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Abstract The current study was intended to isolate and

characterize the plant growth-promoting properties and

pesticide (chlorpyripfos) tolerance ability of microbial

strains for sustainable vegetable productions. Plant growth-

promoting microorganism is a group of microbial consortia

to improve crop growth and yield by various direct mecha-

nisms, e.g. nitrogen fixation, phosphate solubilization, pro-

duction of plant growth hormones, ammonia and

siderophore, and indirect mechanisms, e.g. production of

antibiotic, hydrogen cyanide to help as biocontrolling agent.

Totally, 50 microbes were isolated from soils of veg-

etable field. Out of 50, 14 strains were selected on the basis of

morphological, growth biochemically characters (e.g. gram

staining, amylase, cellulase, catalase and citrate test) and

plant growth-promoting properties. All strains have ability

of ammonia production. Out of 14 strains, IESDV2,

IESDV3, IESDV4, IESDV11, IESDV12 and IESD28 were

found significant increase in production of IAA, ammonia

and phosphate solubilization than others. Strains IESDV3

and IESDV11 showed tolerant at 6 ll/ml concentration of

chlorpyrifos which is three-time increase concentration of

recommended dose (2 ll/ml). Others strains IESDV12,

IESDV13 and IESDV28 were also showed resistance or

tolerance at different concentrations of pesticide 2, 4, 6 and

20 ll/ml. These strains also showed plant growth-promoting

rhizobacteria activities. Therefore, the main result of this

study is to screen and identify that three strains (IESDV3,

IESDV11, IESDV12 and IESDV28) can be used as effective

pesticide-tolerant plant growth-promoting microbial

consortia for vegetable production under sustainable agri-

culture at eastern Uttar Pradesh.

Keywords Plant growth-promoting microorganism

(PGPM) � Pesticide � Microbial consortia � IAA �
Phosphate solubilization � Sustainable agriculture

1 Introduction

In the agricultural sector, the vegetables are the most vital

part of Indian agriculture and nutritional security due to

their short life cycle, high yield, nutritional richness, eco-

nomic viability and also provide the employment oppor-

tunity to rural non-farmer and farmer sector.

India has diverse climatic conditions with different

weather phenomena, which helps in growing a wide range

of vegetable and fruit production. Therefore, India has

putted on the second rank in vegetable and fruit production

in worldwide. Vegetable is very important foods for human

being to fulfill the daily requirement of essential minerals,

vitamins, carbohydrate, proteins and antioxidants for

healthy societies. Currently, ensuring demand of veg-

etable production for feeding of increasing population in

worldwide is due to application of increasing chemical

input such as synthetic fertilizer and pesticide. The pesti-

cides are used for controlling pest and insect in vegeta-

bles because these pests and insect cause loss of

productivities of vegetables. The extensive usage of

chemical fertilizers and pesticides caused a number of

deaths and illness in humans (Verma et al. 2014). These

pesticides adsorb in the soils to persist a long time in the

environment due to more half-life. Moreover, the improper
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farm management practices and improper application of

agrochemicals and pesticides have also caused degradation

of soil fertility and health (Setboonsarng and Gilman

2006). The nutritional quality of food gains and vegeta-

bles are decreasing due to the loss of soil properties.

Nutrient deficiency and heavy metal-related disease are

increasing in human and animals day by day.

However, sustainable agricultural practices must be

essential for providing better food and fibre for healthy

nation. Only effective microbes are an alternative to

chemical fertilizers and pesticides for enhancing veg-

etable production under sustainable agriculture. These

microbes also have ability to survive under pesticide and

adverse environmental condition because indigenous

microbes can change their physiological and genetic

character according to environmental condition. Bioreme-

diation and microbial degradation are being used for the

destruction of chemicals in soil and ground water. The

bacteria belonging to genera, Pseudomonas, Arthobacter,

Ralstonia and Rhodococcus (Park et al. 2003); Bacillus,

Planococcus and Acetobacter (Shakoori et al. 2000) and

Alcaligenes (Padmanabhan et al. 2003) were isolated from

different places of the world with incredible property to

degrade xenobiotic contaminants. These pesticide pollu-

tants are removed from the soil by indigenous microor-

ganisms, including bacteria for their extraordinary

characteristic to use a wide range of xenobiotics as sole

energy and carbon source (Siddique et al. 2003).

In other words, indigenous microorganism is also known

as plant growth-promoting microorganism (PGPM) which

lives in microbial cells of bacteria, actinomycetes and fungi.

