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Abstract 

Antagonistic and plant growth promoting microorganisms isolated from plant rhizospheres were selected for 

pathogen inhibitory potential and ability to control disease and promote plant growth singly and in consortium. The 

bioinoculants appreciably achieved good growth promotion in jute. In pot trial the selected bioagents reduced jute 

stem and root rot disease incidence caused by Macrophomina phaseolina up to 27-37%. Plant biomass and fibre yield 

enhanced by 43-84% and 5-24%, respectively. Diseases of jute reduced significantly (p=0.05) with different 

bioagents in field evaluation with maximum reduction of 39% by combined seed treatment of Azotobacter and 

Trichoderma. Plant biomass increased from 26-79%. Fungal consortia (Trichoderma+Gliocladium+Aspergillus) 

combined produced 36.9 qha-1 jute fibre. Mass culture media for fungal and bacterial bio-agents were developed with 

cheap and easily available raw materials. Wheat bran + rice husk + saw dust, and wheat bran + rice husk yielded 

maximum fungal biomass and sporulation of Trichoderma, Gliocladium and Aspergillus. Unpolished rice starch + 

yeast cake + MgSO4 + KH2PO4 produced good growth of Pseudomonas isolates. Talc and fly ash based seed dressing 

and soil based inoculant formulations with the bioagents were field evaluated. Disease occurrence reduced 

significantly from 15-39% by pre sowing seed dressing and soil application 15 DAS (days after sown) with 

formulations. Plant biomass enhanced up to 46-68%. Talc and fly ash based fungal consortium with Azotobacter 

increased fibre yield 36 and 32% respectively. The benefit cost ratio was maximum for talc and fly ash based seed 

dressing fungal consortium formulates.  
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Introduction 

In the scenario of modern agriculture and 

socioeconomic condition, to satisfy the demand of ever 

exploding population of 1.3 billion, intensive farming 

practices with the introduction of high yielding 

varieties (HYV) of crop plants and the use of chemical 

fertilizers and pesticides to save the crop from diseases 

and insect pest infestation is effectual in India. 

Nonetheless, cost of agricultural produces has been sky 

rocketed owing to abundant use of fertilizer and 
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agrochemicals whereas, indiscriminate use of chemical 

pesticides and fertilizer contaminate the environment, 

causing ozone depletion, perilous effect on soil health, 

water resources, damage of soil’s micro-ecological 

balance and disease spread in soil, the residual effect of 

the agrochemicals is hazardous on population health. 

Moreover, it imposes threat to resurgence of pesticide 

resistant pathogens, lyses of beneficial organisms and 

causes environmental pollution. Therefore, an effective 

eco-friendly safer alternative approach with the advent 

of present day innovative biotechnology is inevitable. 

In recent years much attention has been given on the 

antagonistic, hyper-parasitic fungi and plant growth 

promoting rhizobacteria (PGPR) and fungi (PGPF) in 

biological control and development of microbial 

pesticide (Kloepper, 1993; Raupach and Kloepper, 

1998; Weller, 2007; Reddy and Reddy, 2009; Samavat 

et al., 2014). Among the bast fibre crops jute 

(Chorchorus olitorius L. and Chorchorus capsularis 

L.) is most important cash crop pivoting Indian 

economy. It is mainly cultivated in Bangladesh, China, 

India, Nepal and Thailand over 9 lakh ha. This fibre is 

used for making bags, decorative, textiles and 

geotextiles, and its sticks are also used for fuels, door 

panels of automobiles, and for making false ceiling 

boards. Nearly 12-15% of the jute products are 

exported to about 20 countries of the world earning 

foreign exchange of Rs. 2000 crores per annum, and the 

trend is on increase. India produced in an average about 

8842 (in ‘000 bales of 180 kg per bale) jute in the year 

2015-2016 (Directorate of jute development, Ministry 

of Agriculture, Government of India/ 

www.jutecomm.gov.in). Of the total jute production in 

India, 73% of jute is produced alone in the state of 

West Bengal.  

Stem and root rot disease complex in jute caused 

by Macrophomina phaseolina (Tassi.) Goid. is 

throbbing problem for control. Macrophomina 

phaseolina (Tassi.) Goid is an omnipresent soil and 

seed borne wide spread fungal pathogen causing 

diseases in several important agricultural crops. In jute 

(both Chorchorus olitorious L. and C. capsularis L.) 

the pathogen incites disease complex viz. seed rot, 

collar rot, seedling blight, stem rot and root rot in 

various stages of growth of the crop from seedling till 

harvest. Infestation of M. phaseolina on jute crop 

results loss in fibre yield around 11-20% together 

affecting the fibre quality to its commercial value 

(Bandopadhyay et al., 2008). Under the influence of 

conducive predisposing factors the mortality of jute 

plant may rise from 60-80% with root rot disease 

caused by Rhizoctonia bataticola (Taub.) Butler (=M. 

phaseolina) (Anonymous, 2006). In the present study, 

with the objective of finding alternatives for synthetic 

chemicals in the disease management and higher crop 

yield, several fungal and bacterial antagonists including 

PGPR and biofertilizer isolated from native rhizosphere 

soil of the host plant, potent in inhibitory properties 

against highly virulent strains of Macrophomina 

phaseolina and having qualities of plant growth 

promotion is evaluated as bio-inoculants and bio-

regulators under green house as well as in field 

conditions as a biological approach. Selection of 

cheaper substrates for mass multiplication of the bio 

agents by solid and liquid culture is also emphasized in 

the study and finally low cost bio-formulations were 
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prepared with the potential bioagents to achieve 

economic sustainability. 

