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Abstract

Fortythree isolates of Trichoderma spp. and forty isolates of bacterial (fluorescent

pseudomonads) biocontrol agents were isolated and evaluated for their relative biocontrol

potential and thereafter development of mixed formulation of efficient compatible fungal and

bacterial bioagents. Different isolates of either Trichoderma or Pseudomonas exhibited

differential antagonistic activity with different species of tested pathogens. Pseudomonas in

general,  suppressed the growth of Trichoderma under invitro conditions however, a few

combinations were found compatible. Fungal isolate PBAT43 (T. harzianum) and bacterial isolate

PBAP27 (P. fluorescens) emerged as most compatible and efficient and therefore were used for

development of mixed formulation. Individual and mixed formulations were evaluated for their

relative bioefficacy under glasshouse and field conditions. Mixed formulation exhibited increase

in seed germination ranges from 25.5  72.11 % and disease control 47.68 76.00 % in different

crops as compared to control. Application of compatible mixture of fungal and bacterial bio

control agents possessing various mechanism of pathogen suppression is suggested as a reliable

and potential means of disease suppression.
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Introduction

Fungal and bacterial biocontrol agents have different

mechanisms of disease suppression. In general, fungal

antagonists depend mainly on physical contacts with their

pathogen while, bacteria mainly use antibiotics as weapon

for killing of the pathogens (Howell, 2003; Mohiddin et al.,

2010). Most of the studies on biological control of plant

pathogens deal with single biocontrol agent as antagonist

to a single pathogen. Considering the fact that there is some

degree of host-specificity in biocontrol agents even at sub-

species level, this may partially account for the reported

inconsistent performance of biocontrol agent preparations.

Single biocontrol agent is not likely to be active in all soil

environments or against all pathogens that attack the host

plant. Most cases of naturally occurring biological control

results from mixtures of antagonists rather that from high

population of a single antagonist. Mixtures of antagonists

are considered to account for protection in disease

suppressive soils (Bin et al., 1991). Consequently,

application of a mixture of introduced biocontrol agents

would more closely mimic the natural situation and might

broaden the spectrum of biocontrol activity, enhance the

efficacy and reliability of biological control (Mishra et al.,

2011). Previous studies on combinations of biocontrol

agents for plant diseases have included mixtures of fungi

(Datnoff et al., 1995), mixtures of fungi and bacteria (Hassan

et al., 1997), and mixtures of bacteria (Raupach and Kloepper,

1998). Most of these reports on mixtures of biocontrol agents

showed that combination of antagonists resulted in

improved disease control however; there are some reports

that combinations of biocontrol agents do not result in

© Triveni Enterprises, Lucknow (India ) Journal of Environmental Biology, Vol. 34, 183-189, March 2013

ISSN: 0254-8704
CODEN: JEBIDPJournal of Environmental Biology

JEB

Journal Home page : www.jeb.co.in � E-mail : editor@jeb.co.in

Identification of compatible bacterial and fungal isolate and
their effectiveness against plant disease

D.S. Mishra1, A. Kumar2*, C.R. Prajapati3, A.K. Singh4 and S.D. Sharma5
1Bayer Crop Science, Hyderabad -500 008, India

2IARI Regional Station, Pusa, Samastipur – 848 125, India
3Krishi Vigyan Kendra, Baghpat, S.V.P. University of Agriculture and Technology, Meerut-250 609, India

4ICAR Research Complex for Eastern Region, Patna-800 014, India
5IPTM Unit, KAB-1, ICAR, Pusa, New Delhi - 110 012, India

*Corresponding Author email : ashish.pathology@gmail.com



184

Journal of Environmental Biology, March 2013

D. S. Mishra et al.

improved suppression of disease compared with the

separate antagonists (Hubbard et al., 1983; Dandurand and

Knudsen, 1993). Incompatibility of coinoculants can arise

since these bio-agents may also inhibit each other as well

as the target pathogen. Thus, an important prerequisite for

successful development of strain mixtures appears to be

the compatibility of co-inoculated microorganisms (Bin et

al., 1991). The present study was conducted to develop

mixed formulation of compatible and most efficient isolates

of fungal (Trichoderma) and bacterial (Pseudomonas)

biocontrol agents and testing of their efficacy against

important plant diseases.

