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Abstract 

Increased crop production largely relies on the type of fertilizers used to supplement essential nutrients for 

plants. Chemical fertilizers lead to increase in the growth and development in plants, but also lead to side effect 

on health and cause environmental pollution. The use of Plant Growth Promoting Rhizobacteria (PGPR) is a 

better alternative to solve this problem. They play an important role in sustainable agriculture. In this study, 

total 65 bacterial strains were obtained from Aloe vera rhizosphere. These isolates were further screened for 

plant growth promoting traits such as phosphate solubilisation and the production of ammonia, IAA, and 

siderophore. Four chosen bacterial isolates were further tested for their seed germination enhancement 

abilities. The present investigation confirms that these chosen bacterial strains can be used as potent PGPR and 

may be utilized as bio-inoculants for medicinal plants under sustainable and organic agricultural systems. 
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1. Introduction 

Modern agriculture relies on high input of 

agrochemicals which cause major environmental 

problems (Spiertz, 2010). Feeding an increasing 

human population and reducing the impacts on the 

environment urges for low input agricultural 

practices. Microorganisms are important in 

agriculture in order to promote the circulation of 

plant nutrients and reduce the need of chemical 

fertilizers as much as possible (Narula et al., 

2005b; Rana et al., 2011a; Saharan and Nehra, 

2011a). Exudations of the photosynthate from the 

plant roots provide a preferred ecological niche for 

the growth of microorganisms. The bacteria which 

are associated with plant roots and helps in plant 

growth promotion are called Plant growth-

promoting rhizobacteria (PGPR) (Saharan and 

Nehra, 2011b). The mechanisms by which PGPR 

promote plant growth are not fully understood 

(Vessey, 2003). But several mechanisms have been 

suggested by which PGPR can promote plant 

growth, including phytohormone production, 

enhancing stress resistance, nitrogen fixation, 

stimulation of nutrient uptake and biocontrol of 

pathogenic microorganisms (Rodríguez and Fraga, 

1999; Narula et al., 2002; Bhatia et al., 2008; 

Sindhu et al., 2009; Rana et al., 2012), increasing 

the supply or availability of primary nutrients to the 

host plant (Wu et al., 2005), the synthesis of 

antibiotics, enzymes and fungicidal compounds 

(Bharathi et al., 2004; Jeun et al., 2004; Ahemad et 

al., 2006; Rana et al., 2011b). The strains mainly 

from genera such as Pseudomonas, Azospirillum, 

Burkholderia, Bacillus, Brevibacillus, 

Enterobacter, Rhizobium, Erwinia, Serratia, 

Alcaligenes, Arthrobacter, Acinetobacter and 

Flavobacterium have been reported so far. PGPRs 

have been shown to enhance plant growth 

significantly in different families of plant of 

commercial and agricultural importance (Narula et 

al., 2005a). But till now no major studies regarding 

the effect of PGPR on medicinal plants has been 

done. Demand for medicinal plant is increasing in 

both developing and developed countries due to 

growing recognition of natural products such as 

herbal medicines and herbal supplements, being 

non-toxic and having no side effects and affordable 

prices. Herbal medicines are used to treat many 

conditions such as asthma, eczema, premenstrual 

syndrome, rheumatoid arthritis, migraine, 

menopausal symptoms, chronic fatigue, irritable 

bowel syndrome and cancer etc. Habitat loss and 

deforestation coupled with over harvesting has 

resulted in dwindling population of important 

medicinal plants around the world. So, direct 

extraction of natural products from wild medicinal 

plants to satisfy the current requirement is fast 

becoming an unrealistic goal. One of the most 

important medicinal plants is Aloe vera, having a 

lot of benefits. When taken orally Aloe vera may 

improve a number of conditions such as ulcerative 

colitis, diabetes, asthma and epilepsy. Oral intake 

of Aloe vera is commonly known for its 
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constipation relief. Moreover, it may help in 

treating fever, inflammation, itching, stomach 

ulcer, colds and other several aliments as well 

(Kala, 2008). Recently, there is a growing interest 

in PGPR due to their efficacy as biological control 

and growth promoting agents in many medicinal 

crops (Mehamood, 1999). Hence, our work was 

aimed to throw light on the alternative approaches 

like investigating indigenous PGPR for the 

presence of plant growth promoting traits and to 

select those PGPR which can be used for increasing 

the growth and yield of medicinal plants.  

2. Materials and Methods 

 

2.1. Isolation of Bacteria 

 

Since sampling of the rhizosphere soil along with 

the entire root system is of foremost importance in 

order to isolate potential rhizobacteria, additional 

care was taken to acquire the total rhizospheric soil. 

Three sampling sites were selected in the Haryana. 