Materials and Methods 

Selection of Biocontrol Agents (BCAs) 

Fungal isolates of Trichoderma viride Pers. Ex 

S.F. Gray. JPT1 and JPT9, Gliocladium virens (Miller 

et al.) von Arx JPG1, Gliocladium sp JPG4, Aspergillus 

niger Van Tieghem. AN15, A26 and AN27, and 

Aspergillus fumigatus Fries. A7 and six PGPR 

including fluorescent Pseudomonads Psfl1, Psfl2, 

Pseudomonas striata Pst1, Pseudomonas glumae Psgl1, 

and N fixer Azotobacter chrococcum Azbc2 and Azbc5 

were isolated from rhizosphere and rhizoplane of jute 

plant. All the bio agents were identified, indexed and 

accessioned from Indian Type Culture Collection 

(ITCC), ICAR, New Delhi as well as National Bureau 

of Agriculturally Important Microorganisms (ICAR-

NBAIM), Kushmaur, Mau, India. The bioagents were 

selected on the basis of their antagonistic potential for 

inhibition of Macrophomina phaseolina (Tassi) Goid. 

against the highly virulent pathotype R9 in dual culture 

singly or in combination (Bells et al., 1982; 

Bandopadhyay et al., 2004) and production of volatile 

and nonvolatile compounds (Bandopadhyay et al., 

2008), siderophore, mycolytic cell wall degrading 

enzymes (CWDE), and antibiotics against the 

pathogens. The selected BCAs also produced growth 

hormones like IAA and fixed nitrogen and had 

phosphate solubilizing ability (Bandopadhyay et al., 

2009). The developed consortium had phosphate 

solubilizer, nitrogen fixer, growth hormone producer 

and antagonist fungi. 

 

 

Screening of Biocontrol agents in Pot Culture  

For pot culture, all the selected fungal BCAs were 

inoculated with 6 mm mycelial disc cut out from the 

growing margin of the 5 days old fungal culture in 250 

ml flask containing 50 ml Potato Dextrose Broth and 

incubated at 27±1oC for 10 days in BOD incubator. The 

bacterial BCA Pseudomonas was grown in King’s B 

broth medium, P. striata in Pikovskaya’s broth medium 

and Azotobacter in JNF mannitol broth medium. 50 ml 

broth media contained in 250 ml flasks were inoculated 

with 1 ml of bacterial inoculums from mother culture 

initially prepared by inoculating a loop full of bacterial 

cultures in 50 ml of respective broth media and 

incubated for 3 days. The flasks were incubated for 3 

days in incubator shaker at 30±1oC, at 200 rpm. Field 

soil was steam sterilized in autoclave for 3 alternative 

days. Urea and single super phosphate @ 40:20 kg ha-1 

(N: P; recommended dose) were added to the soil in 30 

cm diam. pots.  The soil was made sick with 50 g of 

Macrophomina phaseolina (R9) inoculum per pot 

prepared in old jute seed medium. 50 ml metabolites of 

each BCA with fungal mat or bacterial slurry were 

mixed with the soil in each pot. Jute seeds of variety 

JRO 524 were sown in separate sets. Untreated control 

pots were kept under each set of experiments. Seven 

days old seedlings were thinned out to keep 20 

seedlings per pot maintained in green house condition. 

Disease counts were taken at 15 days interval till 

harvest after 100 days. The method of assessment of 

disease incidence in terms of percentage was applied 

for the stem and root rot disease in jute which 

completely destroyed the stem and root tissues leading  

 



Anuradha and Nirmalendu, 2017 

www.currentsciencejournal.info 

 

 

to complete fall of the plant. Percent disease incidence 

was calculated using the following formula: 

 Percent disease incidence =               

Number of infected plants x 100  

Total number of plants observed 

Plant height, base diameter, fresh weight, biomass dry 

weight, fibre weight of single plants was recorded from 

10 jute plants in each treatment including control. The 

pots were kept under controlled condition in green 

house suitable for the growth of test crops.  

Evaluation of bioagents in field condition 

Experiment was conducted to evaluate biocontrol 

and plant growth promoting potential of selected 

bioagents on jute (c.v. JRO 524) in field conditions. 

Sixteen treatments with 3 replications in each micro-

plot (size 2.5 x 1.2 m = 3 m2) were designed in RBD 

during kharif season between early May to early 

August when temperature ranges between 30-35oC. 

