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Bioinoculants influence accumulation of 
phytochemicals in Oroxylum indicum (L.) Benth. 

ex Kurz seedlings 
 

Chandrima Debi and Vipin Parkash 
 
Abstract 
The seedlings of Oroxylum indicum were inoculated with plant growth promoting microbes (PGPMs) 
mainly, Pseudomonas putida, Trichoderma harzianum and Glomus mosseae both alone and consortium. 
The preliminary qualitative and quantitative phytochemical analysis of the root extract of the inoculated 
seedlings of O. indicum showed the presence of carbohydrates, protein, saponins, tannins, alkaloids, 
phenols, flavonoids, terpenoids, and glycosides. The tannin concentration was found maximum 
(0.0500±0.037 mg/g) in TM (mycorrhizal treatment), while it was minimum (0.0341±0.321 mg/g) in non-
inoculated/control treatment. Maximum (0.993±0.006 mg/g) chlorophyll content was present in TMB 
(Mycorrhizal + Bacterial treatment) and minimum (0.639±0.01 mg/g) in control treatment. The total 
alkaloid content was maximum (0.769±0.031) in TMB (Mycorrhizal + Bacterial treatment) while it was 
minimum (0.115±0.055) in control treatment. The total protein content was maximum (960.65±0.065 
mg/g) in TMBF (Mycorrhizal + Bacterial + Fungal treatment) while it was minimum (299.04±0.0943 
mg/g) in control treatment. The total phenolic content (TPC) was maximum (29.271± 0.388 mg/g in 
GAE) in TB (Bacterial treatment) while TPC was minimum (3.1±1.01 mg/g in GAE) in Control 
treatment. It can be concluded that the bioinoculants whether alone or in consortial form influences the 
phytochemicals in O. indicum but the consortial form has significant influence than alone treatments. 
 
Keywords: Pseudomonas putida, Trichoderma harzianum and Glomus mosseae, bioinoculants, 
phytochemicals 
 
Introduction 
Oroxylum indicum is a medicinally important forest tree species Oroxylum indicum is an active 
ingredient of well-known Ayurvedic formulations like Amartarista, Awalwha, Brahma 
rasayana, Bruhatpancha, Chyawanaprasha, Dantyadarishta, Dasamoola, Dhanwantaram 
ghrita, Mulyadi Kwath, Narayana taila and Shyonaka patpak [1, 2]. The main ingredients of 
Dashamula are procured from the roots of five herbaceous and five tree species, Shyonaka 
being one of them. This species also constitutes one of the ingredients in Chyawanprasha [3]. It 
is estimated that 70–80% of people worldwide rely chiefly on traditional, largely herbal 
medicine to meet their primary healthcare needs. Since time immemorial, medicinal plants 
have been used in virtually all cultures as a source of medicine [4, 5]. The production, 
consumption and international trade in medicinal plants and phytomedicine (herbal medicine), 
have grown and are expected to grow further in the future. To satisfy growing market 
demands, surveys are being conducted to unearth new plant sources of herbal remedies and 
medicines and at the same time develop new strategies for better yield and quality. This can be 
achieved through different methods including micro propagation [6]. It may help in conserving 
many valuable tree species in the process and may open new vistas in the forest biotechnology. 
The plant is used in many ayurvedic preparations widely used by people for health care. The 
existence of O. indicum in natural population is highly threatened and has been categorized as 
vulnerable by the government of India [7].This tree has been harvested so heavily for medicinal 
purposes that its survival is in jeopardy. Problems related with its natural propagation and 
indiscriminate exploitation for medicinal purpose has pushed O. indicum to the list of 
endangered plant species of India [8]. 
Phytochemicals are the natural bioactive compounds found in plants. These phytochemicals 
work with nutrients and fibers to form an integrated part of defence system against various 
diseases and stress conditions [9]. The most important of these bioactive constituents of plants 
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Are alkaloids, tannins, flavonoids, steroid, terpenoid, 
carbohydrate and phenolic compounds [10]. Several parts of O. 
indicum contain alkaloids and flavonoids [11, 12] of medicinal 
value. In vitro regenerated plantlets have been reported to 
produce higher yields of active compounds [13-15]. The plant is 
reported to possess antiinflammatory, diuretic, anti-arthritic, 
antifungal, and antibacterial activities [16]. The plant is also 
used in Asian folk medicine for the treatment of abdominal 
tumors [17].  
Numerous studies have shown that AMF can directly or 
indirectly influence the secondary metabolism of plants, 
causing changes in secondary metabolite levels [18, 19]. For 
example, AMF can induce the synthesis of caffeic acid and 
rosmarinic acid in the medicinal plant sweet basil (Ocimum 
basilicum) [20]. Lu et al. [21] reported that the inoculation of 
yams with AMF can expedite plant growth and increase the 
content of secondary metabolites in tubers. Some bacteria 
provide plants with growth promoting substances and play 
major role in phosphate solubilizing ability [22]. Phosphate 
solubilizing microorganisms are another sort of bio-fertilizers 
which have the ability to solubilize organic and inorganic 
phosphorus compounds by producing organic acid or 
phosphatase enzyme [23]. Mixed inoculation with diazotrophic 
bacteria and arbuscular-mycorrhizal fungi creates synergistic 
interactions that may result in a significant increase in growth, 
in the phosphorus content in plants, enhanced mycorrhizal 
infection and an enhancement in the uptake of mineral 
nutrients such as phosphorus, nitrogen, zinc, copper, and iron 
[24-33]. 
The literature review revealed that bioinoculation studies has 
been mainly carried on various fields including the influence 
of bioinoculants on growth and mycorrhizal occurrence in the 
rhizosphere, plant growth stage, fertiliser management and 
bio-inoculation of arbuscular mycorrhizal fungi and plant 
growth promoting rhizobacteria affect the rhizobacterial 
community structure in wheat, impact of endomycorrhizal 
fungi and other bioinoculants on growth enhancement. Role of 
bioinoculant increasing in growth, flavour content and yield, 
effect of bioinoculation on rice varieties of India, role of 
arbuscular mycorrhizae fungi and multibioinoculants in cotton 
plant growth, response of bioinoculants on growth, yield and 
fiber quality of cotton under irrigation, effect of bioinoculants 
on biomass productivity in agroforestry systems. But there is 
no report on the influence of bioinoculation on the 
accumulation of phytochemicals in O. indicum. The positive 
effect on the production of pharmacologically active 
compounds in medicinal plants through mycorrhization would 
mean a higher benefit and at the same time would contribute to 
a more sustainable practice of conservation of plant species 
[34]. Research towards mass multiplication, conservation and 
higher production of the active compound under in vitro 
culture conditions is essential [35]. On this aspect an experiment 
was conducted to study the influence of bioinoculation on the 
biotization [36] and accumulation of some phytochemicals in 
the seedlings of O. indicum. The seedlings were inoculated 
with Plant Growth Promoting Microbes (PGPMs) mainly, 
Pseudomonas putida, Trichoderma harzianum and Glomus 
mosseae both alone and in consortium. The inoculated 
seedlings were further analysed for the qualitative as well as 
quantitative assessment of accumulated phytochemicals.  
 
