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ABSTRACT: In the present investigation potential fungal and bacterial antagonists were tested under laboratory and field conditions 
against the phytopathogen Fusarium moniliforme var. subglutinans Sheldon, causing Pokkah Boeng disease of sugarcane. Different strains 
of fungal anatagonists viz; Trichoderma spp. (strains TCMS36, TCMS43, Th3, TCMS9, Th14) and bacterial antagonists viz; Pseudo-
monas fluorescens (strains Psf173 and Psf02) and Bacillus sp. were tested against the pathogen under in vitro conditions by employ-
ing dual culture technique and volatile assay. The results from dual culture revealed that TCMS36 showed the maximum radial growth 
inhibition i.e., 73.33 per cent followed by Th14 (69.01%), Psf02 (68.33%), Th3(66.04%),TCMS43 (64.7%), Bacillus sp. (63.95%) and 
TCMS9(63.74%). Volatile assay depicted that the maximum radial growth inhibition was found in TCMS36(70.01%) followed by TCMS9 
(60.10%), Th3 (57.25%), Th14 (55.36%), Psf02 (50.83%) and Bacillus sp. (51.79%), while minimum growth inhibition was observed in 
Psf173 (40.49%). Further studies were conducted in field, where, Th 14, Psf02 and the consortium of both (Th 14+Psf 02) were tested 
through sett treatment. The minimum disease incidence was observed in the treatment where setts were treated with P. fluorescens (Psf02) 
followed by consortium (Th 14+Psf 02) and Th 14 i.e. 0.92%, 1.51% and 5.53%, respectively. The findings from research conclude that 
the fungal and bacterial antagonist strains can exert an inhibitory effect on the radial growth of Fusarium sp. as well as reduce the disease 
incidence in field. Application of these antagonists in field could be a better management tool without having to depend on hazardous 
chemicals.
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INTRODUCTION

 Pokkah boeng disease of sugarcane is a potentially de-
structive disease affecting the quality and yield of the crop. 
Pokkah boeng, a Javanese term denoting a malformed or 
distorted top, was originally described by Wakker and Went 
(1896) in Java. The pathogen Fusarium moniliforme var. 
subglutinans Sheldon, is the causal organism for the dis-
ease. Disease incidence was observed from trace to moder-
ate level on most of the commercial varieties grown in India 
but the severity was high in Uttar Pradesh and Maharashtra 
(Duttamajumdar, 2004). The yield losses due to Pokkah 
boeng disease depend on the varieties of crop grown and 
vary from 5 to 90 percent in some cultivars. The disease 
normally appears during periods of hot humid conditions 
when the cane is growing rapidly, from late spring to end 

of the summer. Infection takes place by air borne conidia, 
infected setts, splashed rains and soil (Vishwakarma et al., 
2013). The incisive management of the disease can only 
prevent the damage caused by the pathogen to the commer-
cial sugarcane varieties. As the infected sets are the car-
rier of the pathogen in the field, use of the sett treatment 
can be a suitable management practice. Various fungal and 
bacterial bioagents have the potential to control several soil 
borne diseases without taking the environmental and health 
issues at a risk. In the present investigation Trichoderma 
spp., Bacillus sp. and Pseudomonas spp. have been tested 
for their antagonistic potential against the phytopathogen 
and found effective for inhibiting the radial growth of path-
ogen under in vitro conditions as reported by the several 
scientists. Sharfuddin and Mohanka (2012) demonstrated 
that different isolates of Trichoderma, isolate-5 and 7 of Th, 
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2 and 18 of Tv and isolate 9 of Tk were found efficient for 
control of Fusarium oxysporum f.sp. lentis; causing wilt of 
lentil, a disease prevalent in Bihar. Raza et al. (2014) evalu-
ated the antifungal potential of volatile and non-volatile 
compounds of Trichoderma harzianum against Fusarium 
oxysporum in vitro and demonstrated that strain T. harzi-
anum strain SQR-T037 produced volatile compounds that 
can inhibit the growth of F. oxysporum f. sp. niveum  causal 
agent of Fusarium wilt of watermelon. Negi et al. (2014) 
confirmed that seed treatments with bioagents T. harzi-
anum, Pseudomonas fluorescens and T. harzianum + P. 
fluorescens in vegetable pea were found to be superior 
to control Rhizoctonia solani, Fusarium solani and their 
complex over untreated control in disease severity param-
eter. Thus, in the present study we focused on the identifi-
cation of most effective bioagent against Fusarium sp. hav-
ing maximum antagonistic potential against the pathogen, 
F. moniliforme var. subglutinans by employing the volatile 
assay and non volatile assay and use of the bioagents for 
sett treatment to see the impact on disease incidence under 
field conditions.