PGPM inoculants presently commercialized as innovative

and efficient solution for plant growth enhancement through

direct and indirect mechanisms. Indirect mechanism

includes antibiotic protection for controlling pathogenic

microbes, reduction in iron, synthesis of chitinase enzyme

and competition with disadvantageous microbes from site of

plant root (Vessey 2003). Direct mechanism includes nitro-

gen fixation, nutrient solubilization as phosphate, side-

rophores for iron, production of plant hormones such as

auxins, cytokinin and gibberellin and decreases the plant

ethylene level (Glick 1995). PGPM (Pseudomonas,

Azospirillum, Azotobacter, Klebsiella, Enterobacter, Al-

caligenes, Arthrobacter, Burkholderia, Bacillus, Serratia,

Aspergillus, Penicillium and Trichoderma) was reported to

increase plant growth (Glick 1995; Verma et al. 2010, 2012,

2013, 2014). Criollo et al. (2011) reported that three liquid

biofertilizers (Saccharomyces sp., Lactobacillus sp. and

Bacillus sp.) had recorded the enhancement of head diameter

and yield of Lactuca sativa L. and cabbage (Brassica oler-

acea L. var. capitata) as compared to control. Paul and

Dubey (2014) reported thatRhizobium sp.,Pseudomonas sp.,

Yeast sp., Bacillus sp. and Azotobactor sp. were isolated and

characterized as effective biofertilizer which enhance the

production of Capsicum annuum, Solanumbetaceum,

Solanummelongena. Gupta and Samnotra (2004) reported a

25 % reduction in nitrogen application when Azotobacter

and Azospirillumwere used as the organic source of nitrogen

in cabbage. Yadav et al. (2004) reported that the applications

of biofertilizers (Azospirillum) in onion improve the pro-

ductivity. Azospirillum inoculation gave a significantly

higher bulb yield of onion over control.

Presently, some PGPM is available only single or dual

microbial consortium in themarket, which is not effective for

all the vegetables and they are not having the ability to

degrade and tolerance against pesticides. They have brought

from other agro-climatic region, which is not survived and

sustained in the soils of other regions. This is a big problem in

PGPM as biofertilizers which are currently available in the

markets for farmer’s application. In order to overcome these

problems, the need of alternative practices like the effective

pesticide degrading plant growth promoting microbial con-

sortia are required for improving plant growth of vegeta-

bles and degrade or minimize the pesticides in soils. These

consortia can degrade and utilize the pesticides as a sole

source of carbon and enhance plant growth because of having

plant growth-promoting properties. These consortia can

easily grow and help in degradation of pesticides in soils of

vegetable fields. Therefore, the aim of the present study is to

screen bacterial strains for the development of efficient

indigenous pesticide-tolerant plant growth-promoting

microbial consortia from rhizosphere soils of eastern Uttar

Pradesh.

2 Materials and methods

2.1 Collection of soil samples

The rhizosphere and non-rhizosphere soil samples were

collected from vegetable field of okra, brinjal, tomato and

chilli from Indian Institute of Vegetable Research (IIVR),

Varanasi, Jaunpur and Mirzapur, eastern Uttar Pradesh,

India, during June 2015. Totally, fifty samples were col-

lected, and finally, two samples were mixed with similar

plots to make total of 25 composite soil samples. The

vegetable fields had continuously been applied on average

4 times pesticide (Carbendazim-1.5g/L and Chlorpyrifos-

2ml/L) application in vegetable fields for insect prevention,

where samples were collected. The soil samples had taken

up to depth of 15–20 cm by using the auger in sterilized

plastic polythene. The collected samples were separated

into two sterilized polythene: one for microbiological work

and others for soil analysis stored at 4 �C and room tem-

perature, respectively. Out of 25 samples, only five samples

were selected for chemical analysis and isolation of
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microbial strains because these five samples taken from

those fields, where more pesticide used for vegetable pro-

duction for a long time. The air-dried and 2-mm soil par-

ticle were prepared for chemical analysis of soils and also

stored these samples in sealed plastic bags at room

temperature.