During land preparation urea and single super 

phosphate @ 40:20 kg ha-1 (N: P) (recommended dose) 

was applied. Fertilizer amended and non-amended plots 

were considered as standard practice and control plots 

respectively. Plots were made sick in lines (total five 

lines) with 100 g of Macrophomina phaseolina (R9) 

inoculums prepared in old jute seed medium.  The 

selected fungal antagonist Trichoderma viride (JPT1), 

Gliocladium virens (JPG1), Aspergillus niger (A26) on 

the basis of  antagonistic and plant growth promoting 

potential in green house were grown in 90 mm PDA 

plates for 10 days at 25±1oC. Pseudomonas fluorescens 

(Psfl1), P striata Pst1 and Azotobacter Azbc2 were 

grown in King’s B, Pikovskaya’s broth, Yeast Mannitol 

broth and Azotobacter commercial media respectively 

for 72 hrs at 30±1oC in incubator shaker at 150 rpm. 

All the bioagents were applied singly, in fungal and 

bacterial consortium or with Azotobacter in 1:1 ratio. 

Seed dressing was done by mixing 100 g jute seed with 

the spores of fungal BCA grown in 20 ml PDA medium 

in 90 mm diameter Petri plate or 50 ml slurry of 

bacterial agents. Seeds were pelleted with 2.5 g each of 

Carboxy- methyl cellulose sodium salt (CMC) and 

molasses for better adherence as well as nutrient 

supplement. The pelleted seeds were air dried in shade 

before sowing or kept in BOD at 25oC for 12-24 hrs for 

priming. Seeds were sown in lines lengthwise in a plot 

having five lines in each plot at 30 cm apart. After two 

weeks, seedlings were thinned out to keep 20 seedlings 

in a line and 100 seedlings per plot at a distance of 10 

cm between seedlings. Disease counts were taken at 15 

days interval till harvest after 100 days. Plant height, 

base diameter, fresh weight, biomass dry weight, fibre 

weight of single plants were recorded from 10 plants in 

each replication (total 30 plants per treatment) 

including control. 

Mass culture of fungal BCAs 

Trichoderma, Gliocladium and Aspergillus were 

mass multiplied in low cost mass culture media both in 

solid state fermentation process for growth and 

sporulation for preparation as seed dressing formulation 

and liquid state fermentation for preparation of soil 

inoculant. In solid state process cheap, easily available 

sources like wheat grain, cracked wheat grain, wheat 

bran, rice, rice husk and saw dust mixed with yeast 

cake, molasses and tap water in thirteen different 

combinations were screened for maximum growth and 

sporulation of the selected fungal BCAs. Fifty grams of 

each media in 250 ml conical flasks were sterilized at 

121oC for 20 mins. Moisture content of the media was 
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kept 65%. Five ml fungal spore suspension of the 

selected BCAs containing 1x105 spores ml-1 was 

prepared from 10 days old culture  as mother culture 

grown in PDA medium and the flasks were inoculated 

with 1 ml of spore suspension and incubated for 10-15 

days in room temperature. Finally fungal biomass in g/ 

100 g of medium was measured and cfu was counted in 

haemocytometer for each treatment. Yeast molasses 

medium was used to grow the selected fungal bioagents 

in Roux bottle and inoculated with 5 ml spore 

suspension. Roux bottles were incubated for 15 days at 

room temperature. 

Mass Culture of Bacterial BCAs 

Mass culture medium for Pseudomonas was 

developed with coconut water (Mathew, 2003), 

unpolished and polished rice starch, wheat grain extract 

and molasses supplemented with peptone, yeast extract, 

MgSO4, and KH2PO4, or in King’s B medium. The pH 

of all media were adjusted to 7.0 by adding calcium 

carbonate @100 g/L. These media were then sterilized 

at 121oC for 15 mins. One loop-full of each bacterial 

culture was transferred in 50 ml King’s B broth 

medium in 150 ml flasks and incubated for 48 hrs in 

incubator shaker at 30±1oC to prepare mother culture 

inoculum. 4 ml inoculums were then transferred in 100 

ml of above mentioned media in 250 ml conical flasks 

and grown for 72 hrs with constant shaking. Similarly 

Azotobacter was grown in Azotobacter commercial 

medium with sucrose, Phosphate solubilising bacteria 

(PSB) Pseudomonas striata in Pikovskaya’s medium.  