MATERIALS AND METHODS

Isolation of Pathogen

Samples or specimens of Pokkah boeng were obtained 
from the Sugarcane Pathology block of Norman E. Bor-
loug Crop Research Centre, Pantnagar, 2014. Canes ex-
hibiting clear cut symptoms of the disease viz., Chlorosis, 
Top rotting and Knife cut  were collected and brought to 
the laboratory for isolation of the pathogen (fungus). The 
diseased parts of leaves and top rotted cane were cut into 
small pieces from the margin of the lesion along with 50 
per cent of the healthy tissue, they were surface sterilized 
with 2 per cent sodium hypochloride solution for about 1 
min and the pieces were transferred into Petri dishes con-
taining sterilized distilled water and washed thoroughly. 
Washed pieces were dried on sterilized blotter paper. Four 
surface sterilized pieces were placed onto potato dextrose 
agar (PDA) in Petri plates under aseptic conditions. Inocu-
lated Petri dishes were then incubated at 25±2 ºC in BOD 
incubator for 7 days to get full growth of fungus. At the end 
of incubation period, the minute fungal growth was cut with 
the help of inoculation needle and transferred in the slants 
of PDA medium. Then these inoculated slants were kept in 
BOD incubator at 25±2 ºC temperature for further growth.

In Vitro Assessment of Antagonists

Dual Culture Assay

For fungal antagonist

Trichoderma harzianum isolates viz; TCMS36, 

TCMS9, Th3, TCMS43 and Th14 were tested for their an-
tagonistic effect against Fusarium moniliforme var. sub-
glutinans, by “Dual Culture Technique” as described by 
Morton and Stroube (1955) under in vitro condition. For 
the experiment, fifteen ml of sterilized melted PDA me-
dium was poured aseptically under Laminar Air Flow into 
sterilized Petri plates. 5 mm discs of the antagonist and the 
test fungus were cut from the edge of 7 days old culture by 
sterilized cork borer, was placed in Petri plates after solidi-
fication of the medium. The discs were placed in a straight 
line at distance of 1cm from the edges of Petri plates. Three 
replications were maintained for each treatment along 
with control. Then inoculated Petri plates were incubated 
at 25±2ºC and observations were recorded for next seven 
days, inhibition zone was estimated on the basis of formula 
given by Vincent (1947), Percent Inhibition (PI) = C-T/C 
x 100 Where, PI = percent inhibition, C = Growth of test 
pathogen in absence of antagonist (cm), T = Growth of test 
pathogen in presence of antagonist (cm).

For bacterial antagonist

To evaluate the efficiency of bacterial antagonist viz; 
Pseudomonas fluorescens (Psf173,Psf02) and Bacillus sp. 
the bacteria was grown in PD broth and a disc of 5mm, 
dipped in bacterial suspension placed at one side of Petri 
plate containing PDA medium and on other side disc of 
the test pathogen was placed, leaving 1cm space from the 
edges. Then the plates were kept in incubator and observa-
tions were recorded by estimating inhibition zone by using 
Vincent’s formula as described earlier.

Volatile Assay

 For fungal antagonist

Antifungal volatile compounds assay was conducted 
in dual plates. The PDA (potato infusion 200g, dextrose 
20g, agar 15g in 1L of distilled water) medium was used 
to inoculate fungal antagonists in one plate except control 
plates and the other plates containing PDA medium was 
used for F. moniliforme var. subglutinans to test the growth 
inhibition of the volatile compounds. The pathogen con-
taining plate was placed over antagonist containing plate 
and both plates were sealed with parafilm and incubated at 
27±2⁰C for three days and then the diameters of the fungal 
growth on the plates were measured up to 3 days. The meas-
urement and the percentage of mycelial growth inhibition 
were calculated as described earlier. 

For bacterial antagonists

An overnight bacterial culture in broth was streaked 
onto a Nutrient Agar medium plate. The lid was replaced 
by a base plate of PDA containing a 0.5mm diameter agar 
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plug from an actively growing fungal mycelium of F. mon-
iliforme var. subglutinans. The two base plates were sealed 
together with Parafilm. Control sets were prepared without 
bacteria in the bottom plate. The diameters of the fungal 
colonies, on three replicates, were measured after 4 days 
incubation at 27±2⁰C temperature. The measurement and 
the percentage of mycelial growth inhibition we calculated 
as described earlier. 

Evaluation of bioagents in field

Sowing of sugarcane crop in field

Sowing was done on 04th April, 2014 at optimum soil 
moisture level for proper germination following the rou-
tine method of planting of sugarcane. Setts were planted 
in 2m rows (row-row distance was 0.75m) by conventional 
method of planting, maintaining 3 replications for each 
treatment in Randomized Block Design. Each plot was of 2 
rows and size of each plot was 2x0.75 sq.mt. 3 budded setts 
of the variety Co1148 were treated by dipping the setts for 
one hour in the solution of bioagents prepared in water be-
fore sowing as per following treatments. Carbendazim was 
used as positive check for the sett treatment as this chemical 
is recommended for the foliar spray in field to control the 
disease and is also used for the seed treatment to control 
many seed borne diseases.

