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ABSTRACT 

Background and Aims: To combat the extensive use of chemical pesticides and other agrichemicals on 

plant growth which may be hazardous to soil and in turn human health, a group of rhizobacteria- the Plant 

Growth-Promoting Bacteria- can be employed. This study focuses on the mechanisms exhibited by these 

rhizobacteria that can further help to promote plant growth. Methods: Antifungal activities of different 

Pseudomonas isolated from sunflower (Helianthus annuus L.) rhizosphere were tested against four 

phytopathogenic fungi. Study of other biocontroling factors like production of Hydrocyanic acid (HCN) 

and Ammonia were also taken into consideration. The other study was pertaining to the production of 

several lytic and detoxification enzymes that these bacteria possess. Tolerance of these isolates to heavy 

metal stress was also found out, as heavy metal pollution is one of the major problems of environmental 

concern. Important Findings: Results indicated that 30% of isolates inhibited the growth of Fusarium, 

Aspergillus and Helminthosporium, 50% were antagonistic against Curvularia.  Among the other 

biocontrolling factors studied, two isolates showed presence of HCN and Ammonia.  Study of hydrolytic 

enzyme showed that protease production was observed in five isolates, one produced amylase. Three 

isolates produced lipase and cellulase enzymes. Two of the isolates tolerated about 120 mM concentration 

of Chromium and three isolates grew in presence of 9.9 mM concentration of Zinc.  

Keywords: Rhizosphere, Plant growth-promoting rhizobacteria, Biocontrol, Antifungal, Agrichemicals. 

 

 
INTRODUCTION 

In the Bio-Era of today the rhizobacteria are 

playing a major role in various aspects to sustain 

agricultural development. Among these, the plant 

growth promoting rhizobacteria (PGPR)
 [1]

 are the 

beneficial ones that help to stimulate and enhance 

plant growth
[2]

. These bacteria exhibit a wide array 

of potentials for plant growth promotion. They 

directly benefit the plant by providing them with 

phytohormone indole acetic acid, Gibberellic acid, 

cytokinins etc., solubilizing minerals like 

Phosphorous and providing Nitrogen. Indirectly 

the PGPR may act as biocontrolling agents
[3]

, 

suppress plant diseases by secreting antifungal 

metabolites that support plant growth. May they be 

antibiotics
[4]

, other volatile compounds, iron-

chelating siderophores, HCN
[5]

, Ammonia
[6]

, 

Hydrolytic enzymes
[7]

. Here the study is focused 

on an important group of PGPR, the 

Pseudomonas, which have good potentials of 

Biocontrol
[8]

 and tolerance to specific amount of 

heavy metals Lead, Chromium (VI)
[9]

 and zinc.. 

The Helianthus annuus L. plant in association with 

these rhizobacteria can help improve 

phytoremediation
[10]

 and rhizoremediation. 

Different agricultural plants assimilate and 

accumulate heavy metals
[11]

 in a specific manner 

depending on a variety of factors controlling the 
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soil plant system. Microorganisms are an 

important element in this system. The use of such 

associations in the rhizosphere may help in 

improving the structure of derelict and 

contaminated soils.  

Sunflower is one of the important oil seed crops in 

India. India has fourth largest area under 

Sunflower cultivation in the world and accounts 

for 10% of world acreage. Its share in total world 

production is about 5%. However the yield at 570 

kg/ha is lowest among the major Sunflower 

producing countries in the world
[12]

.  

The seeds of Sunflower may be subjected to attack 

by different soil borne and seed borne fungi. The 

fungi can hinder seed germination and seed quality 

of Sunflower. Use of PGPR may thus help in 

controlling such seed borne diseases in these 

plants. Some common fungi associated with all the 

Sunflower varieties are Alternaria tenuis (32-

35%), Aspergillus flavus (0.5-47%), Aspergillus 

niger (8.7-40%). Species of Aspergillus, 

Fusarium, Alternaria and Penicillium have also 

been recorded on stored seeds 
[13]

.   

 

MATERIALS AND METHODS 

Sample Collection: An intact plant Helianthus 

annuus L. was uprooted with a surface sterilized 

garden trowel and placed in a sterile plastic bag 

along with the adhering soil.  

Three samples were collected. Non rhizosphere 

soil was collected and suspension was prepared in 

sterile 0.1 M MgSO4 to disperse the 

microorganisms 
[14]

. Root systems from the 

experimental plants with adhering soil were used 

to isolate rhizosphere microorganisms. Root 

segments of the plant were shaken vigorously for 

3-5 min. in a test tube of sterile 0.1 M MgSO4 to 

dislodge the adhering soil and attendant 

microorganisms 
[2]

. To isolate the endophytic 

bacteria excised surface sterilized roots were 

macerated with a sterile mortar and pestle diluted 

in PBS (Phosphate Buffer Solution), containing 

20% glycerol. The suspensions were plated onto 

specialized media for Pseudomonas, King’s B 

medium. Plates were then incubated at ambient 

temperature after which growth of bacteria 

allowed differentiation by morphological 

characteristics of colonies. All three types of 

samples were processed and analyzed as follows.  

