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A field experiment was carried out to find out the effect of biofertilizers, vesicular arbuscular 
mycorrhiza (VAM), and phosphate solubilising bacteria (PSB) individually and in combination on 
growth and physiological attributing properties of Marsdenia volubilis plant under nursery conditions. 
The plant seedlings were harvested at various intervals: 30, 60 and 120 days after transplantation. The 
inoculation of microbial cultures VAM and PSB resulted in enhancement of growth parameters like 
plant height, root length, fresh weight and dry weight of shoot and root, leaves/plant, leaf area/plant , 
chlorophyll content, reducing and non-reducing sugars, starch, lipid and protein contents in root and 
shoot samples. These parameters were maximum with dual inoculation than individually. The results 
emphasize the importance of microbial biofertilizers inoculations for rapid growth of seedlings of plant 
(M. volubilis) in nurseries and illustrate the advantage of inoculating soils of low microbial population 
with indigenous microbes. 
 
Key words: Biofertilizers, vesicular arbuscular mycorrhiza (VAM), phosphate solubilising bacteria (PSB), 
Marsdenia volubilis, growth and biochemical parameters. 

 
 
INTRODUCTION 
 
Soil fertility is diminishing gradually due to soil erosions, 
loss of nutrients, accumulation of salts and toxic ele-
ments, water logging and unbalanced nutrient compensa-
tion. Organic wastes and biofertilizers are alternate sour-
ces to meet the nutrient requirement of crops. In recent 
years, biofertilizers have emerged as a promising com-
ponent of integrating nutrient supply system in agricul-
ture. Thus, biofertilizers are organic products containing 
specific microorganisms in concentrated forms, derived 
from the soil root zone (rhizosphere) (Mishra and 
Dadhich, 2010). Consequently, microbial fertilizers are 
considered as an important part of environment friendly 

sustainable agricultural practices, with low cost inputs; 
mainly including nitrogen fixing, phosphate solubilizing, 
potash mobilizing and plant promoting microorganisms. 
Vesicular arbuscular mycorrhizal (VAM) fungi improve 
plant growth through phosphorous nutrition. In addition to 
phosphorous, they also help in the uptake of other nutri-
ent elements. Nutrient absorption by fungal symbionts is 
due to external hyphae of the fungus proliferating beyond 
the nutrient depletion zone and reaching the source of 
nutrients. Mycorrhizal fungi appear to be extremely ad-
vantageous to crops grown in soils with low fertility. The 
improved plant growth is also attributed to the production

  
*Corresponding author.  E-mail: gnsimha123@rediffmail.com , vijayasvu@yahoo.co.in. 
 
Abbreviations: VAM, Vesicular arbuscular mycorrhizal; PSB, phosphate solubilizing.bacteria. 

 

 

 



 
 
 
 
of growth promoting substances, tolerance to drought, 
salinity and transplantation shock, resistance to soil-
borne plant pathogens and synergetic interactions with 
other beneficial rhizosphere microorganisms. Phos-
phorous is one of the major plant nutrients limiting plant 
growth. Most agricultural soils contain large reserves of 
P, a considerable part of which has accumulated as a 
consequence of regular application of chemical fertilizers. 
However, a large proportion of soluble inorganic phos-
phate added to soil is rapidly fixed as insoluble forms 
soon after application and becomes unavailable to plants. 
Phosphorus and other major nutrients are involved in cell 
division and development, photosynthesis, breakdown of 
sugar, energy transfer, nutrient transfer within the plant 
and cell signal transduction (Sharma and Namdeo, 1999). 
There are several microorganisms which can solubilize 
the unavailable phosphorous. Bacteria like Bacillus 
megaterium, Bacillus polymyxa and Pseudomonas straita 
are important phosphate solubilizing microorganisms. 
Many fungi, Aspergillus and Pencillium species are po-
tential solubilzers of bound phosphates. They solubilize 
the bound phosphorous through secretion of organic 
acids and make it available to the plant, resulting in the 
improved plant growth and yield. Therefore, phosphate 
dissolving microorganisms play some part in correcting 
phosphorous deficiency in plantation soils. They may also 
release soluble inorganic phosphate into soil through 
decomposition of phosphate rich organic compounds. 
These microbial inoculants can substitute almost 20-25% 
of the phosphorous requirement of plants. In view of this, 
the supply of these elements to plant is essential for 
achieving optimum growth and crop yield.  

