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Abstract 
Objective of this study was to assess the inoculation effect of actinobacterial, rhizobium and plant growth 
promoting rhizobacteria consortium on rhizosphere soil properties in the soybean. For this study, two 
isolates of each Actinobacteria, Rhizobium and PGPR microbial inoculants as mono-inoculation and their 
combination as co-inoculation which proved to be highly efficient in initial screenings under controlled 
conditions in soybean under glass house conditions were further used for evaluation under field 
conditions having Vertisol type of soil. Actinobacteria, Rhizobium and PGPR Consortium showed 
significant difference in improving plant growth attributes and yield components of soybean at different 
growth stages. Among the microbial inoculants tested Actinobacteria, Rhizobium and PGPR Consortium 
inoculated plants showed higher N, P and K uptake (206, 13 and 101 kg /ha, respectively) and there was 
no significant difference with respect to soil pH, EC and organic carbon content in soils after crop harvest 
of soybean. In soils after crop harvest actinobacteria, Rhizobium and PGPR consortium recorded the 
highest available N, P and K 239, 16.6 and 302 kg /ha, respectively). This inoculants also recorded higher 
population of bacteria (36.5 x 105cfu g /soil) fungi (20.6 x 103cfu g /soil) and Actinomycetes (Bacillus 
sp.) (15.4 x105cfu g /soil). Among the mono and co-inoculation, co-inoculation of Actinobacteria, 
Rhizobium and PGPR Consortium were found best for improving the yield of soybean and also soil 
health. 
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Introduction 
Soybean [Glycine max (L.) Merrill] is one of the most important Kharif oil seed crop of central 
India. Besides high yield potential (25-30 q / ha), in terms of food components, soybean 
contains 35-40% protein, 19% oil, 35% carbohydrate (17% of which is a dietary fibre), 5% 
minerals and several other components including vitamins (Liu, 1997) [16]. Soybean has played 
a significant contribution to the yellow revolution in India. In Madhya Pradesh the area under 
soybean cultivation during kharif 2014 was55.46 lac ha with 1086 kg ha-1 yield and 60.25 lakh 
MT production (SOPA 2014) [22].  
Soil is a habitat for a vast community of soil microorganisms, whose activities largely 
determine the biological condition of the soil and influence the plant growth right from seed 
germination to maturity. Majority of plant associated soil microorganisms inhabit the 
rhizosphere and found in great numbers and diversity compared to non-rhizosphere soil. 
Number of interactions exists between plant roots and rhizosphere microorganisms like 
synergism, mutualism, parasitism etc., which will have a profound influence on plant growth. 
Although it is the plant which overwhelmingly determines the composition of the rhizosphere 
microbial community, yet the rhizosphere could be temporarily manipulated by application of 
specific microbes to seeds/soil or to the roots to get benefits in crop production like biological 
nitrogen fixation, P solubilization or mobilization, potash solubilisation etc. Manipulation of 
microflora could be done to control disease causing micro-organisms to increase the economic 
yields. Plant growth promoting rhizobacteria (PGPR) improve plant growth directly or by 
indirect mechanisms. The direct effects include production of plant hormones such as auxins, 
gibberellins and cytokinins, N2 fixation or solubilizing insoluble phosphates. Indirect 
mechanisms include suppression of bacterial, fungal and nematode pathogens by production of  
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siderophores, HCN, ammonia, antibiotics, volatile metabolites 
and by inducing systemic resistance in plants and by 
competition with pathogen for nutrients and space (Glick, 
1995) [10].  
The actinomycetes area versatile group of microorganism 
widely distributed in arable dry soils (Wellington et al., 1967) 
[26]. They are abundant in all cultivated and uncultivated soils 
(Waksman and Curtis, 1916) [25]. The number and type of 
actinomycetes present in soil are greatly influenced by soil 
temperature, soil type, soil pH, organic matter content, 
cultivation practices, aeration and moisture content. 
Actinomycetes perform important activities in soil like 
production of growth promoting substances, phosphorus 
solubilization, decomposition of organic matter, antibiotic 
production, suppression of soil borne plant pathogens. 
Actinomycetes are of particular interest as they posses 
relatively more antagonistic activity than others and serve as 
an important biocontrol agent. Many soil borne plant 
pathogens which cause serious diseases in plants can be 
controlled by actinomycetes by their antibiotic activity 
(Franco and Valencia, 2001) [8]. The mode of action of 
actinomycetes in controlling plant diseases include antibiosis, 
parasitism, production of extracellular hydrolytic enzymes 
and competition for iron (Goodfellow and Williams, 1983; El-
Tarabily et al., 2000; Errakhi et al., 2007) [11, 7, 6]. 
Actinomycetes, Rhizobium and PGPR isolates individually 
are found beneficial but their consortium could be more 
valuable resource to augment the supply of nutrients through 
solubilization or mobilization. However, the information on 
the sole or combined use of Actinomycetes, Rhizobium and 
PGPR isolates under Vertisol condition of Satpura hills region 
is lacking. Therefore, an experiment was laid out to assess the 
productivity of soybean with mono and co-inoculation of 
different microbial inoculants along with Fertilized un 
inoculated control (FUI) and Unfertilized un inoculated 
control (UFUI). 
 
