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ABSTRACT 

 
The present study was aimed to investigate the influence of biofertilizers on growth parameters and free radical 

scavenging activity of selected medicinal plants. The plants were inoculated with different biofertilizers (Rhizobium, 

Azotobacter, Glomus intraradices, Vermicompost) and NPK after 15 days of planting. Total phenolic content and DPPH 

scavenging activity were analysed in stem, rhizome, root and leaf. Maximum biomass was observed in Vermicompost, 

Azotobacter and Glomus treated plants. The total phenolic content and DPPH scavenging activity was higher in G. 

intraradices, Rhizobium and Azotobacter treated plants. In conclusion, our study suggests that biofertilizers treated plants 

enhanced the growth, biomass and secondary metabolites of selected medicinal plants.  
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INTRODUCTION 

 
Biofertilizers play a very significant role in improving soil fertility by fixing atmospheric nitrogen [1]. 

Among different groups of biofertilizers; nitrogen fixing and phosphorus solubilizing bacteria play an important 

role as they improve plant nutrition by increasing N and P uptake, and as a plant growth promoting rhizobacteria 

(PGPR) in the bio fertilization of crops [2]. Arbuscular mycorrhizal fungi (AMF) are a major component of 

rhizosphere micro-flora in natural ecosystems and have been reported to form obligate symbiotic associations with 

majority of the medicinal plants [3]. Studies have reported that PGMR and AMF influence the antioxidant activity 

in the plants.  

Alpinia galanga (A. galanga) belongs to the family Zingiberaceae, commonly known as Kulanjan is 

distributed throughout India and in Southeast Asia [4]. The cultivation of the galangal as a spice is now carried out 

in many tropical areas of Asia [5]. The seeds of this plant is used for mouth freshener, stimulates the digestive 

power, appetite and acts as a purgative. Essential oils from galanga is reported as a potential anti-carcinogen [6]. 

Rhizomes of A. galanga are used for cough, indigestion, dysentery and food poisoning. The rhizome and flower 

contain rich source of phenolic compounds and flavonoids such as quercetin, kaempferol, isorhamertin, kaemferide, 

gelangin and essential oil such as methyl cinnamate, cineole, camphene, α-pinene and borneol.  

  

 Insulin plant (Costus pictus) is one of the folk medicines used for the treatment for Diabetes mellitus, it 

belongs to the family Costaceae. The plant is commonly known as spiral ginger is originated in Mexico and widely 

distributed throughout the tropic regions of the world. In India the plants occur in Sub-Himalayan tract, some parts 

of central India and the Western Ghats of Maharashtra, Karnataka and Kerala. Rhizomes are bitter and used for 

treating diabetes, constipation, leprosy, asthma, bronchitis, anemia, liver problems, jaundice, gall bladder pain and 

other skin ailments [7, 8].  
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 Gymnema sylvestre (G. sylvestre) is a valuable herb belonging to the family Asclepiadaceae and widely 

distributed in India, Malaysia, Srilanka, Australia, Japan, Vietnam, Tropical Africa, Deccan peninsula [9]. G. 

sylvestre is well known for the treatment of diabetes for over 2000 years in Indian Ayurvedic system of medicine. 

The major chemical constituents of Gymnema are gymnemic acid and gurmarin. Gymnemic acid have anti-diabetic, 

anti-sweetener, antimicrobial, antitumor and anti-inflammatory activities [10]. The structure of gurmarin, another 

anti-sweet agent found in Gymnema, has been elucidated as a polypeptide comprising 35 amino acids residues. It is 

used in the treatment of asthma, snakebite, urinary complaints, piles, chronic cough, colic pain, constipation, 

dyspepsia and hemorrhoids. Therefore, the present study was undertaken to investigate the effect of different 

biofertilizers on growth, biomass, root colonization and antioxidant activity of important selected medicinal plants.   

 

MATERIAL AND METHODS 

Collection of plant materials 

  The three months old plants of A. galanga, C. pictus and G. sylvestre were collected from wild and were 

grown on pots containing sterile soil mixture and maintained in greenhouse conditions in the Department of Botany, 

Bengaluru University, Bengaluru.  

  

 The Cultures of Glomus species procured from Department of Microbiology, U.A.S., G.K.V.K Campus, 

Bengaluru. The cultures were multiplied and maintained in pots containing sterilized soil and sand (1:1) on Rhodes 

grass (Chloris gayana). The inoculum of Glomus species was placed 2 cm below the soil for pots with inoculums 

potential of 0.18×104 g-1 infective propagules of G. intraradices, i.e., 5 g of inoculum per pot. The treatments like 

Vermicompost 50g and other inoculants such as Rhizobium, Azatobacter and N.P.K were inoculated at 5 g for each 

pot after 15 days after planting. Without fertilizer served as a control. 

