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Abstractof Research 
 

The objective of this study was to evaluate the role of Bacillus subtilis, Bacillus 
tequilensis and Baillusamyloliquifaciensin phosphate solubilization, proline content, 
polyphenol content, chlorophyll content and gibberellic acid.Phosphate solubilization was 
increases in when pikovskaya medium was inoculated with these isolates. Proline content, 
Chlorophyll content, Gibberellic acid and polyphenol content was increased when Plants 
were inoculated with the consortium of these three isolates Bacillus subtilis, Bacillus 
tequilensis and Baillusamyloliquifaciens. These isolates are endophytes of leaf of citrus 
limon (Lemon) plant. As a result these isolateBacillus subtilis, Bacillus tequilensis and 
Baillusamyloliquifaciens in consortium can be used as biofertilizer to get optimum growth 
of plants. 
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1.Introduction 

Soil environment attaches to root system is hotspot of microbial communities and 
their activities as the presence of root excludes and rhizodeposits (Hiltner, 1904; 
Hartmann et al., 2008; Smalla et al., 2006).  Some microorganisms may be neutral or 
toxic while Some microorganisms may be growth promoting having positive effects on 
plant growth and yield, reduce pathogen infection, reduce biotic and abiotic stress of 
plant, without conferring pathogenicity (Welbaum et al., 2004; Raajmakers et al., 2009; 
Bashan et al., 1998; Kloeper et al., 1978; van Loon et al., 2005; Lugtenberg et al., 2009). 
Plant growth promoting microorganisms are of curiosity for application in agronomy as 
biofertilizer or as insect repellent or as phytoremediation application (Sturz et al.,2000; 
Lugtenberg et al., 2009; Weyens et al., 2009). Endophytes are microorganisms which 
lives inside plant (Fahrey et al.,1988). Endophytes deriving from rhizosphere have been 
reported to ameliorate plant growth and health (Sturz and Nowak, 2000; Hardoim et al 
2008). Various microbial communities have been found in many plant organs for instance 
roots, stems, leaves, flowers, fruits and seeds (Sessitsch et al., 2002; Berg et al., 2005; 
Okunishi et al., 2005). Using cultivation-based techniques, some endophytes have been 
isolated from above ground part, but were not found in rhizosphere, the rhizoplane or 
inside roots (Berg et al., 2005), which perceive some strains in aerial plants parts: 
caulosphere for stem endophytes, the phylosphere for leaf endophyes, the anthosphere for 
residing inside flower and the carposphere for fruit colonizing endophytes (Compant et 
al., 2010). These endophytes have been reported as plant growth promoting 
microorganism through various mechanism (Compant et al., 2010). 