Materials and Methods

Isolation of biocontrol agents and pathogens : Biocontrol

agents were isolated from the rhizosphere, endosphere and

non-rhizosphere of chickpea, lentil, tomato, pea, soybean

and rice grown in normal soil at Crop Research Centre/

Horticultural Research Centre, G.B. Pant University of

Agriculture and Technology, Pantnagar, India. King’s B

medium (KB) was used for isolation of fluorescent

pseudomonads whereas, Trichoderma selective medium

(TSM) was used for isolation of different isolates of

Trichoderma (Askew and Laing, 1993). Likewise, soil-borne

plant pathogens Sclerotium rolfsii, Rhizoctonia solani, and

Fusarium oxysporum f. sp. ciceri were isolated from wilted

lentil, pea and chick-pea plants, respectively. Macrophomina

phaseolina and Sclerotinia sclerotiorum were isolated from

soybean and mustard. The cultures were grown on potato

dextrose agar (PDA) at 28±1ºC and stored at 4ºC.

Mass multiplication of biocontrol agents and pathogens :

Mass culture of Trichoderma isolates was prepared on

barnyard millet (local name: Jhangora) grains. Grains were

soaked in water for 12 hr and then filled in 250 ml Erlenmeyer

flasks (50g per flask). These flasks were autoclaved at 15

lbs psi for 30 min. After cooling to room temperature, the

flasks were inoculated with mycelial discs cut from three

days old culture of biocontrol agents, and incubated at

28ºC for 12 days. Jhangora grains colonized by biocontrol

agents were air dried in open shade and ground with the

help of Willy Mill to get fine powder. This powder was

passed though 50 and 80 µm mesh size sieves,

simultaneously. The commercial formulation was prepared

by diluting this powder with talc powder (1 % carboxymethyl

cellulose, CMC) to get desired concentration of biocontrol

agents in the formulation.

Bacterial biocontrol agents were multiplied on KB

broth. Each isolate was inoculated in the flask containing

100 ml KB broth and incubated on incubator shaker at 150

rpm for 48 hr at 25±20C. After that, bacterial suspension was

added in sterilized talc powder (1:2 v/w) and mixed well

under sterile conditions. Commercial formulation of desired

concentration was prepared by diluting it with talc powder

(1 % CMC). The powder was packed in polythene bags,

sealed, and incubated at room temperature. Likewise,

pathogens were multiplied on sterilized sorghum grains

presoaked overnight in 2 % sucrose solution. Sorghum

grains were filled in flasks and sterilized at 15 lbs psi for 30

minutes. Flasks were inoculated with 5 mm mycelial agar

discs of pathogens and incubated at 26±20C for 10 days.

Screening of biocontrol agents : In-vitro antagonism: The

isolates were tested against all the pathogens isolated

from different crops. The media used for this purpose,

supported growth of fungi and bacteria both.  The

constituents were: Potato-100 g, NaCl-2.5 g, Peptone-2.5

g, Yeast extract-0.75 g, Beef extract-0.75 g, Agar-20 g and

Water-1 l. For bacterial biocontrol agents each isolate was

grown in 250 ml flask containing 50 ml nutrient agar broth

medium. Inoculated flasks were placed in an incubator

shaker for 24 hr at room temperature. Sterilized paper discs

(5 mm diameter) were dipped in the bacterial suspension

and placed on the Petriplates seeded with the medium.

The discs were placed at a distance of 1.5 cm from edge

(Nikam et al., 2007). In each plate, a plug (5 mm diameter)

of the test fungus taken from the growing edge of the

culture grown on PDA was centrally placed. The plates

were incubated at 26±2ºC. Finally, the zone of inhibition

that developed was measured. % inhibition of mycelial

growth of pathogens was calculated. The antagonism

amongst fungal biocontrol agents and the pathogens was

studied following dual culture technique. Periodical

observations on the growth of biocontrol agents and their

ability to colonize the pathogen were recorded.

Testing of compatibility of fungal and bacterial biocontrol

agents : The method described by Nikam et al. (2007) with

slight modifications was used for in-vitro testing. Five mm

size sterilized paper (Whatman paper No. 1) discs

impregnated with bacterial suspension containing 106 cfu

ml-1 (prepared in 0.1 M MgSO
4
) of individual isolates were

placed at a distance of 5 mm from the periphery of petriplate

filled with growth media. The bacterial isolates were allowed

to grow for 24 hr at 26±20C. A 5 mm diameter plug from a 5-

day-old culture of Trichoderma isolate was placed in the

opposite direction of the plate (approximately four cm apart).

After 5 days incubation at 26±20C the zone of inhibition, if

any, was measured. All the isolates were screened on this

pattern. Thee replications were maintained for each

treatment. Suitable check (without bacterial isolate) was also

run.

Under glass-house conditions: Same concentration of

individual as well as their combinations of selected isolates
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of biocontrol agents was inoculated in the pots containing

sterilized soil (@ 1g 100g-1 soil having approximately 109 cfu

g-1 formulation). These pots were irrigated with sterilized

water and kept in glasshouse at 25±30C. Five days after

incubation population of biocontrol agent was estimated in

each pot.