2.2 Isolation of bacterial strains

The serial dilution and plating techniques were performed

for isolation of soil bacteria. The serial dilution was prepared

by adding 1 g of soil sample containing 9 ml sterile (0.85 %

saline) water as first dilution 10-1. The serial dilutions pre-

pared up to 10-6 in test tube by adding 0.1 ml aliquots from

each dilution.A volume of 0.01 ml of aliquot was taken from

each dilution and plated on Petri plate containing respective

media such as nutrient agar (peptone 5.0, yeast extract 1.5

g/l, beef extract 1.5 g/l, NaCl 0.5 g/l, agar 15.0 g/l, pH 7.0.),

Kenknight and Munaiers agar (dextrose 1.0 g/l, KH2PO4

0.1 g/l, NaNO3 0.1 g/l, KCl 0.1 g/l, MgSO4 0.1 g/l, agar

15.0 g/l), Pikovskaya agar (glucose 10.0 g/l, yeast extract

0.5 g/l, (NH4)2SO4 0.5 g/l, KCl 0.2 g/l, MgSO4 0.1 g/l,

FeSO4�7H2O trace, MnSO4 trace, Ca3(PO4)2 5.0 g/l, agar

15.0 g/l, pH 7.0) and King’s B base (protease peptone

10.0 g/l, glycerol 10.0 ml, K2HPO4 1.5 g/l, MgSO4 1.5 g/l,

Agar 15.0 g/l, pH 7.2). After plating, the plates were sealed

and incubated for 2–5 days at 30 �C temperature. The

counting of colonies onmedia plates was done. The different

colonies were found on media plates which was isolated and

subcultured for further analysis. The halo zone was observed

on Pikovskaya agar media to show the properties of phos-

phate solubilization. All bacterial isolate were subcultured

on their respective medium by the streaking method to get

pure colonies and stored at 4 �C in the refrigerator for further

use. We have isolated 50 microbial strains from rhizosphere

soils. Sterilization process was done by autoclave at 15 lbs

pressure and 121 �C temperature for 15 min.

2.3 Chemical properties of field soils

The chemical properties of collecting soils were analysed

as neutral in reaction (pH) (Chopra and Kanwar 1982),

electronic conductivity (Sparks et al. 1996) and organic

carbon (Walkley and Black 1934). The total bacteria, fungi

and actinomycetes were observed in (colony farming unit)

CFU/g soil (Aneja 2003).

2.4 Morphological and biochemical properties

Out of 50, 14 microbial strains were selected according to

morphological character such as colonies margin, shape,

colour and gram staining (Aneja 2003; Kloepper and

Beauchamp 1992). Fourteen bacterial strains were also

selected for various biochemical properties, e.g. amylase,

catalase and cellulase test. Bacterial isolates were

employed for amylolytic activity by starch hydrolysis test

on starch agar plate (20 g starch, 5.0 g peptone, 3 g beef

extract and 15 g agar in 1000 ml pH 7.0). The cellulase

production test was done with the help of Congo red agar

media (0.5 g KH2PO4, 0.25 g MgSO4, 2 g cellulose, 15 g

agar, 0.2 g Cong red and 2 g gelatine; 1000 ml water at pH

6.8–7.2). The catalase test is performed by placing a few

drops of 3 % H2O2 on 24 h of growing culture stains on

microscopic slide. The citrate test is performed by inocu-

lating the microbial strains on Simmon’s citrate agar (1.0 g

ammonium dihydrogen phosphate, 1.0 g dipotassium

phosphate, 2.0 g NaCl, 0.2 g magnesium sulphate, 15 g

agar and 0.08 g bromothymol in 1000 ml water) containing

7 ml media in each test tube though streaking methods.

2.5 Effect of chlorpyrifos pesticide on growth

of microbes and their interaction

We have selected this pesticide on the basis of farmer’s

discussion, and they were applied insecticide as chlor-

pyrifos pesticide in vegetable fields continuously. Disc

diffusion method was used for the growth of microbes with

pesticide. The effects of different concentrations of pesti-

cide on microbial growth were observed on media plate by

using the filter paper disc technique. This technique also

used to test antibiotics resistance of microbes (Bauer et al.

1966) and presently used to test the effect of pesticide on

microbial growth (Mallik and Tesfai 1983; Martensson

1992). Chlorpyrifos insecticide commercial name Messban

20 % EC was obtained from the market. The recommended

dose of chlorpyrifos is 2 ml/l of water. The recommended

dose of chlorpyrifos was diluted to 2, 4, 6 and 20 ll/ml

using the same solvent (water). The sterile filter paper disc

was used for pesticide test. The sterilized discs were dipped

in different concentrations of pesticides and put on

respective microbial inoculated plate of nutrient agar under

laminar air flow. Control disc was dipped in sterile distilled

water and put on the respective media with inoculated

strains. Pesticide discs were put on the nutrient agar plate

which is uniformly spread with pure cultures of different

microbial strains. The plates were then incubated at 30 �C
for 48 h. Thus, each plate contained four discs, which

correspond to the concentrations (control, 2, 4, 6 and 20 ll/
ml) prepared for pesticide. After 48 h, the zones of inhi-

bition around the discs were observed.