Phosphorus is nutrient required for various metabolic processes such as signal 
transduction, energy transfer, photosynthesis, energy transfer, macro molecular 
biosynthesis ang respiration of plants (Fernandez et al., 2007). P ion concentration in most 
soils varies from 0.1 to 10 µM while P essential for optimal growth ranges from 1to 5 µM 
for grasses and 5 to 60 µM for high P demanding plants for example pea and tomato 
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(Raghothama et al.,1999). Sub-optimal level of P can lead to loss in crop yield (Hinsinger 
et al., 2001). Phosphorus is present in soil in both form organic and inorganic. Organic 
form of P found in humus and other organic matter such as decayed plant, animal, and 
microbial tissues. Phosphorus in labile organic compounds can be slowly mineralized as 
available inorganic P or it can be immobilized as part of soil organic matter (Richardson 
et al., 1994; Mckenzie et al.,1990). Soil inorganic P is controlled mainly by pH and 
concentration of cations of soil. Maximum P availability occurs in pH 5.5 to 7 range. P is 
fixed by hydrous oxides of Fe, Al, and Mn at pH range 5.5 to 7 while P is fixed by silicate 
minerals and Ca at pH range 6 to 8.5 (Zaidi et al.,2009). P is unavailable for plant uptake 
due to its fixation or complex formation with other elements of the soil (Goldstein et 
al.,1986). PSB are noted as capable biofertilizer as they can supply plant with P from 
sources otherwise poorly available. Beneficial effects of PSB inoculation have been 
reported (Wani et al., 2007; Poonguzhali et al., 2008; Chen et al., 2008). Several theories 
have been proposed for solubilization of insoluble P. These include (i) the sink theory 
(Halvorson et al., 1990), (ii) the organic acid theory (Cunningham et al., 1992), (iii) the 
acidification by H+ excretion theory (Illmer et al.,1995). In which sink theory involves 
indirect dissolution of Ca-P compounds by continuous removal of P from broth which is 
correlated with decomposition of P- containing organic substrates (Dighton et al., 1989). 
Enzymes like acid phosphatase plays key role in mineralization of inorganic P (Rodriguez 
et al., 1999).  In OA theory PSB excrete OAs such as citric acid, lactic acid, gluconic acid, 
malic acid, oxalic acid etc. which chelate mineral ions and drop pH to bring phosphate in 
solution which lead to acidification of microbial cells, release of P ions from P mineral by 
H+ substitution for Ca+3 (Chen et al., 2006; Hwangbo et al., 2003; Vazquez et al., 2000; 
Bar-Yosef et al., 1999; Gupta et al., 1994; Gaur et al., 1990; Banik et al., 1982; Goldstein 
et al., 1994). The use of PSB bacteria as inoculants increase P uptake by the plant and 
crop yield. Strains from genera Pseudomonas, Bacillus and Rhizobia are found most 
powerful P solubilizers, these microorganisms promotes growth by (i) producing or 
changing the concentration of plant growth hormones like IAA (Wani et al., 2007; Ahmad 
et al., 2008; Wani et al., 2007), (ii) symbiotic or asymbiotic nitrogen fixation (Zaidi et al., 
1998 Zaidi et al., 2007), (iii) antagonism against phytopathogens (Khan et al., 2002), (vi) 
siderophore production(Wani et al., 2007), (v) synthesis of key enzymes, ACC deaminase 
(Madhaiyan et al., 2007).Chlorophyll is pigment found in almost all plants which is 
requires for absorption of energy from plant. Photosynthetic capacity of leaf depends 
upon physiological characteristics such as chlorophyll content, Rubisco activity and 
photosystem efficiency (Flore et al., 1898; Bowes et al., 1991). Inoculation of PGPB can 
lead to increase in chlorophyll content of plant for better plant growth. It is widely known 
that intake of fruits and vegetables in human diet is correlated with wellness as result of 
proven health benefits according to the protective effect of bioactive substance for 
instance phenolic compounds (Zielinska et al., 2017). Phenolic compounds, falavonoids 
and phenolic acids have been related to decreased risk in many chronic diseases (2). Some 
microorganisms like Bacillus halotolerance can increase in phenolic compounds of 
Coriandrum sativum L.  

In response to various environmental stresses plants accumulate different types of 
compatible solutes such as proline, sucrose, polyols, and quaternary ammonium 
compounds. They are of low molecular weight, highly soluble, and non-toxic at higher 
concentration (Serraj et al.,2002; Yancey PH, 1994; Asharaf et al., 2004) An increasing 
body of evidence seems now to indicate that proline is also involved in flowering and 
development (Mauro et al. 1996; Nanjo et al. 1999; Samach et al. 2000; Trovato et al. 
2001; Mattioli et al. 2008; Székely et al., 2008), and it has been proposed that this 
developmental role of proline is uncoupled from its role in stress. The possible multiple 
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roles of proline as an osmolyte (or as a source of energy, or as a ROS scavenger) at high 
concentration and as a signal molecule at low concentration, are suggestive of the various 
roles of glucose that serves as a carbon and energy source, and has been shown to act also 
as a signaling molecule controlling cell growth and gene expression in a wide range of 
organisms including plants (Moreno et al. 2005; Cho et al. 2006). The glucose receptor 
hexokinase-1 discriminates between low and high concentrations of glucose, triggering 
growth at low concentration and growth repression at high concentration (Moreno et al. 
2005). 