Material and methods 
An experiment was set up in the nursery of Rain Forest 
Research Institute, Jorhat to study the inoculation effect. For 
this purpose seeds from different seed sources were analysed 

for seed germination ability and seedlings were raised [37]. The 
experiment was designed in Randomized Block Design 
(RBD), where three replications of each treatment were taken. 
Different treatments like single and combined/ 
synergistic/influential of plant growth promoting microbes 
(PGPMs) mainly, Pseudomonas putida, Trichoderma 
harzianum and Glomus mosseae were applied for the present 
investigation. In control sets, no bioinoculant (inoculum) was 
added. The seedlings treated with bacteria (TB), fungus (TF) 
and mycorrhiza (TM), dual consortium of bacteria and fungus 
(TBF), bacteria and mycorrhiza (TBM), mycorrhiza and fungus 
(TMF), and mixed consortium of bacteria, mycorrhiza and 
fungus (TMBF) were harvested after 270 days of inoculation. 
The roots were sun dried and then powdered. 3 gram of the 
powdered plant sample was macerated with 50 ml solvent for 
3 days at room temperature (25 °C). Solvents used for 
extraction were distilled water and ethanol 70%. Extracts were 
filtered using Whatman filter. Aqueous as well as ethanolic 
extracts were evaporated to dryness. The extract was used for 
the qualitative and quantitative analysis of the phytochemicals.  
 
Phytochemical analysis 
Test for Alkaloids 
The extract of the plant sample was stirred with 5 ml of 1% 
HCl on water bath. The solution was filtered and the filtrate 
was treated with Mayer’s and Hager’s reagent. 
 
Mayer’s Test 
The solution obtained was filtered and 1 ml of the filtrate was 
treated with two drops of Mayer’s reagent. The two solutions 
were mixed and made up to 100 ml with distilled water. 
Turbidity of the extract filtrate on addition of Mayer’s reagent 
was regarded as evidence for the presence of alkaloids in the 
extract [38]. 
 
Hager’s Test 
Hager’s reagent was added to 2-3 ml of the filtrate. Yellow 
colour indicated the presence of alkaloids. 
 
Test for tannins 
A small quantity of the extract was boiled with 5 ml of 45% 
solution ethanol for 5 minutes. The mixture was cooled and 
filtered. The filtrates were used for the following test:  
 
Lead Sub Acetate Test  
1ml of the different filtrate was added with three drops of lead 
sub acetate solution. A cream gelatinous precipitation indicates 
positive test for Tannins.  
 
Ferric Chloride Test  
1ml each of filtrate is diluted with distilled water and added 
with two drops of ferric chloride. A transient greenish to black 
colour indicates the presence of Tannins. 
 
Test for flavonoids 
The presence of flavonoids in the plant sample was determined 
by following tests [39, 40]. 5 ml of dilute ammonia solution were 
added to a portion of the aqueous filtrate of each plant extract 
followed by addition of concentrated H2SO4. A yellow 
colouration observed in each extract indicated the presence of 
flavonoids. The yellow colouration disappeared on standing. 
Few drops of 1% Aluminium chloride solution were added to a 
portion of each filtrate. A yellow colouration was observed 
indicating the presence of flavonoids. A portion of the 
powdered plant sample was in each case heated with 10 ml of 
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ethyl acetate over a steam bath for 3 min. The mixture was 
filtered and 4 ml of the filtrate was shaken with 1 ml of dilute 
ammonia solution. A yellow colouration was observed 
indicating a positive test for flavonoids. 
 
