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ABSTRACT 
Aims: This study aimed to evaluate the genetic and functional diversity of bacteria associated with 
the surfaces of Prunuspersica(L) Batsch. 
Methodology:A total of 15 peach samples from various areas of Lahore city were collected and 
processed according to standard microbiological protocols. The final taxonomic status of bacterial 
strains was confirmed by 16S rRNA gene sequencing. Bacterial strains were screened for plant 
growth-promoting attributes that included auxin production, phosphate, and zinc solubilization, and 
hydrogen cyanide (HCN) production. Antimicrobial activity of strains was also evaluated. In pot trials, 
strains were evaluated for their role to enhance plant growth.  
Results:Analysis showed that bacterial isolates belonged to Bacillus, Staphylococcus, Klebsiella, 
Enterobacter, and Providencia genera. A strain KS 22 of Staphylococcus sciurishowed the highest 
production of auxin. In terms of antibiotic susceptibility, B. aeriusKS 8exhibited a pattern of sensitivity 
toward norfloxacin, amoxicillin, and clavulanic acid. For pot trials with cauliflower under laboratory 
conditions, S. sciuriKS 22 showed 3.1 folds increase in shoot length. In the case of tomato, P. 
rettgeriKS 23 recorded around 1.8 folds increase in shoot length over water-treated control. On the 
other hand, for cauliflower, around 1.3 folds increase in root length was exhibited by B. aeriusKS 8, P. 
rettgeriKS 23, and E. cloacae KS 29. For tomato, B. aeriusKS 8 showed 1.6 folds increase in root 
length in comparison to control. Under natural conditions, for cauliflower, the highest increase in shoot 
length was exhibited by P. rettgeriKS 23 and E. cloacae KS 29.  
Conclusion:Finally, it has been concluded that bacterial strains B. aeriusKS 8, S. haemolyticusKS 9, 
S. sciuriKS 22, P. rettgeriKS 23, and E. cloacae KS 29 exhibited plant growth promotion in pot trials.   
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1. INTRODUCTION 

Nature has created an enormous number of edible fruits and vegetables that constitute an important 

part of the diet possessing different tastes, flavors, and nutritional values. Fruits not only strengthen 

our immunity but also develop resistance against many chronic diseases. The presence of dietary 

fiber helps in reducing constipation and can help in the risk reduction of bowel cancer [1]. Fruits 

during their growth period can be colonized by many microorganisms. The fruit’s normal flora may 

include both pathogenic and non-pathogenic microorganisms [2,3,4]. The normal flora of fruits can 

possess antagonistic effects on pathogenic bacteria. For example, some bacteriocin-producing 
Enterococcus and Pediococcus bacterial genera have demonstrated the decelerated growth of 

Listeria monocytogenes on mung bean sprouts [5,6].  

Foodborne-associated disease outbreaks have continuously been increasing over the last few 

decades [7]. The contaminants present on the surface of fresh produce may have neutral, positive, or 

negative effects on human beings. Immunocompromised humans may be exposed to these bacteria 

which can lead to serious food-borne illnesses. The fruit-associated bacteria can sometimes cause 
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respiratory tract allergies as well [8]. Several factors predispose to adherence of contaminants on 

fruits and vegetables from pre-and post-harvesting steps. It included farm locations, storage duration, 

temperature, and transport conditions [9,10]. The microbes have adopted multiple ways for their 

colonization on fresh produce. For instance, use of pili, biofilm formation, capsular O antigen, 

production of cellulose, use of flagella, and type III secretion system [4,11]. 

One of the major food safety concerns with fresh fruits is the development of antimicrobial resistance 

in the colonized microorganisms. Especially, the resistance to antimicrobial agents by gram-negative 

bacteria is a matter of serious consideration. Plant-associated bacterial communities may be involved 

in horizontal gene transfer for drug resistance. Thus fruits’ surfaces can be the carrier and reservoir of 

antimicrobial-resistant bacteria [12]. The continuous use of pesticides, antimicrobial agents, irrigation 

wastewater, and use of maneuvers in farming practices as fertilizers are among the key factors for 

causing the horizontal spread of antimicrobial resistance to microorganisms [13].  