Development of mixed formulation and testing of efficacy :

On the basis of results obtained from compatibility

experiments, mixed formulation was developed using most

efficient and compatible isolate of fluorescent Pseudomonas

(PBAP-27) and Trichoderma (PBAT-43). Mixed as well as

individual formulations were evaluated for their comparative

biocontrol potential under glass-house and field conditions.

Under glass house condition : The efficacy of formulations

on germination, seedling growth and mortality of chickpea,

pea, soybean and lentil was studied. Plastic pots containing

2 kg field soil was mixed with pathogen inoculum (@1g kg-1

soil), prepared on sorghum grains and kept as such for one

week. Pots were irrigated regularly. Crop seeds were treated

with formulations (@5g kg-1 seed) and sown in these pots

(@25 seeds per pot). Seeds sown in infested soil without

any treatment served as control. Three replications of each

treatment were maintained.

Under field condition : Field experiments were conducted

during 2000-01 and 2001-02 crop seasons against seed and

root diseases of chickpea, lentil, pea and soybean in the

sick plots at Crop Research Centre and Horticulture Research

Centre, G.B. Pant University of Agriculture and Technology,

Pantnagar. Observations were recorded on seed germination

and final plant stand.

Results and Discussion

A total of 40 isolates of fluorescent pseudomonads

and 43 isolates of Trichoderma were isolated from

rhizosphere and non-rhizosphere soils of chickpea, lentil,

pea, tomato, rice and soybean and were designated as Pant

Biocontrol Agent Pseudomonas (PBAP) and Pant Biocontrol

Agent Trichoderma (PBAT). All the isolates were tested for

their ability to inhibit five fungal pathogens namely R.

solani, S. rolfsii, F. oxysporum f. sp. ciceri, S. sclerotiorum

and M. phaseolina on a modified medium (favourable for

growth of fluorescent pseudomonads and fungi both). All

the isolates of fluorescent pseudomonads inhibited radial

growth of different fungal pathogens. However, degree of

inhibition varied depending upon isolate of Pseudomonas

and fungal pathogen involved. Inhibitory action of

fluorescent pseudomonads was seen clearly against F.

oxysporum f. sp. ciceri. Among different isolates PBAP-4,

PBAP-9, PBAP-13, PBAP-14, PBAP-17, PBAP-24 and PBAP-

35 exhibited higher antagonistic potential as these isolates

reduced the growth of pathogen by more than 80 %. All the

isolates of fluorescent pseudomonads significantly reduced

mycelial growth of different sclerotial fungi (i.e. R. solani,

S. rolfsii, S. sclerotiorum and M. phaseolina). The extent

and magnitude of inhibition varied between 26 to 100 %.

Differential isolates exhibited differential antagonistic

activity against different pathogens. PBAP-16 was highly

inhibitory to R. solani but exhibited relatively poor

antagonistic activity against other pathogens.

Macrophomina phaseolina was most vulnerable to PBAP-

17. PBAP-3 and PBAP-27 resulted in maximum inhibition of

mycelial growth of S. sclerotiorum and PBAP-15 against S.

rolfsii. Eight isolates namely PBAP-4, PBAP-13, PBAP-17,

PBAP-27, PBAP-29, PBAP-31, PBAP-37 and PBAP-40 were

more effective in general against all the sclerotial fungal

pathogens tested.

Trichoderma isolates were screened for their

antagonistic potential against different fungal pathogens

using dual culture technique. Periodic observations on the

colonization of mycelial growth of pathogens by

Trichoderma isolates indicated varied antagonistic potential

of different isolates against different pathogens. Against

M. phaseolina, the inhibition of mycelial growth was in the

range of 43 to 100 %. Isolates PBAT-13, PBAT-17, PBAT-18,

PBAT-19, PBAT-22, PBAT-25, PBAT-29, PBAT-30, PBAT-39

and PBAT-43 exhibited more than 90 % inhibition of mycelial

growth. In case of S. sclerotiorum, inhibition was

comparatively less, ranging from 18 to 74 %. More effective

isolates, which caused more than 65 % inhibition of mycelial

growth, were PBAT-6, PBAT-8, PBAT-22, PBAT-28, PBAT-

30 and PBAT-43. Amongst other sclerotial fungi, mycelium

of R. solani was more vulnerable to the isolates of

Trichoderma as compared to S. rolfsii. The inhibition of R.