Test for terpenoids (Salkowski test) 
 
Five ml of each extract was mixed in 2 ml of chloroform, and 
concentrated H2S04 (3 ml) was carefully added to form a layer. 
A reddish brown colouration of the inter face was formed to 
show positive results for the presence of terpenoids. 
 
Test for glycosides (Keller-Killani test)  
Five ml of extract was treated with 2 ml of glacial acetic acid 
containing one drop of ferric chloride solution. Add 1 ml of 
concentrated sulphuric acid. A brown ring of the interface 
indicates the presence of glycosides. 
 
Test for Saponins  
 0.5g of the powdered sample was mixed with 5 ml of distilled 
water and was introduced into a tube, the mixture was 
vigorously shaken for 2min., and formation of froth indicated 
the presence of Saponins [38]. 
 
Test for phenols 
5 ml of the plant extract was dissolved in 5 ml of distilled. Few 
drops of neutral 5% ferric chloride solution were added to the 
solution. A dark green colour indicated the presence of 
phenolic compounds 
 
Test for Carbohydrates 
5 ml of both aqueous and ethanolic extract was treated with 
conc. H2SO4 and then with Molisch’s reagent. The appearance 
of pink or violet colour indicates the presence of 
Carbohydrates. The plant extract was boiled with Fehling’s 
and Benedict’s solution. Formation of brick red precipitate in 
Fehling’s and Benedict’s solution is a positive test for the 
reducing sugars respectively. 
 
Test for proteins (Xanthoproteic test) 
1ml of the aqueous as well as alcoholic extract was treated 
with 1ml of H2SO4 (conc.). The appearance of white 
precipitate indicates the presence of proteins.  
 
Quantitative analysis of the phytochemicals 
Determination of Total Alkaloid  
1g of the plant sample was weighed into a 250 ml beaker and 
40 ml of 10% acetic acid in ethanol was added and covered. It 
was allowed to stand for 4 h. After filtration the extract was 
concentrated on a water bath to one-quarter of the original 
volume. Concentrated ammonium hydroxide was added drop-
wise to the extract until the precipitation was over. The entire 
solution was allowed to settle and the precipitate was collected 
and washed with dilute ammonium hydroxide. It was again 
filtered. The residue collected is the alkaloid, which was dried 
and weighed [40]. 
 
Determination of Total Phenolic Content in the plant 
extracts 
The total phenol content of the plant sample was determined 
by the help of Folin-Ciocalteu reagent method [41]. An aliquot 
(100 μl) of extract was mixed with 250 μl of Folin-Ciocalteu 
reagent and it was allowed to stand at room temperature for 5 
min. 1.5 ml of 20% Sodium bicarbonate was added to the 
mixture and incubated at room temperature for 120 min. The 

absorbance was measured at 765 nm using a 
spectrophotometer. A standard curve was plotted using 
different concentrations of gallic acid and the amount of total 
phenolics was calculated as gallic acid equivalents in mg/ g of 
dried extract. The concentration of phenolics was determined 
(mg/ml) from the calibration curve and the content of 
phenolics in extracts was expressed in terms of gallic acid 
equivalent (mg of GA/g of extract) from the equation.  
T=C X V/M 
Where, T= Total Phenolic Content (mg/g) of extract as GAE, 
C= Concentration of GA established from the calibration curve 
in (mg/ml), 
V= Volume of the extract solution in ml 
M= weight of the extract in g. 
 
Determination of Total flavonoid content 
The total flavonoid content of the seedlings of O. indicum was 
determined by the help of Aluminium chloride method [42]. 
Quercetin was used as standard and flavonoid contents were 
measured in Quercetin equivalent.1ml of standard or extract 
solution (0.1, 0.5, 1, 2.5,5 mg/ml) was taken into 10ml 
volumetric flask, containing 5 ml of distilled water and 0.3ml 
of 5% NaNO2. 0.3ml 10% AlCl3 was added to the mixture 
after 5min. At the 6th min 2ml of 1M NaOH was added 
consecutively and the volume made up to 10ml with distilled 
water. The test solution was briskly shaken. After 10 min. of 
incubation, the absorbance was recorded at 510nm using UV-
Visible spectrophotometer. 
 
Determination of Total tannin content 
1 g of the plant sample was mixed with 10 ml distilled water 
on a shaker for 1 hr. 5 ml of filtrate was pipette out into a tube 
and mixed with 0.1 M FeCl3 (3ml) in 0.1 N HCl and 0.008 M 
potassium ferrocyanide. Absorbance was measured at 605 nm 
within 10 min. Tannic acid (100 ppm) was used as standard 
[43]. 
 