In the present study, Marsdenia volubilis plant was 
selected due to its high medicinal value. M. volubilis is an 
important medicinal plant belonging to the family 
Aselepiadaceae. It is a tall woody climber, grows 11 m 
height and 95 cm in girth with dense lenticillate and 
pustular branches. This plant is widely used in ayurvedic 
medicine in India. The leaves are used for snake bites 
and to cure boils and abscesses as it has potent antimic-
robial activity against a wide range of fungal and bacterial 
species which causes the diseases in human beings. The 
plant bark is widely used in the case of anorexia and ner-
vous dyspepsia and roots and tender stalks are con-
sidered emetic and expectorant. The flowers and unripe 
fruits are eaten as vegetable. In view of medicinal impor-
tance of M. volubilis, there is a need to develop efficient, 
low cost cultivation methods for this plant which are 
suitable to various climatic conditions to obtain higher 
yield, hence there is a need to improve plantation of this 
tree, with implementation of organic farming and applica-
tion of biofertilifers. 
 
 
MATERIALS AND METHODS 

 
Location of the study  
 

The  plants  of  M.  volubilis  were  maintained  under  glass  house 
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conditions in the medicinal plant garden of Botany Department, Sri 
Venkateswara University, Tirupati, Andhra Pradesh, India. The 
climate was warm and humid at the time of starting the experiment. 
There was monsoon rain for few days which gave the favorable 
climate for the seed germination. The weekly average maximum 
and minimum temperatures ranged between 27.1 to 36.2°C

 
and 

14.6 to 23.7°C, respectively, during the experimental period. 
 
 

Collection of biofertilizers 
 

Glomus mosseae and Bacillus megaterium were obtained from 
Regional Biofertilizers Development Centre, Bangalore Division, 
India. 

 
 
Experimental design 

 
The pot culture experiment was carried out under greenhouse 
conditions to know the response of M. volubilis plant to G. mosseae 
and B. megaterium inoculation. The M. volubilis plants were grown 
in plastic pots containing a sterilized mixture of soil and sand (1/1 
w/w). The pots were placed according to a completely randomized 
design. Seeds of M. volubilis were surface sterilized with 0.05% 
sodium hypo chloride for 45 min before sowing them into a 5 cm 
depth of growth media. Five to six seeds were sown in each pot 
and after a week of germination time, they were thinned to one 
plant per pot. The plants were grown in a greenhouse under natural 
photoperiods (23.5/18°C day/night, 6000/4000 lux light intensity) for 
three months. Inoculum of G. mosseae (20 g/kg soil), and 20 ml of 
B. megaterium was laid around the seed.  

The following treatments were established to know the response 
of M. volubilis to the inoculation with VAM fungi and phosphate 
solubilising bacteria (PSB): T1, Control (without inoculation of micro-
organisms); T2, inoculated with VAM (G. mosseae); T3, inoculated 
with PSB (B. megaterium); T4, inoculated with both G. mosseae 
and B .megaterium. 
 
 

Growth parameters  

 
The growth parameters of M. volubilis, shoot length, root length, 
number of leaves, leaf area, fresh and dry biomass of shoot and 
root were measured on every 30

th
, 60

th
 and 90

th
 day of the plant 

growth in all the treatments with or without biofertilizers. 
 
 

Physiological parameters 

 
The physiological characteristics such as chlorophyll content, 
reducing and non- reducing sugars, starch, lipid and protein con-
tents in root and shoot samples on 30

th
 , 60

th
 and 90

th
 day  were 

studied with and without inoculum treated plants. The biochemical 
properties, chlorophyll content (Arnon, 1949), starch (Mc Cready et 
al., 1950) carbohydrates (Highkin and Frankel, 1962) total lipids 
(Bligh and Dyer, 1959), and total proteins (Lowry et al., 1951) were 
estimated.  
 
 
Statistical analysis 
 
Two-way analysis of variance (ANOVA) was carried out at a 0.05 
level of significance on the data and SPSS version 13.0 was used. 
The values corresponded to each table in the results. 
 
