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Objectives of the Project

1. Selection

of

efficient

endophytic

PGPR

strains

(Pseudomonas sp. and Bacillus sp.) through antibiotic
biosyntheses gene and chitinase gene markers against root
rot pathogens of mulberry.
2. Selection of superior PGPR strains based on the generated
data, test verifying at field level in farmers holdings
(established field).
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3. Biocontrol based IPM strategies will be formulated. The
acceptability and efficacy of bioformulation by farmers will
be assessed.
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1. Isolation and identification of the pathogen
Methodology

2. Isolation of PGPR using specific medium
3. Characterisation and studying the efficacy of
PGPR under in vitro.
4. Selection of effective isolates of PGPR and testing
its efficacy under field conditions
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Work done so far

(Brief methodology is given in Annexure-I)
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Annexure-I
INTRODUCTION
Mulberry (Morus alba L.) belongs to the family Moraceae, a fast growing deciduous and
perennial plant. It is the sole food plant of the silkworm (Bombyx mori L.) for silk production.
Sericulture is an important agro based labour intensive cottage industry with greater employment
opportunities in rural areas. The total area of mulberry cultivation in India is around 0.216 million ha
(Murugesh et al., 2006). The major constraints for successful cultivation of mulberry and quality leaf
production are insufficient water, poor agrochemical inputs, weeds and the outbreak of pests and
diseases (Govindaiah et al., 2005).
In Tamil Nadu, mulberry cultivating area is around 9,491 ha (Vijayan et al., 2009). Twenty
diseases caused by fungi, bacteria, viruses, mycoplasma and nematodes have been reported so far in
mulberry. The diseases cause 5 to 10 per cent loss in leaf yield by defoliation and an additional loss of
20 to 25 per cent by deterioration in leaf quality (Sukumar and Padma, 1999). Being a perennial crop
soil borne diseases are widely prevalent and are a serious constraint for the production of quality leaf for
feeding silkworm. One of the major constraints in the cultivation is root rot disease caused by
Macrophomina phaseolina (Tassi.) Goid. The annual yield loss due to this pathogen is up to 70 per cent.
The problem is observed both in nursery and established fields (Philip et al., 1995a). Due to repeated
harvesting of leaves, the soil nutrients get depleted and makes the plant vulnerable to soil borne diseases
like root rot and wilt. Root rot is a soil borne disease, which perhaps the only ‘killer disease’ known so
far for the sericulturists. The disease is considered more serious because of its potentiality to kill the
plants completely (Govindaiah et al., 2005). Root rot disease is a major problem for mulberry cultivation
in South India. The disease incidence ranges from 10 to 14 per cent in hot spot areas (Philip et
al.,1995b).
The disease is soil borne in nature and spreads fast primarily through contaminated soil,
irrigation, diseased saplings, farm implements etc. Due to its epidemic nature and potential to kill the
plants completely, root rot is the deadliest disease of mulberry (Ganeshamoorthy et al., 2008). M.
phaseolina is a soil borne pathogen isolated from various root rot disease affected samples collected
from the mulberry gardens of South India (Chowdary, 2006). M. phaseolina was reported as a major
causative pathogen for root rot of mulberry in Coimbatore, Erode, Trichy and Thanjavur districts of
Tamil Nadu (Sridhar, 2000; Marimuthu, 2005). Symptoms of the disease appear as sudden leaf
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withering starting from the bottom of the branch upwards, followed by defoliation in isolated patches in
the plantation. The bark of the roots peels off easily with a particular odour and the plants suddenly die.
Through irrigation water, soil and garden implements, the disease spreads quickly to nearby
mulberry trees both in the same row and the adjacent rows where the root zones are in overlapping
proximity (Sanoamuang and Saksirirat, 1984). Chemical control of disease is the most common and
widely accepted method in the agricultural crops; however, the use of these pesticides and fungicides is
very dangerous due to the residual effect on silkworm (Manmohan and Govindaiah, 2012). Due to
environmental pollution issues, imbalance in soil ecosystem as well as potential threat to silkworms the
biological control method has been considered as a promising approach for the management of soil
borne diseases (Choudari et al., 2012). Biological control of soil borne pathogens is often attributed to
improved nutrition that boosts host defenses or to direct inhibition of pathogen growth and activity.
Amendment with certain a biotic factor (inducers) appears to stimulate the disease resistance by
indirectly stimulating indigenous populations of microorganism that are beneficial to plant growth and
antagonistic to pathogens (De Boer et al., 1999). Plant Growth Promoting Rhizobacteria (PGPR),
namely Pseudomonas sp. and Bacillus sp., have shown activity in suppressing the fungal infection
(Chen et al., 2000). Recent investigations on mechanisms of biological control by PGPR revealed that
several strains protect the plants from pathogen attack by strengthening the epidermal and cortical cell
walls with deposition of newly formed barriers beyond infection sites including callose, lignin and
phenolics (Benhamou et al., 1996; M’Piga et al., 1997) and by activating defense genes encoding
chitinase, PO, PPO and PAL (M’Piga et al., 1997; Chen et al., 2000) and enzymes which are involved in
the synthesis of phytoalexins (Maurhofer et al., 1994).
PGPR antagonize soil pathogens by competing for resources such as iron, or by the production
of antibiotics or lytic enzymes (van Loon et al., 1998). In sericulture, since mulberry leaves are directly
fed to the silkworm, the farmers are averse to use chemical pesticides and other agrochemicals because
of the fear of their possible toxicity to silkworm. Therefore, there is a scope to search for safe and
economical viable alternatives to the chemical pesticides. With a view, the present study has been
carried out to evaluate the effectiveness of native isolates of Pseudomonas sp. and Bacillus sp. and its
combination for protection of mulberry against root rot pathogen (M. phaseolina) and aiming to develop
eco-friendly management strategies for mulberry root rot disease.
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METHODOLOGY
Survey
A survey was made in mulberry growing districts of Tamil Nadu viz., Coimbatore, Erode,
Dharmapuri, Tirupur, Pudukkottai, Tirunelveli and Krishnagiri to find out the occurrence of root rot
disease in mulberry.
In each village three farmer’s fields were selected and in each farmers field 0.1 ha area was
selected at random. Total infected plants were counted in all the selected areas and the root rot incidence
was calculated by using the following formula.
Percent disease incidence =