Determination of Total Protein content  
The total protein content was determined by Lowry’s method 
[44]. 500 mg of plant sample was mixed in 10 ml of distilled 
water and centrifuged for 10 min at 3000 rpm. The supernatant 
was collected and made up to 1 ml with distilled water. The 
reagents were prepared of reagents by taking 2 % Sodium 
Carbonate in 0.1N Sodium Hydroxide (Reagent A) and 
Reagent B was prepared by taking 0.5 % Copper Sulphate in 
1% potassium sodium tartrate. 3 ml of Reagent A was mixed 
with 1 ml of Reagent B and 0.02 ml of Folin-Ciocalteau 
Reagent was added. The mixture was incubated for 30 mins. at 
room temperature. Readings were taken at 600 nm in 
triplicates. Bovine serum albumin was taken as standard. 
 
Estimation of Total Polysaccharide Content in O. indicum 
Dissolve about 1mg of the powdered root sample in 10ml 
distilled in water. Take 1ml for sugar analysis to estimate the 
polysaccharide content in O. indicum, add 1ml of 5% phenol 
to the 1ml of sample solution, and then add 5ml of conc.H2SO4 
and measure the absorbance after 10 minutes at 488nm against 
blank [45].The experiment was carried out in triplicate [46]. 
 
Determination of Total Chlorophyll Content 
The total Chlorophyll content in the leaves of O. indicum was 
determined using [47] method. 1 g of the plant leaf sample was 
homogenized with 20 ml of 80% Acetone. The extract was 
centrifuged at 3000 rpm for 10 minutes. The supernatant was 
collected and readings were taken in triplicates at 645 nm and 
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663 nm. The total Chlorophyll content was calculated using 
the following formula: 
Total Chlorophyll= 20.2 (A645) + 8.02 (A663) × V/ 
(1000×W) 
All the data of the study were statistically analysed for 
ANOVA test using MS Excel 2007. 

Results and Discussion 
The preliminary phytochemical analysis of the root extract of 
the seedlings of Oroxylum indicum revealed the presence of 
carbohydrates, protein, saponins, Tannins, alkaloids, phenols, 
flavonoids, terpenoids, glycosides as shown in Table 1.  

 
Table 1: Qualitative analysis of root extract of Oroxylum indicum 

 

Phytochemicals 
Presence/Absence 

Alcoholic extract Aqueous Extract 
Tc TM TF TB TMB TBF TMF TMBF Tc TM TF TB TMB TBF TMF TMBF 

Alkaloids ++ ++ + ++ + ++ ++ ++ + + + + + + + + 
Phenols + ++ ++ + + + ++ ++ - - + - - - + + 

Flavonoids + + + + + + + + + + + + + + + + 
Carbohydrates + ++ ++ ++ + ++ + ++ - - + - - - + + 

Terpenoids - ++ ++ - ++ ++ + ++ - + + - + + + + 
Glycosides - - - + + - + ++ - - - - - - + + 
Saponins + + + + + + + + - - + - + - + + 
Tannins ++ + ++ ++ ++ + ++ ++ - + + + + + + + 
Proteins ++ + ++ ++ + + ++ + + + ++ + ++ + ++ ++

Tc= Control treatment, TM = Mycorrhiza treatment (Glomus mosseae), TB = Bacteria treatment (Pseudomonas sp.), TF= Fungi treatment 
(Trichoderma harzianum), ± = SEM (Standard error of mean) + - low; ++ - high. 

 
Table 2: Total Tannin, Chlorophyll and Alkaloid, Total phenol content (TPC) and Total flavonoid content (TFC), Total Protein and Total 

Polysaccharide content in the seedlings of O. indicum after final stage of inoculation. 
 

Treatment 
Tannin 

concentration 
(mg/ g) 

Alkaloid 
concentration 

(mg/g) 

Phenol 
content mg/g 

GAE 

Flavonoid 
conc.(alc.) 

(mg/g) 

Protein conc. 
(mg/g) 

Polysaccharide 
conc. 

(mg/g) 

Chlorophyll 
Content 
(mg/g) 

Tc 0.0341±0.321 0.115±0.055 21.12±6.515 0.334±0.003 299.04±0.0943 3.688±0.309 0.639±0.01
TM 0.0500±0.037 0.371±0.017 32.24±0.384 0.429±0.002 415.20±0.076 4.554±0.177 0.978±0.01 
TF 0.0422±0.445 0.127±0.056 22.030±0.547 0.374±0.002 927.32±0.220 5±0.411 0.790±0.005 
TB 0.0493±0.149 0.543±0.044 29.271±0.388 0.344±0.003 627.82±0.081 5.467±0.239 0.776±0.005

TMF 0.0496±0.078 0.124±0.069 25.919±0.337 0.365±0.0028 799.54±0.109 9.452±0.445 0.857±0.005 
TBF 0.0472±0.059 0.655±0.062 23.055±0.673 0.370±0.0034 733.88±0.049 9.885±0.044 0.927±0.006 
TMB 0.0498±0.044 0.769±0.031 26.024±0.293 0.348±0.0027 642.47±0.061 5.993±0.316 0.993±0.006 
TMBF 0.0493±0.048 0.649±0.258 25.654±0.433 0.352±0.0013 960.65±0.065 7.373±0.185 0.957±0.005 

 
ANOVA summary 

 