Numerous produce-associated bacteria have widely been reported in the literature. Scientists have 

reported the presence of γ-proteobacteria, and Firmicutes on the surfaces of berries. Similarly, the 

prevalence of Photobacterium spp. on Malus domestica has also been reported [3]. In another study, 

Lactuca sativa (lettuce) plants have been shown to harbor Xanthomonas spp., Pantoea spp., 

Pectobacterium spp., Leuconostoc spp., Janthinobacteriumspp, Escherichia coli O157:H7, and Vibrio 

cholerae[13]. Moreover, the prevalence of Buchneraaphidicola, Bacillus spp.,Pantoea spp., 

Microbacterium spp., Bacillus spp., and Gluconacetobacter have been shown to colonize the surfaces 

of different fruits [2,3]. The bacterial agents that are responsible for food spoilage include 

Erwiniacarotovora, Pseudomonasspp., Corynebacterium diphtheriae, Xanthomonascampestris, and 

lactic acid bacteria [13]. Amongst fungi, Botrytis cinerea, Aspergillus spp., Cladosporium spp., 

Colletotrichum spp., Phomopsis spp., Fusarium spp., Penicillium spp., Phoma spp., Phytophthora 

spp., Pythium spp.,Rhizopusspp., Ceratocystis fimbriata, Rhizoctoniasolani, Sclerotiniasclerotiorum, 

and some mildew cause fruits spoilage [14].  

In addition to pathogenic bacteria, several beneficial microorganisms may colonize the fruit surfaces. 

They may contribute beneficial metabolites for plant growth and development [15]. For instance, 

microbial phytohormones play a vital role in carrying out various physiological and metabolic 

processes for the development of roots and shoots of a plant [16]. However, the excessive production 

of these phytohormones can also lead to plant pathogenicity. For example, 

Burkholderiasolanacearumraises the amount of indole-3-acetic acid (IAA) to one hundred times 

causing hernia, vascular wilting, and gall formation [17]. Amongst Enterobacteriacae family, Klebsiella 

pneumoniae[18], K. variicola[19], Enterobacter cloacae[20], and Pseudomonas spp.[21] have been 

reported to be significant in various attributes of plant growth.  

IAA has been among the most studied phytohormones because it mediates multidimensional 

developmental processes in plants [22,23]. IAA is not only produced by plants, but also by a variety of 

plant-associated bacteria. The effects of plant growth-promoting bacteria Pseudomonas putida on 

Brassica napus roots through the construction of a control and test strain with and without IAA 

production ability have been demonstrated by [24]. Keeping given the above scenario, this study 



 

 

aimed to determine the bacterial genetic diversity and functional diversity associated with the fruit 

surfaces of PrunusPersica(L.). Bacterial strains were screened in vitro to produce indole-3-acetic acid 

(IAA) and other plant growth-promoting traits. Finally, non-pathogenic bacteria were used to elucidate 

their role in plant growth promotion.  

2. MATERIALS AND METHODS 
2.1. Sample collection and isolation of microorganisms:  

All the fruit samples of Prunuspersica (L.) were collected from various shops and street sellers in 

Lahore, Pakistan. The city was divided into four sections East, West, North, and South. Unwashed 

and intact peaches were weighed and peeled off using a sterile fruit peeler and mixed with 200 mL of 

saline water. The samples were then serially diluted using saline water ranging from 10-1 to10-7. 

Dilutions from each sample were plated on nutrient agar. The isolated colonies were purified by 

multiple rounds of quadrant streaking. Dilutions were also plated respectively on Mannitol salt agar 

and MacConkey agar for the selective isolation of Staphylococcus aureus and gram-negative bacteria 

bacilli. The isolates were then characterized using biochemical tests i.e., catalase test, citrate test, 

urease tests, triple sugar iron (TSI) test, and sulfide indole motility (SIM) test. The terminal 

biochemical identification was performed using bioMérieux’s Analytical Profile Index 20E (API) which 

contained a strip for 20 dehydrated biochemicals. 

2.2. Antimicrobial susceptibility testing:  

The antimicrobial susceptibility pattern of the bacterial isolates was evaluated on Mueller-Hinton (MH) 

agar. In total, 5 antibiotics discs (Thermo Scientific™ Oxoid™) were dispensed onto each MH agar 

plate at equal distances. The antibiotic discs for gram-positive bacteria were amikacin (AK-30 µg) 

amoxicillin/clavulanic acid (AMC-10 µg), chloramphenicol (C-30 µg), ciprofloxacin (CIP-30 µg), and 

fosfomycin(F-300 µg). Whereas for gram-negative bacteria, ceftazidime (CAZ-30 µg), norfloxacin (N- 

30 µg), cefoperazone + sulbactam (SCF-100 µg), piperacillin + tazobactam (TZP-100 µg), imipenem 

(IPM-10 µg) and ciprofloxacin (CIP-5 µg) were used. Zones of the clearing were measured according 

to CLSI guidelines 2020 (Clinical and Laboratory Standard Institute). 