  

 The experiment was laid out in replicated randomized block design with three replications for each 

treatment. The experiment details are as follows - T1- Normal Plants, T2- Azatobacter, T3- Rhizobium, T4- Glomus, 

T5- Vermicompost and T6- N.P.K.  

 
Biomass (Fresh and dry weight) 

 
 The root, rhizome, stem and leaves of normal and Glomus intraradices, Azatobacter, Rhizobium, 

Vermicompost and NPK treated plants were harvested after 90 days of inoculation and biomass of the plant was 

determined by drying the plant material at 60º C for 48 hrs in hot air oven. 

 

Assessment of AM fungal association in roots 

The percent infection of both normal and plants inoculated with Glomus species was estimated according 

to Philips and Hayman [11]. The cleaned root bits were cut into 1 cm long and fixed in FAA (5:5:90) for 24 hours. 

The root pigments were depigmented by autoclaving with 10% KOH at 15 Psi for 10 mins. The alkalinity was 

neutralized with HCl and stained with 0.03% Tryphan blue in lacto phenol. The stained samples were observed 

under the microscope for AM mycelium, vesicles and arbuscles.  
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Quantitative estimation of total phenolics  

 
 500 mg of dried roots, stem and leaves of normal and treated plants were extracted separately with 5 ml of 

methanolic HCl in the ratio of 5:1 and boiled in water bath for few minutes. Mixture was allowed to stand for 2 hrs 

and filtered through Whatmann No 1 paper. Total phenolic content was estimated following the procedure of Nitsch 

and Nitsch [12]. To 0.1 ml of plant extract, add 1 ml of 35% Sodium Carbonate, 7.5 ml of distilled water and 0.5 ml 

of Folin Dennis reagent were added and incubated at room temperature for a minute and OD value was recorded at 

640 nm (blue to dark blue color). The histograms were constructed taking Gallic acid as a standard using a stock 

solution of 100µg/ml. 

Antioxidant (DPPH) assays 

 
      The ability of the plant extract to scavenge DPPH free radicals was assessed by the standard method Ibrahim 

[13]. Different concentrations of standard BHT and the plant extract were prepared. 3ml of DPPH (1, 1-Diphenyl-

2-picryl hydrazyl) in methanol was added to 1ml of each concentration of the methanolic plant extract/ standard 

BHT in different test tubes. Methanol with DPPH was the control. The reaction mixture was set aside in the dark 

room at room temperature for 30 minutes then the absorbance (A) was recorded at 517nm. Percentage inhibition 

was calculated using the following equation and the IC50 values are calculated by Log-Probit analysis.  

 

Percent inhibition = A of control-A of sample   x 100 

                                       A of control 

Data analysis 

 
The data obtained was subjected to statistical analysis by one/two-way ANOVA, significant ‘F’ ratios 

between groups means were further subjected to Duncan’s multiple range tests using SPSS version 21. Probability 

values <0.05 were considered as significant.  

 

RESULTS AND DISCUSSION 

 
Biomass 

 
  Vegetative growth and morphology of plant such as plant height, root length, size of the rhizome, number 

of leaves per plant was significantly influenced by the application of Vermicompost, Azotobacter, G. intraradices 

and NPK treated plants (Fig. A-F). Table 1 (a –c) represents the fresh and dry weight of root, rhizome, stem and 

leaves of normal and treated plants. It was observed that in A. galanga, the Vermicompost treated plants of stem 

(9.97 ± 1.52 g) and leaf (7.03±0.42g) showed higher biomass compared to the other treated plants.  However, in 

rhizome, maximum fresh (11.59± 0.8 g) and dry (1.68 ± 0.16 g) weight was noticed in Glomus and NPK treated 

plants. In C. pictus, maximum fresh and dry weight was recorded in Rhizobium and Glomus species treated plants 

respectively. Whereas in G. sylvestre, higher fresh weight was noticed in all the treated plants and dry weight in 

Azotobacter treated plants. Similar studies were reported by Valadabadi and Farahani [14] in Nigella sativa plants. 

 

Root colonization and number of vesicles were observed in 90 days old harvested plants. There is a 

significant changes observed in Glomus treated plants by increasing root colonization and vesicles.  The maximum 
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root colonization and vesicles were observed in G. intraradices treated plants of C. pictus and G. sylvestre compared 

to A. galanga (Fig. G-I). The highest number of vesicles and root colonization in G. intraradices treated plants may 

be due the effect of rhizosphere soil that favoured the growth of AM fungi in roots.  The results are concordance 

with the studies of Hosamani et al. [15] where Glomus species treated plants of Withania somnifera showed higher 

root colonization.        