Isolation and characterization of isolates: 

Colony morphology was observed on the 

specialized media. Then the bacterial strains were 

characterized by morphological, biochemical and 

physiological tests including pigment production, 

gram reaction, catalase and oxidase production, 

nitrate reduction activities by standard 

microbiological procedures. Ten different bacterial 

strains were selected and characterized. Then the 

bacterial strains were assessed for the antifungal 

activity.  

1. To assess the ability of the bacterial strains to 

inhibit fungi, each isolate was tested against four 

different phytopathogenic fungi with the circle 

method. Briefly bacterial isolates were seeded in a 

9 cm diameter circle on a PDA plate. After 24 hr 

at room temperature, a 5 mm plug of each fungus 

was placed on the centre of the circle. Plates were 

incubated at 28° C for 3 days. Plates without 

bacterial strains were used as control. Fungal 

growth inhibition was assessed by measuring the 

mycelial radial growth 
[3]

.  

2. Testing of these bacteria in liquid media was 

also assessed in dual culture. The growth medium 

for in vitro test of fungal antagonism was sterile 

yeast extract sucrose-mineral salts broth (YESM). 

Twenty ml of sterile YESM broth was dispensed 

into sterile 9 cm glass petri plates.  

The procedure used in screening for in vitro 

antagonism of Pseudomonas strains against 

Fusarium was as follows.  One ml bacterial 

suspension (2.5 x 10
6
 CFU/mL) prepared from a 

24 hr culture of each strain was dispensed into 20 

mL sterile YESM broth in 9 cm glass petri plates 

and incubated for 48 hr at ambient temperature for 

growth of bacteria, after which three 5-mm agar 

plugs cut from 3 day-old culture of Fusarium were 

placed in the centre of each plate and further 

incubated in the dark for three days. Cultures were 
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frequently agitated during incubation for proper 

aeration of the medium. Control treatment 

consisted of YESM containing three agar plugs of 

the fungus but without bacteria.  

Mycelia of the fungus were collected after three 

days by passing the culture through weighed 

Whatman No. 1 filter paper.  Then washed twice 

with 50 mL deionized water. The harvested 

mycelia on the filter paper were oven dried over 

night at 60° C. In vitro antagonism of each strain 

was assessed by comparing the mycelium dry 

weight of the fungus in the control treatment with 

that of the fungus in the fungus-bacteria dual 

culture 
[14]

.  

Then HCN production by the isolates was detected 

by the method of Bakker & Schippers 
[15]

. Freshly 

grown cells were spread on King’s B medium 

amended with 4.4 g/L Glycine. A sterilized filter 

paper saturated with 0.5 % solution of picric acid 

and 2% sodium carbonate was placed in the upper 

lead of the petri dish. The petri dish was then 

sealed with parafilm and incubated at 30° C for 4 

days. A change in colour of the filter paper from 

yellow to reddish brown as and index of 

cyanogenic activity was recorded. An 

uninoculated control was kept for comparison of 

results 
[16]

.  

Production of Ammonia: Production of ammonia 

was determined by the method of Dye, 1962 by 

growing the isolates in peptone water in tubes and 

detecting it by adding Nesslar’s reagent in each 

tube 
[17]

. 

The enzymatic activity such as protease and 

amylase were determined as described by Smibert 

& Kreig, 1994. Hydrolysis of Tween 20 was 

recorded as white precipitation around the colonies 
[18]

. 

Production of cellulase was determined in M9 

medium 
[19]

 amended with yeast extract and 

carboxymethyl cellulose. After 8 days incubation 

at 28º C, isolates surrounded by clear halos were 

considered positive. Alternatively the plates were 

flooded with Congo Red solution for 15 minutes 

then rinsed with 1 M NaCl for 10-15 mins. Clear 

zones were considered positive. Pectinase 

production was determined in the same M9 

medium with pectin (4.8 g/L).  After 2 days of 

incubation at 28º C, the plates were flooded with 2 

M HCL and isolates surrounded by clear halos 

were considered positive for pectinase production 
[3]

.  