2.Materials and methods 

2.1Sample collection and Characterization of bacterial isolates 

 Bacterial isolates were entophytes obtained from the leaf of Citrus limon 
(Lemon) plant. Isolates D, N and A were isolated on nutrient agar from leaf (Araujo et al., 
2002). Isolates  were provided by laboratory of Department of Microbiology and 
Biotecnology of Gujarat University, Ahmedabad, Gujarat, India. 

2.2Qualitative phosphate solubilization 

Qualitative phosphate solubilization evaluation was examined on pikovskaya’s 
agar medium (pikovskaya, 1948), containing tricalcium phosphate [Ca3(PO4)2] as 
insoluble phosphate source and bromophenol blue as indicator dye. Plates were inoculated 
inform of spot with isolate D, N, and A. Kept one plate uninoculated as control. Plates 
were incubated at 30±2°C for 6 d. Isolates having capacity of phosphate solubilization 
will give halo zone around colonies. Zone of solubilization was measured from 4th d and 
recorded results. 

2.3Quantitative phosphate solubilization 

Quantitative phosphate evaluation of isolates D, N and A was done in 100 ml 
pikovskaya broth medium supplemented with insoluble TCP [Ca3(PO4)2] as source of 
phosphorus. Medium were inoculated with isolates D, N and A after sterilization of 
medium, one uninoculated medium was kept as control and were incubated for 21 day on 
rotatory shaker at 28±2°C. 5 ml medium from inoculated medium was withdrawn 
aseptically at interval of 7 day from each flask and centrifuge at 10,000 rpm for 20 
minutes. Supernatant was analyzed for P2O5 content by chlorostannous reduced 
molybdophosphoricacid blue method using systronic 166 spectrophotometer. The pH of 
the medium was checked regularly along with phosphate content. Standard graph was 
prepared using KH2PO4 as standard reagent. 

2.4 Pot experiment 

The unsterile farm soil was used for this experiment and clumps of soil were 
broken to remove concrete, debris, large stones and other plant or crop material. Pots of 
size 5×14 cm were filled with approximately 200 g soil in each pot. One pot was kept as 
negative control, did not having any bacterial culture. The soil was saturated with distilled 
water before sowing seeds in it. Seeds of Vigna radiata, Vigna angularis, Pisum sativum, 
Cuminum cyminum, Trachyspermumamni, Brassica nigra, Trigonella foenumgraecum, 
Spinacia oleracea, Anethum graveolens were sowed in pots withdifferent salt 
concentration like 0.5%, 1%, 2% and 4%. Five pots were kept for one plant one as 
positive control, not supplemented with salt rest supplemented with different salt 
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concentration mentioned above. 10 ml of bacterial culture were added in each five pot 
every week regularly up to 21 days. Plants were harvested after 21 days carefully 
avoiding damage to plants for further study. 

2.5 Measurement of biometric plant growth parameter 

The plants were washed through dipping it in vessel containing water. After 
proper cleaning of plants height of plant (cm) and length of root (cm) of each plant were 
measured and recorded. Wet weight of root and shoot of each plant were measured and 
recorded. Dry weight of root and shoot were recorded after drying it in oven at 70°c for 1 
d. 

(i) Length of the root and shoot (cm) 

(ii) Wet weight of root and shoot (g) 

(iii) Dry weight of root and shoot (g) 

(iv) Number of leaves 

2.6 Chlorophyll content 

Extraction of chlorophyll by using Acetone (Arnon, 1949) -0.1 g of finely cut 
fresh leaves were ground with 10 ml of 80% chilled acetone. It was centrifuged it at 
5,000-10,000 rpm for 5 min. The supernatant was transferred and procedure was done 
over and over again till residue become colourless. Absorbance of solution was measured 
at 480nm, 645nm and 663nm against solvent (acetone) as blank through systronic 166 
spectrophotometer. 

2.7 Proline content 

 Approximately 0.5 g of plant material was homogenized in 10 ml of 3% aqueous 
sulfosalicylic acid, filter it with Whatman #1 filter paper. Withdraw 2ml of filtrate and 
allowed it to react with 2ml acid ninhydrin along with 2 ml of glacial acetic acid in test 
tube for 1 hr at 100°C, terminated reaction in ice bath. Reaction mixture was extracted 
with 4 ml toluene by vigourosly stirring mixture with the help of test tube stirrer for 15-20 
sec. The chromophore containing toluene was aspirated from aqueous phase, warmed to 
room temperature and measured absorbance at 520nm through systronic 166 
spectrophotometer. 