 

2.3. 16S rRNA gene sequencing: 

For genomic DNA isolation, a purified bacterial colony was inoculated in an L-broth medium and 

incubated on a shaker overnight at 30℃. Bacterial growth was collected from a liquid medium by 

centrifugation. The genomic DNA was extracted using FavorPrepTM Tissue Genomic DNA Extraction 

Mini Kit (Favorgen Biotech Corporation, Vienna, Austria). The extracted DNA was subjected to 

amplification of 16S rRNA gene by using 27f forward (5'-AGAGTTTGATCCTGGCTCAG-3') and 1522r 

reverse primer (3’-ACGCC(AG)ACCTAGTGGAGGAA-5’). PCR amplification was accomplished by 

using Thermo Scientific DreamTaq™ Green PCR Master Mix. The reaction mixtures were incubated 

in a thermocycler Primus 96 (PeQLab, Erlangen, Germany) at 94℃ for 5 min. Then passed through 

30 cycles that included denaturation for 20s at 94℃, primer annealing for 20s at 50℃, and extension 



 

 

at 72℃ for 2 min. Moreover, the final extension was carried out at 72℃ for 5 min. PCR products were 

purified by using the FavorPrepTM Gel Purification kit (Favorgen Biotech Corporation, Austria) (Figure 

1). For sequencing, purified fragments of 16S DNA were sent to First Base Sequencing Agency 

(Singapore). After obtaining the results, the sequences were analyzed by NCBI tool BLAST to find the 

similarity with already submitted sequences. Finally, sequences were submitted to NCBI to obtain the 

accession numbers for the identified bacterial strain. 

2.4. Phylogenetic analysis:  

All the confirmed sequences were subjected to alignment using a multi-sequences alignment program 

called Crustal W using MEGA X software. The evolutionary history was inferred using the Neighbor-

Joining method [25] (Figure 2). 

2.5. Phosphate and zinc solubilizing: 

The phosphate-solubilizing test was determined by using the Pikovaskaya agar medium (Mehta and 

Nautiyal, 2001). The test strains were streaked on agar plates and incubated for 7 days at 28℃. The 

clear zones around the bacterial colonies were an indication of positive phosphate solubilizing test. 

For zinc solubilization, Pikovskaya agar medium was also supplemented with zinc carbonate and 

plates were incubated as mentioned above to record the zone of clearance [26].  

2.6. Hydrogen cyanide test:  

The activity of bacterial strains to produce hydrogen cyanide (HCN) was evaluated by using the 

protocol of [27]. The bacterial strains were swabbed thoroughly ontryptose soy yeast extract agar 

(TSY) medium amended with glycine 94.4g/l and impregnated with soaked filter paper disks having 

0.5% picric acid prepared in 2% sodium carbonate. Plates were incubated for 4 days at 30℃. The 

change in color of filter paper disks from dark yellow to brown indicated a strong positive reaction. 

2.7. Bacterial auxin quantification: 

Bacterial auxin production was quantified by using Salkowski’s reagent as described by [28]. Bacterial 

culture was inoculated in respective flasks that contained L-broth supplemented with 0, 300, and 600 

µg/mL L-tryptophan. The bacterial cultures were incubated at 30℃ for 72 hours. After centrifugation, 

the supernatant was mixed with Salkowski’s reagent and incubated in dark for 30 min for the 

development of a pink to red color. The optical densities of all samples were noted at 535 nm with a 

spectrophotometer (CECIL CE 7200). Bacterial auxin was quantified by constructing a standard curve 

of authentic IAA.  

2.8. In vitro bioassays:  

After thorough washing, the tomato and cauliflower seeds were placed in the solution of 0.1% 

mercuric chloride for 1 min. Then seeds were thoroughly washed with autoclaved distilled water. In 

the next step, seeds were treated with respective bacterial suspensions for 20 min. Finally, five 

bacteria-treated seeds were placed in Petri plates lined with moistened filter paper. For each strain, 



 

 

three plates were used, and the experiment was repeated twice. After 10 days of seed germination, 

shoot and root lengths were recorded. 

2.9. Pot trials under controlled and natural conditions:  

The controlled experiment (lab trial) was performed for assessment of the growth parameters that 

included the measurement of root and shoot length upon sprouting after 21 days. The experiment 

included 18 pots and 54 seeds during January and February with the strategy to use a triplicate of 

each seed on a triplicate of pots. The ratio of sand to soil was 70:30. The seeds were bathed with the 

suspension of five bacterial strains i.e., B. aerius KS 8, S. haemolyticus, KS 9, S. sciuri KS 22, P. 

rettgerii KS 23, E. cloacae KS 29. Five pots for each triplicate of seeds were sown with each bacterial 

suspension and 3 seeds were sown in each pot. The 6th triplicate pot contained a triplicate of control 

seeds. The experiment trials under natural conditions (wirehouse) were performed using the same 

seed and pot count as lab-controlled trials on the same bacteria, however, along with root and shoot 

length; the fresh and dry weight of the grown plants was also measured. 