The top soil containing dry matter was removed 

from the sampling site. With the help of sterile 

equipments, the entire root system along with the 

rhizosphere soil was collected digging up to 15 cm 

in depth. These samples were then placed in sterile 

plastic bags at lower temperatures and refrigerated 

until analysed. Selection of putative PGPR bacteria 

was carried out from these soil samples through 

serial dilution agar plating method. Morphological 

characteristics of the culture such as shape, 

elevation, surface, margin, colour and pigmentation 

etc. were recorded. 

 

2.2. Screening of isolates for various traits 

 

2.2.1. Phosphate solubilisation  

 

The Phosphate solubilisation potential of selected 

putative strains of rhizobacteria was tested in vitro 

by streaking the bacterial isolates on the 

Pikovskaya agar medium amended with 

bromophenol blue containing tricalcium phosphate 

as a substrate (Pikovskaya, 1948). Plates were 

incubated at 28±2 
o
C for 4 days and observed for 

the clear zone around the colony.  

 

2.2.2. Determination of Indole Acetic Acid (IAA) 

 

Erlenmeyer flasks (250 ml) containing 50 ml of 

nutrient broth were autoclaved and cooled. One ml 

of filter-sterilized L-Tryptophan solution was 

added to the nutrient broth to achieve a final 

concentration of 0.2% (v/v). The liquid medium 

was inoculated by adding 100 µL of inoculum (10
8 

CFU ml
-1

) and incubated at 30 
o
C with a shaking 

speed of 150 rpm for 7 days in an orbital shaking 

incubator. Then, each broth culture was centrifuged 

(10,000 rpm for 15 min at 4 
o
C) and the supernatant 

was quantified colorimetrically at 530 nm using 

Salowaski reagent (1 ml of 0.5 M FeCl3 and 50 ml 

35% HClO4) and observed for pink colour (Gordon 

and Weber, 1951; Bric et al., 1991). All IAA 

determinations were made in triplicate. For the 

preparation of inoculum, the bacterial growth was 

measured at 600 nm using PC based double beam 

spectrophotometer 2202 (Systronics). 

 

2.2.3. Ammonia and Siderophore production 

 

Freshly grown bacterial cultures were inoculated in 

peptone water (10 ml)  in culture tube and 

incubated for 48-72 h at 36±2 °C. Nessler’s reagent 

(0.5 ml) was added. Development of brown to 

yellow colour indicated positive test (Cappuccino 

and Sherman, 2010). Siderophore production was 

detected by the universal method using blue agar 

plates containing the dye chrome azurol S (Schwyn 

and Neilands, 1987). Freshly grown bacterial 

culture were spot inoculated on chrome azurol S 

agar plates and incubated for 4 days at 28±2 
o
C. 

Petri plates were observed for the production of 

orange halos around the colonies. 

 

2.2.4. HCN production 

 

Nutrient agar was amended with 4.4 g glycine/L 

and the culture was streaked on modified agar plate 

(Lorck, 1948). A Whatman filter paper (No. 1) 

soaked in 2% Sodium carbonate (in 0.5% picric 

acid) was placed at the top of the plate. Plates were 

sealed with parafilm and incubated at 36±2 °C for 4 

days. Development of orange to red colour 

indicated HCN production.  

 

2.2.5. Seed germination Assay 

 

Seeds of wheat (Triticum aestivum variety HD 

2894) were surface sterilized (0.1% HgCl2 for 3 

min.; absolute alcohol for 30 - 60 sec). Further, the 

seeds were washed (5 to 6 times) with sterile 

distilled water to remove the traces of HgCl2. 

Finally, the seeds were dipped for 10 min. in log 

phase bacterial culture (10
6 

CFU ml
-1

). The 

bacterized seeds were placed on soft agar plates 

(0.8% sterile agar) and incubated at 28 °C for 4-5 

days. After incubation germinated seeds were 

counted and their radicle and plumule length was 

measured. The experiments were performed in 

triplicate. The uninoculated broth was used as 

control during bacterization of the seeds. 

2.2.6. Biochemical characterization 

 

The biochemical tests of the isolates were 

performed according to the available standard 

procedures (Cappuccino and Sherman, 2010). 
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3. Results  

 

Total 65 bacterial isolates were selected on the 

basis of morphological characteristics. Twenty five 

isolates were found to exhibit phosphate 

solubilisation property. Almost more than 50% of 

the isolates have shown positive result for ammonia 

production. Out of which, eight isolates namely 

SMA4, SMA5, SMA7, SMA15, SMA17, SMA22 

SMA23 and SMA24 were found to be efficient 

ammonia producers. 

 

Seven isolates showed IAA production. 

The isolates namely SMA4, SMA5, SMA23 and 

SMA24 showed good amount of IAA production. 

Only one isolate (SMA24) exhibit the property of 

HCN production. Four isolates namely SMA4, 

SMA5, SMA23 and SMA24 were found to be 

positive for siderophore production (Table 1).  

