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Abstract
Rhizoctonia solani is an important plant pathogen which is responsible for causing a number of plant 
diseases in a variety of cropping plants. The current studies were carried out to explore antifungal 
potential of bacteria isolated from rhizospheric region of Daucus carota against Rhizoctonia. Of the total 
21 bacterial isolates isolated, only 3 isolates namely CVO-3, CVO-4 and CRY-O-2 were shown antifungal 
potential against Rhizoctonia. Besides having antifungal potential these isolates also have some plant 
growth promoting attributes that will be an extra benefit of using these isolates as a biofungicides 
against R. solani. Thus, these isolates could be used as biofungicides against Rhizoctonia to prevent 
a variety of plant diseases like sheath blight in Oryza sativa, stem canker and black scurf in Solanum 
tuberosum and seedling diseases in Brassica napus. The isolates CVO-3, CVO-4 and CRY-O-2 were 
also characterized biochemical level by using methods based on Determinative Bacteriology given in 
Bergey’s manual and at molecular level using 16S rRNA sequencing and sequences of 16S rDNA segment 
were submitted to NCBI in GenBank database with the accession numbers OR775574 (Lysinibacillus 
boronitolerans ss3cvo3), OR775575 (Lysinibacillus boronitolerans ss4cvo4) and OR708523 (Shouchella 
rhizosphaerae ss1cryo2). The present investigation is an approach towards the use of these bacterial 
isolates from carrot rhizosphere to control the activities in the rhizosphere of other cropping plants. 
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INTRODUCTION

 Rhizoctonia solani  is  well  known 
ubiquitous fungal pathogen of number of several 
agriculturally important crop plants. Pathogens 
survives in soil in form of sclerotia or mycelia on 
infected plant debris and also survives in water 
logged condition as it floats on surface of water.1 
In suitable conditions the spores germinate 
and infect crop plants.2 Due to infection on 
several crop plants pathogen cause qualitative 
and quantitative damage leading to significant 
loss in productivity.3-5 Some isolates are highly 
virulent and responsible for causing pre- or post-
emergence of damping-off and root rot with 
characteristic water-soaked lesions on root and 
hypocotyl which ultimately results in root necrosis 
and cortex tissue maceration.6  Sheath blight in 
rice plant caused through R. solani is a serious 
disease of rice.7 R. solani is known to related 
with root rot complex of rapeseed.8 R. solani, the 
pathogen causes sheath blight on Oryza sativa 
and black scurf of Solanum tuberosum.3 R. solani 
has been most frequently identified and studied 
in having range of host plant species more than 
250 and also capable of causing disease in several 
diverse environmental conditions.9,10 R. solani 
shows pathogenicity against Poaceae, Linaceae, 
Moraceae, Brassicaceae, Solanaceae, Fabaceae, 
Amaranhtaceae, Rubiaceae, Asteraceae, 
Malvaceae and Araceae.11 R. solani has already 
been reported as a most common pathogen 
present in fields where winter wheat, i.e. Triticum 
aestivum is grown as rotation crop with oil 
seed rape12. Vegetatively propagated plants are 
susceptible to Rhizoctonia as it causes rot at the 
base of the cutting. The rhizospheric regions are 
hot spots for microorganisms which contains both 
the beneficial as well as harmful microorganisms. 
The plant growth promoting rhizobacteria (PGPR) 
comprises a group of beneficial bacteria residing 
in rhizosphere of plants and can promote the 
growth of plants.13 Growth promotion activities of 
PGPR relies either on direct mechanisms involving 
enhancement in nutrient supply and production 
of growth promoters or on indirect mechanisms 
involving inhibition of the pathogenic microbial 
forms capable to establish infection in host plants. 
Application of PGPR is a modern, ecofriendly and 
sustainable approach in agriculture which acts as 

an alternative of chemical fertilizer and pesticides. 
The current study was carried out to search out 
antifungal potential of bacterial isolates from the 
rhizospheric region of the D. carota against R. 
solani. The bacterial cultures were isolated from 
carrot rhizosphere and isolates having antifungal 
potential against R. solani were screened for 
their plant growth promoting attributes. The 
present investigation is an approach towards the 
use of rhizospheric bacterial isolates of D. carota 
to manage the damage of other crop plants and 
reduction in yield. Microbes are important role 
players in the soil and it is known that mixing of soil 
adds heart to the soil. Plants growing in the field 
also regulates the growth and productivity of next 
crop sown in the field, this is due to the activity of 
rhizospheric microbes associated with a particular 
plant which enhance productivity of other crop 
plants as it is known to happens naturally during 
crop rotation14 which is an aspect to increase 
the soil fertility, maintaining the quality of soil, 
interference in pest cycles and weed subduing.15 
These processes are mediated by activities of soil 
microorganisms,16-18 which have given a clue to use 
rhizospheric bacteria of the carrot for prevention 
of diseases in some other crop plants.