Heavy metal tolerance: The bacterial strains were 

grown in a nutrient medium with different 

concentrations of heavy metals to assess their 

tolerance to these metals. Metals like Chromium, 

Zinc and Lead were analyzed. Organisms were 

grown in increasing concentration of the metals 

Zn
+2

, Cr (IV) and Pb
+2

 and the broth was incubated 

at 37° C for 48 hr. Bacterial growth was monitored 

by optical density measurement (OD 660 nm). 

Maximum resistance level was determined 
[20]

.   

 

RESULTS 

A total of ten different strains of bacteria were 

isolated associated with Sunflower rhizosphere 

regions. Isolates S1 to S4 were bulk soil isolates, 

isolates R1, R2, R3 were rhizosphere isolates and 

isolates ER1, ER2 and ER3 were isolated from 

endorhizosphere regions. The strains were 

recovered on King’s B medium. The data 

presented in table 1 shows the colonial 

characteristics. Isolates S1, S2, R1, R2 and R3 

produced diffusible and nondiffusible pigments of 

yellow to bluish green colour. The strains were 

identified from their biochemical, morphological 

and nutritional characteristics. Assessment of the 

antagonistic activity of the isolates showed that 

four of the strains showed more than 50% 

inhibition of Fusarium. Isolate R1 & ER1 showed 

64% inhibition against this fungus. Two of the 

rhizosphere isolates R1 & R2 showed 75% and 

70% inhibition respectively against Aspergillus  

niger and  56% inhibition was seen in isolate S2. 

Isolates R1, R2  and  R3 showed 73% inhibition 

against Curvularia species. Isolate S1 and R3 

showed 50% inhibition against Helminthosporium 

and isolate R1, R2  and  ER3 showed 75% 

inhibition against this fungus as compared to 
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controls (Table 2, Figure 1). Dual liquid culture 

method which was carried out by dry weight 

determination also showed 48% inhibition of 

growth of Fusarium in isolate R1 and 36% 

inhibition of growth in case of isolate R2. From 

the data presented strain identified as 

Pseudomonas aeruginosa (R1) was inhibitory 

against all the four phytopathogenic fungi tested. 

These two strains also produced other 

biocontroling factors like the hydrolytic enzymes, 

protease, lipase and volatile metabolites HCN and 

Ammonia (Table 3). The tolerance of the isolates 

towards heavy metals like Chromium, Zinc and 

Lead is as shown in the table 4 and 5. 

Pseudomonas aeruginosa and Pseudomonas 

flourescens tolerated 60 mM and 120 mM 

concentration of Chromium, 2.2 mM and 4.4 mM 

concentration of Zinc respectively. 9.9 mM 

concentration of Lead was tolerated by both of 

them (Table 6). These data are in accordance with 

several authors 
[21]

.   

 

DISCUSSION 

The adverse effects of pesticides and other 

agrochemicals on the environment and human 

health have generated interest in searching for 

alternative ways to control pests and diseases in 

plants. It is more crucial for developing countries 

like India. Biological control of plant diseases 

involve the use of antagonists selected by testing 

their ability in vitro and in vivo 
[2]

. Here the study 

was carried out on the free living strains of 

rhizobacteria specifically associated with and 

important oil crop, the Sunflower (Helianthus 

annuus L.). The bacteria which are native to the 

crop and therefore can be more effective as 

biocontroling agents and may indirectly help plant 

growth promotion. Treatment of seeds with such 

bioagents i.e. Pseudomonas flourescens gave 

superior results and was at par with chemicals like 

triadimefom (12.23 q/ha), Carboxin (12.54 q/ha), 

Carbendazin (13.03 q/ha) and Captan (12.59 q/ha) 
[23]

. Again, taking into consideration the 

bioremediation aspects, the selected strains were 

also able to tolerate specific concentrations of 

heavy metals tested. As pollution by heavy metals 

is posing a problem to the environment Chromium 

in higher concentration may prove toxigenic and 

carcinogenic 
[21]

 Chromium toxicity includes poor 

growth and leaf chlorosis 
[22]

. Lead is also 

classified as a ‘possible human carcinogen ‘by 

IARC which lead to lung cancer, stomach cancer 

and gliomas 
[24]

. Such bacteria possessing multiple 

capacities of biocontroling and bioremediation 

capabilities can be effectively used for plant 

growth promotion as plant growth promoting 

rhizobacteria (PGPR).  Such strains when used 

could be able to survive for carrying out its plant 

growth promoting functions in soils containing 

high concentration of these metal ions. 
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Table 1. Colonial characteristics of the isolates 