Bioagents treatment

T1 : Trichoderma harzianum Th14 @15g bioagent in 
1litre water.

T2 : Pseudomonas fluorescens Psf02 @15g bioagent 
in 1 litre water.

T3 : T. harzianum Th14 + P. fluorescens Psf02 @ 7.5g 
each in 1 litre water.

Positive chemical check

T4 : Carbendazim 50WP   (Bavistin) @ 0.1 %.

Incidence of disease in natural condition 

The presence or absence of disease in field was iden-
tified on the basis of symptoms i.e., chlorosis, top rotting 
and knife cut, therefore, disease incidence was calculated 
as number of infected plants showing above mentioned any 
single symptom out of total numbers of sugarcane plants 
observed. The observations were recorded 150 days after 
sowing of the crop at fifteen days interval when canes were 
at their rapid growth stage till the fortnight of November 
when new infection of disease did not appear in field. Dis-
ease incidence is the percentage of diseased plants in the 
sample or population of plants. Estimation of the plant Dis-
ease incidence  was done by using the following formula:

Average No. of infected plants Disease Incidence 100
Total no. of plants assessed

= ×

RESULTS AND DISCUSSION

Dual culture technique is used for assessing the an-
tagonistic effect of different bioagents against the patho-
gen. While studying the interaction between the pathogen 
Fusarium moniliforme var. subglutinans and bioagents, 
the results of dual culture technique revealed (Fig. 1) that 
among the different bioagents Trichoderma harzianum 
strain TCMS 36 showed the maximum per cent inhibi-
tion in radial growth of pathogen which was 73.33 per 
cent followed by the strain Th14 (69.01%), Pseudomonas 
fluorescensstrain Psf02 (68.33%), Th3 (66.04%), TCMS36 
(64.70%), Bacillus sp. (63.95%), TCMS9 (63.74%) and 
Psf173 was found least effective showing per cent growth 
inhibition of 51.74 per cent. In case of bacteria P. fluores-
cens Psf02 was found to be  more effective than the Bacillus 
sp. The results on volatile assay (Fig. 1) revealed similar 
trend and maximum per cent growth inhibition i.e., 70.01 
per cent was recorded by T. harzianum strain TCMS 36 fol-
lowed by TCMS9 (60.10%), Th3 (57.25), Th14 (55.36%), 
TCMS43 (53.63%), Psf02 (51.83%), Bacillus sp. (51.79%) 
and Psf173 was found least effective showing minimum 
growth inhibition of 40.49 per cent as compared to others. 
It was found that all the biological agents have good poten-
tial to reduce the growth of the pathogen either by direct 
parasitism or through utilizing their volatile compounds. 
It can be concluded that T. harzianum strain TCMS36 and 
P. fluorescens strain Psf02 were significantly effective and 
both of them can be utilized to control the pathogen. The 
results observed from the volatile assay were following 
the same trend of inhibiting the growth of pathogen as in 
case of dual culture. Observation in Table 1 shows that the 
consortium of the fungal and bacterial antagonist is effec-
tive in getting the maximum yield i.e.48.35 kg/plot with 
increase in other attributes of the crop yield i.e. increase in 
cane length and weight, significantly higher yields were ob-
tained in all the other treated T. harzianum Th14 (38.13 kg/
plot), P. fluorescens Psf02 (43.22 kg/plot), fungicide (32.27 
kg/plot) when compared to control (28.80 kg/plot). The 
bacterial antagonist individually showed the least disease 
incidence i.e., 0.92% as compared to other treatment where 
the disease index observed was 1.51, 5.53, 9.25 and 1.70% 
for consortium, T. harzianum Th14, control and positive 
control, respectively. Control plot showed the maximum 
disease incidence. A significant increase in the brix value, 
sucrose content, juice purity and CCS percent was observed 
in the canes where sett treatment was given with the bioag-
ents when compared with the control and positive check. 
Maximum brix per cent was observed in canes where sett 
treatment was done with Trichoderma harzianum Th14 
i.e., 20.06% and least was observed in case of control i.e., 
19.66%. These bioagents are not only effective in disease 
control, but also play important role in increasing the yield 
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of the sugarcane crop.

Fig. 1. Per cent mycelial growth inhibition of Fusarium mon-
iliforme var. subglutinans Sheldon, by antagonists 
Trichoderma harzianum, Pseudomonas fluorescens 
and Bacillus sp. by employing dual culture and vola-
tile assay techniques.