             

    

       

 

    

 
 
 
 

Fig.1: A-C - Morphology of 90 days old normal and treated plants of A. galanga, C. pictus and G. sylvestre. D-F - Harvested plants for 
biomass, G-I - Vesicles in the roots of Glomus treated plants. 

 
Table 1(a): Fresh and dry weight of normal and treated plants of A. galanga. 
 

Treat
ments 

Fresh Weight (g) Dry weight (g) 

Root Rhizome Stem Leaf Root Rhizome Stem Leaf 

T1 0.38±0.10a 4.91±0.21a 4.53±0.08a 2.65±0.08a 0.06±0.03a 0.55±0.05a 0.60±0.08a 0.59±0.02a 

T2 2.69±0.10d 8.63±1.10d 9.97±1.52d 7.03±0.42d 0.46±0.03a 1.31±0.09a 1.72±0.05a 1.72±0.10a 

T3 2.50±1.19c 8.10±1.45c 6.25±2.35c 3.21±2.48c 0.61±0.29a 1.43±0.10a 1.30±0.07a 1.46±0.22a 

T4 2.02±0.52d 5.84±1.59d 11.78±7.5d 5.33±1.43d 0.50±0.17a 0.79±0.14a 2.28±1.07a 1.24±0.38a 

T5 2.16±1.60d 11.59±0.8d 6.85±1.95d 3.63±1.72d 0.58±0.43a 0.78±0.03a 1.21±0.19a 1.33±0.29a 

T6 1.57±0.73b 9.20±1.83b 4.63±1.34b 1.56±0.61b 0.49±0.35a 1.68±0.16a 1.79±0.15a 1.47±0.23a 

 
  T1: Normal, T2: Vermicompost, T3: Rhizobium, T4: Azatobacter, T5: Glomus, T6: NPK 
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Table 1(b): Fresh and dry weight of normal and treated plants of C. pictus. 
 

Trea
tmen

ts 

Fresh Weight (g) Dry weight (g) 

Rhizome Root Stem Leaf Rhizome Root Stem Leaf 

T1 21.49±4.05a 5.85±1.17a 15.27±1.11b 17.07±2.86a 1.93±0.11a 0.72±0.14a 0.84±0.07a 0.77±0.60a 
T2 22.26±1.16b 9.76±1.49b 21.21±1.78b 20.83±8.80b 2.07±0.08b 1.26±0.16b 1.33±0.15b 1.33±0.25a 
T3 36.56±11.16c 12.64±5.09c 36.46±4.10c 36.02±4.42c 3.03±1.22b 1.13±0.05b 1.47±0.32b 1.44±0.25b 
T4 25.85±1.39b 7.84±1.06b 25.85±2.06b 20.64±2.97b 2.71±0.18b 0.75±0.13a 0.86±0.11a 1.34±0.37b 
T5 34.89±8.85c 10.36±1.01c 43.27±8.85c 35.02±4.68c 3.39±0.97b 1.16±0.12b 2.28±0.17b 1.36±0.23b 
T6 27.50±1.61b 10.05±1.67b 17.22±2.86a 17.99±1.67b 2.96±0.34b 1.52±0.07b 1.12±0.40b 0.97±0.07a 

 
T1: Normal, T2: Vermicompost, T3: Rhizobium, T4: Azatobacter, T5: Glomus, T6: NPK 
 
 
Table 1(c): Fresh and dry weight of normal and treated plants of G. sylvestre.  
 

Treat
ments 

Fresh Weight (g) Dry weight (g) 

Root Stem Leaf Root Stem Leaf 
T1 3.62±0.44a 1.17±0.23a 0.96±0.15a 1.09±0.07a 0.46±0.11a 0.32±0.02a 
T2 4.59±0.36b 1.40±0.33b 1.42±0.30b 1.91±0.13d 0.93±0.06d 0.81±0.12d 
T3 4.44±0.26c 1.77±0.12c 1.85±0.11c 1.65±0.20b 0.73±0.06b 0.53±0.08b 
T4 4.60±0.32c 2.89±0.72c 1.57±0.45c 2.120.04e 1.91±0.02e 0.82±0.09e 
T5 5.12±0.13c 1.46±0.41c 2.02±0.45c 1.650.25c 0.94±0.04c 0.61±0.06c 
T6 4.87±0.23d 2.83±0.49d 2.45±0.37d 1.570.30d 1.46±0.08d 0.49±0.03d 

 
      T1: Normal, T2: Vermicompost, T3: Rhizobium, T4: Azatobacter, T5: Glomus, T6: NPK 
 

Values represent the mean ± SD of 3 independent experiments. Means with the different letters in columns indicate significant differences                                        
at 5% level using Dunken multiple range test.  