2.6 Evaluation of plant growth-promoting activities

in vitro condition

Plant growth-promoting properties (quantitative estimation

of phosphate solubilization, indole-3-acetic acid (IAA) and
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ammonia production) of isolated strains were evaluated by

using following standard methods Brick et al. (1991). NH3

production was tested by the method of Cappuccino and

Sherman (1992). The quantitative of phosphate solubi-

lization in broth medium was extracted by the methods of

ammonium bicarbonate diethylene triamine penta-acetic

acid (AB-DTPA) (Soltanpour and Workman 1979). Also,

the soluble phosphorus was determined by the modified

methods of ascorbic acid (Watanabe and Olsen 1965;

Yadav et al. 2011).

2.7 Statistical analysis

The experimental set-up was prepared with 19 treatments

and three replications. The data were analysed by using

SPSS software (version 16.0). Duncan post hoc multiple

comparison tests were performed through analysis of

variance (ANOVA). The values of P B 0.05 were con-

sidered as statistically significant.

3 Results and discussions

3.1 Chemical properties of collected soils

The pH of collecting soil samples ranged from 6.85 to 8.04.

The pH of samples showed varied value due to pesticide

and chemical contamination. The pH value is a very

important factor for the growth of microbial populations

and their activities. According to pH, the microbial strains

can characterize as acid- and alkali-tolerant strains. Simi-

larly, Sharma et al. (2013) reported that in soils of IIVR

research farm, the pH ranged from 6.661 to 7.82 with mean

of 7.34. Soil pH is an important factor in nutrients avail-

ability for the plant growth and development. Some of the

vegetable crops need slightly acidic to neutral soil envi-

ronment for the best growth (Sharma et al. 2011). The

electrical conductivity (EC) ranged from 0.23 to 0.63 mS/

cm. The EC values are also important for the growth of

microbial population, which helps in nutrient mobilization.

Also, it shows the presence of cations and anions in a soil

sample. EC of the IIVR farm of soil is ranged from 0.09 to

0.76 dS/m with a mean value of 0.28 dS/m (Sharma et al.

2013). The higher EC value indicates the presence of more

soluble salts in the soil environment. The organic carbon

(OC) of soils was recorded and ranged from 0.53 to

0.85 %. The higher OC was found to be 0.85, 0.80, 0.77,

0.68 and 0.53 % in soil samples of IIVR1, IIVR2, IIVR3,

JDV4 and MDV5, respectively (Table 1). The OC is used

as an energy source for microbes for their growth and

development. According to Sharma et al. (2013), the soil

organic carbon of IIVR was found in the range of 0.39 to

0.84 with an average of 0.57 %. Soil organic carbon can

directly link with soil organic matter that can be used an

index of nitrogen availability. The chemical properties of

collecting soils showed varied range for pH, EC and OC

because of pesticides contamination in vegetable fields

(Aktar et al. 2009; Armanpour and Bing 2015).

3.2 Isolation of microbes and their morphological

characterization

The average microbial populations were: bacterial (60 9 105,

72 9 105, 95 9 105, 107 9 105 and 68 9 105 cfu/g/soil);

fungi (109 9 104, 272 9 104, 211 9 104, 129 9 104 and

104 9 104 cfu/g/soil); and actinomycetes (60 9 104,

120 9 104, 245 9 104, 112 9 104 and 85 9 104 cfu/g/soil)

in soil, respectively, after 48-h incubation (Table 2).

According to results of microbial populations, fungal popu-

lations were recorded more as compared to actinomycetes

and bacteria. Therefore, insecticides as pesticide application

in vegetable fields caused to decrease the population of

bacteria and actinomycetes as compared to fungi. Fungi are

more resistance to insecticide (Farenhorst et al. 2009;

Ambethgar 2009). At the time of colony counting on media

plates, different and similar type colonies were found. Total

numbers of 50 microbial colonies were isolated on the basis

of different morphological characters. Out of 50 strains,

totally 14 different bacterial strains were screened and char-

acterized on the basis of morphological, visual observation,

biochemical and plant growth-promoting activities (Aneja

2003).