2.8 Polyphenol content 

Total polyphenol was measured using procedure given by Chandler and Dodds 
(1983), as modified by Singleton and Rossi (1965). Fresh leaves (0.5 g) were homogeized 
in 5 ml of 80% ethanol, using chilled mortor and pestle with subsequent centrifugation at 
10,000 rpm for 20 min. The supernatant was preserved and the residue was re-extracted 
with 2.5 ml of 80% ethanol. After centrifugation, supernatant was pooled and evaporated 
to dryness. The residue was dissolved in 5 ml of distilled water. 3 ml was withdrawn in 
test tube, 0.5 ml 1 N Ciocalteau reagent was allowed to react it for 3 min. After 3 min, 2 
ml of freshly prepared Na2CO3solution was added and mixed thoroughly. The mixture 
was boiled for 1 min in water bath, cooled and absorbance was measured at 650nm 
against used reagents as blank. From the standard curve, prepared with 10 to 100 µg of 
catechol, the concentrations of phenol in test samples were calculated. 
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2.9 Gibberellic acid content 

For extraction of gibberellic acid, 5 g dry weight of each sample was taken and 
combined with 10 ml of ethanol. Each combined extract was kept in a bottle at freezer for 
further analysis.Gibberellic acid was extracted and purified by method described by 
Shanmugam and Narayansamy (2009). For extraction and purification of GA production, 
5 ml of cell free supernatant was reduced to ml by evaporation and acidified at pH 2 and 
extracted with double volum
centrifugation at 8,000rpm for 15 min at 4°C and reduced to 3 ml by evaporation. 
Spectrophotometric assay was done by using 524nm wavelength. Concentration of 
gibberellic acid was calculated using standard 

3.Result and Discussion 

3.1Collection and characterization of isolates

Endophytic isolates D, N and A were isolated from the leaf of 
(Lemon) plant and for experiental purpose it were provided by laboratory of Departm
of Microbiology and Biotecnology of Gujarat University, Ahmedabad, Gujarat, India
According 16S rRNA isolate D is
isolate N is Bacillus amyloliquefaciens
method and incubated at 30±2°
day to keep culture active. 

 

Figure 1(a)
Figure 1: Isolates D, N and A on nutrient agar

Figure 1(a): Isolate D on nutrient agar Medium

Figure 1(b): Isolate N on nutrient agar Medium

Figure 1(c): Isolate A on nutrient agar Medium

Morphological characterization of isolates was
by performing gram staining of colonies developed by isolates on nutrient agar medium. 
Gram staining differentiates isolates on the basis of their gram reaction, size, shape and 
arrangements. Results of isolate D, N andA are
observed and recorded as below by naked eye observation. Colony characterization was 
done by characterizing them according to their size, shape, edge, texture, elevation, 
opacity and pigmentation. 

For extraction of gibberellic acid, 5 g dry weight of each sample was taken and 
combined with 10 ml of ethanol. Each combined extract was kept in a bottle at freezer for 
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Table 1: Morphological characteristics of isolates 

 

 

 

 

 

 

 

Table 2: Cultural characteristics of isolates D, N and A 

From table 1 & 2, it was concluded that isolates D, N and A can be Bacillus 
spp.Observation was done according Experimental Microbiology volume 9th Edition 
(Rakesh P and Kiran P, 2004). 

3.2Qualitative Phosphate solubilization by isolates 

Qualitative phosphate solubilization evaluation was done on Pikovskaya agar 
medium (Pikovskaya, 1948). Halo zone of phosphate solubilization was observed by 
isolates which indicated that isolates are capable of solubilizing phosphorus. Halo zone of 
phosphate solubilization were measured from 4th up to 6th d. 