Number of infected plants
Total number of plants

x 100

Isolation and identification of the pathogen
The infected root bits were surface sterilized with 0.1% sodium hypochlorite for 30 seconds and
subsequently three washings were given with sterile distilled water. Then, they were placed in sterilized
petridishes containing potato dextrose agar (PDA) medium and incubated at the laboratory conditions at
25 ± 2ο C for seven days. Pure culture of the pathogen was obtained by single hyphal tip method.
The pathogens were isolated from the infected root tissues were identified based on
morphological and spore characters.
Pathogenicity test
The pathogenicity test was conducted under glass house condition. The fungus M. phaseolina
was mass multiplied in sand maize medium. Sand and maize powder were mixed at 9:1 ratio (w/w),
moistened to 50 per cent moisture content, filled in polypropylene bags at 3/4th level and sterilized three
times on consecutive days. After sterilization, nine mm mycelial disc of pathogen was inoculated in sand
maize medium and incubated at laboratory conditions for fifteen days.
The pathogenicity of fungus was tested on mulberry plant. One month old plants maintained in
earthenware pot containing sterilized pot mixture (two feet diameter) at the rate of two sapling / pot
5

were inoculated with pathogen multiplied in sand maize medium @ 5 per cent (w/w) around collar
region. The symptoms were recorded on 45 days after inoculation.
Isolation of biocontrol agents
The Plant Growth Promoting Rhizobacteria (PGPR) (Pseudomonas sp. and Bacillus sp.) were
isolated from the rhizosphere soil through serial dilution technique by pour plate method. One gram of
sand was weighed and mixed with 9ml of water and serially diluted. One ml of serially diluted water
from 10-4 to 10-6 was poured in the sterilized plates, spread evenly and the nutrient agar medium poured
above the water. After 24 hours the bacterial colonies were observed carefully and purified for further
use. The pure culture of Pseudomonas and Bacillus isolates was maintained in the laboratory.
Identification of Pseudomonas sp. and Bacillus sp. using ITS region
DNA was isolated from the plant growth promoting rhizobacteria by lysis method. Using genus
specific primers the Internal Transcribed Space (ITS).
In vitro efficacy of PGPR isolates against M. phaseolina
The efficacy of PGPR isolates were tested against pathogens by dual culture technique using
PDA medium. A mycelial disc (9 mm dia) of pathogens was placed at one end of the sterile plate and
the PGPR were streaked at the periphery of the Petri-dish just opposite to the mycelial disc of the
pathogen. The plates were incubated at 28±2°C.