The bacterial cell shape was found generally rod, coccus

or circular rod, streptococci. The cell morphological

properties have been found as circular (IESDV1, IESDV2,

IESDV3, IESDV4, IESDV12, IESDV13, IESDV14,

IESDV14, IESDV23, IESDV26 and IESDV27) and irreg-

ular (IESDV5, IESDV10, IESDV11 and IESDR28;

(Table 3). Isolated strains showed various types of colony

margin such as entire (IESDV1, IESDV3, IESDV4,

IESDV12, IESDV13, IESDV14, IESDV23, IESDV26 and

IESDV 27), undulate (IESDV2 and IESDV7), curled

(IESDV5) and lobate (IESDV10 and IESDV11). The ele-

vation like flat and convex has been also shown in isolated

strains. On the basis of gram staining, bacterial strains were

characterized as gram positive (IESDV1, IESDV2,

IESDV3, IESDV10, IESDV11, IESDV12, IESDV13,

IESDV14, IESDV23, IESDV27 and IESDV28) and gram

negative (IESDV4, IESDV5 and IESD26; Table 3). We

have found various types of morphological and colours of

isolated bacterial strains. Similarly, Hafeez et al. (2006)

reported that the visual observation and morphological

character are varied in each microbial strain which has

isolated from environmental samples.
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3.3 Biochemical characterization of isolated strains

A general biochemical feature of bacterial isolates is

illustrated in Table 4. The bacterial strains were charac-

terized by their biochemical properties (e.g. amylase, cel-

lulase production, catalase and citrate test) using standard

methods (Cappuccino and Sherman 1992; Aneja 2003).

Some microbial strains showed positive and negative test

for the production of amylase, cellulose, catalase and

citrate (Fig. 1a–d; Table 4). The all bacterial strains

showed positive test for amylase and cellulase production.

Amylase is starch-degrading enzymes which are widely

distributed in microbes, plants and animals kingdoms.

They degrade starch and related polymers to form products

which are characteristics of individual amylolytic enzymes.

Strains IESDV5, IESDV10, IESDV13, IESDV14,

IESDV23, IESDV26, IESDV27 and IESDV28 showed

higher zone of solubilization on cellulose Congo red agar

media as compared to strains IESDV1, IESD2, IESD3,

IESD4, IESD11 and IESD12. Dunne et al. (1998) reported

that the chitinase, protease, gluconase or cellulase enzymes

have ability to degrade the structural matrix of fungal cell

Table 1 Chemical property of

collected soils
Sample no. pH Electrical conductivity (mS/cm) Organic carbon (%)

IIVR1 7.82 0.63 0.85

IIVR2 8.04 0.23 0.80

IIVR3 8.02 0.30 0.77

JDV4 7.76 0.45 0.68

MDV5 6.85 0.28 0.53

Table 2 Microbial population in collected soil samples from IIVR, Jaunpur and Mirzapur district

Sample no. Microbial population

Bacteria

(9 105 CFU/g soil)

Fungi

(9 104 CFU/g soil)

Actinomycetes

(9 104 CFU/g soil)

IIVR1 60 109 60

IIVR2 72 272 120

IIVR3 95 211 245

JDV4 107 129 112

MDV5 68 104 85

CFU colony forming unit

Table 3 Morphological

characteristics of isolated

microbial strains

Strains Cell morphology Colony morphology

Staining Shape Form Elevation Margin

IESDV1 Positive Coccus Circular Flat Entire

IESDV2 Positive Rod and circular Circular Flat Undulate

IESDV3 Positive Coccus Circular Flat Entire

IESDV4 Negative Streptococci Circular Flat Entire

IESDV5 Negative Coccus Irregular Flat Curled

IESDV10 Positive Coccobacillus Irregular Flat Lobate

IESDV11 Positive Coccobacillus Irregular Flat Lobate

IESDV12 Positive Rod and circular Circular Flat Entire

IESDV13 Positive Coccus Circular Flat Entire

IESDV14 Positive Bacillus Circular Flat Entire

IESDV23 Positive Coccobacillus Circular Flat Entire

IESDV26 Negative Streptococci Circular Convex Entire

IESDV27 Positive Diplococci Circular Convex Entire

IESDV28 Positive Rod and circular Irregular Flat Undulate
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wall, and also, this was a potential property of PGPR. All

isolated stains gave the positive test for citrate utilization

except strains IESD4, IESDV10, IESDV13 and IESDV14.

The citrate utilization test has been performed to distin-

guish between members of the Enterobacteriaceae family

based on their metabolic by-products. The positive citrate-

producing microbes have potential ability to utilize sodium

citrate as its only carbon source and inorganic NH4H2PO4

is used as a nitrogen source. The catalase test was also

given positive in many bacterial strains except strains

IESD3, IESD4, IESD10, IESD11, IESD23 and IESD26

(Table 4). The enzyme catalase present in some microor-

ganisms breaks down hydrogen peroxide to water and

oxygen and helps them in their survival (McCord et al.