Table 3: Qualitative Phosphate solubilization by isolates 

Organism Size Shape Arrangement Gram's reaction 

D Small Rod Chain Gram Positive 

N Small Rod Single Gram positive 

A Small Rod Single , Chain Gram Positive 

Organism  Size  Shape  Edge  Texture  Opacity  Elevation  pigmentation 

D  Medium  Circular  Irregular  Rough  Opaque  Flat  - 

N  Big  Circular  Entire  Smooth  Opaque  Raised  - 

A  Big  Irregular  Irregular  Smooth  Opaque  Flat   -  

Organism 4th d 5th d 6th d 

D 19 mm 27 mm 43 mm 

N 18 mm 25 mm 39 mm 

A 20 mm 29 mm 37 mm 
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Maximum phosphate solubilization was observed on 6th d with compare to early 
days. Isolate D showed higher phosphate solubilization than isolate N and A on 6th 
d(Table). In experiment done by Zalakrathod(2016), 24 mm and 22mm zone were 
observed by Bacillus spp. 

3.3 Quantitative phosphate solubilization 

Quantitative phosphate solubilization evalution was done by utilization of 
Pikovskaya agar medium containing bromopheol blue dye as indicator and tricalcium 
phosphate as insoluble source of phosohate. OD was taken at 660nm in systronic 
spectrophotometer 166. Phosphate solubilization was measured by using standard graph 
of KH2PO4.  

 

Graph 1: Quantitative estimation of phosphate solubilization 

Table 4: Amount of phosphate solubilization on 7th, 14th and 21st d 

 

 

 

 

(Note: Standard deviation and standard errors ran by using statistical tool ANOVA) 

Maximum phosphate solubilization was observed on 21st d by bacterial isolates. 
Maximum phosphate solubilization was done by bacterial isolate D with compare to 
bacterial isolate N and A.  Bacterial isolate N showed high phosphate solubilization than 
bacterial isolate A (Graph & Table). In Quantitative phosphate solubilization experiment 
done by Ritika jainet al.,(2020) bacterial strain showed phosphate solubilization ranging 
from 15.06 µg/ml to 42 µg/ml. 

3.4 Biometric of pot study of consortium of isolate D, N and A 

Consortium of isolate D, N ad A showed best results in compare to control in 
which no culture was added can be seen as below. 
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Day conc. (mg/l) conc. (mg/l) conc. (mg/l) 

control 0 0 0 
7th d  0.09±2 0.08±2 0.09±2 
14th d 0.13±2 0.1±2 0.1±2 
21st d 0.19±2 0.12±2 0.11±2 
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(Note: C= Control, T= Test) 

Figure 2: Photographs of Plants after 21 d of pot experiment 

2(a)Vigna radiata Control& Test 

2(b) Pisum sativum Control & Test 

2(c) Vigna angularisControl & Test 

2(d) Brassica nigra Control & Test 

2(e) Trigonella foenumgraecumControl & Test 

2(f) Spinacia oleraceaControl & Test 

2(g) Anethum graveolensControl & Test 
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Table 5: Biometric results of pot study 

Plant Culture Shoot 
length(cm) 

Root 
length(cm) 

Wet 
weight 

of 
shoot 
and 

root(g) 

Dry 
weight 
of Root 

and 
shoot(g) 

No. 
of 

leaves 
 

Pisum sativum (Test) 
 

D,N,A 15.5 7.3 1.848 1.552 7 

Pisum sativum (Control)  
- 

 
6 

 
7.2 

 
0.976 

 
0.908 

 
2 

 
Brassica nigra (Test) 

 

 
D,N,A 

 
4 

 
4.7 

 
0.066 

 
0.039 

 
2 

Brassica nigra (Control) - 5.3 2.7 0.049 0.033 2 
 

Trigonella 
foenumgraecum (Test) 

 

 
D,N,A 

 
7.8 

 
6.3 

 
0.383 

 
0.363 

 
5 

Trigonella foenum-
graecum (Control) 

- 6.5 5.4 0.351 0.338 4 

 
Vigna radiata(Test) 

 

 
D,N,A 

 
11.5 

 
4 

 
0.359 

 
0.332 

 
3 

Vigna radiata(Control) - 13.5 2.1 0.500 0.375 5 
 

Spinacia oleracea (Test) 
 