2.10. Statistical analysis:  

For bacterial auxin production and plant growth parameters, data were subjected to analysis of 
variance (ANOVA), and mean values were separated by using Duncan’s multiple range test (P≤0.05).  

3. RESULTS 
3.1. Morphological and biochemical characterization:  

The bacterial isolates streaked on agar plates showed diverse morphological characteristics including 

color, consistency, shape, size, elevation, and margins. A total of 40 strains were isolated from 15 

samples, out of which 24 belonged to gram-negative bacteria. A few strains such as KS 1 and KS 3, 

KS 13, and KS 23 showed large mucoid pink colonies having entire margins and elevations on 

MacConkey agar. However, strains KS 12, KS 14, KS 31, and KS 37 recorded small, pale, and raised 

colonies on Mannitol salt agar. For biochemical profiling, triple sugar iron test, citrate, urease, sulfide, 

indole, motility, catalase, and DNAse tests were performed. The gram-negative bacteria showed 

various patterns of reaction in producing blackening, uplifting, and cracking of TSI gel for the 

production of H2S and CO2,respectively. All the bacterial strains showed positive citrate tests except 

KS 26 and KS 33. For Analytical Profile Index (API), Klebsiellavariicolashowed blue color in citrate 

test, pink color for urease, purplish-blue color for the reaction of tryptophan deaminase (TDA), a 

pinkish-red color reaction in indole yellow color for inositol, mannose, and amygdalin. The results of 

identified strains are given in Table 1. 

  



 

 

Table 1. Biochemical identification of bacterial strains by using API 20E kit 

Strain Name KS 3 KS 13 KS 32 KS 36 

CODE 5215773 1215773 274301 5205773 
Organism 
Identified 

Klebsiella 
pneumoniae 

Klebsiella 
pneumoniae 

Klebsiellavariicola Enterobacter 
aerogenes 

ONPG + + - + 
ADH - - - - 
LDC + - - + 
ODC - - - - 
CIT + + + + 
H2S - - - - 
URE + + + - 
TDA - - + - 
IND - - + - 
VP + + - + 

GEL - - - - 
GLU + + + + 
MAN + + + + 
INO + + + + 
SOR + + - + 
RHA + + - + 
SAC + + - + 
MEL + + - + 
AMY + + + + 
ARA + + - + 

Abbreviations: ONPG: o-nitrophenyl-b-D-galactopyranoside, ADH: arginine dihydrolase, LDC: 

lysine decarboxylase, ODC: ornithine decarboxylase, CIT: citrate, H2S: hydrogen sulfide, URE: 

Urease, TDA Tryptophan deaminase, IND: Indole Test, VP: Voges-Proskauer test, GEL: gelatinase, 
GLU: glucose, AN: mannose, INO: inositol, SOR: sorbitol, RHA:rhamnose, SAC: sucrose, 
MEL:melibiose, AMY: amygdalin, ARA:  arabinose 

  



 

 

3.2. Antimicrobial susceptibility testing:  

Most of the gram-negative bacterial isolates showed resistance against the applied drugs. All isolates 

showed 81% and 90% resistance against ceftazidime and cefoperazone + sulbactam, respectively. 

However, most of the organisms showed susceptibility against piperacillin + tazobactam. The strains 

KlebsiellaoxytocaKS 12, K. oxytocaKS 17, and K. pneumoniae KS 31 showed resistance against all 

the applied antibiotics. The zone of inhibition for E. coli KS 1 against ceftazidime, nitrofurantoin, 

cefoperazone + sulbactam, piperacillin + tazobactam, imipenem, and ciprofloxacin were 15, 11, 16, 8, 

18 and 18 mm, respectively. Amongst gram-positive bacteria, a variable range of susceptibility 

patterns was observed. The strain S. aureus KS 7and S. hemolyticusKS 9showed susceptibility 

against all the applied antibiotics. All the gram-positive isolates showed the least resistance against 

amikacin (81%), whereas most of the resistance was shown against ciprofloxacin (61%). The results 

of the antibiogram for S. aureus KS 7 were amikacin (28 mm), amoxicillin-clavulanic acid (17 mm), 

chloramphenicol (22 mm), ciprofloxacin (38 mm), and fosfomycin (19 mm).  

3.3. 16S rRNA gene sequencing:  

After comparison with online data submitted to NCBI, strain KS 3 showed 99% similarity with 
Klebsiella pneumoniae.  Similarly, strain KS 6 was identified as Staphylococcus haemolyticus. On the 

other hand, strain KS 15 was identified as Bacillus aerius. The strainsKS 21 and KS 22 showed 

homology with S. sciuri. Accession numbers of all the identified strains are given in Table 2. Figure 2 

is showing the phylogenetic relationship among different bacterial isolates. MEGA X software 

categorized the strains into two major clusters i.e., gram-negative (A) and gram-positive (B). The 

cluster “A” was divided into two subclusters that represented P. retgerii and Klebsiella spp. The 

cluster “B” was divided into two subclusters where KS 8 and KS 15 showed 100% similarity with B. 

aerius. The second subcluster was further subdivided S. sciuri and S. haemolyticus.   