MATERIALS AND METHODS

Sampling and isolation of rhizospheric bacteria
 Soil samples were collected from various 
orange carrot grown fields of District Jaunpur. 
The soil adhered on the roots were collected 
carefully from carrot plants growing in fields. The 
soil samples were smashed and sieved through 9 
mesh per square inch sieve. One gram of this soil 
sample was taken from different fields of carrot 
and added to 9 ml distilled water. Ten-fold dilutions 
were prepared and spread on different media 
containing plates. For isolation, different selective 
media such as N-free Jensen’s Agar, NBRI-P media, 
Methyl Red Agar, and Crystal Violet Agar were 
used. Plates were then incubated for 3 days at 
30°C in incubator for the growth of rhizospheric 
microbes. Few bacterial colonies were selected 
after the appearance of the colonies on plates. 
Selection was based on different morphological 
features and growth on different media plates. 
The pure culture of the selected bacterial isolates 
was prepared by streaking the bacterial isolates 
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on respective media plates and further repeated 
sub-culturing on Nutrient Agar (NA) plates. All the 
culture media and compositions used were from 
Himedia (Mumbai, India).

Determination of antifungal activities
 All the bacterial isolates were tested for 
their antifungal potential against fungal pathogen, 
R. solani by using modified cross streak method.19 
The experiment fungus R. solani was obtained from 
culture collection center of ICAR-NBAIM (Indian 
Council of Agricultural Research-National Bureau 
of Agriculturally Important Microorganisms), 
Kushmaur, Mau Nath Bhanjan, UP, 275103, India. 
Initially, fungal cultures were grown on the PDA 
(Potato Dextrose Agar) plates and disks of this 
fungus was prepared by cutting the plugs by using 
cork borer from the fungal plates. Then plugs of 
fungus placed in the center of NA PDA (1:1) mixed 
plates. Finally, bacterial isolates were streaked 
both sides of fungal plugs at equal distance of 1 
cm.20 A control plate also made with only fungal 
plug on petri plate without bacterial isolates. Then, 
plates incubated in BOD at 30°C for 5-7 days.

Determination of biochemical activities of 
bacterial isolates
 All three selected bacterial isolates were 
characterized for their biochemical activities like 
carbohydrate fermentation (glucose, lactose, 
fructose and mannitol), IMViC test and catalase 
test. The results of biochemical tests were 
analysed using Bergey’s manual of Determinative 
Bacteriology.21

Determination of hydrolytic enzyme production
 Hydrolytic enzyme production like 
protease and amylase was determined through 
point inoculating bacterial isolates on Skim Milk 
Agar (SMA) plates and on Starch Agar plates 
respectively.22

Determination of plant growth promoting 
activities
 The bacterial isolates having antifungal 
potential against Rhizoctonia were screened for 
their plant growth promotion activities like:

Determination of HCN production
 HCN producing abilities of isolates were 

analysed by using method of Bakker and Schipper 
1987.23 Isolates were streaked on nutrient agar 
slants (having 4.4 g/l of glycine) in test tubes. A 
small strip of filter paper (Whatman No. 1) of about 
1cm width and 4 cm length was cut and soaked 
in picric acid solution and placed by hanging it at 
the top of the test tubes. Mouth of test tubes were 
covered properly with parafilm (Himedia) to avoid 
any contamination. The test tubes were incubated 
at 30°C for 4-5 days. After incubation the positive 
results were recorded qualitatively as filter paper 
turns reddish-brown from yellow.

Determination of Ammonia production
 Ammonia production by selected three 
isolates were observed according to Cappuccino 
and Sherman 1992.22 Isolates were inoculated 
in peptone water broth and incubated in BOD 
incubator at 37°C for 72 hours. Positive results 
were recorded as change of colour of broth from 
yellow to brown after addition of freshly prepared 
Nessler’s reagent.

Determination of Siderophore production
 Production of  s iderophore were 
determined by inoculating bacterial isolates on CAS 
media plates (Chrome Azoural S agar).24,25 A yellow 
clear zone formed around colonies, indicated 
positive result for siderophore production by 
bacterial isolates. 

