on morphology such 
as colonies, hyphae, conidiophores, phialides and conidia 
according to Choi In-Young et al. (2003). Other strains of 
Trichoderma in the present study were characterized as 
described by Bernet (1960); Choi In-Young et al. (2010).

The cultural and microscopic observation of the mycelia, 
spores of L. theobromae was confirmed, as described by 
Kunz (2007). Off-white colored immature colony appeared 
which turned into black color within 2-3 weeks. Colonies 
were luxuriant with regular fast growth. Black septate 
mycelium with colourless and unicellular spores was found at 
young stage. Upon maturity, spores became brown colored, 
distichously and thick walled. Spores were elliptical and 
larger in sized. The cultural and microscopic observation of 
the mycelia, spores of L. theobromae was confirmed, as 

described by Kunz (2007).
Findings of the dual culture tests demonstrated that all the 
Trichoderma isolates tested showed inhibitory effects against 
Lasiodiplodia theobromae ranged from 60-75% at 28±2 ºC 

temperature whereas the maximum inhibition (80%) was 
exhibited by  both T.koningii and T.viride (green strain) at 
32±2 ºC and 35°C temperature (Table I). In case of volatile 
metabolites, T.viride (green strain) showed maximum 
inhibition (33.3%) whereas non volatile and naturally 
untreated metabolites of fungal cultures did not perform 
any significant reduction of mycelial growth of L. 
theobromae (Table 1). The mode of action of Trichoderma 
spp. showed mycoparasitism and competition for space 
and nutrients in dual culture which are in agreement with 
Kotze (2008). The antagonistic potentiality of 

Trichoderma spp. against Lasiodiplodia theobromae was 
also reported by earlier workers (Mortuza and Ilag, 1999, 
Yadav & Majumdar, 2005, Kunz, 2007). Mortuza and Ilag 

(1999) cited that T.harzianum exhibited the greatest 
inhibition in dual culture, whereas Yadav & Majumdar (2005) 
reported that T. viride was more effective than T. harzianum.

Volatile metabolites from Trichoderma viride only inhibit 
(33.3%) the growth of fungi, Lasiodiplodia theobromae. 
Present findings have partially conformity with the results 
of Kotze (2008) who reported 23.6% inhibition by T. 

atroviride. During present study, non volatile metabolites 
had no effects on Lasiodiplodia theobromae which 
contradict to results cited by John et al. (2004).

During present investigations fungicide Bavistin found 
effective to control Lasiodiplodia theobromae at 70 ppm 
than others used, whereas Dithane M-45 showed no 
significant effect at any concentration (Table 2). These 
findings are contradictory with Yadav & Majumdar 
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(2005).
The aggressiveness of Trichoderma spp. studied varies 
more or less to previously mentioned workers. This 
might be due to difference in the characteristics of 
Trichoderma. 
So, to control the pathogen by using Trichoderma 
isolates is an environment friendly and non hazardous 
approach over chemical control. 
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Antagonists
% of inhibition of Lasiodiplodia theobromae

Naturally untreatedDual culture Volatile Non volatile

 28±2 ºC 32±2 ºC 35ºC 28±2 ºC 28±2 ºC 28±2 ºC

T. harzianum 60 75 NE NE NE NE

T. koningii 75 80 80 NE NE NE

T. viride (green strain) 60 75 NE 33.3 NE NE

T. viride (yellow strain) 70 80 80 NE NE NE

Note:NE = No effect

Table I. In vitro percent of inhibition of Lasiodiplodia theobromae by four Trichoderma spp. at different temperatures 
(7 days after incubation)

Concentration of fungicides
% of growth inhibition of L. theobromae

Bavistin Diathane M-45

30 ppm 0.58±0.58 c NE

50 ppm 0.06±0.06 b NE

70 ppm 0.44±0.44 a NE

• Data recorded after 7 days of incubation

Table II. Effect of different concentration of Bavistin and Diathane M-45 on mycelia      growth of L. theobromae 
at 28±2ºC temperature