Material and Methods 
The field experiment was conducted at the research field 
Department of Soil Science & Agricultural Chemistry, 
JNKVV, Jabalpur, Madhya Pradesh (230 12’ N, 790 56’ E and 
428 m above mean sea level).The efficacy of 2 isolates of 
each microbial inoculants as mono-inoculation and their 
combinations as co-inoculation of Actinomycetes (A6 and 
A10), Rhizobium (R33 and R34) and PGPR (P3 and P10) were 
tested along with Fertilized un inoculated control (FUI) and 
Unfertilized un inoculated control (UFUI) were also 
evaluated. The treatments were laid out in Randomized Block 
Design (RBD) with four replications. The recommended dose 
of fertilizer N: P2O5: K2O was applied @ 20:80:20 kg ha-1 for 
soybean crop in the form of urea, single super phosphate 
(SSP) and muriate of potash (MOP). Urea and MOP were 
supplemented as basal applications to each plot as per 
recommendation and SSP was applied as per scheduled dose 
of treatments. 
All the technical efforts were endeavoured to maintain the 
microbial population to up the standard 107to 10-8cfuml both. 
Soybean seeds in polythene bags were slightly moistened and 
then treated with carbendazim fungicide @ 2 g kg-1 seed. 
Seeds were allowed to air dry under shade. Then the seeds 
were inoculated as per treatment combination using sterilized 
gum acacia (2%) as adhesive. The seeds were sown in the 
respective plot @ 60 kg ha-1. Recommended package of 
practices was followed to maintain plant population, 
protection and growth.  

Seed and Stover yield /ha (kg/ha-1) 
Based on the net plot yield the yield per ha was estimated and 
expressed as kg/ha. 
 
NPK uptake 
The processed plant samples were digested with con. H2SO4 
and H2O2 in presence of catalyst mixture (CuSO4, K2SO4, Se 
in 10:4:1 ratio). Modified Kjeldahl method was adopted for 
determination of nitrogen content in plant as described by 
Jackson (1973) [14]. The N uptake was calculated by 
multiplying the N percentage with the corresponding dry 
matter yield. The ground grain and plant samples were 
digested with tri acid mixture having nitric acid, perchloric 
and sulphuric acid in 10:4:1 ratio and was determined by 
vanadomolybdo phosphoric acid yellow colour method 
(Jackson 1973) [14]. The P uptake was calculated by 
multiplying the P percentage with the corresponding dry 
matter yield. Plant samples digested with tri acid mixture 
were used for determination of K by using flame photometer 
(Jackson, 1973) [14]. The K uptake was calculated by 
multiplying the K percentage with the corresponding dry 
matter yield. 
 
Soil properties (after harvest of the crop) 
Soil pH, EC and organic carbon 
Soil pH was determined with the help of glass electrode pH 
meter in 1:2.5 soil water suspensions as described by Jackson 
(1973) [14]. The soil and water suspension used for measuring 
pH was kept overnight and the electrical conductivity of the 
soil solution was measured with the help of a conductivity 
bridge (Systronics) and expressed in dsm-1 (Jackson, 1973) 
[14]. Organic carbon was determined by Walkley and Black 
method as described by (Jackson, 1973) [14]. 
 