Determination of Phosphate solubilization
 The phosphate solubilization activity of 
isolates were determined via point inoculation of 
the pure bacterial isolates on plates containing 
Pikovskya’s medium. Plates were then incubated at 
30°C for 3 days in BOD incubator. Finally examined 
for the formation of clear zone around the 
bacterial colonies for positive result of phosphate 
solubilization.26

Determination of Potassium solubilization
 Potassium solubilization by the bacterial 
isolates were determined by point inoculation 
and formation of zone after incubation on plates 
containing Aleksandrov medium.27

Determination of Cellulase production
 Cellulase production activity was 
determined by point inoculation of bacterial 
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isolates on CMC media plates followed by 
incubation of 3 days at 30°C. After 3 days of 
incubation, the plates were flooded by 1% Congo 
red solution (15 min). Then, the solution was 
drained off and plates were flooded with 1 M 
NaCl solution (15 min). Cellulase production by 
the isolates was confirmed by formation of a clear 
zone around the colonies.28 

Determination of IAA production
 The IAA (Indole acetic acid) production 
by isolates were determined via using colorimetric 
method in presence as well as in absence of 
tryptophan by using method of Brick et al.29 
Protein produced by bacterial isolates were 
estimated quantitively by using method of Lowry 
et al.,30 Values were determined with standard 
curve made by using concentrations of IAA ranging 
from 10-100 µg/ml separately for both IAA and 
Protein. Finally, the IAA production by isolates 
were estimated in microgram per gram (µg/g) of 
protein produced by bacterial isolates.31

Determination of Gibberellic acid production
 Production of phytohormone-gibberellin 
(Gibberellic Acid) by bacterial isolates were 
determined by using protocol of Ashry et al.32 
Bacterial isolates were inoculated in nutrient broth 
having tryptophan (1 mM), incubated at 37°C for 
48 hours keeping it in rotatory shaker at 100 rpm. 
Bacterial isolates were transferred in centrifuge 
tube and then centrifuged at 10,000 rpm for 5 min. 
The supernatant was collected and 1 ml of Folin-
Ciocalteu reagent (FCR) and 1 ml of HCl is added 
in test tubes. Appearance of greenish blue colour 
was recorded as positive result for production of 
Gibberellic acid. Tubes were then kept in boiling 
water bath for 5 minutes and then cooled at 
room temperature. Quantitative estimation of 
gibberellic acid production was estimated after 
taking absorbance at 760 nm. Standard curve was 
prepared by using gibberellic acid (range used, 
10-100 µg/ml) solution.

Molecular characterization of Isolates
 Molecular characterization of isolates  
CVO-3, CVO-4 and CRY-O-2 was done by using 
16S rRNA sequencing gene. The genomic DNA 
and 16S rRNA gene of bacterial isolates from 
rhizospheric region of D. carota, was amplified by 

using 16s forward (5’GGATGAGCCCGCGGCCTA3’) 
and reverse (5’CGGTGTGTACAAGGCCCGG3’) 
primers. Isolates CVO-3, CVO-4 and CRY-O-2 were 
characterized at molecular level by sequencing 
of 16S rRNA gene. 1.5 kbp, high–fidelity PCR 
polymerase enzyme was used for amplification 
of 16S rDNA fragment and product obtained was 
sequenced bi-directionally. The identification of 
bacteria and their closest neighbours was done 
by aligning and analysing sequence data using 
GenBank database through NCBI-BLAST (NCBI 
BLASTR home page). The nucleotide sequences 
were submitted to NCBI GenBank database. 
Inference of evolutionary history, drawn by using 
Neighbor-Joining method.33 The evolutionary 
distance was computed through the Maximum 
Composite Likelihood method34 and in units of 
number of base substitutions per site. Evolutionary 
analyses were conducted in MEGA11.35

RESULTS

Isolation of rhizospheric bacteria
 Rhizospheric soil of orange carrots were 
used for isolation of PGPR. Total 21 bacterial strains 
were isolated and purified from rhizospheric 
region of the different orange carrot grown fields 
of District Jaunpur. 

Determination of antifungal activities and 
screening of bacterial isolates
 Out of 21 bacterial isolates were tested 
for their antifungal activities against Rhizoctonia, 
only 3 bacterial isolates CRY-O-2, CVO-3 and 
CVO-4 gave positive result for antifungal activities 
against Rhizoctonia (Figure 1 and 2). Antifungal 
activities of these bacterial isolates were estimated 
quantitatively on the basis of reduction in growth 
of Rhizoctonia as compared to control plate. All 
these experiments were performed in triplicates.

Characterization of isolates
 Gram Staining procedure was used for 
initial characterization of the isolates. All the 
selected three isolates CRY-O-2, CVO-4 and CVO-3 
were found as Gram’s positive.