 
D,N,A 

 
6.5 

 
1.4 

 
0.673 

 
0.639 

 
4 

Spinacia oleracea 
(Control) 

- 4.6 2.3 0.278 0.246 2 

 
Vigna angularis (Test) 

 

 
D,N,A 

 
18.4 

 
4.5 

 
1.649 

 
1.090 

 
5 

Vigna angularis 
(Control) 

- 20.5 3.3 1.288 0.877 5 

 
Anethum graveolens 

(Test) 
 

 
D,N,A 

 
7 

 
1.9 

 
0.052 

 
0.041 

 
3 

Anethum graveolens 
(Control) 

- 5.1 1.3 0.087 0.064                2 

(Note: Pot study was run in triplicate) 

Study of various plants under influence of consortium of isolate D, N and A after 
21 days isolate showed increased growth of plants in terms of shoot length where 
increased growth was observed in test pot of Pisum sativum, Trigonella foenumgraecum, 
Spinacia oleracea and Anethum graveolens while in other plants increased shoot length 
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was not observed compared to control. Study also showed increased length of roots in test 
pot of Pisum sativum, Brassica nigra, Trigonella foenumgrecum, Vigna radiata, Vigna 
angularis, Anethum graveolens while in Spinacia oleracea root length was higher in 
control pot than in test pot. Increased wet weight in test pot of Pisum sativum, Brassica 
nigra, Trigonella foenumgraecum, Spinacia oleracea,Vigna angularis compared to 
control potwhile in Vigna radiata and Anthum graveolens dry weight was higher in 
control pot than test pot were seen. Increased dry weight in test pot of Pisum sativum, 
Brassica nigra, Trigonella foenumgraecum, Spinacia oleracea, Vigna angularis than 
control potwhile in Vigna radiata and Anthum graveolens wet weight was higher in 
control pot than test pot were seen. Increased leaf number were see in test pot of Pisum 
sativum, Trigonella foenumgraecum, Spinacia oleracea were seen while in other  
increased number of leaves were not seen in test pot  compare to control pot. 

3.5Result of soil analysis after pot study done by IFFCO 

 Chemical analysis of soil was done by IFFCO after 21 days pot study. Various 
organic compound and metals quantity were analysed by them. Results are given below: 

 

Graph 2: TOC (%) in control and test of all above mentioned plants 

 

Graph 3: N (kg/hec)  in control and test of all above mentioned plant 
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Graph 4: K2O (ppm)  in control and test of all above mentioned plants 

 

Graph 5: Electical conductivity (ms/cm)  in control and test of all above 
mentioned plants 

 

Graph 6: Cu (ppm)  in control and test of all above mentioned plants 
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Graph 7: Zn (ppm)  in control and test of all above mentioned plants 

 

Graph 8: Ca (ppm)  in control and test of all above mentioned plants 

 

Graph 9: Fe (ppm)  in control and test of all above mentioned plants 
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Graph 10: Mn (me/100 g soil)  in control and test of all above mentioned 
plants 

 

Graph 11: Mg (me/100 g soil)  in control and test of all above mentioned 
plants 

The results of H.S.Han and K.D.Lee (2005) showed that uptake in N, P and K did 
not increase with inoculation of PSB or KSB. Increase of N, P and K significantlly 
occurred by combined treatment i.e, soil was inoculated with both the organisms (PSB & 
KSB). In our study, with the inoculation of consortium of isolates D, N and A showed that 
total organic carbon and calcium was utilized by isolate in all the plants. Magnesium was 
not uptaken by isolates in all plants except Trachyspermum ammi and Anethum 
graveolens. Sulfur, Manganese, Iron, Zinc, Copper, Total potassium, and Total nitrogen 
was not uptaken by isolates in all the plants. Electical conductivity was seen higher in 
control than in test plants. 

3.6 Chlorophyll content 

Chlorophyll extraction was done by using an 80% chilled acetone and absorbance 
was taken at 480 nm, 645 nm, 663 nm using acetone as a blank. In this experiment Vigna 
radiata showed maximum chlorophyll content at 663 nm. 
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Graph 12: Graph of chlorophyll content 

Highest chlorophyll content was observed in inoculation of PGPB. High level of 
Chlorophyll content could lead to higher rates of photosynthesis (Aseri et al., 2008).  

