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ABSTRACT 

The pot culture experiment was carried out to evaluate the influence of different combinations of microbial inoculants 
(VAM + AZO + PSB) on soil phosphatase activity andnutrients (N, P, K, Cu, Zn, Fe, Cu & Mn) of Steviarebaudia plant 
rhizosphere on 20th, 40th and 60th day. The study revealed that the combined application of microbial inoculants onsoil 
Alkaline and Acid phosphatase activity has been found maximum at 60th day in triple inoculated plants than dual in-
oculated and control. The results also showed that the soil macronutrients (N, P & K) and micronutrients (Zn, Fe, Cu & 
Mn) have been found to be maximum at 40th day and 60th day respectively in triple inoculated plants than dual inocu-
lated and control. 
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1. Introduction 

Vesicular arbuscular mycorrhizae, Azotobacter and 
phosphate solubilizing bacteria are the most widely used 
bio fertilizers, significantly increasing the soil N, P, K, 
Zn, Fe, Cu & Mn and make them available to the plants. 
The interaction of the major soil components like miner-
als, organic matter and microorganisms, shows a pro-
found influence on the biological processes of the soils 
[1]. On root colonization VAM fungi produce two spe-
cialized structures called vesicles and arbuscules in the 
cortex region of the root. Phosphatases play a major role 
in the mineralization processes of organic phosphorous 
and transports of phosphorous which are present in the 
vacuoles of VAM fungi. Azotobacter involve in the in-
creasing the soil nitrogen by fixing the atmospheric ni-
trogen. Phosphate solubilizing bacteria (PSB), acting in 
union with plant roots, are responsible for solubilizing 
phosphate minerals. Although there are several reports 
on the microbial inoculants influence on the soil fertility 
and their support to the plants growth, the synergetic 

influence of VAM fungi, Azotobacter and PSB on the 
soil phosphatases activity and nutrients status of the 
rhizosphere of Stevia rebaudiana plant are limited, hence 
the present study was undertaken to evaluate the soil 
phosphatases activity and soil nutrients status under the 
influence of different combinations of bio-inoculants. 

2. Materials and Methods 

The pot culture experiment was carried out under green 
house conditions to know the influence of Glomus mos-
sae, Azotobacter chrocooccum and Pseudomonas striata 
on soil nutrients status and phosphatases activity of Ste-
via plant rhizosphere. For the experiment purpose brown 
colour soil (pH: 6.91) was collected from a cultivation 
land. The soil was sterilized before treated with the 
bio-inoculants.  

2.1. VAM Inoculum Preparation 

Sand: soil (1:1) mixture containing spores and infected-
root segments of Maize (Sorghum vulgare), infected with 
Glomus mosseae (Nicolson and Gerdeman) and grown  *Corresponding author. 

Copyright © 2013 SciRes.                                                                                 AJPS 



Influence of VAM Fungi, Azotobacter sp. and PSB on Soil Phosphatase Activityand Nutrients  
(N, P, K, Cu, Zn, Fe and Mn) Status in the Rhizosphere of Stevia rebaudiana (Bert.) Plants 

1444 

for 90 days, then collected the roots that contained VAM 
fungi. This served asthe mycorrhizal inoculum. The stem 
cuttings of the tested plant were inoculated with 500 mg 
of mycorrhizal inoculum (approximately 250 spores), by 
placing 2 cm below the soil surface where stem cuttings 
were planted. 

2.2. PSB Inoculum Preparation 

Culture of Pseudomonas striata was obtained from Re-
gional Biofertilizers Development Centre Bangalore Di-
vision, India. P. straiata was inoculated in 500 ml steril-
ized Pikovskaia’s broth and incubated at 30˚C for 3 days 
in a BOD chamber. After obtaining the desirable growth 
(107 - 108 cells/ml), the broth was mixed with wood 
charcoal by maintaining moisture content and pH 7.0. 
The slurry thus prepared was mixed with soil at the time 
of planting.  