 

RESULTS AND DISCUSSION 
 

Influence of biofertilizers both VAM and PSB showed
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Table 1. Effect of VAM fungi and PSB on shoot length (cm) of M. volubilis.  
 

Treatment 
Incubation days (after treatment) 

30 60 90 

T1 3.15  (0.40)
 

5.40 (0.36)
 

10.80 (0.60)
 

T2 5.67 (0.25)
 

10.40 (0.40)
 

21.10 (0.56)
 

T3 4.63 (0.45)
 

9.87 (0.50)
 

18.77(0.45)
 

T4 6.23 (0.65)
 

11.60 (0.60)
 

24.37 (0.61)
 

LSD 0.87 0.90 1.05 

SE 0.37 0.72 1.52 
 

Values within the brackets indicate standard deviation. Each value represents mean of six replications. 

 
 
 

Table 2. Effect of VAM fungi and PSB on root length (cm) of M. volubilis. 
 

Treatment 
Incubation days (after treatment) 

30 60 90 

T1 5.13 (0.40)
 

9.57 (0.31)
 

17.37 (0.45)
 

T2 14.10 (0.46)
 

20.53 (0.55)
 

27.83 (0.55)
 

T3 12.60 (0.50)
 

17.53 (0.65)
 

22.00 (2.00)
 

T4 14.77 (0.65)
 

22.87 (0.35)
 

30.50 (0.40)
 

LSD 0.96 0.92 2.04 

SE 1.17 1.28 1.41 
 

Values within the brackets indicate standard deviation. Each value represents mean of six replications. 

 
 
 

Table 3. Effect of VAM fungi and PSB on leaf number of M. volubilis. 
 

Treatment 
Incubation days (after treatment) 

30 60 90 

T1 3.87 (0.31)
 

5.33 (0.31)
 

8.47 (0.31)
 

T2 5.43 (0.45)
 

8.43 (0.31)
 

12.0 (0.26)
 

T3 4.83 (0.25)
 

7.40 (0.30)
 

11.60 (0.20)
 

T4 6.0 (0.20)
 

9.63 (0.40)
 

13.60 (0.40)
 

LSD 0.60 0.63 0.57 

SE 0.13 0.38 0.52 
 

Values with in the brackets indicate standard deviation. Each value represents mean of six replications. 

 
 
 
significant effect on growth and physiological charac-
teristics of M. volubilis. The data presented in Tables 1, 2, 
3, 4, 5 and 6 indicate that biofertilizers had significant 
effect on shoot length, root length, fresh weight of shoot 
and root, dry weight of shoot and root, leaves / plant, leaf 
area of plant.  All characteristics under study were signi-
ficantly higher in combined inoculation of VAM and PSB 
(T4), than other inoculations and control. The biofertilizers 
treated plants exhibited increased shoot length compared 
to un-inoculated plants. The maximum shoot length was 
recorded in T4 plants (24.37 cm) at 90 days of plant 
whereas the co-inoculation of biofertilzers (T4) exhibited 
maximum root length (30.50 cm) and the root length was 

found minimum (5.13 cm) in T1 treatment after 90 days. 
The maximum number of leaves were observed in T4 
treatment (13.60) followed by T2 (12.00) and T3 (11.60). 
In contrast, least leaves were counted in the control (T1). 
The leaf area differed significantly in treated plants com-
pared to the control. On the 30

th
 day, the maximum leaf 

area was found in T4 plants (34.1 cm
2
) and the minimum 

in T1 (22.42 cm
2
). On the 60

th
 and 90

th
 day, inoculated 

individually PSB or VAM or in combination performed 
better compared to control (T1). The maximum leaf area 
was recorded in T4 plants whereas the least leaf area 
was observed with control. The plant biomass was 
improved along with increasing the incubation periods.
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Table 4. Effect of VAM fungi and PSB on leaf area (cm
2
) of M. volubili. 

 

Treatment 
Incubation days (after treatment) 

30 60 90 

T1 22.42 (0.00) 29.05 (0.56)
 

36.52 (1.14)
 

T2 30.66 (0.00) 42.57 (0.99)
 

57.40 (1.50)
 

T3 26.54 (0.00) 35.37 (0.66)
 

48.56 (0.97)
 

T4 34.10 (0.00) 45.99 (1.52)
 

59.43 (1.90)
 

LSD 0.00 1.90 2.68 

S E 0.00 1.99 2.75 
 

Values with in the brackets indicate standard deviation. Each value represents mean of six replications. 
 