Available N, P and K in soil 
Soil available N was estimated by alkaline permanganate 
method (Subbaiah and Asija, 1966) [23]. The available P in soil 
was extracted using Bray’s extract. The extracted P was 
estimated by chlorostannousmolybdo phosphoric acid blue 
colour method. The intensity of the blue colour was read by 
using spectrophotometer at 420 nm (Jackson, 1973) [14]. The 
available K in soil was determined by flame photometer 
method as described by Muhr et al. (1965) [17]. 
 
Microbiological observations 
General and beneficial microbial populations 
The rhizosphere soil samples collected were analyzed for total 
population of bacteria, fungi, actinomycetes by standard serial 
dilution plate count method (Bunt and Rovira, 1999) [2] using 
Nutrient agar for bacteria, Martin’s Rose Bengal agar for 
fungi, Kuster’s agar (Kuster and Williams, 1964) [15] for 
actinomycetes, Pikovskaya’s medium for PO4 solubilizers and 
Jensen’s medium for Azotobacter. The population count was 
expressed as number of colony forming units per gram of soil. 
 
Results and Discussion 
Yield: The data in table 1 on yields of seed and stover of 
soybean at harvest expressed that the effects of seed 
inoculation with different inoculants supplemented with 
recommended dose of chemical fertilizer (N, P and K) were 
significant over the fertilized uninoculated (FUI) and UFUI. 
The maximum seed and stover yields were recorded with the 
treatment combinations of CRP+A6+A10 by 34.8 and 59.0% 
increase, respectively over the FUI control (1741 and 1585 
kg/ha). But, the results were mutually at par among all the 
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treatments (except Actomycetes and UFUI). While minimum 
seed and stover yields (1629 and 1504 kg / ha) were recorded 
under the treatment unfertilized uninoculated (UFUI). 
Increase in yields with the treatments of inoculation with 
different inoculants and inorganic fertilization might be 
attributed to better nodulation, N2 fixation and crop growth as 
against uninoculated control (Brahmaprakash et al., 2004 and 
Gupta, 2005) [12, 3]. 
 
NPK uptake by crop: The data on total uptake of N, P and P 
by the crop of soybean are presented in table 1. The data on 
total N, P and K uptake by the crop varied from 111 to 206, 6 
to 13 and 51 to 101 kg N ha-1, respectively. The treatment 
combination of CRP+A6+A10 gave the best by 67.5, 85.7 and 
83.6% increase, respectively over the control (123, 7 and 55 
kg ha-1). Similar result also reported by Olivara et al. (2004) 
[20] and found that Rhizobium inoculation significantly 
increased nitrogenase activity, nodule mass which ultimately 
increased plant NPK uptake. Solaiman and Hossain (2006) 
[21] studied the effectiveness of Bradyrhizobium (B) japonicum 
strains on soybean and had a significant positive effect on N 
content in shoot, N uptake by shoot by seed with inoculation 
by B. japonucum or the mixed culture of strains B.japonucum. 
 
Table 1: Influence of Actinobacteria, Rhizobium and PGPR isolates 
and their consortium on total NPK uptake (grain + stover) and seed 

and stover yield of soybean 
 

Treatments 
Yields (kg / ha) Nutrients uptake (kg /ha) 
Seed Stover N P K 

Actonomycetes 
1896 1923 145 8 66 
1885 1914 141 8 67 

Rhizobium 
2229 2122 179 10 82 
2235 2140 177 10 83 

PGPR 
2085 2010 166 9 72 
2046 1995 154 9 72 

CRP 2244 2177 177 11 85 
CRP+A6 2245 2214 179 11 87 
CRP+A10 2309 2229 191 12 91 

CRP+A6+A10 2347 2520 206 13 101 
FUI 1741 1585 123 7 55 

UFUI 1629 1504 111 6 51 
SEm± 130.9 128.1 12.7 0.6 5.4 

CD (P=0.05) 374.3 366.1 36.4 1.8 15.3 
 
Soil pH and organic carbon: Soil reactions remain 
unaffected due to inoculation with different treatments and no 
significantly increased status of soil organic carbon was 
noticed (Table 2). Maximum organic carbon among all the 
treatments was found with CRP+A6+A10 (0.70%) followed 
by CRP+A10 (0.68%) it was minimum by FUI (fertilized 
uninoculated). 
 