Preparation of Soil inoculants with fungal and 

bacterial BCAs 

Soil inoculants of Trichoderma, Gliocladium and 

Aspergillus were prepared with fungal biomass and 

metabolites of 15 days growth mixed with finely 

ground sterilized soil at 1:10 ratio (v/w) and 

supplemented with 50 ml (5%) molasses solution. The 

mixture was air dried or moistened with water. The 

final product was packed in polythene bags and stored 

for four months containing not less than 25x106 cfu g-1 

and not more than 20-25% moisture. The bacterial 

cultures grown in respective mass culture mixed with 

finely ground 1 kg of sterilized soil (1:10 ratio v/w) 

supplemented with molasses solution (10%) and 

carboxy- methyl cellulose sodium salt powder. The 

final preparation contained bacterial population 12x107 

cfu g-1 soil with shelf life of 4-6 months and not more 

than 20% moisture. For seed dressing, bacterial 

population was kept 25x107 cfu g-1 in soil based 

formulation. In bacterial consortium each bacterial 

slurry was mixed @ 5x107 cfu g-1 soil to keep final cell 

count 15x107 cfu ml-1. In fungal and bacterial 

combination, fungal biomass and metabolite with spore 

count given was 7.5x107 cfu g-1 and bacterial cell load 

was given as 7.5x107 g-1 of soil to make the final conc. 

15x107 cfu g-1 soil. 

Preparation of seed dressing dry spore formulation 

with fungal BCAs 

For preparation of dry spore seed dressing 

formulation, 500 ml flasks containing 100 g of solid 

mass culture medium was inoculated with 1 ml fungal 

spore suspension and grown for 2 weeks in room 

temperature. To prepare 1 kg of fungal dry spore seed 

dressing formulate 100 g talc or fly ash was added to 

100 g mass culture media in flasks, ground and mixed 

in blender. Then 750 g of talc/fly ash and 50 g carboxy- 

methyl cellulose sodium salt powder in 20:1 ratio 

(w/w) was added to make the final concentration 
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10x107 cfu g-1. In fungal consortium the final load of 

fungal spore was kept 15x107 cfu g-1. The product was 

packed in polyethylene bags and stored for 4-6 months 

to determine shelf-life. Moisture content was not more 

than 20-25% in the final preparation.   

Evaluation of bioagent formulations under field 

condition 

Field trial was conducted to evaluate the efficacy 

of the biopesticide and bioferilizer formulations in 

disease suppression and plant growth promotion in jute 

crops. Widely used jute cultivar JRO 524 was selected. 

Twelve treatments with 3 replications in each treatment 

was conducted in micro-plots (plot size 2.5 x 1.2 m=3 

m2), designed in RBD from early May to August in sick 

plot. During land preparation urea and single super 

phosphate @ 40:20 kg ha-1 (N: P; recommended dose) 

was added. Both recommended fertilizer amended plot 

and non-amended fallow plots were considered as 

standard, and control plots. All the talc, fly ash or soil 

based formulations of Trichoderma viride, Gliocladium 

virens, Aspergillus niger, Pseudomonas fluorescens, P. 

striata, Azotobacter and Rhizobium were applied singly 

or in consortium. Seed dressing was done by mixing 

100 g seed with 10 g talc/fly ash or soil based 

preparation of fungal and bacterial BCA. Seeds were 

pelleted with 2.5 g each of carboxy- methyl cellulose 

sodium salt powder (CMC) and molasses for better 

adherence as well as nutrient supplement and kept in 

BOD incubator at 25oC for 24 hrs for seed priming. The 

sprouted seeds were sown in field in lines and seedlings 

were thinned out to keep 20 plants in a line. Disease 

counts were taken at 15 days interval till harvest. Fresh 

weight, dry weight and fibre yield of plants were 

recorded from 10 plants in each replication (total 30 

plants per treatment) including control at harvest after 

100 days. 

Statistical analysis  

Each data represented were means of three 

replicates. The statistical analysis of all the data were 

subjected to one-way ANOVA. 

Results 

It is envisaged from table 1, that incidence of jute 

root rot and stem rot was reduced significantly 

(p=0.05) from 27-37% with the BCAs under controlled 

greenhouse condition in pot culture. Maximum disease 

control 36.67% was achieved by Trichoderma viride 

JPT1 followed by Pseudomonas fluorescens Psfl1 

33.95% and Gliocladium virens JPG1 32.72% over 

control. Plant biomass and fibre yield enhanced by 43-

84% and 5-24% with the BCAs, achieving maximum 

biomass increase 83.83% and fibre yield 35.6q ha-1 with 

JPT1. Psfl1 increased plant biomass by 77.8% followed 

by Aspergillus niger A26 76.16% over control. JPG1 

achieved fibre yield 33.4 qha-1 followed by Azotobacter 

Azbc5 32.7 qha-1, Pseudomonas striata Pst1 32.3 qha-1, 

A26 and Azbc-2 30.5 qha-1 and Psfl1 30.2 qha-1. JPT1 

appeared best in disease control, biomass and fibre 

yield increase, followed by fluorescent Pseudomonas 

Psfl1. 