Source of Variation SS df MS F P-value F crit 
Between Groups 3086086.928 6 514347.8213 66.86186059 6.83708E-22 2.290431783 
Within Groups 376941.9968 49 7692.693813 

Tc= Control treatment, TM = Mycorrhiza treatment (Glomus mosseae), TB = Bacteria treatment (Pseudomonas sp.), TF= Fungi treatment 
(Trichoderma harzianum), ± = SEM (Standard error of mean) 

 
 

Fig 1: Standard Curve of Gallic acid 
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Fig 2: Standard Curve of Quercetin 
 

 
 

Fig 3: Standard Curve of Tannic acid 
 

 
 

Fig 4: Standard Curve of Bovine serum albumin 
 

 
 

Fig 5: Standard Curve of Glucose 
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The results were more pronounced in ethanolic extracts as 
compared to aqueous extract. The ethanolic root extract 
showed pronounced presence of alkaloids as compared to 
aqueous in all treatments including control. The presence of 
phenols was more pronounced in ethanolic extract as 
compared to aqueous extract. The phenols were absent in 
aqueous root extract of control, TM, TB, TMB, TBF treatments. 
The flavonoids were present along all treatments in both 
ethanolic as well as aqueous extracts, but the presence was 
more prominent in ethanolic extracts. Presence of 
carbohydrates was pronounced in ethanolic extracts in all the 
treatments, while aqueous extract of TF, TMF, TMBF only 
showed traces of carbohydrates. Similarly, the qualitative 
analysis of terpenoids showed the pronounced presence in 
ethanolic extract as compared to aqueous extract. In ethanolic 
root extracts terpenoids were present in all treatments except 
control treatment. Aqueous root extracts of TM, TF, TMB, TMF 
TBF, TMBF treatments only showed the presence of terpenoids. 
Glycosides were found present in the ethanolic root extract of 
TB, TMB, TMF, TMBF, while aqueous root extract of TMF, TMBF 
only showed the presence of glycosides. The saponins were 
also present along all treatments in ethanolic extract, while 
aqueous extract of TF, TMB, TMF TMBF showed the presence of 
saponins. Both aqueous as well as ethanolic extracts showed 
the presence of tannins in all treatments except aqueous extract 
of control treatment. Proteins were also present in all 
treatments in both aqueous as well as ethanolic root extract. 
Similar results were also reported earlier [48]. The 
phytochemical screening of leaf, stems bark, root bark and 
callus contain most of the secondary metabolites analyzed. 
Phytochemical study on Oroxylum indicum has been reported 
by various workers earlier [49-53] but without any inoculation. 
During the establishment of the AM symbiosis, a range of 
chemical and biological parameters is affected in plants, 
including the pattern of secondary plant compounds. The 
accumulation of flavonoids [54], phenolic compounds [55], 
triterpenoids [56] in plants colonized by AM fungi has been 
already reported which corroborates with the results of this 
study. The quantitative estimation of the phytochemicals 
present in O. indicum with inoculation after 270 days has been 
shown in Table 2. The tannin concentration was determined 
with the help of tannic acid as standard (Fig.3) and it was 
found maximum (0.0500±0.037) in TM treatment while it was 
found minimum (0.0341±0.321) in control treatment. The TPC 
in mg/g GAE in the alcoholic root extract of O. indicum was 
derived by standard (Fig.1). It was maximum (32.24±0.384) in 
TM while TPC was minimum (21.12±6.15) in Control 
treatment. The total flavonoid content (TFC) was also 
determined with the help of standard quercitin (Fig. 2).The 
TFC mg/g in alc. root extract was found to be maximum 
(0.429±0.002) in TM, while control sample had minimum 
(0.334±0.003). Maximum (0.993±0.006) chlorophyll content 
mg/g was estimated in TMB and minimum (0.639±0.01) was 
found in control treatment. The total alkaloid content was 
maximum (0.769±0.031) in TMB while it was minimum 
(0.115±0.055) in control treatment. The total protein content in 
(mg/g) was maximum (960.65±0.065) in TMBF while it was 
minimum (299.04±0.0943) in control treatment. The total 
protein content was determined by the help of standard as 
bovine serum albumin (Fig.4). Maximum (9.885±0.044) 
polysaccharide content (mg/g) was found in TBF, while, 
minimum (3.688±0.309) polysaccharide content was found in 
control treatment. The total polysaccharide content was 
determined by the help of glucose as standard (Fig.5). The 
ANOVA of the Table 2 shows that F value was 66.86 for 