1971; Aneja 2003).

3.4 Effect of chlorpyrifos pesticide on growth

inhibition of microbes

The chlorpyrifos pesticide is a commercial available group

of organophosphate pesticide which is the broad range of

insecticide used in agricultural production. We have tested

the effect of this pesticide on microbial growth on nutrient

agar media by the methods of disc diffusion. The growth

inhibition test was performed by different concentrations of

pesticide 2, 4, 6 and 20 ll/ml. The bacterial strains

IESDV5, IESDV10, IESDV12, IESDV13 and IESDV28

were showed no inhibition zone against this pesticide that

means these strains are more tolerant (Fig. 2; Table 5). In

4, 6 and 20 ll/ml concentrations, only two strains IESDV4

and IESDV27 showed growth inhibition zone that means

very less tolerant (Fig. 2). Two strains IESDV2, IESD4,

IESDV14 and IESD27 were recorded growth inhibition at

6 and 20 ll/ml concentrations. At 20 ll/ml concentration

of chlorpyrifos, all strains have ability to show growth

inhibition zone on a media plate except the strains

IESDV5, IESD6, IESDV12, IESDV13 and IESDV28

(Table 5). On the basis of this growth inhibition test,

bacterial strains were divided into three categories: more,

moderate and very less tolerant. On the basis of this, more

tolerant strain may be have some ability to degrade or

resistance against this organophosphate, but some strains

have shown growth inhibition zone at 2 or 4 or 6 ll/ml, and

these types of strains may not have the ability to degrade

the pesticides. These strains have no inhibition zone and

grow well on a media plate that strains may be degraded

the pesticide and used as a sole source of carbon for their

growth and development (Verma et al. 2014; Hamada et al.

2015; Jadhav and David 2016).

3.5 Plant growth-promoting activities of isolated

strains

All microbial strains have shown an ability of plant

growth-promoting properties such as production of IAA,

phosphate solubilization and ammonia. All bacterial strains

showed significant increase in IAA production as compared

to strain IESDV23 at 150 and 300 lg/ml tryptophan con-

centrations as the precursor in broth media, respectively,

after 2-day incubation. The IAA production was recorded

and ranged from 13.03 to 30.58 lg/ml and from 13.74 to

34.91 lg/ml at 150 and 300 lg/ml tryptophan concentra-

tions, respectively. Bacterial strains IESDV12 (30.58 and

34.91 lg/ml), IESDV11 (18.71 and 32.08 lg/ml),

IESDV26 (30.10 and 31.28 lg/ml) and IESDV27 (24.80

and 32.53 lg/ml) showed more statistically significant IAA

production in broth culture at 150 and 300 lg/ml trypto-

phan concentrations, respectively. In support of present

results, different scientists found that the IAA production

by various microbial strains has ability to show the IAA

activities varied within species and/or strains of the same

species (Abbasi et al. 2011; Quadt-Hallmann and Kloepper

1996; Verma et al. 2010, 2013). Others strains, IESDV2

(22.56 and 23.19 lg/ml), IESDV3 (23.57 and 26.61 lg/
ml), IESDV4 (20.03 and 25.28 lg/ml), IESDV5 (21.02 and

22.54 lg/ml), IESDV10 (25.61 and 22.30 lg/ml) and

IESDV28 (20.27 and 23.68 lg/ml), also found more sig-

nificant enhancement in IAA production than other strains

at 150 and 300 lg/ml tryptophan concentrations, respec-

tively (Table 6). Verma et al. (2010) have reported that

tryptophan is a precursor of IAA biosynthesis; for example,

P. fluorescens found significant increase in IAA production

in the presence of different concentrations of tryptophan.

All strains have the ability to synthesize IAA production in

Table 4 Biochemical characterization of isolated microbial isolated

strains

Strains Amylase test Cellulase test Catalase test Citrate test

IESDV1 ??? ? ? ?

IESDV2 ?? ?? ? ?

IESDV3 ?? ?? - ?

IESDV4 ? ?? - -

IESDV5 ??? ??? ? -

IESDV10 ??? ??? - ?

IESDV11 ?? ?? - ?

IESDV12 ?? ?? ?? ?

IESDV13 ?? ??? ? -

IESDV14 ?? ??? ? -

IESDV23 ?? ??? - ?

IESDV26 ?? ??? - ??