All the selected bioagents were evaluated in field 

condition for their biocontrol and plant growth 

promoting potential on jute. Stem rot and root rot 

diseases of jute reduced significantly (p = 0.05) by 

16.3-38.8% with different bioagents (Fig. 1A, B and 

C). Maximum reduction was up to 39% by Azotobacter 

and Trichoderma viride combined application. Next in 

order was fungal bioagents in combination reduced 

stem and root rot incidence by 37.7% over control.  
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Fig. 1. A. Effect of bioagents on disease incidence and control of jute under field condition. B. Effect of bioagents on 

plant biomass and biomass increase in jute under field Condition C. Effect of Bioagents on fibre yield and yield 

increase in jute under field condition.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

T1 = JPT1, T2 = JPG1, T3 = A26, T4 = Psfl1, T5 = Pst1, T6 = Azbc2, T7 = Azbc2+JPT1, T8 = Azbc2+JPG1, T9 = 

Azbc2+A26, T10 = Azbc2+Psfl1, T11 = Azbc2+Pst1, T12 = JPT1+JPG1+A26, T13 = Azbc2+Psfl1+Pst1, T14 = 

JPT1+JPG1+A26+Azbc2+Psfl1+Pst1, T15 = N40 P20 K0,  T16 = Control 
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Plant biomass increased from 26.0-78.9%, highest 

78.9% with T. viride and Azotobacter combined. P. 

striata Pst1 with Azotobacter Azbc2 also increased 

plant biomass by 56.9% over control. Biomass increase 

was lower but fibre yield enhanced from 23-34.5% by 

different bioagents with maximum 37.0 q/ha by T. 

viride (i.e.) 34.5% over control. Fungal consortia 

combined produced 36.9 q/ha fibre (34.2% yield 

increase). Trichoderma and Psfl1 with Azotobacter 

combined produced 36.5 and 35.0 q/ha fibre (32.7 and 

27.3% yield increase).   

Trichoderma, Gliocladium and Aspergillus were 

mass multiplied in low cost mass culture media in solid 

state fermentation process for growth and sporulation 

for preparation as seed dressing formulation. Cheap and 

easily available sources like wheat grain, cracked wheat 

grain, wheat bran, rice, rice husk and saw dust mixed 

with yeast cake, molasses and tap water in thirteen 

different combinations were screened for maximum 

growth and sporulation of the selected fungal BCAs 

(Table 2). Wheat bran + rice husk+ saw dust, rice + 

yeast + molasses, and wheat bran + rice husk yielded 

maximum fungal biomass 26.44 g, 26.02 g, or 26.00 g 

per 100 g of solid media in T. viride. Sporulation was 

maximum, 10.6x108 ml-1 cfu in wheat bran + rice husk, 

10.45x108 ml-1 cfu in rice + yeast + molasses and 

9.43x108 ml-1 cfu in wheat grain + dextrose + yeast. 

Rice + yeast + molasses supported maximum growth of 

Gliocladium virens by 52.06 g per 100 g of solid 

media. Sporulation of Gliocladium was maximum in 

wheat bran + rice husk 63x108 ml-1 c.f.u. medium. 

Combination of wheat bran + rice husk + saw dust 

supported growth and sporulation of Aspergillus niger  

 

up to 35 g and 52.23x108 ml-1 cfu respectively. Among 

seven types of broth media screened for mass culture of 

Pseudomonas, unpolished rice starch + yeast cake + 

MgSO4 + KH2PO4, and matured coconut water + 

peptone (0.5%) media were found better in producing 

20x106 and 18x106 cfu ml-1, respectively in all the 

Pseudomonas species (Table 3). Azotobacter 

commercial medium with sucrose was better for growth 

of Azotobacter sp. (i.e.) 25x106ml-1 population. 

Pikovskaya’s medium supported fermentation and 

growth of phosphorus solubilizing bacteria 

Pseudomonas striata Pst-1 36x106 ml-1.  

Field evaluation for the efficacy of all the 

biopesticide and bioferilizer seed dressing talc/fly ash 

formulation and soil inoculants in disease suppression 

and plant growth promotion in jute crops was 

conducted. Results showed reduction of stem and root 

rot diseases of jute significantly (p=0.05) from 15.7-

39.4% by pre sowing seed dressing and soil application 

15 DAS (days after sown) with bioagent formulation. 

Maximum disease control 39.40% manifested with talc 

based fungal consortium. Next in order was soil based 

Pseudomonas fluorescens Psfl1 formulation in 

combination with fly ash based fungal consortium 

controlling disease up to 36.8% over control. Plant 

biomass increased significantly (p=0.05) 68.2% by soil 

based formulation of  fluorescent Pseudomonas and 

46.2% by talc based fungal consortium as compared to 

farmer’s practice of 32.7%. Talc based fungal 

consortium achieved highest fibre yield significantly 

(p=0.05) of 34 q/ha and Gliocladium formulation of 33 

q/ha. Fly ash based fungal consortium in combination 

with soil based Azotobacter  preparation achieved  fibre  



 

Table 1. Effect of bio-agents on disease incidence, plant biomass and fibre production in jute under controlled 

greenhouse conditions  

 

 

 

 

 

 

 

 

 

Soil application:  Azbc 2= Azotobacter chrococcum, Azbc 5= Azotobacter sp Psfl 1= Fluorescent Pseudomonas, 

Psfl2=Pseudomonas fluorescens Pst1= P. striata Psgl=P .glumae JPT1 = Trichoderma viride JPT9=T viride 

JPG1=Gliocladium virens JPG4= Gliocladium sp.  A7= Aspergillus fumigatus AN15= A. niger A26 = Aspergillus sp. 