 

 

Table 2. 16S rRNA gene sequencing of bacterial isolates 

Sr. No. Isolates Identified as Similarity (%) GenBank 
Accessions 

1 KS 3 Klebsiella pneumoniae KS 3 99.50% MN967228 

2 KS 6 Staphylococcus haemolyticus KS 6 99.90% MN967229 

3 KS 8 Bacillus aerius KS 8 99.43% MN967230 

4 KS 9 S. haemolyticusKS 9 99.90% MN967231 

5 KS 12 KlebsiellaoxytocaKS12 99.42% MN967232 

6 KS 13 K. pneumoniae KS 13 99.89% MN967233 

7 KS 14 K.oxytocaKS 14 99.46% MN967234 

8 KS 15 B. aeriusKS 15 100.00% MN967235 

9 KS 17 K. oxytocaKS 17 99.50% MN967236 

10 KS 21 Staphylococcus sciuriKS 21 100.00% MN967237 

11 KS 22 S. sciuriKS 22 100.00% MN967238 

12 KS 23 Providencia rettgeriKS 23 99.50% MN967239 

13 KS 29 Enterobacter cloacae KS 29 99.89% MN967240 

14 KS 31 K. pneumoniae KS31 99.62% MN967241 

15 KS 32 KlebsiellavariicolaKS 32 99.90% MN967242 

16 KS 36 KlebsiellaaerogenesKS 36 99.12% MN967243 

17 KS 37 K. pneumoniae KS 37 99.60% MN967244 



 

 

 

Figure 1. PCR purified product of different bacterial strains on agarose gel electrophoresis 

 

Figure 2. Phylogenetic tree showing relationships among different bacterial isolates. The upper (A) 

cluster represents gram-negative bacteria and the lower (B) cluster represents gram-positive bacteria 



 

 

3.4. Multiple plant growth-promoting traits:  

Without the addition of L- tryptophan (0µg/mL), the optical density of auxin production for the test 

strains was: B. aeriusKS 8 (14.1), S. haemolyticusKS 9 (13.1) S. scuriKS 22 (5.9),P.rettgeriKS 23 

(9.3) and E. cloacae KS 29 (12.3). With the addition of L-tryptophan at 300 µg/mL; an upsurge was 

witnessed in the case of B. aeriusKS 8 (3.2 folds) and (23 folds) in the case of S. scuriKS 22. 

However, at the same concentration of L- tryptophan; a decline in the auxin production was observed 
in the case of B. aerius KS 9 (0.8 fold), and P.rettgeriKS 23 (0.2 fold), and E. cloacae KS 29 (0.9 

folds). All the isolates showed a slight response for auxin production with an increase in L-tryptophan 

concentration at 600µg/mL, in comparison with (0µg/mL) L- tryptophan; only S. scuriKS 22 showed 

(2.5 folds) increase in auxin production, whereas a low level of auxin production was observed in case 

of B. aeriusKS 8 (0.7 folds), S. haemolyticusKS 9 (0.6 folds), P.rettgeriKS 23 (0.8 folds) and E. 

cloacae KS 29 (0.9 folds). For the construction of the auxin standard curve, we used authentic IAA 

concentration. The standard curve of auxin production was prepared using a gradually increasing 

amount of L-tryptophan and observing the increase in concentration. 

The test strains exhibited different levels of hydrogen cyanide production however, the experiment 

was performed qualitatively. B. aeriusKS 8 showed a weak response in HCN production while S. 

sciuriKS 22, P. rettgeriKS 23, and E. cloacae KS 29 showed a moderate response. S. haemolyticus 

KS 9 showed a strong response and a high formation of hydrogen cyanide occurred. None of the test 

strains exhibited phosphate solubilization and zinc solubilization. 

3.5. Rooting bioassay: 

In the case of cauliflower, in comparison to the control, the root length of seeds for B. aeriusKS 8, S. 

haemolyticusKS 9, S. sciuriKS 22, P. rettgeriKS 23, and E. cloacae KS 29 increased by 4.1, 5.7, 6.6, 
7.7 and 2.8 folds respectively. However, the shoot length of cauliflower seeds for B. aeriusKS 8, S. 

haemolyticusKS 9, S. sciuriKS 22, P. rettgeriKS 23, and E. cloacae KS 29 increased by 4.3. 3.4, 3.8, 

2.5, and 1.9 folds respectively over the control. For tomatoes, the root length of tomato seeds for B. 

aeriusKS 8, S. haemolyticusKS 9, S. sciuriKS 22 P. rettgeriKS 23, and E. cloacae KS 29 increased by 

2.8, 2.4, 2.3, 1.5, and 1.1-fold respectively. The shoot length of tomato seeds for B. aeriusKS 8, S. 

haemolyticusKS 9, S. sciuriKS 22, P. rettgeriKS 23, and E. cloacae KS 29 increased by 8.3,7.4. 6.3, 

5.0, and 3.9 folds respectively. 