% inhibition over control =

C-T
C

X 100

C- Mycelial growth in Control
T- Mycelial growth in treatment

Preparation/mass multiplication and bio-formulations of effective strains
The superior PGPR strains were selected from dual culture technique and mass multiplied with
suitable carrier materials. A loopful of isolates of Pseudomonas sp. and Bacillus sp. were inoculated into
the sterilized King’s B and Nutrient Agar broth, respectively, and incubated in a rotary shaker at 150
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rpm for 72 hrs at room temperature (28±2°C). After 72 hrs, 400 ml of bacterial broth suspension
containing 9×108 CFU/ml, 1 kg of the carrier material (talc powder), 15 g calcium carbonate (to adjust
the pH to neutral) and 5 g Carboxy Methyl Cellulose (CMC) (adhesive) were mixed under sterile
conditions by following the method described by Vidhyasekaran and Muthamilan (1995). For bacterial
strain mixture the bacterial isolates were grown separately in respective broths and the isolates were
added equally (v/v) to talc and mixed according to the procedure as described above. Talc formulations
of the isolates were mixed equally at the time of application.
Effect of different treatments of Pseudomonas sp. and Bacillus sp. isolates on root rot incidence
and growth characters of mulberry under field conditions
With a view to test the efficacy of Pseudomonas sp. and Bacillus sp. both TNAU commercial
formulations and native isolates of Pseudomonas sp. and Bacillus sp. were compared to chemical
fungicide Carbendazim on root rot of mulberry, a field trial was laid out during 2015-16 with the
following eight treatments, each with three replications in a Randomized Block Design (RBD) at
Farmer’s field, Annur. The field plot size was 20 cents. The soil type was red loam. Mulberry saplings
(V1 variety) of six months age were selected with a spacing of 90×90 cm.
The treatment particulars are given below,
T1 - Commercial TNAU formulation of P. fluorescens (25g / plant)
T2 - Commercial TNAU formulation of B. subtilis (25g / plant)
T3 - Combination of commercial TNAU formulations of P. fluorescens + B. subtilis (50g / plant)
T4 - Native isolate of Pseudomonas sp. (PFAN4) (25g / plant)
T5 - Native isolate of Bacillus sp. (BSSY9) (25g / plant)
T6 - Combination of native isolates of Pseudomonas sp. (PFAN4) + Bacillus sp. (BSSY9) (50g / plant)
T7 - Drenching of Carbendazim in the individual plant (0.1 per cent)
T8 - Control (Without any treatment)
The superior Pseudomonas sp. (PFAN4) and Bacillus sp. (BSSY9) isolates, mass multiplied and
prepared as talc based formulation, were added to the soil in the concerned plants at the rate of 25g per
plant. The root rot incidence was observed at regular intervals till 90 days after inoculation (DAI) and
the percentage of disease incidence and reduction over control was calculated.
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Leaf yield
The mulberry leaves were harvested at 90 DAI by leaf picking method. The harvested leaves
were weighed and expressed as kg/ha/harvest.
RESULTS
Survey
Table 1. Occurrences of root rot disease in different mulberry growing areas of Tamil Nadu
Sl. No

Name of the Districts

Name of the village

Percent disease incidence*

1

Coimbatore

Annur

31.57

2

Erode

Ayyampalayam

43.58

3

Thirupur

Udumalpet

27.21

4

Dharmapuri

Pappirettipatti

23.58

5

Pudukottai

Alangudi

19.60

6

Tirunelveli

Navaneethakrishnanpuram

22.56

7

Krishnagiri

Uthangarai

27.66

The results showed that the maximum incidence was found in Ayyampalayam (Erode dt.)
(43.58%) followed by Annur (Coimbatore dt.) (31.57%), Uthangarai (Krishnagiri dt) (27.70%), Udumalpet
(Tirupur dt.) (27.21%), Pappirettipatti (Dharmapuri dt.) (23.58%) and Navaneethakrishnanpuram (Tirunelveli
dt.) (22.56%). The minimum disease incidence of root rot (19.60%) was recorded in Alangudi village of
Pudukottai district ( Table 1, Fig 1).
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Fig. 1.
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Fig. 2.