Bulk Soil Isolates SIZE SHAPE EDGE ELEVATION OPACITY SURFACE PIGMENT

ISOLATE S1 Small Circular Entire Raised Opaque Smooth Yellow Orange

ISOLATE S2 Small Circular Entire Convex Transluscent Glistening Yellow Orange

ISOLATE S3 Small Circular Entire Raised Transluscent Glistening None

ISOLATE S4 Small Circular Entire Raised Transluscent Glistening Yellow

Rhizosphere Isolates

ISOLATE R1 Small Irregular Undulate Raised Transluscent Glistening Yellow green

ISOLATE R2 Medium Circular Entire Flat Transluscent Glistening Bluish green

ISOLATE R3 Small Circular Irregular Raised Transluscent Glistening Yellow

Endorhizosphere Isolates

ISOLATE ER1 Medium Circular Undulate Convex Transluscent Smooth None

ISOLATE ER2 Large Circular Entire Convex Transluscent Glistening None

ISOLATE ER3 Small Circular Entire Convex Transparent Glistening None

 
Table 2: In vitro antagonistic behavior of the bacterial isolates against phytopathogenic fungi 

 

No. Fusarium Aspergillus Curvularia Helminthosporium

Isolate S1 9% 25% 45% 50%

Isolate S2 55% 55% 56% 35%

Isolate S3 6% 5% 8% 10%

Isolate S4 0% 0% 34% 20%

Isolate R1 64% 75% 73% 75%

Isolate R2 14% 70% 73% 75%

Isolate R3 37% 0% 73% 50%

Isolate ER1 64% 50% 56% 25%

Isolate ER2 55% 0% 45% 10%

Isolate ER3 19% 0% 45% 70%  
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Table 3. Biocontroling factors produced by the isolates 

No. Protease Amylase Lipase Cellulase HCN Ammonia

Isolate S1 - - - - - -

Isolate S2 ++ + - - - -

Isolate S3 - - - + - -

Isolate S4 - - ++ - - -

Isolate R1 ++ - ++ - ++ ++

Isolate R2 ++ - + - ++ +

Isolate R3 - - - - - -

Isolate ER1 ++ - - ++ - -

Isolate ER2 ++ - - + - -

Isolate ER3 - - - - - -  
 

Table 4. Tolerance of Pseudomonas aeruginosa to heavy metals like Lead, Chromium and Zinc 

 

Concentration of Pb
+2

 mM O.D. at 660 nm % of dimunition

Control ( without metal) 0.602 100

0.137mM 0.197 32

0.275mM 0.169 28

0.55mM 0.157 26

1.1mM 0.021 3

2.2mM 0.023 4

4.4mM 0.007 1

Concentration of CrO4
-2

 mM O.D. at 660 nm % of dimunition

Control ( without metal) 0.602 100

7.52 mM 0.049 8

15.05 mM 0.04 7

30.112 mM 0.028 5

60.225 mM 0.035 6

120.5 mM 0.01 1

240mM 0.003 0.5

Concentratin of Zn
+2

 mM O.D. at 660 nm % of dimunition

Control ( without metal) 0.602 100

0.618mM 0.04 7

1.237mM 0.034 4

2.475mM 0.034 4

4.95mM 0.02 3

9.95mM 0.013 1.6  
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Table 5. Tolerance level of Pseudomonas flourescens to heavy metals like Lead, Chromium and 

Zinc 

 

Concentration of Pb
+2

 mM O.D. at 660 nm % of dimunition

Control ( without metal) 0.87 100

0.137mM 0.32 37

0.275mM 0.315 36

0.55mM 0.305 35

1.1mM 0.182 21

2.2mM 0.092 11

4.4mM 0.001 0.1

Concentration of CrO4
-2

 mM O.D. at 660 nm % of dimunition

Control ( without metal) 0.87 100

7.52 mM 0.062 7

15.05 mM 0.071 8

30.112 mM 0.059 7

60.225 mM 0.05 6

120.5 mM 0.024 2.75

240mM 0.008 1

Concentratin of Zn
+2

 mM O.D. at 660 nm % of dimunition

Control ( without metal) 0.87 100

0.618mM 0.098 11

1.237mM 0.078 9

2.475mM 0.074 8.5

4.95mM 0.046 5

9.95mM 0.046 5  
 

Table 6. Heavy metal tolerance of the isolates 

 

No. Chromium Lead Zinc

Isolate S1 60 mM ND 4.95 mM

Isolate S2 60 mM ND 4.95 mM

Isolate S3 30 mM ND 4.95 mM

Isolate S4 15 mM 2.2 mM 9.9 mM

Isolate R1 60 mM 2.2 mM 9.9 mM

Isolate R2 120 mM 4.4 mM 9.9 mM

Isolate R3 120 mM 2.2 mM 4.95 mM  
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Figure 1. Graphical representation of the antifungal activity of the bacteria 

 

  

 