P≤0.05 with F critical value of 2.290 which is significant in 
nature. Numerous studies have noticed that AMF can directly 
or indirectly influence the secondary metabolism of plants, 
causing changes in secondary metabolite levels [57, 58]. The 
symbiotic AM fungi can induce changes in the accumulation 
of secondary metabolites, including phenolics in roots and 
aerial parts and also essential oil of host plants [59]. Many 
studies have shown that some bacterial species respond to the 
presence of certain AMF [60], suggesting a high degree of 
specificity between bacteria associated with AMF. The 
presence of bioactive compounds indicates the medicinal 
importance of the plants. Different phytochemicals have been 
found to possess a wide range of activities, which may help in 
protection against various diseases. 
The plant growth-promoting microorganisms and their 
inoculation in the rhizosphere of medicinal plants are very 
useful in increasing the growth of plants through nutrients 
uptake vis-a-vis phytochemical yield by active metabolism. 
The indiscriminate collection, over exploitation, uprooting of 
whole plants, this plant has become endangered and vulnerable 
in different parts of the Indian subcontinent. The existence of 
O. indicum in natural population is in jeopardy [7]. Hence, 
alternative ways of preservation and cultivation of naturally 
occurring medicinal plants are required. It can be carried out 
by utilizing the putative bioagents present in the rhizosphere of 
medicinal plants. These plant growth promoting 
microorganisms of the medicinal plants also influence the 
quality and quantity of bioactive constituents. They also 
influence the metabolic activity and bioactivity of these 
medicinal plants. Hence, studies are required for the evaluation 
of the differences of microbial diversity and the bioactive 
components of medicinal plants among different habitats 
which will pilot ways to unearth the relationship between 
plants, microorganism diversity and the bioactive compounds 
accumulation. 
 
Acknowledgement 
Authors are thankful to Rain Forest Research Institute (Indian 
council of Forestry Research & Education), Jorhat, Assam for 
providing the all possible laboratory facilities and 
experimental field for carrying out the research work. 
 
References 
1. Vaidya BG. Some controversial drugs of Indian medicine. 

IX, J. Res. Indian Med. 1975; 10(4):127. 
2. Yasodha R, Ghosh M, Barthwal S, Gurumurthi K. 

Importance of biotechnological research in tree species of 
Dashamula. Indian Forester. 2004; 130(1):79-108. 

3. Ghate VS. Bruhat panchmula in ethno-medico and 
Ayurved, J. Med. Arom. Plant Sci. 1999; 21:1099-1110. 

4. Kumar P. Valuation of medicinal plants for 
pharmaceutical uses. Curr. Sci. 2004; 86:7:923-937. 

5. Patwardhan B, Vaidya ABD, Chorghade M. Ayurveda 
and natural products drug discovery. Current Science. 
2004; 86:789-799. 

6. Dubey NK, Kumar R, Tripathi P. Global promotion of 
herbal medicine: India’s opportunity. Curr. Sci. 2004; 
86(1):37‐41.  

7. Ravikumar K, Ved DK. 100 Red listed medicinal plants of 
conservation concern in Southern India. Foundation for 
Revitalization of Local Health Traditions, Bangalore. 
India, 2000.  

8. Tiwari S, Singh K, Shah P. In vitro Propagation of 
Oroxylum indicum-An Endangered Medicinal Tree. 
Biotechnology. 2007; 6(2):299-301. 



 

~ 130 ~ 

Journal of Medicinal Plants Studies 
 

9. Koche, Shirsat R, Imran S. Phytochemical screening of 
eight traditionally used ethnomedicinal plants from Akola 
district (ms) India. Int. J. of Pharma and Bio Sciences. 
2010; 1(4). 

10. Pascaline J, Charles M, Lukhoba C. Phytochemical 
constituents of some medicinal plants used by the Nandis 
of South Nandi district Kenya. J. of Animal & Plant 
Sciences. 2011; 9(3):1201-1210.  

11. Grampurohit ND, Baichwal MR and Jolly CI. Chemical 
constituents of the roots of Oroxylum indicum (L.) Vent 
Indian J. Nat. Prod. 1994; 10:8-12. 

12. Chen LJ, Games DE, Jones J. Isolation and identification 
of four flavonoids constituents from the seeds of 
Oroxylum indicum by high-speed counter-current 
chromatography. J. Chromatography. 2003; 988:95-105.  

13. Fowke LC, Attree SM, Pomeroy MK. Production of 
vigorous desiccation‐tolerant white spruce (Picea glauca 
(Moench) Voss.) synthetic seeds in a bioreactor. Plant 
Cell Rep. 1994; 13:601‐606. 

14. Han KH, Gordon MP, Floss H. Genetic transformation of 
Taxus (yew) to improve production of taxol. In: 
Biotechnology in Agriculture and Forestry: Transgenic 
Trees 44 (Ed. Y. P. S. Bajaj), Springer‐Verlag, Berlin, 
1999, 291‐306 

15. Mahagamasekera MGP, Doran PM. Intergeneric 
co‐culture of genetically transformed organs for the 
production of scopolamine. Phytochem. 1998; 47:17‐25.  

16. Warrier PK, Nambiar VPK., Ramankutty C. Oroxylum 
indicum. In: A Compendium of 500 Species, Indian 
Medicinal Plants, Vol. IV, Orient Longman Ltd., Madras 
1995, 186-190. 

17. Soe K, Myongwe T. Medicinal plants of Myanmar. 
Myanmar Forest Resource Environment Development & 
Conservation Association, Myanmar, 2004, 255. 

18. Araim G, Saleem A, Arnason JT, Charest C. Root 
colonization by an arbuscular mycorrhizal (AM) fungus 
increases growth and secondary metabolism of purple 
coneflower, Echinacea purpurea (L.) Moench. Journal of 
Agricultural and Food Chemistry. 2009; 57:2255-2258. 