 
 

Table 5. Effect of VAM fungi and PSB on fresh biomass of M. volubilis. 
 

Treatment 

Incubation days (after treatment) 

Shoot fresh biomass (g) Root fresh biomass (g) Total fresh biomass (g) 

30 60 90 30 60 90 30 60 90 

T1 0.64 (0.08)
 

1.01 (0.03)
 

1.88 (0.04)
 

0.34 (0.07)
 

0.64 (0.10)
 

1.14 (0.08)
 

0.96 (0.14)
 

1.32 (0.12)
 

3.15 (0.06)
 

T2 1.06 (0.10)
 

2.63 (0.06)
 

3.96 (0.13)
 

0.51 (0.02)
 

1.09 (0.15)
 

1.60 (0.09)
 

1.60 (0.17)
 

3.63 (0.14)
 

5.64 (0.19)
 

T3 1.00 (0.11)
 

2.58 (0.23)
 

3.92 (0.10)
 

0.49 (0.01)
 

0.93 (0.07)
 

1.44 (0.05)
 

1.48 (0.12)
 

3.21 (0.23)
 

5.24 (0.20)
 

T4 1.37 (0.17)
 

3.19 (0.29)
 

4.33 (0.14)
 

0.60 (0.02)
 

1.23 (0.11)
 

1.73 (0.07)
 

1.93 (0.13)
 

4.15 (0.27)
 

6.07 (0.21)
 

LSD 0.23 0.36 0.21 0.08 0.21 0.14 0.27 0.37 0.33 

SE 0.08 0.25 0.29 0.03 0.07 0.05 0.11 0.33 0.34 
 

Values with in the brackets indicate standard deviation. Each value represents mean of six replications. 
 
 

 

Table 6. Effect of VAM fungi and PSB on dry biomass of M. volubilis. 
 

Treatment 

Shoot dry biomass (g) Root dry biomass (g) Total dry biomass (g) 

Incubation days (after treatment) 

30 60 90 30 60 90 30 60 90 

T1 0.13 (0.04)
 

0.25 (0.05)
 

0.74 (0.09)
 

0.07 (0.01)
 

0.11 (0.03)
 

0.20 (0.01)
 

0.18 (0.02)
 

0.39(0.11)
 

0.89 (0.06)
 

T2 0.45 (0.09)
 

0.83 (0.05)
 

1.46 (0.11)
 

0.14 (0.01)
 

0.25 (0.06)
 

0.57 (0.08)
 

0.55 (0.07)
 

1.03 (0.16)
 

1.97 (0.13)
 

T3 0.37 (0.09)
 

0.65 (0.05)
 

1.25 (0.11)
 

0.11 (0.01)
 

0.24 (0.06)
 

0.55 (0.13)
 

0.51 (0.13)
 

0.99 (0.22)
 

1.77 (0.11)
 

T4 0.50 (0.11)
 

0.92 (0.06)
 

1.65 (0.24)
 

0.15 (0.01)
 

0.35 (0.10)
 

0.65 (0.09)
 

0.63 (0.10)
 

1.23 (0.22)
 

2.15 (0.17)
 

LSD 0.16 0.10 0.28 0.02 0.12 0.17 0.17 0.35 0.23 

SE 0.05 0.07 0.11 0.01 0.03 0.06 0.06 0.11 0.15 
 

Values within the brackets indicate standard deviation. Each value represents mean of six replications. 
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Table 7. Effect of VAM and PSB on chlorophyll content of M. volubilis. 
 