Sugarcane is a very important crop for the country like 
India and disease management of such crop is very impor-
tant to reduce the yield losses. Pokkah boeng disease can 
become a devastating disease in future. Management of this 
disease has become a challenge for the scientists. In recent 
years, use of bioagents has been gaining more attention. 
Among the bioagents Trichoderma spp. is the most widely 
studied against plant pathogens because of their ability to 
reduce the population of soil borne plant pathogens (Papa-
vizas, 1985). Pseudomonas fluorescens has also proved to 
be a successful bioagent as it can manage the phytopatho-
genic microbes. The potential of Bacillus spp. as biological 

control agents has been previously reported by several sci-
entists (Korsten et al., 2000). Results of dual culture assay 
and volatile metabolites of Trichoderma spp., P. fluorescens 
and Bacillus sp. indicate that the tested bioagents were ca-
pable of inhibiting the growth of Fusarium moniliforme var. 
subglutinans. Dal Bello et al. (1997) studied the volatile 
compounds produced by Trichoderma sp. against various 
phytopathogenic fungi and suggested the inhibitory vola-
tiles of Trichoderma sp. as one of the possible mechanism 
of biological control. Previous studies have demonstrated 
that before the mycelial interaction, Trichoderma sp. pro-
duces low quantities of extracellular exochitinases (Kullnig 
et al., 2000; Brunner et al., 2003). The diffusion of these 
enzymes dissolves cell fragments of host cells. These cell 
fragments in turn induce the production of further enzymes 
that trigger a cascade of physiological changes, stimulat-
ing rapid and directed growth of Trichoderma spp. (Zein-
inger et al., 1999). The volatile test showed results were in 
accordance with Sivasithamparam and Ghisalberti (2002) 
which indicated that different species of the same family 
and different strains of the same species often can produce 
significantly different compounds. Sett treatment with bio-
agents makes the plant somewhat resistant to the disease 
through the induction of defense mechanism of the plant 
and by increasing the vigor of the plant that leads to the 
reduced disease incidence and increased yield. The find-
ings of sett treatment are in accordance with the earlier 
work done by Khan et al. (2004), Akrami et al. (2012), 
Mohamedy and Alla (2013), Sundaramoorthy and Bala-
baskar (2013) and Negi et al. (2014) where they all re-
ported that use of biocontrol agents not only decreases 

Table 1. Effect of bioagents on disease status and yield of sugarcane
Treatments Disease 

incidence 
(%)

Av. No. 
of clumps 
Per plot

Av. No. of 
millable 
canes Per 
plot

Av. 
Cane 
ht (m)

Av. 
Cane wt 
(kg)

Brix % Su-
crose%

Juice 
Purity 
%

CCS % Cane 
Yield
(kg/
plot)

Trichoderma harzi-
anum Th 14

5.53 14 44.33 3.08 0.86 20.06 18.91 93.80 13.43 38.13

Pseudomonas fluores-
cens Psf02

0.92 16.67 49.12 3.03 0.88 19.76 18.71 94.02 13.31 43.22

Trichoderma harzi-
anumTh 14+Pseu-
domonas fluorescens 
Psf02

1.51 18 54.33 3.11 0.89 19.86 18.04 90.97 12.64 48.35

Control 9.25 10.33 28.00 2.13 0.6 19.66 17.01 86.03 11.61 28.80

Carbendazim 1.70 12.66 37.53 2.85 0.86 19.70 16.41 78.93 10.19 32.27

CD at 5%  00 .93 2.63 4.96 0.31 0.10 0.49 1.29 1.45 1.04 1.97

CV 13.08 6.05 5.69 5.51 18.82 1.25 3.52 0.79 4.12 2.71
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the disease severity but also increases plant vigor and 
ultimately increasing the total yield. Although they have 
worked on other host crops like bean, tomato, vegetable 
pea etc. means other than sugarcane, but their work has 
already proved that fungal as well as bacterial bioagents 
like  Trichoderma harzianum, Bacillus subtilis and Pseu-
domonas fluorescens have the capacity to suppress soil 
and seed borne plant pathogens. These bioagents have 
also been exploited for improving the soil health and thus 
improving the plant biomass and ultimately affecting the 
crop yield. Because Pokkah boeng disease of sugarcane 
is recently reported from the area and not much work has 
been done to manage the disease so, the data obtained 
from this experiment could prove a new way for integrat-
ed disease management practice not only in reducing the 
disease incidence but also in improving the crop yield. 
For tarai area Pokkah boeng is new emerging disease and 
through the studies conducted, biocontrol agents can be 
explored for the management of this disease. Therefore, 
the study establishes the potential use of T. harzianum, P. 
fluorescens and Bacillus sp. for controlling Pokkah boeng 
caused by F. moniliforme var. subglutinans. Though, further 
studies are necessary in the characterization and usability 
of volatile metabolites, in which biotechnology may offer a 
promising solution.
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