solani varied between 35 to 100 % and isolates PBAT-27,

PBAT-28, PBAT-29, PBAT-31, PBAT-37 and PBAT-43 were

more effective. Whereas inhibition of S. rolfsii ranged

between 38 to 77 % and most effective isolates were PBAT-

8, PBAT-11, PBAT-19, PBAT-30 and PBAT-43. Fusarium

oxysporum f. sp. ciceri was relatively less sensitive to

Trichoderma isolates, where the range of inhibition was

between 43 to 64 %. Unlike against other fungi, none of the

isolates of Trichoderma was able to overgrow and colonize

F. oxysporum f. sp. ciceri.

On the basis of results obtained from the experiments

of in-vitro antagonism, 10 efficient isolates of each of

fluorescent pseudomonads and Trichoderma were selected

and evaluated for their compatibility. As shown in Table 1,

fluorescent pseudomonads inhibited mycelial growth of the

Trichoderma isolates, but degree of inhibition varied widely

(1.83 to 51.1 %) depending on the isolates of both the

antagonists. Isolates PBAP-10, PBAP-15, PBAP-17, PBAP-

27 of fluorescent pseudomonads and isolates PBAT-1 PBAT-

6, PBAT-38 and PBAT-43 of Trichoderma exhibited no or

Improvement in the effectiveness of biocontrol agents
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very little antagonism against each other. Based on these

results, five isolates of Trichoderma (PBAT-1, PBAT-6,

PBAT-23, PBAT-38 and PBAT-43) and five isolates of

fluorescent pseudomonads (PBAP-10, PBAP-15, PBAP-17,

PBAP-23 and PBAP-27) were selected for testing their

compatibility in soil under glass house conditions (Table 2).

When isolates were inoculated in sterilized soil both

individually and in combination having same cfu, in some

combinations there was increase in the population of both

the biocontrol agents. In certain cases, population

decreased significantly (Table 2). Among the Trichoderma

isolates, PBAT-6, and PBAT-43 were compatible with all the

tested isolates of Pseudomonas. There was increase in the

population of both the individuals (Trichoderma and

Pseudomonas) when most of the Pseudomonas isolates

were integrated with these isolates. Among different

combinations, PBAP-15+PBAT-43, PBAP-23+PBAT-43,

PBAP-27+PBAT-43, PBAP-27+PBAT-6 and PBAP-

15+PBAT-6 were significantly better than others.

Mixed formulation differed from individual isolates

with respect to its effect on seed germination and seedling

mortality. In chickpea, mixed formulation exhibited maximum

seed germination (95 %) followed by PBAP-27 (93 %) and

PBAT-43 (85 %). The post emergence mortality record was

least with mixed formulation (24 %) followed by PBAT-43

(28 %) and PBAP-27 (38 %). In control, mortality was 60 %.

In pea, there was significant increase in seed germination in

all the formulations over control. Trichoderma alone was

superior over Pseudomonas and mixed formulation. Post

emergence mortality was minimum in mixed formulation (20

%). Individual isolates also resulted in significant reduction

in mortality of seedlings over control (Fig. 1).

Similar pattern was observed in soybean where mixed

formulation exhibited 41 % increase in seed germination

over control. Mixed formulation resulted in maximum disease

control (76 %), which was significantly superior over PBAT-

43 (58 %) and PBAP-27 (52 %) alone. In vegetables, mixed

formulation was most effective in improving seed

germination and reducing pre- and post- emergence

damping-off. In chilli, there was 86 % seed germination in

mixed formulation treatment, which was significantly better

than PBAT-43 (70 %) and PBAP-27 (72 %) alone. Mixed

formulation also resulted in maximum disease control (71

%). Similar pattern was observed in case of tomato and

brinjal.

Seed treatment with individual and mixed formulations

significantly increased seed germination over control. The

highest seed germination (88 %) and post emergence mortality

(66 %) were observed when seeds were treated with mixed

formulation. Individual biocontrol agents also exhibited

significant disease control as compared to control.

Among the different treatments, highest seed

germination (89 %) was recorded in Trichoderma alone

treated plots. However, minimum disease was observed in

plots where seeds were treated with mixed formulation

although individual isolates also reduced the disease

significantly over control.

The results shown in Fig. 2 were almost similar to

those observed in chickpea. Maximum seed germination

(93 %) was recorded in the plots where mixed formulation

was applied as seed treatment and it was significantly

superior over individual isolates. Minimum seedling

mortality was observed in mixed formulation treated plots.

The level of disease control was at par in the plots treated

with individual isolates, but it was significantly better than

control.