Treatment 

Chorophyll ‘a’ (mg/g) Chlorophyll ‘b’  (mg/g) Total Chlorophyll  (mg/g) 

Incubation days (after treatment) 

30 60 90 30 60 90 30 60 90 

T1(Control) 0.58 (0.04)
 

0.69 (0.04)
 

0.85 (0.02)
 

0.95 (0.02)
 

1.05 (0.03)
 

1.15 (0.03)
 

1.53 (0.21)
 

1.95 (0.01)
 

2.15 (0.03)
 

T2(VAM) 0.77 (0.03)
 

0.96 (0.02)
 

1.23 (0.03)
 

1.26 (0.04)
 

1.39 (0.03)
 

1.63 (0.03)
 

2.11 (0.03)
 

2.38 (0.02)
 

2.45 (0.03)
 

T3(PSB) 0.68 (0.02)
 

0.86 (0.03)
 

1.10 (0.04)
 

1.19 (0.04)
 

1.34 (0.03)
 

1.44 (0.04)
 

2.09 (0.03)
 

2.28 (0.02)
 

2.41 (0.02)
 

T4(VAM +PSB) 0.86 (0.03)
 

1.0 (0.04)
 

1.34 (0.08)
 

1.31 (0.03)
 

1.45 (0.02)
 

1.77 (0.03)
 

2.39 (0.03)
 

2.48 (0.02)
 

2.91 (0.03)
 

LSD 0.05 0.06 0.09 0.06 0.05 0.06 0.20 0.03 0.05 

S E 0.02 0.02 0.03 0.03 0.03 0.06 0.06 0.03 0.07 
 

Values within the brackets indicate standard deviation. Each value represents mean of six replications. 
 
 
 

The improvement of growth parameters in the pre-
sent study may be due to functions of bioferti-
lizers, availability of nitrogen, phosphorous, and 
certain growth harmones like auxins, gibberlins, 
vitamins and organic acid secreted by bioino-
culants which increase the surface area per unit 
root length and were responsible for root hair. 
Similarly, reports were made by Gupta et al. 
(1999), Ahmad et al., (2004), Nandre et al. (2005), 
Chadrasekar et al. (2005), Nabila et al. (2009), 
Zaki et al. (2010) and Abou El-Yazeid and Abou–
Aly (2011). 

The influence of biofertilizers on biochemical 
properties was studied. Content of Chlorophyll a, 
b and total chlorophyll were estimated and shown 
in Table 7. Maximum chlorophyll a, b were observed 
in T4 (1.34, 1.77) and least in T1 (0.85, 1.15). 
There was a significant difference in chlorophyll-a, 
chlorophyll-b and total chlorophyll content among 
the treatments and different days. This may be 
due to the increase in stomatal conductance and 
carbon assimilation (Levy and Krikun, 1980). Krishna 
and Bagyaraj (1981) observed that bundle sheath 
chloroplasts were larger and numerous in mycor-
rhizal plant.  Increased chlorophyll ‘a’, chlorophyll 
‘b’ and total chlorophyll content were also reported 
by Mathur and Vyas, (2000) Bhoopander Giri et 

al. (2003), Kate et al. (2005) and Senthilkumar 
and Sivagurunathan (2012). 

Maximum amount of carbohydrates were 
observed in plants treated with biofertilizers indivi-
dually and combined form. With increasing plant 
incubation days, the reducing sugar content also 
improved ranging from 1153.42 to 1317.07 μg/g in 
T4 plants whereas the least in T1 in all treatments 
except control as shown in Tables 8 and 9. The 
polysaccharide starch content was also maximum 
in T4 in all incubation days than the control. 
Improvement in carbohydrate content in all biofer-
tilizers treated plants may be due to Increased 
carbon fixation, activation of enzymes and 
increased photosynthetic rate increased reducing 
and non reducing sugar contents in different 
mycorrhizal plants was  observed by Krishna and 
Bagyaraj  (1981), Mathur and Vyas (2000) and 
Nelson and Achar (2001).   

The influence of biofertilizers on lipid content in 
shoot and root parts of M. volubilis is shown in 
Table 10. The maximum lipid content was recor-
ded in shoot samples of T4 (9.61, 17.39 and 26.77 
mg/g) and minimum in the control plants. Simi-
larly, the lipid contents in roots of M. volubilis 
studied in selected plants results are shown in 
Table 10. The increments in lipid content of bio-

fertilizer inoculated plants were due to the forma-
tion of lipid bodies in arbuscular trunks and inter-
cellular hyphae. In this mutualistic symbiosis, the 
fungus acquires carbon as hexose within the root 
and stores predominantly as triacylglycerol. Sti-
mulation of mycorrhizal activity in presence of 
PSB may attributes for more lipid content in dual 
inoculated plants. 