2.3. Azotobacter sp. Inoculums Preparation  

Culture of Azotobacter chrocooccum was obtained from 
RBDC, Bangalore, India. From this mother culture car-
rier based inoculums was developed by growing it in 
nitrogen free nutrient broth as described by Ashby [2] for 
3 days at 28˚C temperature. Then the culture was mixed 
with lignite powder and this carrier based inoculum was 
mixed with soil at the time of planting the test plants.  

Stem cuttings of S. rebaudiana plant were collected 
from local nursery and were used as test plants. The fol 

lowing treatments were established and the plants were 
grown for 60 days with periodic watering and weeding.  

T1: Control (No inoculation),  
T2: Inoculation with VAM fungi (Glomus mosseae), 
T3: Inoculation with Azotobacter chrocooccum,  
T4: Inoculation with P. striata, 
T5: Inoculation with VAM fungi and A. chrocooccum,  
T6: Inoculation with VAM fungi and P. striata, 
T7: Inoculation VAM fungi, A. chrocoooccum and P. 

striata. 
Twenty grams of inoculums of Glomus mosseae, A. 

chrocoocuum and P. striata were mixed with sterile soil 
in the ratio of 1:1 as per the above single or mixed treat-
ments. Stem cuttings of uniform size were transferred to 
the plastic pots containing the above mixture. Eight rep-
lications were maintained for each treatment and the pots 
were arranged in a completely randomized design. The 
plants were grown under natural photoperiods (23.5/18˚C 
day/night, 4000 - 6000 Lux light intensity) for two 
months during which only deionized water was supplied. 
The soil (plant rhizospher) nutrients of both macro (N, P, 
K) and micro nutrients (Zn, Fe, Cu & Mn) and soil phos- 
phatase (alkaline and acid) were measured on every 20th, 
40th and 60th day of the plant growth in all the treat- 
ments. The soil content of Nitrogen [3], Phosphorus [4], 
Potassium [5], Copper, Iron, Zinc and Manganese [6] 
were estimated (Tables 1 and 2). The activities of both 
the soil Alkaline and Acid phosphatases were also esti- 
mated [7] (Table 3). 

 
Table 1. Effect of VAM fungi, Azotobacter sp. and PSB on nitrogen, phosphorous and potassium contents of soil. 

Nitrogen (g/kg) Phosphorous (mg/kg) Potassium (mg/kg) 

Days after treatment Treatments 

20 days 40 days 60 days 20 days 40 days 60 days 20 days 40 days 60 days 

7.80 14.87 14.28 1.11 0.87 0.33 9.05 11.64 8.54 

T1 
(0.06) (0.06) (0.12) (0.08) (0.08) (0.06) (0.07) (0.06) (0.10) 

9 19 20.24 18.14 2.20 1.22 0.98 9.20 11.21 11.64 

T2 
(0.11) (0.11) (0.10) (0.12) (0.14) (0.06) (0.30) (0.14) (0.06) 

11.38 25.19 23.63 1.17 0.92 0.46 9.57 11.54 11.49 

T3 
(0.11) (0.14) (0.10) (0.12) (0.07) (0.06) (0.11) (0.12) (0.09) 

9.93 20.69 18.29 2.22 1.88 0.78 9.23 11.57 11.67 

T4 
(0.06) (0.08) (0.19) (0.12) (0.06) (0.07) (0.12) (0.12) (0.10) 

9.18 24.10 18.97 2.16 1.99 0.91 9.25 11.89 13.88 
T5 

(0.12) (0.09) (0.08) (0.09) (0.05) (0.08) (0.07) (0.08) (0.33) 

8.95 24.53 18.97 2.19 1.94 0.89 11.86 14.98 15.32 
T6 

(0.06) (0.10) (0.05) (0.14) (0.08) (0.07) (0.46) (2.96) (0.06) 

12.57 26.74 24.65 1.97 2.16 0.98 13.04 25.95 21.67 

T7 
(0.14) (0.11) (0.07) (0.07) (0.10) (0.06) (0.08) (0.05) (0.07) 

CD 0.107 0.108 0.119 0.114 0.093 0.071 0.240 1.205 0.157 

SEM 0.037 0.038 0.042 0.040 0.032 0.025 0.084 0.424 0.055 

Values with in the brackets indicate standard deviation. Each value represents mean of eight replications. 
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Table 2. Effect of VAM fungi, Azotobacter sp. and PSB on zinc, iron, copper and manganese contents of soil. 