19. Yaghoub R, Weria W. Arbuscular mycorrhizal fungi 
associated with some aromatic and medicinal plants. 
Bulletin of Environment, Pharmacology and Life 
Sciences. 2013; 2(11):129-138. 

20. Toussaint JP, Smith FA, Smith SE. Arbuscular 
mycorrhizal fungi can induce the production of 
phytochemicals in sweet basil irrespective of phosphorus 
nutrition. Mycorrhiza. 2007; 17:291-297.  

21. Lu FC, Lee C, Wang C. The influence of arbuscular 
mycorrhizal fungi inoculation on yam (Dioscorea spp.) 
tuber weights and secondary metabolite content. Peer J. 
2015; 3:e1266. 

22. Abou-Aly HE, Mady MA, Moussa SAM. Interaction 
effect between phosphate dissolving microorganisms and 
boron on growth, endogenous phytohormones and yield of 
squash (Cucurbita pepo L.).The First Scientific 
Conference of the Agriculture Chemistry and 
Environment Society, Cairo, Egypt. 2006. 

23. Rashid M, Khalil S Ayub N, Alam S, Latif F. Organic 
Acid Production and Phosphate Solubilization by 
Phosphate Solubilizing Microorganism (PSM) under in 
vitro Conditions. Pakistan Journal of Biology Science. 
2004; 7:187-196. 

24. Al-Nahidh S, Gomah AHM. Response of wheat to dual 
inoculation with VA –mycorrhiza and Azospirillum, 
fertilized with NPK and irrigated with sewage effluent. 

Arid Soil Res. Rehabil. 1991; 5:83-96.  
25. Barea JM. Mycorriza/bacteria interactions on plant growth 

promotion. In: Plant Growth-Promoting Rhizobacteria-
present status and future prospects, Faculty of Agriculture, 
Hokkaido University, Sapporo, Japan, 1997, 150-158. 

26. Garbaye L. Helper bacteria: a new dimension to the 
mycorrhizal symbiosis. New Phytol. 1994; 128:197-210. 

27. Isopi R, Fabbri P, Gallo DM, Puppi G. Dual inoculation of 
Sorghum bicolor (L.) Moench ssp. bicolor with vesicular 
arbuscular mycorrhizas and Acetobacter diazotrophicus. 
Symbiosis. 1995; 18:43-55. 

28. Li CY, Huang LL. Nitrogen fixing (acetylene reducing) 
bacteria associated with ectomycorrhizas of Douglas -fir. 
Plant Soil. 1987; 98:425-428. 

29. Li CY, Massicote HB, Moore LVH. Nitrogen-fixing 
Bacillus sp. associated with Douglas -fir tuberculate 
ectomycorrhizae. Plant Soil. 1992; 140: 35-40. 

30. Linderman RG. Vesicular-arbuscular mycorhrizae and soil 
microbial interactions. In: Mycorrhizae in sustainable 
agriculture, Bethlenfalvay, G. J. and Linderman, R.G. 
(eds.). ASA Special Publication Number. American 
Society of Agronomy, Inc., Crop Science Society of 
America, Inc., Soil Science Society of America, Inc. 
Madison, USA. 1992; 54:45-70. 

31. Linderman RG, Paulitz, TC. Mycorrhizal-rhizobacterial 
interactions. In Biological control of soil-borne plant 
pathogens, Hornby, D. (ed.), CAB International, 
Wallington, UK, 1990, 261-283. 

32. Rózycki H, Kampert M, Strzelczyk E, Li CY, Perry DA. 
Effect of different soil bacteria on mycorrhizae formation 
in scots pine (Pinus sylvestris L.)- in vitro studies. Folia 
Forestalia Polonica. 1994; 36:91-102. 

33. Singh CS, Amawate JS, Tyagi SP, Kapoor A. Interaction 
effect of Glomus fasciculatum and Azospirillum brasilense 
on yields of various genotypes of wheat (Triticum 
aestivum) in pots. Z. Mikrobiol. 1990; 145:203-208. 

34. Parkash V, Aggarwal A, Bipasha. Rhizospheric effect of 
vesicular arbuscular mycorrhizal inoculation on biomass 
production of Ruta graveolens L.: A potential medicinal 
and aromatic herb. Journal of Plant Nutrition, 2011; 
34(9):1386-96. 

35. Gokhale M, Bansal YK. Avowal of importance of 
endangered tree Oroxylum indicum (L.) Vent. Int. J. Nat. 
Pro. Res. 2006; 5:112-114. 

36. Debi C, Parkash V. Rhizospheric Inoculation Influence on 
Seedling Growth, Development and Biomass Yield in 
Oroxylum indicum (L.) Benth. ex Kurz. Int. J. Sc. Res. 
2016; 5(9):424-429. 

37. Debi C, Parkash V. Seed source and habitat variation 
affect seed germination in Oroxylum indicum (L.) Benth. 
ex Kurz: An important threatened medicinal tree. Int. J. 
Life Sc. & Tech. 2015; 8(1):1-9. 

38. Harborne JB. Phytochemical methods: A guide to modern 
technique of plant analysis, Champion and Hall, London, 
1998. 