AN27=Aspergillus niger  

Table 2. Selection of mass culture media for fungal bio-control agents (BCAs) 

WGC=Wheat grain cracked SD=Saw dust RH=Rice husk WB=Wheat Bran WG=Wheat grain M=Molasses Y=Yeast 

powder 

Bio-agents Disease                          

Incidence 

(%) 

Disease 

Control 

(%) 

Biomass 

Dry wt./pl. 

(g) 

Biomass 

Increase 

(%) 

Fibre 

Yield 

(q/ha) 

Fibre Yield 

Increase 

(%) 

JPT1 10.26 36.67 91.00 83.83 35.60    24.04 

JPT9 13.12 19.01 77.00 55.56 31.50          9.76 

JPG1 10.90 32.72 71.02 43.48 33.40    16.38 

JPG4 13.60 16.05 61.30 23.83 31.00          8.01 

A7 12.80 20.90 53.25       7.57 29.20          1.74 

AN15 14.20 12.35 64.57 30.44 29.13          1.50 

A26 11.50 29.00 87.20 76.16 30.50          6.27 

AN27 13.00 19.75 73.17 47.81 29.40          2.44 

Azbc2 13.40 17.28 74.10 33.20 30.50          6.27 

Azbc5 15.50 4.32 77.76 57.10 32.70    13.94 

Psfl1 10.70 33.95 88.00 77.80 30.20          5.23 

Psfl2 15.20  6.17 58.40 17.98 29.00          1.05 

Pst1 11.76 27.41 75.32 52.16 32.30     12.50 

Psgll 12.45 23.15 60.26 21.74 29.13          1.50 

N40 P20 K0 15.10  6.79 51.75 4.54 29.00          1.05 

Control 16.20 --- 49.50 --- 28.70 --- 

C. D. at 5% 4.820    85.745   17.414  

at 1% 6.459     114.894   23.333  

Mass culture 

media 

Trichoderma viride (JPT1) Gliocladium virens 

(JPG1) 

Aspergillus sp. 

(A26) 

Fungal Biomass 

(g/ 100 g of 

medium) 

cfu 

(X108 ) 

Fungal Biomass 

(g/ 100 g of 

medium) 

cfu (X108 ) Fungal Biomass 

(g/ 100 g of 

medium) 

cfu 

(X108 ) 

WGC+SD 10.84 3.75 12.66 31.25 12.04 40.25 

WGC+SD+Y+M 12.18 4.30 2.58 25.00            5.26 32.47 

RH+SD 22.50 4.00 17.72 18.68 15.80 29.00 

RH+SD+Y+M 17.40 3.55 11.84 34.63 18.91 37.21 

WB+SD 25.52 3.98 24.88 22.63 21.14 19.33 

WB+SD+Y+M 24.90 3.63 24.54 38.32 27.40 40.00 

WB+RH 26.00     10.59 24.88 63.00 32.78 42.36 

WB+RH+Y+M 20.48 6.60 22.10 35.71 28.34 50.10 

WB+RH+SD 26.44 5.37 26.52 38.33 35.00 52.23 

WG+M+Y 18.20 6.60 25.82 26.83             9.45 20.15 

WG+D+Y 24.10 9.43 19.62 17.13 13.50 28.70 

Rice+Y+M 26.02     10.45 52.06 27.78 10.00 18.00 

RH+M+Y 22.42 5.78 20.56 18.42 17.57 29.83 

Control (PDA) 21.12 5.70 15.96 30.43 20.93 39.56 

L.S.D. (0.05) 10.94 3.55 11.07 18.10 15.07 22.43 
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Table 3. Selection of mass culture media for bacterial BCAs 

 

 

 

 

 

 

 

 

 

 

Table 4. Evaluation of bioagent formulations in field condition on jute crop 

 

Treatment 

  Disease 

incidence 

(%) 

   Disease 

control 

(%) 

 Biomass 

dry wt/pt 

(g) 

    Biomass 

increase 

(%) 

   Fibre         

   yield 

(q/ha) 

    Yield 

increase 

(%) 

JPT1(Talc) 5.00 34.20 49.60 35.00 31.70 27.80 

JPG1 (Talc) 5.10 32.80 46.60 27.80 32.80 32.20 

A26 (Talc) 6.00 21.00 47.20 29.70 29.70 19.75 

JPT1 +JPG1 +A26 (FC) 

talc based 

4.60 39.40 53.30 46.20 33.60 35.70 

Azbc2 (soil based) 5.60 26.30 52.59 45.00 31.90 28.60 

Pst1 (soil based) 6.40 15.70 40.98 12.40 29.20 17.74 

Psfl1 (soil based) 4.90 35.50 61.34 68.20 30.00 20.90 

Azbc2 +Pst1 +Psfl1 (BC) 

soil based 

5.70 25.00 40.00 9.70 28.10 13.50 

Azbc2 (soil) + 

FC (Fly ash) 