Introduction

Species of the Botryosphaeriaceae have a cosmopolitan 
distribution which occurs on a wide range of 
monocotyledonous, dicotyledonous and gymnospermous 
hosts, as well as on lichen thalli. Lasiodiplodia theobromae 
(Syn. Botryodiplodia theobromae) belongs to 
Botryosphaeriaceae, are associated with different 
symptoms such as shoot blights, stem cankers, fruit rots, 
die-back, gummosis (Ciesla et al., 1996), canker and 
die-back, followed by kino exudation, and in severe cases 
tree death (Shearer et al. 1987; Smith et al. 1994; Old & 
Davison 2000; Roux et al. 2001). Ciesla et al., (1996) 
reported that species of the Botryosphaeriaceae are 
generally regarded as weak pathogens that invade stressed 
or wounded plants after drought, hail, wind, frost or insect 
damage and was also cited that the Botryosphaeriaceae 
occur in asymptomatic tissue as latent pathogens in trees 
such as Eucalyptus, Pinus and Syzigium (Pavlic et al., 
2004). Hence, present investigation was carried out to 
investigate the efficacy of biological agents; Trichoderma 
spp. and fungicides against L.theobromae causing disease 
in plants.

Material and Methods

Four species of Trichoderma namely, Trichoderma 
harzianum, T.koningii, T.viride (green strain), T.viride 
(yellow strain) were isolated from spent (infected) 
mushroom spawn packets of Pleurotus ostreatus (Jacquin 
ex fr.) Kummer, during December’2010 to February’2011. 
Lasiodiplodia theobromae was also isolated from wood 
samples (saw dust) which used as raw materials for spawn 

packets preparation to grow commercial mushroom at 
National Mushroom Development and Extension Centre, 
Savar, Dhaka. After Surface sterilized samples were 
inoculated on PDA plates and incubated at three different 
temperatures viz. 20±2ºC, 28±2ºC, 35ºC. Radial growth of 
mycelium were measured. Mycelium of the pathogens was 
spread over the whole plate after 3 days and sub-cultured 
on PDA slants and incubated for further growth. Cultural 
and microscopic characteristics were observed under 
microscope.

In vitro assay of antagonists by Dual culture technique

Trichoderma isolates were evaluated against Lasiodiplodia 
theobromae by dual culture technique as described by 
Kunz (2007). A 5 mm diameter mycelial disc from the 
margin of the 7 days-old culture of Trichoderma isolates 
and the Lasiodiplodia theobromae was placed on the PDA 
media at opposite of the plate at equal distance from the 
periphery. In control plates, (without Trichoderma), a 
sterile agar disc was placed at centre of the plates.  
Inoculated plates were incubated at 28±2ºC, 32 ± 2ºC, and 
35ºC until the end of the incubation period of 7 days. 
Inhibition percent was calculated (Kunz, 2007) by the 
following formulae:

% inhibition = C-T/C × 100
                              Where,
                               C = Radial growth of control plates.

                               T = Radial growth of treated plates.
Volatile metabolites from antagonists on Lasiodiplodia 
theobromae

The effect of released volatile metabolites of Trichoderma 
isolates on the mycelial growth of the pathogen was 
evaluated as methods described by Dennis and Webster 
(1971). Test pathogens were inoculated at the centre on 
PDA plates with 5 mm diameter mycelial growth and 
Trichoderma inoculated plates were inverted on the top of 
the test pathogens plates and held together by adhesive 
tape. Radial growths of the pathogens were recorded at 24 
hours interval at room temperature (28 ± 2ºC).