Seed germination was maximum (83 %) where

Pseudomonas alone was applied. Trichoderma alone and

mixed formulation exhibited significant increase in

germination over control. Post emergence mortality was

minimum (20 %) in plots where mixed formulation was

applied (Fig. 2). Trichoderma, when applied through seed

or soil, is reported to be more effective in acidic soil

whereas Pseudomonas performs better in neutral and

alkaline soils (Lewis, 1991). Therefore, attempt was made

to develop mixed formulation of these two biocontrol

agents, which could be equally effective in all types of

soil. The results of present investigation indicate that

most of the isolates of fluorescent pseudomonads were

inhibitory to Trichoderma isolates in general, but few

isolates like PBAP-10, PBAP-15, PBAP-17 and PBAP-27

did not exhibit significant detrimental effect on most of

the Trichoderma isolates. When the isolates were added

in sterilized soil, in some combinations like PBAP-

27+PBAT-1, PBAP-15+PBAT-6, PBAP-23+PBAT-6, PBAP-

17+PBAT-23, PBAP-15+PBAT-43, PBAP-27+PBAT-43 the

activity of both the organisms increased significantly.

Two combinations, PBAP-27+PBAT-43 and PBAP-

23+PBAT-43 were highly compatible. These results are

similar to those of Hubbard et al. (1983), who initially

observed that fluorescent pseudomonads did not reduce

the biocontrol ability of T. hamatum in sand, although

efficacy was reduced in steamed soil containing little

(approximately 1 �g g-1) plant available iron. However,

addition of iron to media supporting the growth of

pseudomonads neutralized this inhibition. Thus, it was

assumed that pseudomonads inhibit T. hamatum through

the production of siderophores. These compounds are

inactive, and are probably not produced, if iron is readily

available. Bin et al. (1991) observed that P. fluorescens

2-79RN
10
 suppressed radial growth and hyphal density

of T. harzianum on agar and in sterile soil conversely, in

non-sterile soil, biocontrol efficacy was non-significantly

D. S. Mishra et al.
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Fig. 1 : Effect of seed treatment with individual and mixed formulation

on seed germination and disease control under glass-house condition
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Fig. 2 : Effect of seed treatment with individual and mixed formulation

on seed germination and disease control under field condition
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affected by addition of bacteria. There are also reports that

integration of biocontrol agents promotes the growth and

development of one another. Dandurand and Knudsen

(1993) reported that radial growth of T. harzianum was

stimulated in presence of P. fluorescens 2-79 RN
10
, but this

enhancement was not observed after 5 days. However,

another isolate of P. fluorescens 2-79-B46 significantly

enhanced hyphal growth of T. harzianum by approximately

2.5 folds.

Results on the biocontrol efficacy demonstrated that

individual as well as mixed formulation induced significant

disease protection in many crops against major soilborne

pathogens. The results are in agreement with the studies

conducted by different workers, where they have reported

that increased biocontrol activity might be achieved by

combining different isolates of biocontrol agents (Duffy et

al., 1996; Raupach and Kloepper, 1998). The feasibility of

combining Trichoderma spp. with fluorescent

pseudomonads initially was questioned by Hubbard et al.

(1983). They reported that indigenous populations of

fluorescent pseudomonads significantly reduced the

biocontrol activity of T. hamatum applied to control Pythium

seed rot of pea and iron competition was the primary

mechanism involved. In contrast, Dandurand and Knudsen

(1993) reported that the combination of P. fluorescens 2-79

and T. harzianum ThzID
1
 neither inhibited nor enhanced

the biocontrol activity of the latter agent against root rot of

pea caused by Aphanomyces euteiches f. sp. pisi. Further,

Bin et al. (1991) reported that a combination of  P. fluorescens
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2-79 and ThzID
1
 also did not interfere with the ability of

Trichoderma to attack sclerotia of S. sclerotiorum in field

tests. Duffy et al. (1996) indicated that fluorescent

Pseudomonas species and T. koningii are compatible when

applied to wheat simultaneously. In growth chamber studies,

none of the five individual bacterial strain or strain mixtures

reduced the suppressiveness of T. koningii; in fact, strain

Q
30-84

, Q
2-87

, and Q
29z-80

 slightly enhanced the activity of the

fungus. The performance of all bacterial treatments was

greatly enhanced by combination with T. koningii,

suggesting that the fungus was largely responsible for the

take-all suppression. Similarly in field, the bacteria did not

adversely affect the activity of T. koningii. Appliance of

combination of compatible bio-control agents possessing

differential mechanism of pathogen suppression is

suggested as a reliable and potential means of disease

suppression. The present investigation clearly indicates

high potentiality of mixed formulation of fungal (T.

harzianum) and bacterial (fluorescent pseudomonads)

biocontrol agents against economically important plant

diseases.
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