The total protein content was estimated in 
plants parts treated with biofertilizers individually 
or in combination of both. The protein content in 
shoot and roots of T2, T3 and T4 plants on 30

th
, 

60
th
 and 90

th 
days were significantly higher when 

compared to protein content of Control (T1) plants. 
Maximum shoot protein content was recorded in 
T4 plants and minimum in control (Table 11). 
Significant increase in the protein content of both 
shoot and root tissue of inoculated plants over 
control plants attributes to the accumulation of 
more Nitrogen and phosphorous in treated plants. 
Maximum protein content in dual inoculated plants 
is due to the increase of plant membrane proteins 
and/or to the presence of proteins from the fungal 
partner. Similar reports were made by Mathur and 
Vyas (2000), Nelson and Achar (2001) and 
Shehata and Khawas (2003), Senthilkumar and 
Sivagurunathan (2012). 
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Table 8. Effect of VAM fungi and PSB on carbohydrate content in shoot of M. volubilis. 
 

Treatment 

Reducing sugar (µg/g) Non-reducing sugar (µg/g) Starch (mg/g) 

Interval days  ( after treatment) 

30 60 90 30 60 90 30 60 90 

T1(Control) 709.24 (10.27)
 

850.24 (15.20)
 

926.58 (28.65)
 

433.22 (11.90)
 

474.39 (21.12)
 

554.08 (6.79)
 

14.35 (0.39)
 

19.33 (0.38)
 

24.94 (0.70)
 

T2(VAM) 888.10 (10.95)
 

1099.21 (10.00)
 

1112.91 (1.52)
 

524.92 (8.59)
 

571.23 (9.45)
 

595.89 (4.45)
 

20.29 (0.12)
 

28.14 (0.19)
 

31.42 (0.66)
 

T3(PSB) 762.43 (9.05)
 

1040.03 (10.92)
 

1105.44 (10.53)
 

521.87 (6.86)
 

542.70 (10.07)
 

582.62 (7.23)
 

19.84 (0.14)
 

26.30 (0.39)
 

30.53 (0.14)
 

T4(VAM +PSB) 1153.42 (7.40)
 

1184.80 (6.19)
 

1317.07 (15.09)
 

542.00 (6.48)
 

574.70 (8.09)
 

602.37 (7.78)
 

25.46 (0.49)
 

31.71 (0.16)
 

37.63 (0.17)
 

LSD 17.94 20.84 32.14 16.46 24.99 12.61 0.61 0.56 0.92 

SE 51.79 37.16 41.89 12.97 12.57 5.83 1.19 1.36 1.36 
 

Values within the brackets indicate standard deviation. Each value represents mean of six replications. 
 
 
 

Table 9. Effect of VAM fungi and PSB on carbohydrate content in roots of M. volubilis. 
 

Treatment 

Reducing sugar (µg/g) Non-reducing sugar µg/g) Starch (mg/g) 

Interval days ( after treatment) 

30 60 90 30 60 90 30 60 90 

T1(Control) 298.94 (2.51)
 

496.09 (5.99)
 

668.03 (5.41)
 

315.69 (2.91)
 

351.03 (4.33)
 

446.84 (5.59)
 

4.88 (0.31)
 

5.72 (0.12)
 

6.07 (0.15)
 

T2(VAM) 464.00 (4.37)
 

764.08 (4.56)
 

825.84 (3.81)
 

550.97 (3.84)
 

566.66 (3.34)
 

618.00 (3.00)
 

6.17 (0.07)
 

11.26 (0.04)
 

13.40 (0.13)
 

T3(PSB) 397.87 (2.69)
 

714.69 (5.89)
 

831.00 (3.61)
 

534.61 (3.21)
 

558.14 (4.72)
 

606.27 (0.49)
 

5.98 (0.06)
 

8.56 (0.05)
 

9.35 (0.12)
 

T4(VAM +PSB) 555.03 (2.38)
 

775.49 (6.17)
 

851.55 (2.74)
 

584.45 (6.70)
 

619.39 (5.16)
 

653.81 (4.44)
 

6.65 (0.10)
 

12.68 (0.05)
 

14.84 (0.09)
 

LSD 5.84 10.73 7.56 8.35 8.37 7.31 0.32 0.13 0.23 

SE 28.21 34.07 22.16 31.94 30.92 24.00 0.20 0.80 1.04 
 

Values within the brackets indicate standard deviation.Each value represents mean of six replications. 
 