Effects of non volatile metabolites on Lasiodiplodia 
theobromae

The method was followed as described by Kaur et al. 
(2006). Three mycelial agar blocks, each having 5mm 
diameter of four individual fungal antagonists, were cut off 
from the advanced margins of 5 day old culture and 
inoculated into a 500 ml conical flask containing 250 ml 
potato dextrose broth medium. The inoculated flasks were 
allowed for 15 days incubation period at 28 ± 2ºC. After 
incubation, the culture broth of each antagonist was filtered 
through a double ring filter paper (11cm) and finally 

through a millipore filter paper under suction pump to 
obtain cell and bacteria free extracts under aseptic 
conditions. All plates were incubated at room temperature 
28 ± 2ºC and percent inhibition in mycelia growth was 
calculated. The effects of natural untreated metabolites by 
dipping culture disc method was followed as described by 
Ashrafuzzaman and Aminur (1992).

In vitro assay of fungicides

The effect of fungicides, namely Bavistin and Diathane-M 
45 were used to examine the effectiveness against L. 
theobromae on PDA medium using 30 ppm, 50 ppm, 70 
ppm concentration of each fungicides. Three replicated 
PDA plates were used for each dose of fungicides. PDA 
plate received no fungicide was served as control. The 
inoculated plates were incubated at 28±2ºC and percent of 
inhibition was calculated.

Results and Discussion

T. harzianum was characterized based on morphology such 
as colonies, hyphae, conidiophores, phialides and conidia 
according to Choi In-Young et al. (2003). Other strains of 
Trichoderma in the present study were characterized as 
described by Bernet (1960); Choi In-Young et al. (2010).

The cultural and microscopic observation of the mycelia, 
spores of L. theobromae was confirmed, as described by 
Kunz (2007). Off-white colored immature colony appeared 
which turned into black color within 2-3 weeks. Colonies 
were luxuriant with regular fast growth. Black septate 
mycelium with colourless and unicellular spores was found at 
young stage. Upon maturity, spores became brown colored, 
distichously and thick walled. Spores were elliptical and 
larger in sized. The cultural and microscopic observation of 
the mycelia, spores of L. theobromae was confirmed, as 

described by Kunz (2007).
Findings of the dual culture tests demonstrated that all the 
Trichoderma isolates tested showed inhibitory effects against 
Lasiodiplodia theobromae ranged from 60-75% at 28±2 ºC 

temperature whereas the maximum inhibition (80%) was 
exhibited by  both T.koningii and T.viride (green strain) at 
32±2 ºC and 35°C temperature (Table I). In case of volatile 
metabolites, T.viride (green strain) showed maximum 
inhibition (33.3%) whereas non volatile and naturally 
untreated metabolites of fungal cultures did not perform 
any significant reduction of mycelial growth of L. 
theobromae (Table 1). The mode of action of Trichoderma 
spp. showed mycoparasitism and competition for space 
and nutrients in dual culture which are in agreement with 
Kotze (2008). The antagonistic potentiality of 

Trichoderma spp. against Lasiodiplodia theobromae was 
also reported by earlier workers (Mortuza and Ilag, 1999, 
Yadav & Majumdar, 2005, Kunz, 2007). Mortuza and Ilag 

(1999) cited that T.harzianum exhibited the greatest 
inhibition in dual culture, whereas Yadav & Majumdar (2005) 
reported that T. viride was more effective than T. harzianum.

Volatile metabolites from Trichoderma viride only inhibit 
(33.3%) the growth of fungi, Lasiodiplodia theobromae. 
Present findings have partially conformity with the results 
of Kotze (2008) who reported 23.6% inhibition by T. 

atroviride. During present study, non volatile metabolites 
had no effects on Lasiodiplodia theobromae which 
contradict to results cited by John et al. (2004).