Location

Location

Isolation and identification of the pathogen
The pathogens were isolated from the infected root tissues from root rot infected mulberry were
identified based on morphological and spore characters. The identified pathogens were confirmed as
M. phaseolina. Totally seven isolates have been isolated from different places. Among them, the virulent
isolate obtained from Erode has been advanced for further studies (Plate 1 and 2).
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Plate 2.

Sclerotia of Macrophomina phaseolina
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Pathogenicity test:
The pathogenicity test proved that the plants inoculated with virulent pathogen showed typical
root rot symptoms such as drying of stem, rotting of root portions, bark shredding and wilting (Plate 3).
Plate 3

Isolation of biocontrol agents
Table 2. List of PGPR isolates collected from different mulberry growing fields of Coimbatore
district
S.NO

Location

Pseudomonas sp

Bacillus sp

Crop

Source

1.

Puthur

MP1

MB1

Mulberry

Rhizosphere soil

2.

Mathampatti

MP2

MB2

Mulberry

Rhizosphere soil

3.

Sennanur 1

MP3

MB3

Mulberry

Rhizosphere soil

4.

Sennanur 2

MP4

MB4

Mulberry

Rhizosphere soil

5.

Vedappati

MP5

MB5

Mulberry

Rhizosphere soil

6.

Devarayapuram

MP6

MB6

Mulberry

Rhizosphere soil

7.

Thondamuthur1

MP7

MB7

Mulberry

Rhizosphere soil

8.

TNAU

MP8

MB8

Mulberry

Rhizosphere soil

9.

Thondamuthur 2

MP9

MB9

Mulberry

Rhizosphere soil

10.

Poochur

MP10

MB10

Mulberry

Rhizosphere soil
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Colony morphology of PGPR isolates
The morphological characters of bacterial colonies were observed 48 hours after inoculation in
the petriplates. The results showed that all the isolated Pseudomonas, the surface was round, colony size
ranged from small to medium and the colour of the colony are pale white and yellowish green. MP2
strain showed greenish blue (Table 3, Plate 4).
The isolated Bacillus isolates showed colony morphology of serrated surface, colony size ranged
from small to medium and the colour of the colony are whitish yellow to reddish white (Table 4, Plate 5)

Table 3. Colony morphology of Pseudomonas isolates

S.NO

Pseudomonas isolates

Colony size

Surface

1.

MP1

Medium

Round

Yellowish green

2.

MP2

Medium

Round

Greenish blue

3.

MP3

Medium

Round

Pale white

4.

MP4

Small

Round

Pale yellow

5.

MP5

Small

Round

Yellowish white

6.

MP6

Medium

Round

Yellowish green

7.

MP7

Medium

Round

Pale white

8.

MP8

Medium

Round

Yellowish white

9.

MP9

Large

Round

Reddish yellow

10.

MP10

Medium

Round

Yellowish green

14

Colour

Table 4. Colony morphology of Bacillus isolates

S.NO

Bacillus isolates

Colony size

Surface

Colour

1.

MB1

Large

Serrated

Reddish white

2.

MB2

Large

Serrated

Reddish white

3.

MB3

Medium

Serrated

Whitish yellow

4.

MB4

Small

Serrated

Pale yellow

5.

MB5

Small

Serrated

Whitish yellow

6.

MB6

Medium

Serrated

Whitish yellow

7.

MB7

Small

Serrated

Whitish yellow

8.

MB8

Small

Serrated

Yellowish white

9.

MB9

Large

Serrated

Whitish yellow

10.

MB10

Small

Serrated

Whitish yellow
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Plate 4

Plate 5
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Identification of Pseudomonas sp. and Bacillus sp. using ITS region
DNA was isolated from the plant growth promoting rhizobacteria by lysis method. Using genus
specific primers the Internal Transcribed Space (ITS) has been amplified and found that 10 isolates are
belonging to Pseudomonas sp and 10 isolates belonging to Bacillus sp (Plate 6, 7).