 
 

Table 10. Effect of VAM fungi and PSB on total lipid content of M. volubilis. 
 

Treatment 

Shoot lipid content  (mg/g) Root lipid content  (mg/g) 

Interval days ( after treatment) 

30 60 90 30 60 90 

T1(Control) 5.72 (0.04)
 

9.44 (0.08)
 

15.63 (0.09)
 

4.07 (0.08) 6.53 (0.10)
 

10.52 (0.09)
 

T2(VAM) 8.44 (0.07)
 

15.46 (0.05)
 

25.22 (0.41)
 

7.13 (0.11)
 

10.18 (0.06)
 

13.98 (0.15)
 

T3(PSB) 8.33 (0.07)
 

15.49 (0.06)
 

23.44 (0.08)
 

5.15 (0.05)
 

9.65 (0.07)
 

13.17 (0.07)
 

T4(VAM +PSB) 9.61 (0.06)
 

17.39 (0.06)
 

26.77 (0.07)
 

8.18
 

11.54 (0.12)
 

15.66 (0.10)
 

LSD 0.11 0.12 0.41 0.15 0.17 0.20 

SE 0.21 0.42 0.69 0.40 0.44 0.45 
 

Values within the brackets indicate standard deviation. Each value represents mean of six replications. 
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Table 11. Effect of VAM fungi and PSB on total protein content of M. volubilis. 
 

Treatment 

Shoot protein content  (mg/g) Root  protein content (mg/g) Total protein content (mg/g) 

Interval days ( after treatment) 

30 60 90 30 60 90 30 60 90 

T1(Control) 3.52 (0.05)
 

4.57 (0.06)
 

5.20 (0.05)
 

0.82 (0.07)
 

1.12 (0.05)
 

1.34 (0.03)
 

4.33 (0.11)
 

5.88 (0.02)
 

6.84 (0.02)
 

T2(VAM) 6.28 (0.06)
 

6.55 (0.07)
 

6.81 (0.06)
 

1.56 (0.08)
 

1.77 (0.04)
 

1.99 (0.06)
 

7.84 (0.14)
 

8.32 (0.11)
 

8.80 (0.12)
 

T3(PSB) 5.28 (0.09)
 

5.89 (0.05)
 

6.21 (0.07)
 

1.44 (0.05)
 

1.65 (0.03)
 

1.78 (0.04)
 

6.72 (0.05)
 

7.54 (0.08)
 

7.99 (0.11)
 

T4(VAM +PSB) 6.53 (0.06)
 

7.20 (0.05)
 

8.10 (0.09)
 

1.69 (0.05)
 

1.98 (0.05)
 

2.32 (0.07)
 

8.22 (0.10)
 

8.85 (0.05)
 

10.42 (0.10)
 

LSD 0.12 0.11 0.13 0.11 0.08 0.09 0.20 0.14 0.17 

S E 0.24 0.16 0.23 0.10 0.07 0.08 0.34 0.23 0.31 
 

Values within the brackets indicate standard deviation.Each value represents mean of six replications. 
 
 
 

Conclusion 
 
In this study, treatment of biofertilizers in combination 
with G. mosseae and B.megaterium significantly en-
hanced the growth parameters which included, shoot 
length, root length,  leaves, leaf area, biomass of root and 
shoot and biochemical constituents, total chlorophyll, 
carbohydrate lipid and protein content in M. volubilis 
when compared to the control.  
 
 
REFERENCES 
 
Abou El-Yazeid  A, Abou-Aly HE (2011). Enhancing growth, productivity 

and quality of tomato plants using phosphate Solubilizing 
microorganisms. Aus. J. Basic  Appl. Sci. 5(7):371-379. 

Ahmad A, Al-Noaim, Siddig H, Hamad (2004). Effect of Bio-fertilization 
along with different levels of nitrogen fertilizer application on the 
growth and grain yield of Hassawi Rice  (Oryza sativa L.) Sci. J. King 
Faisal Univ. 5 (2): 215-224. 