Available N, P and K in soil: Available N, P and K content 
in soil was determined in the post harvest soil samples of 0-15 
cm depth and it was found that application of chemical 
fertilizer and inoculation with different inoculants increased 
the available soil N, P and K significantly over UFUI (Table 
2). Maximum available soil N, P and K were found with 
CRP+A6+A10 (239.0, 16.6 and 302 kg/ha) followed by 
CRP+A10 (238, 16.2 and 300 kg/ha) it was 9.1, 16.1 and 
14.4% higher over FUI (219.0, 14.3 and 264 kg/ha). Similar 
finding reported by Chattopadhyay and Dey (2002) [4] and 
found that actinomycetes capable of solubilizing triclacium 
phosphate. Rock phosphate was found less soluble than 
calcium phosphate. Certain bacteria, fungi and actinomycetes 
are known to solubilize potassic minerals into soluble form by 

enzymatic oxidation- reduction reactions, formation of 
chelates and complexes with protein, amino-acids, organic 
acids etc. (Henderson and Duff, 1963) [13].  
 
Table 2: Effect of Actinobacteria, Rhizobium and PGPR isolates and 

their consortium on soil pH, EC, organic carbon content and 
available NPK in soil after harvest of soybean 

 

Treatments 
pH 

(1:2.5)
Organic carbon (%) 

Available nutrients 
(kg /ha) 

N P K 

Actonomycetes
7.33 0.61 217 15.5 279 
7.50 0.61 218 15.5 277 

Rhizobium 
7.38 0.64 224 15.9 289 
7.30 0.64 226 15.8 290 

PGPR 
7.28 0.63 220 15.8 288 
7.15 0.62 221 15.0 278 

CRP 7.25 0.67 233 16.0 291 
CRP+A6 7.40 0.66 234 16.0 292 
CRP+A10 7.20 0.68 238 16.2 300 

CRP+A6+A10 7.33 0.70 239 16.6 302 
FUI 6.88 0.55 219 14.3 264 

UFUI 6.95 0.59 208 13.8 252 
SEm± 0.13 0.05 10.7 0.68 12.1 

CD (P=0.05) 0.36 0.15 30.7 1.94 34.6 
 
Microbial population counts: Bacteria, Fungi and 
Actinomycetes population in rhizospheric soil at harvest of 
the crop data are presented in fig 1. The data on Bacteria, 
Fungi and Actinomycetes population in rhizospheric soil at 
harvest varied from 24.2×105 to 36.5 ×105 (cfu g /soil), 
10.6×105 to 20.6×105 (cfu g /soil) and 3.4×105 to 15.4×105 

(cfu g /soil), respectively. The effects of all the treatment 
combinations varied significantly. Among all the treatment 
combinations, CRP+A6+A10 responded maximum by 1.71, 
1.72 and 2.56 fold increase bacteria, fungi and actinomycetes 
population in rhizospheric soil over FUI (28.5×105, 11.9×105 
and 6.01×105cfu g-1soil, respectively). It is observed that the 
effect on N, P and K application and inoculation with 
different inoculate on total bacterial fungi and actinomycetes 
counts did differ significantly. Nakhro and Dkhar et al (2010) 
[18] reported that the use of inorganic fertilizers resulted in low 
organic carbon content, microbial counts of the soil, although 
it increased the soil’s N, P and K application which could be 
explained by the rates of fertilizers being applied. 

 

 
 

Fig 1: Effect of Actinobacteria, Rhizobium and PGPR isolates and 
their consortium on bacteria, fungi and actinomycetes counts in 

rhizosphere soils of soybean 
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