 

3.1.Characterization/Identification 

 

All the chosen/potent isolates (SMA4, SMA5, 

SMA23 and SMA24) were found to be positive for 

catalase test. Glucose was found to be preferred 

carbon source for all the selected isolates. On the 

basis of staining, morphology and biochemical 

characterisation it was found that two isolates 

SMA5 and SMA24 belongs to Pseudomonas sp., 

SMA4 belongs to Acinetobacter sp. and SMA23 

belongs to Brevibacterium sp. (Table 2). 

 

3.2. Seed germination assay 

 

All the chosen isolates (SMA4, SMA5, SMA23 

and SMA24) enhanced seed germination as 

compared to control (Table 3; fig 1). The highest 

shoot length (13.4 cm seed
-1

), root length (10.6 cm 

seed
-1

) was recorded in seeds bacterized with 

SMA24 (fig 2).  

 

        A significant increase in shoot wet weight was 

also observed in seeds bacterized with PGPR 

isolates. The highest increase in shoot wet weight 

(132.2 mg seed
-1

) and root wet weight (67.2 mg 

seed
-1

) was recorded in case of the isolate SMA24 

(fig 3). Also, PGPR strains SMA4, SMA5 and 

SMA23 showed statistically significant increase of 

shoot dry weight and root dry weight (fig 4). 

4. Conclusion 

Four potent/chosen/selected isolates namely 

SMA4, SMA5, SMA23 and SMA24 exhibit many 

plant growth promoting traits such as N2 fixation, 

P-solubilisation, ammonia production and IAA 

production which can help in promoting growth of 

plants by providing essential minerals. These 

isolates have capacity to enhance the seed 

germination percentage also. Moreover, they have 

adapted towards the environment as they have been 

isolated from their native sites. So we can conclude 

that SMA4, SMA5, SMA23 and SMA24 isolated 

from Aloe vera rhizosphere may be proved as 

potent bioinoculants for the Aloe vera and other 

medicinal plants.  
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Table 1: Plant growth promoting traits shown by selected isolates 

     

Isolate(s) Phosphate 

Solubilisation 

Production of 

IAA Ammonia Siderophore  HCN 
SMA1 + - + - - 

SMA3 + - + - - 

SMA4 +++ - +++ - ++ 

SMA5 +++ +++ +++ ++ - 

SMA7 + ++ +++ - - 

SMA9 + - + - - 

SMA12 + - + - - 

SMA15 + - +++ - - 

SMA17 +++ - +++ - - 

SMA22 +++ +++ +++ ++ - 

SMA23 +++ +++ +++ ++ - 

SMA24 +++ +++ +++ +++ - 

SMA28 + + + - - 

SMA31 + + + - - 

SMA32 + - + - - 

SMA35 + - + - - 

SMA39 + - + - - 

SMA41 + - + - - 

SMA42 + - + - - 

SMA45 + - + - - 

SMA46 + - + - - 

SMA48 + - + - - 

SMA51 + - + - - 

SMA53 + - + - - 
 - = Negative test; + = Significant; ++ = Good; +++ = Very good 

 

Table 2: Characterization/identification of selected isolates 

 

Test (s) SMA4 SMA5 SMA24 SMA23 

Catalase + + + + 

Oxidase - + + + 

Indole - - - - 

MR - - - + 

VP - - - + 

Citrate utilization + + + + 

Glucose + + + + 

Mannose - - - + 

Sucrose - + + + 

Nitrate + - - + 

Gram staining - - - + 

Shape Coccobacilli Rod Rod Rod 
- = Negative test; + = Positive test 

 

Table 3: The effect of bacterization with chosen isolates on seed germination in Triticum aestivum 

 

Sr. No. Parameter (s) Control SMA4 SMA5 SMA23 SMA24 

1.  Germination rate (%) 25 100 75 75 90 

2.  Germination speed 8.1±0.53 13.34±0.63 7.14±0.47 10.71±0.49 10.71±0.52 

3.  Vigor index 175 2300 1320 1215 2160 

4.  Root length (cm) 2.8±1.12 10.0±0.82 7.2±1.28 6.4±1.40 10.6±1.25 

5.  Shoot length (cm) 4.2±1.26 13.0±0.84 10.4±1.46 9.8±1.62 13.4±1.25 

6.  Wet root weight (mg)  16.8±1.90 67.2±1.14 59.4±0.78 39.2±0.98 49.8±0.78 

7.  Wet shoot weight (mg)  46.8±1.90 132.2±0.86 110.5±1.32 108.7±1.13 121.5±1.12 

8.  Dry root weight (mg)  7.2±2.10 30.5±1.89 27.8±1.46 16.5±1.32 22.3±1.43 

9.  Dry shoot weight (mg)  20.4±1.34 62.1±1.92 50.4±1.67 47.2±1.42 56.7±1.67 
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Fig. 1: Effect on germination rate and vigour index                                      Fig. 2: Effect on root length and shoot length    

 

 

Fig. 3: Effect on wet root weight and wet shoot weight         Fig. 4: Effect on dry root weight and dry shoot weight  
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