During present investigations fungicide Bavistin found 
effective to control Lasiodiplodia theobromae at 70 ppm 
than others used, whereas Dithane M-45 showed no 
significant effect at any concentration (Table 2). These 
findings are contradictory with Yadav & Majumdar 

(2005).
The aggressiveness of Trichoderma spp. studied varies 
more or less to previously mentioned workers. This 
might be due to difference in the characteristics of 
Trichoderma. 
So, to control the pathogen by using Trichoderma 
isolates is an environment friendly and non hazardous 
approach over chemical control. 
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Introduction

Species of the Botryosphaeriaceae have a cosmopolitan 
distribution which occurs on a wide range of 
monocotyledonous, dicotyledonous and gymnospermous 
hosts, as well as on lichen thalli. Lasiodiplodia theobromae 
(Syn. Botryodiplodia theobromae) belongs to 
Botryosphaeriaceae, are associated with different 
symptoms such as shoot blights, stem cankers, fruit rots, 
die-back, gummosis (Ciesla et al., 1996), canker and 
die-back, followed by kino exudation, and in severe cases 
tree death (Shearer et al. 1987; Smith et al. 1994; Old & 
Davison 2000; Roux et al. 2001). Ciesla et al., (1996) 
reported that species of the Botryosphaeriaceae are 
generally regarded as weak pathogens that invade stressed 
or wounded plants after drought, hail, wind, frost or insect 
damage and was also cited that the Botryosphaeriaceae 
occur in asymptomatic tissue as latent pathogens in trees 
such as Eucalyptus, Pinus and Syzigium (Pavlic et al., 
2004). Hence, present investigation was carried out to 
investigate the efficacy of biological agents; Trichoderma 
spp. and fungicides against L.theobromae causing disease 
in plants.

Material and Methods

Four species of Trichoderma namely, Trichoderma 
harzianum, T.koningii, T.viride (green strain), T.viride 
(yellow strain) were isolated from spent (infected) 
mushroom spawn packets of Pleurotus ostreatus (Jacquin 
ex fr.) Kummer, during December’2010 to February’2011. 
Lasiodiplodia theobromae was also isolated from wood 
samples (saw dust) which used as raw materials for spawn 

packets preparation to grow commercial mushroom at 
National Mushroom Development and Extension Centre, 
Savar, Dhaka. After Surface sterilized samples were 
inoculated on PDA plates and incubated at three different 
temperatures viz. 20±2ºC, 28±2ºC, 35ºC. Radial growth of 
mycelium were measured. Mycelium of the pathogens was 
spread over the whole plate after 3 days and sub-cultured 
on PDA slants and incubated for further growth. Cultural 
and microscopic characteristics were observed under 
microscope.

In vitro assay of antagonists by Dual culture technique

Trichoderma isolates were evaluated against Lasiodiplodia 
theobromae by dual culture technique as described by 
Kunz (2007). A 5 mm diameter mycelial disc from the 
margin of the 7 days-old culture of Trichoderma isolates 
and the Lasiodiplodia theobromae was placed on the PDA 
media at opposite of the plate at equal distance from the 
periphery. In control plates, (without Trichoderma), a 
sterile agar disc was placed at centre of the plates.  
Inoculated plates were incubated at 28±2ºC, 32 ± 2ºC, and 
35ºC until the end of the incubation period of 7 days. 
Inhibition percent was calculated (Kunz, 2007) by the 
following formulae:

% inhibition = C-T/C × 100
                              Where,
                               C = Radial growth of control plates.

                               T = Radial growth of treated plates.
Volatile metabolites from antagonists on Lasiodiplodia 
theobromae

The effect of released volatile metabolites of Trichoderma 
isolates on the mycelial growth of the pathogen was 
evaluated as methods described by Dennis and Webster 
(1971). Test pathogens were inoculated at the centre on 
PDA plates with 5 mm diameter mycelial growth and 
Trichoderma inoculated plates were inverted on the top of 
the test pathogens plates and held together by adhesive 
tape. Radial growths of the pathogens were recorded at 24 
hours interval at room temperature (28 ± 2ºC).