3.6. Pot trials in the laboratory: 

The effect of bacterial inoculations on the growth of plants was evaluated in pot trials under laboratory 

conditions. In the case of cauliflower seeds, the comparison with control showed that the root length 

of seed for B. aeriusKS 8, P. rettgeriKS 23, and E. cloacae KS 29 increased by 1.3 folds and S. 

haemolyticusKS 9, S. sciuriKS 22, increased by 1.1-fold each. While on the other hand, the shoot 

length for B. aeriusKS 8, S. haemolyticusKS 9, S. sciuriKS 22, P. rettgeriKS 23, and E. cloacae KS 29 

increased by 2.8, 2.7, 3.1, 2.0 and 1.9 folds respectively over the control.  

For tomatoes, bacterial strains showed a significant increase in root length for B. aeriusKS 8, S. 

haemolyticusKS 9, S. sciuriKS 22, P. rettgeriKS 23, and E. cloacae KS 29 by 1.6, 1.2, 0.9, 1.6 and 1.0 



 

 

(folds) respectively. While on the other hand, the increase in shoot length of tomato seeds for S. 

haemolyticusKS 9 and E. cloacae KS 29 by 1.2 folds each, and B. aeriusKS 8, S. sciuriKS 22, and P. 

rettgeriKS 23 increased by 1.4, 1.3 and 1.8 folds respectively (Figure 3). 

 

Figure 3. Effect of different L-tryptophan concentrations on auxin biosynthesis by bacterial strains. 

The bars at different points indicate SE for each treatment 

3.7. Pot trials in the wire house:  

After laboratory trials, the efficacy of bacterial strains to enhance the growth of cauliflower and tomato 

was evaluated by conducting pot trials under natural environmental conditions. For cauliflower, the 
increase in root lengths showed by B. aeriusKS 8 and E. cloacae KS 29 were 1.2 folds, S. 

haemolyticusKS 9, S. sciuriKS 22, and P. rettgeriKS 23 increased by 1.0, 1.1, 1.3 folds respectively. 

While on the other hand, the increase in shoot lengths for seeds of suspension with B. aeriusKS 8 

was 1.5 folds, S. haemolyticusKS 9 and S. sciuriKS 22 were 1.4 folds, P. rettgeriKS 23 and E. 

cloacae KS 29 were 1.6 folds. The fresh weight for the cauliflower plants grown in bacterial 

suspensions of B. aeriusKS 8, S. haemolyticusKS 9, and E. cloacae KS 29 increased by 1.2 folds, S. 

sciuriKS 22 by 1.3 folds, and P. rettgeriKS 23 by 1.6 folds over the control. In comparison to the dry 

weight of control, the dry weight of the plants for bacterial suspension of S. haemolyticusKS 9 and S. 

sciuriKS 22 increased by 1.3 folds, B. aeriusKS 8 (1.1 folds), 1.9 and 1.4 folds each for P. rettgeriKS 

23 and E. cloacae KS 29 (Table 3).  

 



 

 

Table 3. Effect of bacterial inoculations on vegetative growth parameters of cauliflower under 
natural conditions 

S. 
No. 

Test Strain 

Cauliflower 

Root 
Length(cm) 

Shoot 
Length(cm) 

Fresh Weight(g) Dry Weight(g) 

1 Control 4.06±0.54 (a) 4.76±0.46 (a) 6.8±0.78 (a) 1.73±0.73 (a) 

2 KS-8 4.73±0.24 (a) 7.2±0.40 (b) 7.86±0.66 (a-b) 1.84±0.12 (a) 

3 KS-9 4.06±0.27 (a) 6.51±0.70 (a) 8.01±1.13 (a-b) 2.26±0.49 (a) 

4 KS-22 4.5±0.50 (a) 6.96±0.39 (b) 8.52±0.99 (a-b) 2.17±0.21 (a) 

5 KS-23 5.4±0.57 (a) 7.8±0.67 (b) 10.93±1.31 (b) 3.25±0.63 (a) 

6 KS-29 4.88±0.40 (a) 7.63±0.53 (b) 8.17±0.95 (a-b) 2.46±0.40 (a) 

Mean ± S.E. of 48 plants. Different letters in parenthesis indicate significant differences among 

treatments using Duncan’s multiple range test P≤0.05). 