Determination of biochemical activities
 All three isolates were screened for 
their biochemical activities such as carbohydrates 
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fermentation, IMViC test and catalase test. All the 
three isolates were tested for glucose, fructose, 
mannitol and lactose fermentation, only CVO-
3 and CVO-4 gave negative result for lactose 
fermentation but gave positive result for glucose, 
mannose and fructose with acid production. 
On the other hand, CRY-O-2 fermented all four 

carbon sources with acid production. Isolates 
CRY-O-2, CVO-3 and CVO-4 gave positive result 
for catalase test. CRY-O-2 gave positive result for 
Indole production and Voges Proskauer while 
gave negative result for Methyl Red and Citrate 
Utilization. On the other hand, CVO-3 and CVO-4 
gave negative result for Indole production, Voges 

Figure 1. Antifungal Activities of bacterial isolates against Rhizoctonia

Figure 2. Results of the antifungal activity of bacterial isolates against R. solani done by using cross streak method. 
A. Control plate showing full fungal growth without any inhibition, B. Antifungal activity of CRY-O-2, C. Antifungal 
activity of CVO-4 and D. Antifungal activity of CVO-3
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Proskauer and Methyl Red and gave positive result 
for only Citrate Utilization. All three isolates gave 
positive result for catalase test. These experiments 
were done in triplicates and result are given in 
Table 1. 

Determination of hydrolytic enzyme production
 All three isolates were tested for 
hydrolytic enzymes production such as protease 
and amylase. Isolate CVO-3 gave 8.67 mm zone on 
skim milk agar plate for protease production and 
6.33 mm zone on Starch agar plate for amylase 
production. CVO-4 gave 8.67 mm zone for protease 
and 9.0 mm zone for amylase and CRY-O-2 gave 
13.33 mm zone for protease and 16.0 mm zone 
for amylase. Results are shown in Figure 3.

Determination of the Plant Growth Promoting 
Activities
 Isolates were qualitatively estimated for 

HCN and Ammonia production. Isolates CVO-3 and 
CVO-4 gave negative result for HCN production. 
On the other hand, isolate CRY-O-2 gave positive 
result for the same. All the three bacterial isolates 
gave positive result for ammonia production 
(Table 2). Other plant growth enhancing attributes 
like siderophore production, solubilization of 
phosphate, potassium solubilization, production of 
cellulase and IAA production estimated quantitively. 
CVO-3 gave positive result for production of 
siderophore, phosphate solubilization and 
cellulase production while gave negative result 
for potassium solubilization. CRY-O-2 and CVO-
4 gave positive result for all 4 activities such as 
siderophore production, phosphate solubilization, 
potassium solubilization, cellulase production. 
All the three bacterial isolates also gave positive 
result for IAA production in presence as well as in 
absence of Tryptophan (Figure 4 and 5).

Figure 3. Result of hydrolytic enzyme production by CRY-O-2, CVO-3 and CVO-4 (protease in yellow bars and 
amylase in green bars)

Figure 4. Result of Siderophore production, Phosphate solubilization, Potassium solubilization and Cellulase 
production
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Result of Gibberellic Acid production
 All three bacterial isolates gave positive 
result for the production of gibberellic acid (GA). 
CRY-O-2 gave minimum result for GA production 
(23.89 µg/ml), while CVO-3 gave maximum GA 
production (38.41 μg/ml) (Figure 6).

Result of molecular characterization
 Molecular characterization of isolates 
CVO-3, CVO-4 and CRY-O-2 was done by using 
16S rRNA sequencing gene. After the analysis and 
alignment of sequence data of the isolates were 
identified as strains of Lysinibacillus boronitolerans 
and Shouchella rhizosphaerae. The partial 16S 
rDNA segment of nucleotide sequences submitted 
to NCBI GenBank database with accession 
numbers OR775574 (Lysinibacillus boronitolerans 

ss3cvo3), OR775575 (Lysinibacillus boronitolerans 
ss4cvo4) and OR708523 (Shouchella rhizosphaerae 
ss1cryo2). Nine nucleotide sequences involved 
in this analysis. Phylogenetic tree showing the 
relation among all three studied bacterial isolates 
and their closely related bacteria from NCBI 
database has been shown in Figure 7.