Effects of non volatile metabolites on Lasiodiplodia 
theobromae

The method was followed as described by Kaur et al. 
(2006). Three mycelial agar blocks, each having 5mm 
diameter of four individual fungal antagonists, were cut off 
from the advanced margins of 5 day old culture and 
inoculated into a 500 ml conical flask containing 250 ml 
potato dextrose broth medium. The inoculated flasks were 
allowed for 15 days incubation period at 28 ± 2ºC. After 
incubation, the culture broth of each antagonist was filtered 
through a double ring filter paper (11cm) and finally 

through a millipore filter paper under suction pump to 
obtain cell and bacteria free extracts under aseptic 
conditions. All plates were incubated at room temperature 
28 ± 2ºC and percent inhibition in mycelia growth was 
calculated. The effects of natural untreated metabolites by 
dipping culture disc method was followed as described by 
Ashrafuzzaman and Aminur (1992).

In vitro assay of fungicides

The effect of fungicides, namely Bavistin and Diathane-M 
45 were used to examine the effectiveness against L. 
theobromae on PDA medium using 30 ppm, 50 ppm, 70 
ppm concentration of each fungicides. Three replicated 
PDA plates were used for each dose of fungicides. PDA 
plate received no fungicide was served as control. The 
inoculated plates were incubated at 28±2ºC and percent of 
inhibition was calculated.

Results and Discussion

T. harzianum was characterized based on morphology such 
as colonies, hyphae, conidiophores, phialides and conidia 
according to Choi In-Young et al. (2003). Other strains of 
Trichoderma in the present study were characterized as 
described by Bernet (1960); Choi In-Young et al. (2010).

The cultural and microscopic observation of the mycelia, 
spores of L. theobromae was confirmed, as described by 
Kunz (2007). Off-white colored immature colony appeared 
which turned into black color within 2-3 weeks. Colonies 
were luxuriant with regular fast growth. Black septate 
mycelium with colourless and unicellular spores was found at 
young stage. Upon maturity, spores became brown colored, 
distichously and thick walled. Spores were elliptical and 
larger in sized. The cultural and microscopic observation of 
the mycelia, spores of L. theobromae was confirmed, as 

described by Kunz (2007).
Findings of the dual culture tests demonstrated that all the 
Trichoderma isolates tested showed inhibitory effects against 
Lasiodiplodia theobromae ranged from 60-75% at 28±2 ºC 

temperature whereas the maximum inhibition (80%) was 
exhibited by  both T.koningii and T.viride (green strain) at 
32±2 ºC and 35°C temperature (Table I). In case of volatile 
metabolites, T.viride (green strain) showed maximum 
inhibition (33.3%) whereas non volatile and naturally 
untreated metabolites of fungal cultures did not perform 
any significant reduction of mycelial growth of L. 
theobromae (Table 1). The mode of action of Trichoderma 
spp. showed mycoparasitism and competition for space 
and nutrients in dual culture which are in agreement with 
Kotze (2008). The antagonistic potentiality of 

Trichoderma spp. against Lasiodiplodia theobromae was 
also reported by earlier workers (Mortuza and Ilag, 1999, 
Yadav & Majumdar, 2005, Kunz, 2007). Mortuza and Ilag 

(1999) cited that T.harzianum exhibited the greatest 
inhibition in dual culture, whereas Yadav & Majumdar (2005) 
reported that T. viride was more effective than T. harzianum.

Volatile metabolites from Trichoderma viride only inhibit 
(33.3%) the growth of fungi, Lasiodiplodia theobromae. 
Present findings have partially conformity with the results 
of Kotze (2008) who reported 23.6% inhibition by T. 

atroviride. During present study, non volatile metabolites 
had no effects on Lasiodiplodia theobromae which 
contradict to results cited by John et al. (2004).

During present investigations fungicide Bavistin found 
effective to control Lasiodiplodia theobromae at 70 ppm 
than others used, whereas Dithane M-45 showed no 
significant effect at any concentration (Table 2). These 
findings are contradictory with Yadav & Majumdar 

(2005).
The aggressiveness of Trichoderma spp. studied varies 
more or less to previously mentioned workers. This 
might be due to difference in the characteristics of 
Trichoderma. 
So, to control the pathogen by using Trichoderma 
isolates is an environment friendly and non hazardous 
approach over chemical control. 
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