 

The pot trials with tomato seeds exhibited a significant increase in the root length mixed with bacterial 

suspension of B. aeriusKS 8 and S. haemolyticusKS 9 was 1.5-fold, S. sciuriKS 22 and P. rettgeriKS 

23 by 1.4 folds and E. cloacae KS 29 by 1.3 folds respectively over the control. While on the other 

hand, the increase in shoot length is shown by B. aeriusKS 8, S. haemolyticusKS 9, S. sciuriKS 22, P. 

rettgeriKS 23, and E. cloacae KS 29 were 2.1, 2.0, 1.8, 1.9 and 1.7 folds respectively. The fresh 

weight for the tomato plants grown in bacterial suspensions of B. aeriusKS 8 and S. haemolyticusKS 

9 increased by 3.5 folds, S. sciuriKS 22 and E. cloacae KS 29 by 3.0 folds, P. rettgeriKS 23 by 3.6 

folds over the control. The dry weight for B. aeriusKS 8 increased by 4.0 folds, 5.2 folds for S. 

haemolyticusKS 9, and 4.2 folds in the case of S. sciuriKS 22, P. rettgeriKS 23, and E. cloacae KS 29 

against the control. (Table 4).  



 

 

Table 4. Effect of bacterial inoculations on vegetative growth parameters of tomato under 
natural conditions 

S. 
No. 

Test Strain 

Tomato 

Root Length(cm) Shoot 
Length(cm) 

Fresh 
Weight(g) 

Dry Weight(g) 

1 Control 3.63±0.50 (a) 4.66±0.88 (a) 2.66±0.46 (a) 0.56±0.23 (a) 

2 KS-8 5.46±0.33 (b) 9.61±0.46 (b) 9.3±0.85 (b) 2.26±0.21 (b) 

3 KS-9 5.54±0.49 (b) 9.5±1.04 (b) 9.33±1.38 (b) 2.91±0.40 (b) 

4 KS-22 5.16±0.40 (b) 8.6±0.67 (b) 8.06±0.95 (b) 2.37±0.37 (b) 

5 KS-23 4.95±0.40 (a-b) 9.01±0.67 (b) 9.51±1.15 (b) 2.34±0.29 (b) 

6 KS-29 4.65±0.41 (a-b) 8.1±0.63 (b) 8.1±0.88 (b) 2.37±0.47 (b) 

Mean ± S.E. of 48 plants. Different letters in parenthesis indicate significant differences among 

treatments using Duncan’s multiple range test P≤0.05). 

 

4. DISCUSSION 

From being a seed to a plant, a diversity of bacteria, fungi, archaea, and parasites are gathered in the 

caulosphere, phylloplane, anthosphere, and carposphere of a plant [29]. Bacterial diversity in 

agricultural produce has been studied by various scientists across the globe. The present study aimed 

to study the contaminants associated with the carposphere of Prunuspersica where the terminal 

identification by 16S rRNA gene sequencing showed that most of the isolates belonged to the family 

Enterobacteriaceae. It included Klebsiella pneumoniae, K. oxytoca, Providencia rettgeri, Enterobacter 

cloacae, K. variiocola, and K. aerogenes. The study by [3] reported that the contaminants present in 

Ananascomosus(pineapple), Citrulluslanatus (watermelon), Malus domestica (apple), 

Prunuspersica(peach), and salads belonged to the Enterobacteriaceaefamily. The molecular 

characterization of Enterobacteriaceae isolated from spinach in South Africa showed the prevalence 

of Serratiafonticola, Escherichia coli, and K. pneumoniae[30]. Similarly, the samples of pineapple, 

watermelon, and salads were shown to harbor Bacillus,Staphylococcus aureus, Escherichia coli, 

Salmonella spp., Klebsiella spp., Pseudomonas aeruginosa, Proteus spp., Micrococci and Lactobacilli 

species [31,32]. The predominance of Enterobacteriaceaeon these fruits indicates that these fruits 

have been largely associated with contaminated water or have been harvested using sewerage water 

[33]. 

B. aerius is usually present in higher altitudes, however, in our study; the isolation of B. aerius KS 8 in 

peach samples indicated that these strains were brought to this area from high altitudes where peach 

was growing. [34]have reported the antifungal role of B. aerius in plants; the presence of B. aerius KS 

8 and KS 15 in the current study could be associated with fungicidal activity for the prevention of 



 

 

peach fruit. The strains KS 22 and KS 23 ofStaphylococcus sciuriwere reported for the first time by 

[35] when they collected the samples from animal and human skin. Recent studies reported that the 

Staphylococcus sciuriis used to improve the root growth of plants and other health parameters [36]. 