39. Sofowara A. Screening plants for bioactive agents. 
Medicinal plants and traditional medicine in Africa. 2nd 
ed. Spectrum Books Ltd., Ibadan, Nigeria. 1993, 134-156. 

40. Harborne JB. Phytochemical methods: A guide to modern 
technique of plant analysis, Champion and Hall, London, 
1973, 49-188. 

41. McDonald S, Prenzler PD, Autolovich M, Robards K. 
Phenolic content and antioxidant activity of olive extracts. 
Food Chemistry, 2001; 73:73-84. 

42. Olajire AA, Azeez L. Total antioxidant activity, phenolic, 



 

~ 131 ~ 

Journal of Medicinal Plants Studies 
 

flavonoid and ascorbic acid contents of Nigerian 
vegetables. African Journal of Food Science and 
Technology. 2011; 2(2):022-029. 

43. Buren VJP, Robinson WB. Formation of complexes 
between protein and tannic acid. Journal of Agricultural 
and Food Chemistry. 1969; I: 17-772. 

44. Lowry OH, Rosenbrough NJ, Faee A, Randall RJ. Protein 
measurement with the Folin Phenol Reagent. J. Biol. 
Chem. 1951; 193:265-275. 

45. Snell FD, Snell CT. Colorimetric method of analysis. D. 
Van Nostrand Company Inc. Princeton, New Jersey, New 
York, 1961, 162. 

46. Pawar HA, D’Mello PM. Spectrophotometric estimation 
of total polysaccharide in Cassia tora gum. J. of App. 
Pharm. Sc. 2011; 1(3):93-95. 

47. Arnon D. Plant physiology. 1949; 24:1-15. 
48. Talari S, Penchala S, Rudroju S, Marka R, Ramaswamy 

N. Phytochemical analysis of seeds, stem bark and root of 
an endangered medicinal forest tree Oroxylum indicum 
(L.) Kurz. Int. J. Pharm. Bio. Sci. 2013; 3(3):1063-1075.  

49. Lawania R, Prasad R, Mishra A, Gupta R. 
Pharmacognostic and Phytochemical Studies of Bark of 
Oroxylum indicum. Pharm. J. 2010; 2(9): 297-303. 

50. Radhika LG, Meena CV, Peter S, Rajesh KS, Rosamma 
MP. Phytochemical and antimicrobial study of Oroxylum 
indicum. Ancient Sci. Life. 2011; 30:114-120.  

51. Tripathy BN, Panda SK, Sahoo S, Mishra SK, Nayak L. 
Phytochemical analysis and hepatoprotective effect of 
stem bark of Oroxylum indicum (L.) Vent. on carbon 
tetrachloride induced hepatotoxicity in rat. Int. J. of 
Pharm. Biol. Archives. 2011; 2(6):1714-1717. 

52. Kalaivani T, Mathew L. Phytochemistry and Free radical 
scavenging activities of Oroxylum indicum. Environ. Int. 
J. Sci. Tech. 2009; 4:45-52. 

53. Bisht A, Zaman K, Singh M, Gupta R, Singh V. 
Pharmacognostical studies on Oroxylum indicum 
(Linn.)Vent. stem bark. Indian Journal of Natural Products 
and Resources. 2011; 2(4):472-478. 

54. Harrison MJ, Dixon RA. Isoflavonoid accumulation and 
expression of defence gene transcripts during the 
establishment of vesicular-arbuscular mycorrhizal 
associations in roots of Medicago truncatula. Mol. Plant 
Microb. Interact. 1993; 6:643-654.  

55. Grandmaison J, Olah GM, Calsteren MR, Furlan V. 
Characterization and localization of plant phenolics likely 
involved in the pathogen resistance expressed by 
endomycorrhizal roots. Mycorrhiza. 1993; 3:155-164. 

56. Akiyama K, Hayashi H. Arbuscular mycorrhizal fungus-
promoted accumulation of two new triterpenoids in 
cucumber roots. Bioscience Biotechnology and 
Biochemistry. 2002; 66:762-769. 

57. Araim G, Saleem A, Arnason JT, Charest C. Root 
colonization by an arbuscular mycorrhizal (AM) fungus 
increases growth and secondary metabolism of purple 
cone flower, Echinacea purpurea (L.) Moench. Journal of 
Agricultural and Food Chemistry. 2009; 57: 2255-2258. 

58. Yaghoub R, Weria W. Arbuscular mycorrhizal fungi 
associated with some aromatic and medicinal plants. 
Bulletin of Environment, Pharmacology and Life Sciences 
2013; 2(11):129-138. 

59. Devi MC, Reddy MN. Phenolic acid metabolism of 
groundnut (Arachis hypogaea L.) plants inoculated with 
VAM fungus and Rhizobium. Plant Growth Regulation. 
2002; 37:151-156. 

60. Andrade G, Mihara KL, Linderman RG, Bethlenfalvay 

GJ. Bacteria from rhizosphere and hydrosphere soils of 
different arbuscular-mycorrhizal fungi. Plant Soil, 192, 
71-79. 

View publication statsView publication stats

https://www.researchgate.net/publication/316451970