Arnon DI (1949). Copper enzymes in isolated chloroplasts. 
Polyphenoloxidase in Beta vulgaris. Plant Physiol. 24:1-15. 

Bhoopander Giri R, Kapoor, Mukerji KG (2003). Influence of arbuscular 
mycorrhizal fungi and salinity on growth, biomass and mineral 
nutrition of Acacia auriculiformis. Biol. Fertil. Soils 38: 170-175. 

Bligh EG, Dyer WJ (1959). A rapid method of total lipid extraction and 
purification. Can. J. Biochem. Physiol. 37: 911–917. 

Chandrasekar BR, Ambrose G, Jayabalan N (2005). Influence of 
biofertilizers and nitrogen source level on the growth and yield of 
Echinochloa frumentacea (Roxb).  J.  Agric. Technol. 1(2): 223-234. 

Gupta NS, Sadawarte KT, Mohorkar VK, Jadhav BJ,  Dorak SV (1999). 
Effect of graded levels of nitrogen and bioinoculants on growth and 
yield of marigold (Tagets erecta).  J. Soils Crops 9: 80-83 

Highkin HR, Frankel F (1962). Studies on growth and metabolism of 
barley mutant lacking chlorophyll b.  Plant Physiol. 37:314-320.. 

Kate DM,  Solanke AM,  Tiwari TK,  Nemade SM (2005). Growth and 
yield of potato cultivars as affected by integrated nutrient manage-
ment system. J. Maharashtra Agric. Univ. 30: 236-237. 

Krishna KR, Bagyaraj DJ (1981). Note on the effect of VA mycorrhizal 
and soluble phosphate fertilizers on Sorghum. Ind. J. Agric Sci. 51(9): 
688-690. 

Levy J, Krikun J (1980). Effects of vesicular-arbuscular mycorrhiza on 
Citrus jambhiri water relations. New Phytol. 85: 25-31. 

Lowry DH, Rosebrough NJ, farr AL, Randall RJ (1951). Protein 
measurements with Folin Phenol reagent. J. Biol. Chem. 193: 265-
275. 

Mathur N, Vyas A (2000). Influence of arbuscular mycorrrhizae on 
biomass production, nutrient uptake and physiological changes in 
Ziziphus mauritiana Lam. Under water stress. J. Arid. Environ. 45: 
191-195. 

Mc Cready RM, Guggole J, Silviera V, Owens HS (1950). Determination 
of starch and amylase in vegetables. Application to peas.  Anal. 
Chem. 29: 1156-1158. 

Mishra BK, Dadhich SK (2010). Methodology of nitrogen biofertilizer 
production. J. Adv. Dev. Res. 1(1): 3-6. 

Nabila Z, Gomaa AM, Amal G, Farrag AA (2009). The associative 
impact of certain Diazotrophs and farmyard manure on two rice 
varieties grown in newly cultivated land.  Res. J. Agric. Biol. Sci. 5 
(2): 185-190. 

Nandre DR, Jogdande ND, Dalal SR, Bansode AB, Bharati S, 
Chaudhale (2005). Effect of Azotobacter on growth and yield of china 
aster under reduced nitrogen doses. Crop Res. 29(2): 272-274. 

Nelson R, Achar PN (2001). Stimulation of growth and nutrient uptake 
by VAM fungi in Brassica oleracea var. capitata. Biologia Plantarum 
44(2): 277-281. 

Senthilkumar PK,  Sivagurunathan P (2012). Comparative effect on 
bacterial biofertilizers on growth and yield of green gram (Phaseolus 
radiata L.) and cow pea (Vigna siensis Edhl.) Int. J. Curr. Microbiol. 
App. Sci. 1(1):34-39. 

Sharma KN, Namdeo KN (1999). Effect of biofertilizers and phos-
phorous on NPK contents, uptake and grain quality of soybean 
(Glycine max L. Merrill) and nutrient status of soil. Crop Res. 17: 164-
169. 

Zaki MF,   Abdelhafez A, CamiliaAM,  El-Dewiny Y (2010). Influence of 
applying phosphate biofertilizers and different levels of phosphorus 
sources on the productivity, quality and chemical composition of 
sweet fennel (Foeniculum vulgare Mill.). Aus. J.  Basic Appl. Sci. 4(2): 
334-347. 

 