Plate 6

Plate 7
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In vitro efficacy of PGPR isolates against M. phaseolina
Table 5. Effect of Pseudomonas sp. against M. phaseolina
S.No

Isolate

Radial growth(mm)

% inhibition over control

1

MP1

85.10 ef

5.6

2

MP2

49.03 a

45.6

3

MP3

58.00 b

35.6

4

MP4

79.10 de

12.2

5

MP5

64.00 b

28.9

6

MP6

71.03c

21.1

7

MP7

74.00cd

17.8

8

MP8

78.00d

13.3

9

MP9

79.30 de

11.8

10

MP10

90.00 f

0

11

Control

90.00 f

0

Among the Pseudomonas isolates screened against M. phaseolina the highest inhibition of 45.6%
was recorded by the P. fluorescens MP2 collected from Mathampatti, Coimbatore (dt) (Table 5, Plate 8).
Table 6. Effect of Bacillus sp. against M. phaseolina
S.No

Isolate

Radial growth(mm)

%inhibition over control

1

MB1

42.30 a

53.0

2

MB2

51.90 bc

42.3

3

MB3

50.40 b

44.0

4

MB4

56.00 cd

37.8

5

MB5

60.00 d

33.3

6

MB6

52.00 bc

42.2

7

MB7

57.03 cd

36.6

8

MB8

47.40 b

47.3

9

MB9

59.30 d

34.1

10

MB10

48.70 b

45.9

11

Control

90.00 e

0

Among the Bacillus isolates screened against M. phaseolina the highest inhibition of 53.0% was
recorded by the Bacillus sp. MB1 collected from Puthur, Coimbatore (dt) (Table 6, Plate 9).
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Plate 8

Plate 9
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In vitro screening against M. phaseolina and Fusarium sp. showed that the isolate Pseudomonas
fluorescens MP2 isolated from Mathampatti and Bacillus sp. MB1 isolated from Puthur showed highest
inhibition when compare to other isolates as well as control (Plate 10).
Plate 10
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Table 7. Effect of Pseudomonas sp. and Bacillus sp. isolates on root rot incidence of mulberry
under field conditions

The effects of Pseudomonas sp. and Bacillus sp. isolates were studied against mulberry root rot
disease pathogen M. phaseolina under field conditions. The results showed that the drenching of
carbendazim (0.1%) in the individual plant recorded the maximum percentage of disease reduction over
control (55.54 per cent) at 90 days after application. The next best treatment was the application of
commercial TNAU formulations of Pseudomonas sp. and Bacillus sp. at 90 days after application
recorded the disease reduction over control with 46.87 per cent followed by the application of
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commercial TNAU formulations of Pseudomonas sp. which recorded the disease reduction over control
(40.49 per cent), native isolates of Pseudomonas sp. + Bacillus sp. recorded the 37.70 percentage of
disease reduction over control, commercial TNAU formulation of Bacillus sp. recorded 32.22
percentage of disease reduction, native isolate of Pseudomonas sp. recorded 23.78 percentage of disease
reduction over control and native isolate of Bacillus sp. recorded 15.79 percentage of disease reduction
over control at 90 days after application. The findings revealed that the carbendazim (0.1%) effectively
reduced the disease incidence (55.54%) followed by commercial TNAU formulations of Pseudomonas
sp. and Bacillus sp. which reduced the root rot disease by 46.87% at 90 days after application.
With regard to yield, the results showed that the highest leaf yield was found in carbendazim
(0.1%) treated plot (3445 kg/ha/harvest) followed by commercial TNAU formulations of Pseudomonas
sp. + Bacillus sp. treated plot (3435 kg/ha/harvest). The commercial TNAU formulations of
Pseudomonas sp. produced the yield of 3325 kg/ha/harvest followed by native isolates of Pseudomonas
sp. + Bacillus sp. produced the yield of 3315 kg/ha/harvest. Commercial TNAU formulation of Bacillus
sp. and native isolate of Pseudomonas sp. were on par with each other. The control recorded the yield of
1575 kg/ha/harvest (Table 7).
Summary


The survey results showed that the maximum incidence was found in Ayyampalayam
(Erode dt.) (43.58%) followed by Annur (Coimbatore dt.) (31.57%).



The pathogens were isolated from the infected root tissues and identified as M.
phaseolina based on morphological and spore characters.



In vitro screening against M. phaseolina. showed that the isolate Pseudomonas
fluorescens MP2 isolated from Mathampatti and Bacillus sp. MB1 isolated from Puthur
showed highest inhibition when compare to other isolates as well as control.



The drenching of carbendazim (0.1%) recorded the maximum percentage of disease
reduction over control (55.54 per cent) at 90 days after application.



Commercial formulation of Pseudomonas fluorescens and Bacillus sp. recorded 44.87 per
cent reduction of root rot disease.



The native isolates of Pseudomonas fluorescens and Bacillus sp. recorded 38.00 per cent
reduction of root rot disease.
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