5.30 30.20 48.60 33.30 32.80 32.25 

Psfl 1(soil) + FC (Fly ash) 4.80 36.80 41.60 14.10 28.10 13.30 

N40P20K0 7.10 6.50 48.39 32.70 28.20 13.70 

Control 7.60 - 36.47 - 24.80 - 

LSD (0.05) 2.819 - 19.833 - 17.318 - 

Azbc 2= Azotobacter chrococcum,  Psfl 1= Fluorescent Pseudomonas, Pst1= P striata  JPT1 = Trichoderma viride 

JPG1=Gliocladium virens A26 = Aspergillus sp. FC= Fungal Consortium  BC= Bacterial Consortium 

Mass culture medium 

(Pseudomonas sp) 

cfu 

(x106/ml) 

Coconut water+ peptone  18.0 

Unpolished rice starch + yeast + MgSO4 +KH2PO4  20.0 

Polished rice starch + Yeast + MgSO4+ KH2PO4 15.0 

Wheat grain extract + yeast + MgSO4+KH2PO4 10.0 

Molasses + yeast + 

MgSO4 + KH2PO4 in 1000ml medium 

7.0 

Nutrient broth 6.0 

Control (King’s B) 16.0 

L.S.D. (0.05) 13.8 



 

Yield of 32.8 q/ha as compared to control. Fungal 

consortium increased 36% fibre yield followed by fly 

ash based fungal consortium + soil based Azotobacter 

preparation of 32.25% over control (Table 4). The 

benefit: cost ratio for the input and the output of the 

cost and benefit of cultivation of the fibre crops by 

production and application of the biopesticides has 

been calculated. It is envisaged from Fig. 2 that all the 

formulates were economic over conventional farmer’s 

practice. The benefit cost ratio was maximum for talc 

based seed dressing fungal consortium and fly ash 

based seed dressing fungal consortium formulates.  

Discussion 

Stem and root rot disease complex in jute caused 

by Macrophomina phaseolina is excruciating problem 

to control. Introduction of PGPR to rhizosphere and 

integration of disease management components played 

vital role in preventing root-infecting fungi. The 

endophytic rhizobacteria forming a screen surrounding 

the plant root, regulate secretion and absorption of 

nutrients by roots. The bacteria restrain active 

compounds from the biologically protective shield 

round the root preventing growth and invasion of 

pathogen. Thus, disease resistance ability of plant 

increased. Trichoderma, Gliocladium, Aspergillus, 

Azotobacter, Pseudomonads and Bacillus attributed to 

beneficial biocontrol agents and plant growth 

promoters in jute plants producing organic acid, 

enzymes, antibiotics, siderophores, phytohormones in 

metabolites, and nitrogen fixation, phosphate 

solubilization and suppression of pathogens in 

rhizosphere. Compatibility and symbiosis among the 

bacteria as well as biocontrol fungi and their growth 

products improve activity of other nitrogen fixing, 

phosphorus and potassium decomposing bacteria, fungi 

and organic matter. Mechanism of growth promotion 

elucidated ACC deaminase activity, production of 

siderophore, plant growth regulator phytohormones, 

phosphate solubilization, N-fixation and nutrient 

uptake. PGPR synthesizes peroxidase, catalase, 

phenylalanine ammonia lyase (PAL) and polyphenol 

oxidase (PO) which can elicit phytoalexin and induce 

systemic resistance (ISR) in host plant (Kloepper, 

2003; Ryu et. al., 2007). Thus, reduction of disease 

incidence in jute with fluorescent Pseudomonas is 

evident from this study. The results reveal in this study 

corroborate earlier studies and indicate a future 

possibility that plant growth promoting rhizobacteria 

bioformulations can be used to promote growth and 

health of economic crops (Raj et al., 2003; Chuaboon 

and Prathuangwong, 2007).  

The field trials with application of 

bioformulations of the bioagents singly and in 

combination envisages control of stem and root rot 

diseases in jute with Azotobacter + Trichoderma, 

fungal consortium Trichoderma + Gliocladium + 

Aspergillus in combination, Trichoderma, Gliocladium 

or Aspergillus alone, and fungal + bacterial consortium. 

This result is attributed to production of cell wall 

degrading enzymes, volatile and non-volatile 

antibiotics, and siderophores by the BCAs. The 

investigation also reveals that increase of plant biomass 

is higher with Azotobacter + Trichoderma, followed by 

Azotobacter + Pseudomonas striata, Trichoderma and 

Pseudomonas fluorescens alone. Fibre production is 

highest with Trichoderma treatment alone followed by 

fungal consortium. Azotobacter + Trichoderma 

treatment, Azotobacter + Pseudomonas also yielded 
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higher fibre. Thus, production of IAA, supply of 

siderophore sequestered iron and other micro nutrients 

to the plant, and solubilisation of phosphate by BCAs 

increase plant growth and fibre yield. Cost of large 

scale production, shelf life of formulation, 

establishment of bio-agent into targeted niche and 

consistency in disease control are the prime concern 

with augmentative biological control. For large-scale 

commercial production of the biocontrol agents, 

enormous spore mass or metabolite is required, which 

can be achieved through solid or liquid state 

fermentation process.  