The presence of Staphylococcus haemolyticus on the test samples could be associated with 

contamination of the skin’s normal flora during packaging and delivery to the terminal consumer.  

K. variicola has been reported as an emerging pathogen for cattle & human beings. The 

endosymbiotic relation of this strain with plants has also been reported by [37]. K. oxytoca and K. 

pneumoniae are associated with plants in host-plant association by fixing nitrogen acting as 

diazotrophs attaching themselves with the root nodules thus increasing agricultural yield [38]. E. 

cloacae are used to enhance the seed germination and growth attributes in rice crops by using a 

substitute of ammonium sulfate as ACC [39]. P. rettgeri and E. cloacae are also associated with 

growth promotion for potatoes, the study carried out by [40] showed that these bacteria can show 

resistance against potato wilt disease.  

In the current study, in vitro root and shoot bioassays were performed by inoculating the seeds of 

tomato and cauliflower onto a culture plate. Results of the in vitro root and shoot bioassays showed 

that all the strains expressed positive effects on both types of seeds and enhanced root and shoot 

length was witnessed upon application of B. aeriusKS 8, S. haemolyticusKS 9, and P. rettgeri KS 22. 

For instance, B. aeriusKS 8 expressed thrice the root length and eight times the shoot length as 

compared to the control of tomato seed. In the case of cauliflower, the root and shoot length on the 

application of P. rettgeri KS 22 was five and four folds respectively. The results are comparable with 

the study by [21] where bacterization of Pseudomonas aeruginosa on peanut seeds on culture plates 

exhibited enhanced growth of roots and shoots along with biomass production. Similarly, another 

study from India by [41] reported the enhanced role of Bacillus sonorensisNR1 for in-vitro bioassays 

of Lycopersiconesculentum (Tomato). 

Auxin is a plant growth-promoting hormone synthesized from L-tryptophan. Under soil stress 

conditions; the plant growth-promoting bacteria utilize L tryptophan thus producing indole-3-acetic 

acid by causing an increase in the root growth and biomass induction, hormonal transcriptome 

changes, defense-related mechanisms, cell wall-related genes, and a decrease in size and density of 

stomata [42,43,44]. The identified strains i.e., B. aeriusKS 8, S. haemolyticusKS 9, S. sciuriKS 22, P. 

rettgeriKS 23, and E. cloacae KS 29were evaluated for in vitro indole-3-acetic acid (IAA) production. 

In the present study, the auxin production test was applied at three different concentrations of L-

tryptophan, where S. sciuriKS 22 exhibited an optical density of 140 at 300µg/mL concentration of L-

tryptophan; confirming the plant growth-promoting trait. Without the addition of L tryptophan; 1.4 folds 

auxin production was noted in the case of B. aeriusKS 8. The findings of the current study are 

comparable with the study of [22,45,46] where the isolates of Myroides spp.,Pseudomonas putida, 

Proteus vulgaris, Myroidesspp. and Providenciaspp. produced a significant amount of IAA. Finally, it 

can be concluded that the strains B. aeriusKS 8and S. sciuriKS 22have a significant capability for in 

vitro auxin production.  



 

 

In the laboratory under controlled conditions; The highest root and shoot length were exhibited by 

tomato seed inoculated with P. retgeriiKS 23. The results of the current study are comparable with the 

findings of [47] where the scientists reported the plant growth-promoting traits of P. retgerii. However, 

in the present study, an increase in root and shoot length for cauliflower seeds was shown by S. 

sciuriKS 22. The study of [48] also confirmed the increased root and shoot length of sweet cherry 

rootstocks when inoculated with the mixture of S. sciuri. All strains showed an almost positive growth 

trend for root & shoot length both for tomato and cauliflower. 

Different Bacillus species combined with PGPR-characterized strains play role in increasing the crop 

biomass [49,50]. [51] reported the role of Bacillus species in increasing the dry weight of corn. [52] 

reported that maize plants inoculated with PGPR strain increased about 2-3 folds of maize biomass. 

The present study is comparable with the findings of literature where the dry weight of test strains 

increased around 5 times for tomato and on average 1.7 folds for cauliflower. 

5. CONCLUSION: 

In conclusion, a diverse range of gram-positive and gram-negative bacteria were isolated from the 

carposphere of P. persica. More than half the proportion of the isolates belonged to Klebsiellagenera 

which are considered noxious for human health. One-fourth of the bacteria belonged to 

Staphylococcus genera indicating most of them were skin commensals. The plant growth-promoting 

testing of the isolates exhibited a positive response in terms of auxin production, increasing biomass 

weight, and root and shoot length. The auxin production test from the bacterial strains is 

representative of the fact that if the tomato and cauliflower seeds are allowed to mix with the 

suspension of said strains; they can be used as biofertilizers rather than using synthetic chemical 

fertilizers. 
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