IESDV27 ?? ??? ? ??

IESDV28 ??? ??? ? ??

‘‘?’’ sign mean positive test, ‘‘-’’ sign mean negative test

Pesticide tolerant plant growth promoting microbial consortia for vegetable… 413

123



broth culture in the presence of tryptophan. Burkholderia

cepacia IBSD-LKBI produced significant level of IAA at

the rate of 58.4 lg/ml in culture filtrate (Devi et al. 2012).

The conversion of tryptophan into IAA is the most

important mechanism of soil microbes (Mohite 2013).

Tryptophan-dependant IAA synthesis had been also

determined in several soil microbes such as Pseudomonas

fluorescens, Pseudomonas spp., Azotobacter spp.,

Fig. 1 a–d Biochemical characterization of isolates bacterial strains

Fig. 2 Microbial growth tolerance with chlorpyrifos pesticides
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Azospirillum spp., Phosphobacterium spp. and Glu-

canocetobacter spp. which were isolated from rice rhizo-

sphere (Samuel and Muthukkaruppan 2011a, b).

Quantitative estimations of phosphate solubilization of

isolated strains were detected on Pikovskaya broth media

containing tricalcium phosphate under in vitro condition.

The solubilization of Ca3(PO4)2 in the liquid medium by

isolating strains was accompanied by a significant drop in

pH from an initial pH of 7.0 ± 0.2 after 3 days were

recorded. The soluble-P concentration in the medium

ranged from 21.36 to 39.83 lg/ml with variations among

different isolates (Table 6; Fig. 3). The maximum P-solu-

bilization was recorded by strain IESDV12, followed by

strains IESDV4, IESDV11, IESDV3, IESDV2, IESDV28,

IESDV14, IESDV1, IESDV23, IESDV13, IESDV26,

IESDV28, IESDV10, IESDV27 and IESDV5. Phosphate

solubilisation is a process to be done by microbes in soils to

enhance availability of phosphate due to mechanisms of

secretion of various organic acids as well alkaline and

acidic phosphatase enzyme (Xiao et al. 2008; Singh et al.

Table 5 Microbial growth

tolerance ability test in the

presence of different

concentrations of chlorpyrifos

pesticide

Strains Inhibition zone of chlorpyrifos (2 ml/l) after 48 h Tolerant

2 ll/ml 4 ll/ml 6 ll/ml 20 ll/ml

IESDV1 - - - ? Mild

IESDV2 - - ? ? Less

IESDV3 - - - ? Mild

IESDV4 - ? ? ? Very less

IESDV5 - - - - More

IESDV10 - - - - More

IESDV11 - - - ? Mild

IESDV12 - - - - More

IESDV13 - - - - More

IESDV14 - - ? ? Less

IESDV23 - - - ? Mild

IESDV26 - - - ? Mild

IESDV27 - ? ? ?? Very less

IESDV28 - - - - More

‘‘?’’ sign mean positive test to give inhibition zone, ‘‘-’’ sign mean negative test to give no inhibition zone

Table 6 Plant growth-promoting properties of isolated microbial strains

Strains IAA (lg/ml tryptophan) at 2 days Phosphate solubilization

(lg/ml) at 3 days

Ammonia

production
150 300

IESDV1 15.64 ± 0.45b 17.98 ± 2.01b 25.26 ± 3.01abc ??

IESDV2 22.56 ± 0.41gh 23.19 ± 1.53f 30.80 ± 1.32cd ?

IESDV3 23.57 ± 1.68hi 26.61 ± 0.60h 33.44 ± 1.05de ?

IESDV4 20.03 ± 0.24ef 25.28 ± 2.39g 37.55 ± 3.06ef ?

IESDV5 21.02 ± 0.34fg 22.54 ± 1.85ef 21.36 ± 2.73a ?

IESDV10 25.61 ± 0.65j 22.30 ± 1.61e 23.30 ± 1.87ab ??

IESDV11 18.71 ± 1.01cde 32.08 ± 2.76j 33.17 ± 2.43de ??

IESDV12 30.58 ± 0.35k 34.91 ± 1.89k 39.83 ± 2.12f ??

IESDV13 17.37 ± 1.05c 17.68 ± 2.20b 25.82 ± 2.64abc ??

IESDV14 17.75 ± 0.35cd 20.96 ± 1.22d 27.82 ± 1.87bcd ?

IESDV23 13.03 ± 2.50a 13.74 ± 1.91a 25.94 ± 1.54abc ?

IESDV26 30.10 ± 1.18k 31.28 ± 2.87i 24.90 ± 0.89abc ?