In the present study, several cereal grain and bran 

are screened to develop low cost mass culture media for 

the selected bio-agents. Wheat grain or rice supports 

good growth for the bioagents as the extract of the 

grains supply good nitrogen and carbon source for 

nutrition. Moreover, whole or cracked grains provide 

increased surface area supporting good mycelial growth 

and sporulation of the bioagents. Slow growth rate with 

abundant sporulation on rice husk and wheat bran as 

observed during investigation suggests that bran may 

be used as supplements for other substances of low 

nutritive value for higher conidial yield. Medium 

supplemented with saw dust has also supported good 

growth because after addition of water no clump 

formations occur. Yeast-peptone-sucrose solution, 

CaCO3 or chick pea flour may provide nutrition to the 

substrates which helps growth of antagonists. 

Unpolished rice starch + yeast cake + MgSO4 + 

KH2PO4, have supported good growth in all the 

Pseudomonas species as rice starch provided rich 

source of carbon and yeast cake provided good nitrogen 

source in the medium. Numerous studies have been 

performed to find effective carriers for the development 

of bioformulations for bacterial and fungal biocontrol 

agents (Bharathi et al., 2004; Chung et al., 2005; 

Kakvan et al., 2013; Samavat et al., 2014).  

Talc or fly ash based seed dressing formulation 

of fungal consortium and soil based formulates like 

Pseudomonas fluorescens or Azotobacter has 

manifested maximum control of diseases, increase in 

biomass and fibre yield in jute. The solid substrate acts 

as a heterogenous source of carbon, nitrogen and 

minerals as well as growth factors including an ability 

to absorb water (Bharathi et al., 2004). Water is 

necessary to facilitate utilization of the nutrient 

substrates by the biocontrol agents. However, water 

excesses cause substrates to be sticky, limiting oxygen 

transfer and increasing the risk of saprophyte 

contamination; whereas, in very low moisture level, no 

growth of microorganism will be evident (Preecha and 

Prathuangwong, 2009). Use of talc as a carrier in bio-

pesticide formulation is a common practice. However, 

use of fly-ash in formulation with bioagent is not 

reported greatly. Fly-ash has a potential in agriculture 

and related applications. Physically fly-ash occurs as 

very fine particles, having an average diameter of < 10 

µ, low to medium bulk density, high surface area and 

very light texture and chemically composed of all the 

essential and trace soil elements except organic carbon 

and nitrogen. It increases water holding capacity of soil 

simultaneously adding essential plant nutrients to the 

soil and neutralizes acidic soil. Eswaran and 

Manivannan (2007) have studied the effect of foliar 

application of lignite fly ash (LFA) dust on papaya leaf 

curl virus disease and found profound increase in the 

resistance of the papaya plant and enhanced fruit yield.  



 

Fig. 2. Benefit: cost ratio of bioagent formulates against farmer’s practice 

 

 

 

 

 

 

 

  

 

TV= Trichoderma viride Talc based, GV=Gliocladium virens Talc based, AN=Aspergillus niger Talc based, 

Psfl=Pseudomonas fluorescens soil based,Azbc= Azotobacter  soil based, Pst= P striata soil based, FC (Fungal 

consortia) Talc=TV+GV+AN, FC (Fungal consortia) Flyash=TV+GV+AN 

Fly ash retains 20-30% moisture within the formulation 

because of its water holding capacity. Thus, 

considering all the above mentioned major attributes, 

fly ash is found suitable as a carrier for the biopesticide 

formulates. Though, fly-ash is reported to contain trace 

of some heavy metals which may percolate down and 

pollute ground water when used in bulk quantity but the 

quantity of fly ash used in seed dressing formulations in 

this study is so small that its deleterious effect if any is 

diluted and banished in soil after application.  

Conclusion 

Studies indicated that use of near isogenic PGPR 

strains in consortium with biofertilizer and antagonist 

fungi for multiple benefits of pathogen suppression, 

plant nutrient supply and growth promotion have an 

enormous prospective in future. Biocontrol (BC) 

formulations prepared from biocontrol agents are 

increasingly applied in sustainable agriculture. 

However, these formulations of the first generation are 

sometimes hampered in the action and do not fulfill in 

each case the expectation of the applier (Wu et al., 

2015). Molecular characterization of PGPRs is 

therefore necessary for identification and construction 

of improved novel strain generation for effective 

biopesticide formulation to combat the need of 

appropriate integrated disease management system 

(AIDMS). Information and Communication 

Technology (ICT) tools can help accelerating such 

system of sustainable agriculture to the farmer level. 
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