 

Total Phenolic content  

  
 Bioactive compounds from plants serve as novel source for infectious disease management and as an 

alternate to synthetic drug. Several phytochemicals have been derived from the plant materials like bark, stem, 

leaves, flower, seeds, root and whole plant [16]. Phenolic are known to be of major importance in pathogenic 

interactions between plant and fungi. Higher phenolic content in plant tissues may be pathogenic attack is one of 

the important mechanisms by which pathogenic activity may limit or decreased [17]. In present study, total phenolic 

content of normal and treated plants were represented in Table 2. The total phenolic content was increased in NPK 

treated rhizome of A. galanga and C. pictus (57.66 ± 2.51 and 42.66 ±2.51 DW µg/g) followed by other treated and 

normal plants. Whereas, in leaf higher phenolic content was observed in Glomus treated plants. While in root and 

shoot extract of G. sylvestre showed higher phenolic content in Rhizobium and Azotobacter treated plants. The 

results were agreement with Khalid et al. [18], they have reported significant enhancement in the phenolic content 

in biofertilizers treated Spinacia oleracia plants.  

 
Table 2: Quantitative estimation of total phenolic (DW µg/gm) in normal and treated plants. 

 
 

Treatments 
A. galanga C. pictus G. sylvestre 

Rhizome Rhizome Leaf Root Shoot 
T1 4.33±1.75a 3.16±0.76a 23.50±1.50a 3.16±0.76a 7.50±0.50a 
T2 47.33±2.51c 41.33±1.52c 85.00±1.00e 15.66±2.08d 7.50±1.50a 
T3 42.66±2.51b 37.16±2.020c 27.66±1.52b 7.16±1.04b 20.00±2.00c 
T4 42.33±2.51b 166.66±7.63d 26.83±0.76b 24.66±1.52e 12.16±0.76b 
T5 44.33±2.08bc 10.50±1.50b 30.50±1.50c 12.16±0.76c 8.50±1.32a 
T6 57.66±2.51d 42.66±2.51c 40.00±1.00d 17.00±1.00d 14.16±0.37b 

      T1: Normal, T2: Vermicompost, T3: Rhizobium, T4: Azatobacter, T5: Glomus, T6: NPK 

Values represent the mean ± SD of 3 independent experiments. Means with the different letters in columns indicate significant differences at 
5% level using Dunken multiple range test. 
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Antioxidant activity  

 The DPPH is a stable free radical, has been widely used to evaluate the radical scavenging ability of 

antioxidants. It has an odd electron which is responsible for deep purple colour and absorbance at 517 nm. Any 

substance that would be able to perform a hydrogen or electron donating reaction and change the colour of DPPH 

solution from purple to yellow are considered as antioxidants or radical scavengers [19]. The DPPH radical 

scavenging activity is represented in table. 4. The antioxidant activity was evaluated in terms of the IC50 value of 

the plant extract and compared with that of the standard BHT (4.769 µg/ml).  

 In A. galanga, the Glomus treated rhizome showed higher scavenging activity with an IC50 value of 5.671 

µg/ml followed by Azotobacter treated plants (IC50 5.798 µg/ml). Whereas in C. pictus, rhizome (Vermicompost) 

and leaf extract (Rhizobium) showed higher radical scavenging activity compared to other treated and normal plant 

with an IC50 value of 5.572 and 5.580 µg/ml respectively. In G. sylvestre, Vermicompost treated root and Rhizobium 

treated shoot extract showed higher radical scavenging activity with an IC50 value of 5.862 and 5.621 µg/ml 

respectively. Salama et al. [20] also reported higher free radical scavenging activity in biofertilizers treated plants. 

 
Table 4: DPPH scavenging activity of in normal and treated plants.  
 

DPPH Assay  

IC50  Std 
Treatments T1 T2 T3 T4 T5 T6 

A. galanga Rhizome 6.083 6.071 5.973 5.798 5.671 6.051  

4.769  
C. pictus 

Rhizome 6.124 5.572 6.015 5.954 5.845 5.97 

Leaf 6.111 6.11 5.580 6.058 5.807 5.92 

 
G. sylvestre 

Root 6.558 5.862 6.00 6.05 6.112 6.276 

Shoot 6.081 6.049 5.621 5.993 5.87 6.00 

      

     T1: Normal, T2: Vermicompost, T3: Rhizobium, T4: Azatobacter, T5: Glomus, T6: NPK 

 

 

CONCLUSION  

 
 The present study was undertaken to explore the host- specificity and diversity of G. intraradices, 

Rhizobium, Azotobacter, nutrient status of Vermicompost and NPK from the selected medicinal plants. The selected 

plants showed moderate percentage of root colonization and vesicles in G. intraradices treated plants. The 

biofertilizers treated plants showed significant increase in the growth, biomass, phenolic content and antioxidant 

activity. Therefore, further studies are needed for selection of efficient biofertilizers for the enhancement of 

secondary metabolites in medicinally important plants.  
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