Zinc (mg/kg) Iron (mg/kg) Copper (mg/kg) Manganese (mg/kg) 

Days after treatment Treatments 

20 days 40 days 60 days 20 days 40 days 60 days 20 days 40 days 60 days 20 days 40 days 60 days

0.71 0.9 1.18 18.7 20.1 21.8 1.05 1.05 1.16 1.22 1.33 1.4 
T1 

0.06 0.0 0.31 0.13 −0.07 0.08 −0.07 −0.07 −0.05 −0.04 −0.07 −0.06 

0.92 1.2 1.37 22.1 23.0 24.6 1.08 1.14 1.19 1.53 1.91 2.04 
T2 

−0.1 −0.1 0.06 −0.1 −0.1 −0.1 −0.06 −0.06 −0.07 −0.16 −0.06 −0.08 

1.22 1.38 1.47 25.7 26.9 28.4 1.28 1.22 1.28 1.85 2.01 2.19 
T3 

0.08 0.06 0.06 0.13 −0.07 0.07 −0.06 −0.05 −0.06 −0.09 −0.03 −0.13 

1.11 1.27 1.4 22.9 24.1 25.2 1.07 1.14 1.24 1.75 1.83 2.08 
T4 

0.11 0.06 0.06 1.17 −0.08 0.08 −0.05 −0.07 −0.08 −0.09 −0.24 −0.06 

1.41 1.56 1.63 29.5 30.1 32.1 1.44 1.54 1.64 1.77 2.18 2.35 
T5 

0.09 0.09 0.08 0.12 −0.09 0.07 −0.11 −0.09 −0.09 −0.05 −0.07 −0.05 

1.36 1.44 1.47 28.6 29.3 30.1 1.35 1.39 1.55 1.66 2.12 2.26 
T6 

0.07 0.06 0.09 0.11 −0.25 0.09 −0.09 −0.06 −0.08 −0.06 −0.07 −0.11 

1.53 1.62 1.73 30.1 30.5 35.2 1.45 1.65 1.74 1.89 2.38 2.42 
T7 

−0.6 0.12 0.07 0.07 −0.09 0.06 −0.1 −0.14 −0.1 −0.05 −0.16 −0.07 

CD 0.08 0.08 0.14 0.48 0.13 0.08 0.08 0.08 0.08 0.09 0.13 0.09 

SEM 0.03 0.03 0.05 0.17 0.046 0.03 0.029 0.031 0.029 0.032 0.046 0.032 

Values with in the second row of each treatment indicate standard deviation. Each value represents mean of eight replications. 

 
Table 3. Acid and Alkaline Phosphatases activity. 

Acid phosphatase (µg/g soil/hr−1) Alkaline phosphatase (µg/g soil/hr−1) 

Days after treatment Treatments 

20 days 40 days 60 days 20 days 40 days 60 days 

124.31 158.17 194.37 82.41 93.53 95.31 

T1 
(0.07) (0.32) (0.32) (0.16) (0.29) (0.14) 

176.27 191.05 234.36 112.32 130.18 133.43 

T2 
(1.11) (0.17) (0.26) (0.27) (0.47) (0.24) 

206.98 200.84 255.48 110.67 137.09 152.14 

T3 
(0.41) (0.14) (0.22) (0.07) (0.29) (0.13) 

180.64 197.72 245.83 124.13 135.28 142.55 

T4 
(0.81) (0.11) (0.09) (0.31) (0.19) (0.08) 

223.39 231.27 274.24 136.18 149.67 159.53 
T5 

(0.50) (0.23) (0.13) (0.13) (0.10) (0.10) 

212.19 206.23 265.66 132.24 141.32 152.30 
T6 

(0.23) (0.09) (0.13) (0.18) (0.09) (0.20) 

229.61 236.81 279.59 128.82 154.23 165.49 
T7 

(0.53) (0.14) (0.15) (0.16) (0.13) (0.49) 

CD 0.661 0.215 0.227 13.431 0.261 0.253 

SEM 0.232 0.075 0.079 4.725 0.091 0.089 

Values with in the brackets indicate standard deviation. Each value represents mean of eight replications. 
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3. Results and Discussion 