IESDV27 24.80 ± 0.52ij 32.53 ± 0.53j 22.16 ± 1.06ab ?

IESDV28 19.27 ± 0.65def 19.68 ± 0.41c 24.34 ± 1.53ab ??

A values are the mean ± SD (standard deviation), and mean values in each column with the same superscript (s) do not differ significantly, but

different superscripts are showed significantly different between each treatments by Duncan post hoc test (P B 0.05)

‘‘?’’ sign mean positive test, ‘‘-’’ sign mean negative test, IAA indole-3-acetic acid (lg/ml) at 150 and 300 lg/ml tryptophan as precursor
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2010; Verma et al. 2010). The bacterial strains IESDV12

(39.83 lg/ml) and IESDV4 (37.55 lg/ml) were found

more significant increase in phosphate solubilization fol-

lowed by strains IESDV3 (33.44 lg/ml), IESDV11

(33.17 lg/ml), IESDV28 (28.34 lg/ml) and IESDV14

(27.82 lg/ml) as compared to other strains at 3-day incu-

bation in broth culture (Table 6). Ahmad et al. (2008)

reported several species of fluorescent pseudomonas such

as P. fluorescens NJ10 and Bacillus sp. which is a good

phosphate solubilizer. The phosphate solubilization ability

in P. fluorescens, B. megaterium, Rhizobium sp. and A.

chroococcum was reported by Verma et al. (2010). The

inverse relationship observed between the pH changed and

soluble phosphorus concentration in broth media indicates

that organic acid production by these PGPM strains plays a

significant role in acidification of the medium facilitating

the phosphorus solubilization. The major source of phos-

phatase enzyme in the soils comes from microbial origin,

and their activity increases substantially in the rhizosphere

(Rodriguez and Fraga 1999). Ramani and Patel (2011)

reported that Burkholderia cepacia has higher potential for

the phosphate solubilization as compared to Bacillus spp.

The NH3 production is a special characteristic of plant

growth-promoting bacteria because it directly helps in

plant growth and yield. It is a direct mechanism of plant

growth-promoting properties. All strains showed positive

test for ammonia production. Strains IESDV1, IESDV10,

IESDV11, IESDV12, IESDV13, IESDV14 and IESD28

expressed greater activities of ammonia production after

2 days (Fig. 3; Table 6). Ammonia is a primary source of

nitrogen element for plant growth and yield so that

ammonia positive strains are an important plant growth-

promoting strain known as diazotrophic or nitrogen-fixing

microbes. Verma et al. (2013) reported that the plant

growth-promoting microbes have greater ability for

ammonia production, which is isolated from rhizosphere

soils. Recently, Beneduzi et al. (2008) advocated that the

Bacillus and Paenibacillus have the ability of nitrogen

fixation, synthesize IAA and solubilize phosphates which

promote the growth of rice crops. In last, isolated microbial

strains IESDV2, IESDV3, IESDV4, IESDV11, IESDV12,

IESDV26, IESDV28 were recorded significant increase in

the production of IAA, ammonia and phosphate solubi-

lization as compared to others. Also isolated strains

IESDV3, IESDV 11, IESDV12, IESDV 13 and IESDV28

showed tolerant on 6 and 20 ll/ml concentrations of

chlorpyrifos pesticide. Overall, bacterial strains IESDV3,

IESDV11, IESDV12 and IESDV28 have higher ability of

plant growth-promoting properties and pesticide tolerant.

4 Conclusion

The isolated microbial strains IESDV4, IESDV2, IESDV3,

IESDV11, IESDV12 and IESDV28 showed an increase in

production of IAA, ammonia and phosphate solubilisation

Fig. 3 Phosphate solubilization and ammonia production of isolated microbial strains
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as compared to other strains. The isolated strains IESDV3

and IESDV 11 showed no inhibition zone at three times

increase concentration of recommended dose (2 ll/ml) of

chlorpyrifos, while the strains IESDV12, IESDV 13 and

IESDV28 found a more tolerant on ten times increase

concentration of recommended dose of chlorpyrifos pesti-

cide. Overall conclusion, the isolated microbial strains

IESDV3, IESDV11, IESDV12 and IESDV28 have found

as more effective indigenous pesticide-tolerant plant

growth-promoting microorganism as microbial consortia

for enhancing sustainable vegetable production in eastern

Uttar Pradesh. It is environmental friendly, economically

viable and socially acceptable. It is also alternate to

chemical fertilizer for enhancing agricultural production

and soil fertility.
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