DISCUSSION

 Plant pathogens cause severe diseases 
in crop plants and result in decreased crop yield 
and fruit quality. Traditionally, the pathogens 
were mainly controlled through chemical agents 
but this approach was not ecofriendly. Potato 
and rice are major food items used throughout 
the world. One of the major pathogens of these 

Figure 5. Result of IAA Production in presence (Trp+) and absence (Trp-) of tryptophan

Figure 6. Result of Gibberellic Acid (GA) production by all three isolates
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crops is R. solani, which is a soil-borne pathogenic 
fungi which is responsible for causing sheath 
blight in O. sativa,2 black scurf and stem canker in 
potato,3 seedling disease in B. napus,4-7 rot diseases 
in stem and roots of dicotyledons belonging 
to Brassicaceae (10;8) and ‘root rot’ or ‘bare 
patch’ on monocotyledons of family Poaceae.11 

It is also one of the most common pathogens 
present in agriculture fields where T. aestivum is 
grown as rotation crop with oil seed rape.12 Thus, 
R. solani can cause a significant loss in productivity 
in many of the agriculturally important crops.11 
The bacterial isolates CRY-O-2, CVO-4 and CVO-3 
exhibited potent antifungal potential against R. 
solani in laboratory experiments. The plant growth 
promoting activities such as HCN production, 
Ammonia production, solubilization of Phosphate 
and Siderophore production of isolates will make 
them a promising candidate for sustainable 
agriculture. These isolates will not only suppress 
the growth of R. solani by their antifungal activity 
but they also increase the nutrient availability 

Figure 7. Neighbor-joining phylogenetic tree showing the relationship between all three studied bacterial isolates 
and their closely related genus from the NCBI database

Table 1.  Result of IMViC test, Catalase test and Carbohydrate fermentation

Culture Indole Methyl Voges Citrate Catalase  Carbohydrate fermentation
Name production Red Proskauer Utilization Test
      Glc. Lact. Mann. Fruc.

CRY-O-2 +ve -ve +ve -ve +ve AG AG AG AG
CVO-3 -ve -ve -ve +ve +ve AG - AG AG
CVO-4 -ve -ve -ve +ve +ve AG - AG AG

Abbreviations Glc. = glucose, Lact. = lactose, Mann. = mannose and Fruc. = fructose

Table 2. Result of HCN and ammonia production

Plant Growth CVO-3 CVO-4 CRY-O-2
Promoting Activity 
(Qualitative analysis)

HCN Production Negative Negative Positive
Ammonia Production Positive Positive Positive
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for the crops. Siderophore production activity of 
these isolates is also important in reducing the iron 
toxicity in crop fields.36,37 Besides these benefits, 
siderophore production also promote the plant 
growth by means of antibiosis.38,39

 Posit ive result  was obtained for 
Gibberellic acid production ranging from 23 µg/
ml to 38 µg/ml by all three selected the isolates 
and similar result for Gibberellic acid production 
was obtained by Gunja et al.,40 where Gibberellic 
acid production was found ranging from 10.2-
112.4 µg/ml. In the present investigation Carrot 
plant was used for the isolation of rhizospheric 
microbes because of its medicinal properties41 
and production of β-carotene in high amount42 
so present investigation could be" before "an 
approach to use the rhizospheric bacteria from one 
crop to control the activities of phytopathogens 
in the rhizosphere of another crop, as it naturally 
happens during crop rotation which is oldest 
known biofertilizer concept in agriculture. The 
present investigation is an approach to use the 
rhizospheric bacteria from one crop to control the 
activities of phytopathogens in the rhizosphere 
of another crop, as it naturally happens during 
crop rotation which is oldest known biofertilizer 
concept in agriculture. The results obtained in the 
plate trials for antifungal activities by cross streak 
method suggests for a better future of bacterial 
isolates CRY-O-2, CVO-4 and CVO-3 as potent 
biofungicides against R. solani in cropping fields 
as a biocontrol agent for variety of crops.

CONCLUSION

 Use of the plant growth promoting 
microbes for crop plants is an attractive and 
economic approach for sustainable agriculture. 
The potential benefit of these growth promoting 
microbes rather than using classical approaches 
such as chemical fertilizers, is their ecofriendly 
nature and cost-effective approach. It has also been 
established that rhizospheric growth promoting 
microbes are effective candidates for enriching 
the crop productivity and soil fertility. The present 
study reveals that Lysinibacillus boronitolerans 
ss3cvo3, Lysinibacillus boronitolerans ss4cvo4 and 
Shouchella rhizosphaerae ss1cryo2 are prominent 

candidates for applicating as a biocontrol agent 
against pathogens of plants such as R. solani. They 
inhibit the growth of fungal pathogen through 
production of hydrolytic enzymes, production 
of siderophore, IAA production, solubilization 
of phosphate, solubilization of potassium and 
production of cellulase. Thus, producing their 
effect by direct and indirect mechanisms for 
growth promotion of agricultural crops. The 
antifungal activity of these microbes elaborates 
their biological control spectrum and because 
of these properties selected microbes would be 
useful for controlling various plant pathogens 
as alternative of chemical fungicides under field 
conditions.
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