It was observed that all the treated soils exhibited in- 
creased soil nutrient contents compared to the control 
soils. The amount of soil nitrogen in T7 treatment soil 
was found to be the highest on 40th day and then de- 
creases to the 60th day. The amount of soil phosphorus 
was found maximum at 60th day in T7 treated soils. 
Similarly the amount of soil potassium was found maxi- 
mum at 60th day in T7 treated soils. Then it is followed 
by dual inoculated soils (T6, T5, T4, T3, T2 & T1). The 
amounts of soil micronutrients Zinc, Iron, Copper and 
Manganese were found maximum at 60th day in all the 
treated soils than control. It was found that the micronu-
trients contents were maximum in triple inoculated 
(VAM fungi + AZO+ PSB) soils than dual inoculated, 
single inoculated and control. 

Both the Acid and Alkaline phosphatases of inoculated 
soils were found to be significantly influenced by the 
VAM fungi, Azotobacter and PSB. Maximum acid and 
alkaline phosphatases were recorded in T7 treated soils 
followed by T6, T5, T4, T3 and T2 and least amount in 
control soil. VAM inoculation either individually (T2) or 
in combination with Azotobacter, PSB (T5 and T6) and 
both showed significantly higher root colonization. 
Maximum colonization was found in plants with mixed 
inoculums (T7) followed by dual inoculum (T5 > T6) and 
minimum in VAM alone treated soils.  
The results of present study on soil nitrogen indicated 
that there was a significant increase of soil N content in 
treatments than control. Similar results were also re- 
ported [8]. Azatobacter involved in the fixation of at- 
mospheric nitrogen to the nitrates. Mycorrhizal fungi 
may also contribute to an increased nitrogen status in the 
mycorrhizosphere by decomposing organic matter. So 
the combine effect of VAM fungi and Azotobacter in- 
creased the N content in the treated soils. In the present 
study the soil nitrogen content at 40 days was higher than 
60 days soils; this is because of the increased absorption 
of nitrogen by plants during their growth. The content of 
soil phosphorous in all the treated soils had been in- 
creased; this is due to the application of VAM fungi, 
Azotobacter and PSB, which enhances the phosphorous 
content. Several scientists have reported increase in the 
availability and uptake of native soil P in different plants 
by converting insoluble phosphates in the soil to soluble 
forms by producing various organic acids [9-11]. Simi- 
larly the potassium content in the soil was significantly 
increased in all the treatments when compared to control. 
Bio-inoculants are usually considered very effective in 
increasing the K content in the soil [12]. Sharma [13] 
reported an increase in K content in the rhizosphere soil 
of mycorrhizal treated rice and wheat plants. The micro- 
nutrients contents (Zn, Fe, Cu and Mn) were increased in  

the treated soils than control. The results prove that triple 
and dual treatments increase the Zinc content of the soil. 
Similar results were reported by Mohammad et al., [14]) 
and Bi et al., [15]. Mukerji et al., (1996) observed an 
increase in soil Fe, Mn and Cu in root zone soil of A. 
catechu, L. leucocephala and P. julifera inoculated with 
G. fasciculatum. In the present study the increased or-
ganic content of the soil in treated plants could be the 
reason for more concentration of these micro nutrients in 
addition formation of organic chealates of higher stability 
with organic compounds preventing the micronutrients 
from precipitation, fixation, oxidation and leaching. Re-
ports were their on the correlation between soil organic 
matter and contents of micronutrients [16]. 

Alkaline and acid phosphatases were considered to be 
the PO4 metabolism of the fungus. Increase in alkaline 
and acid phosphatases activities were recorded in all in-
oculated soils over control. Study in Neem (Azardicta 
indica) plants noticed an increase in the phosphatase ac-
tivity in the root zone soil because of VAM inoculation 
[17]. Similar results were also reported [18,19]. The high 
alkaline and acid phosphatase activity in triple and dual 
inoculated soils attributes to the production of more en-
zymes by the synergetic interaction of VAM fungi, 
Azotobacter and Phosphate solubilizing bacteria. 
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