3.7 Proline content 

The reaction mixture for proline content was extracted with toluene and the 
absorbance was read at 520 nm using toluene as a blank. In our pot study (21 d) Vigna 
angularis T showed highest (3.13 µg/g) proline content. 

(Note: C= control, T= test) 
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Table 6: Proline content 

 

 

 

 

 

 

 

 

 

(Note: C=control & T= test) 

(Note: Standard deviation and standard error run by using statistical tool ANOVA) 

 

 

Graph 13: Proline concentration 

Plant growth promoting microorganism inoculated macadamia plant showed 
higher proline content compared to untreated plants under drought condition 
(Yooyongwech et al 2013). 

3.8 Total polyphenol content 

Total polyphenols were analyzed according to the method of Singleton and Rossi 
(1965). The absorbance was read at 650 nm against 80% ethanol as a blank. In our 
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practical work (21 d) Trigonella foenumgraecum showed maximum polyphenol content 
(44.2 µg/ml). 

 

 

Figure 4: Total Polyphenol content (C= Control, T= Test) 

4 (a) Vigna angularis Control & Test 

4 (b) Pisum sativum Control & Test 

4 (c) Trigonella foenumgraecum Control & Test 
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Graph 14: Total polyphenol content 
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Table 7: Amount of total polyphenol content 

Plants  Conc.(µg/ml) 

    
Pisum sativum C 7.35±3 

  T 10.6±3 
    
Vigna angularis C 5.1±2 
  T 6.95±2 
    

Vigna radiata C 15.55±2 
  T 16.4±2 
    

Trigonella foenumgraecum C 41.65±3 
  T 44.2±3 

(Key: C=control & T= test) 

(Note: Standard deviation and standard error run by using statistical tool ANOVA) 

The most effective mechanism in plants for coping against stress condition is 
synthesis of secondary metabolites foe example phenolic compounds (Riaz U et 
al.,2019).Increase in phenolic compounds of Coriandrum sativum L. due to application of 
a Bacillus halotolerans as biofertilizer (Alejandro Jimenez-Gomez et al., 2020).  

3.9  Gibberellic acid content in plant extract 

Extraction of gibberellic acid was done by the method given by Shanmugam and 
Narayanasamy (2009). Ethanol was used for the extraction and absorbance was taken at 
524 nm using ethanol as a blank.In our experimental study (21 d) the maximum amount 
of gibberellic acid was 348.48 µg/ml in Pisum sativum T. 

 

Graph15: Gibberellic acid content 
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Table 8: Amount of Gibberellic acid  

Plants  Conc.(µg/ml) 
    

Pisum sativum C 107.52±2 
  T 332.33±2 
    

Vigna angularis C 134.10±3 
  T 238.53±2 
    

Vigna radiata C 164.67±2 
  T 261.32±2 
    

Trigonella foenumgraecum C 29.66±3 
  T 333.47±3 

(Note: C=control & T= test) 

(Note: Standard deviation and standard error run by using statistical tool ANOVA) 

The concentration of gibberellic acid in the extract, on the basis of the analysis of 
the ethanol extract, was estimated to be 979.71 mg/l by the Dumale J.V. et al, (2018).  

Conclusion 

This work aimed to check the potency of isolate D, N and A in solubilization of 
phosphateand to enhance production of proline,polyphenol, chlorophylland gibberellic in 
various plants.These tests were performed in triplets.Results indicated that isolate D, N 
and A in consortium can enhance plant growth through mechanisms of phosphate 
solubilization, proline, polyphenol, chlorophyll and gibberellic acid in various plants. 
According 16S rRNA isolate D is Bacillus subtilis, isolate N is Bacillus tequilensis and 
isolate N is Bacillus amyloliquefaciens. Hence, use of selected PGPB may help to grow 
better than uninoculated plants. Consortium of isolate D, N and A as biofertilizer can be 
boon to agriculture. It is cost effective and ecofriendly way to get optimum plant growth. 
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