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ABSTRACT 
 

Microbial consortia inoculation and chemical fertilizers significantly impact plant growth parameters. 
Microbial consortia contribute to soil health by enhancing nutrient availability and promoting plant 
growth, while chemical fertilizers provide essential nutrients. In this study, an Field Experiment was 
conducted during two successive years in Kharif and Rabi 2020-21 and 2021-22 consecutively on 
effect of microbial consortia inoculation and chemical fertilizers on productivity and soil properties in 
soybean chickpea sequence on vertisol at research farm of department soil science and agricultural 
chemistry Vasantrao Naik Marathwada Agricultural University, Parbhani (MAH) India. The Soil of 

Original Research Article 



 
 
 
 

Javed et al.; Int. J. Plant Soil Sci., vol. 35, no. 22, pp. 779-790, 2023; Article no.IJPSS.109917 
 
 

 
780 

 

experimental site was classified as vertisol (Typic Haplustert) dominant montmorillonite type with 
kaollinite and illite mineral alkaline in reaction. Experimental treatments consist of four levels of 
laboratory evaluated microbial cultures (Bradyrhizobium, Mesorhizobium, Bacillus megaterium, 
Pseudomonas striata, Thiobacillus thioxidant) and uninoculated control and four levels of  chemical 
fertilizers (100 % RDF, 75 % RDF, 50 % RDF and Control i.e. (without fertilizers)). Seed treatment 
of soybean and chickpea was done with microbial consortia immediate before sowing and chemical 
fertilizers were applied at the time of sowing as per treatments. The results revealed that the 
application of microbial inoculants with chemical fertilizers showed significant effect on biometric 
attributes and nodulation of soybean and chickpea. The microbial consortia Rhizobium spp.+ 
Pseudomonas striata inoculation has highest plant height, shoot weight, root length, number of 
nodule, fresh weight of nodules, and dry weight of noduels in both crops as compared to 
uninoculated control. However, the application of chemical fertilizer i.e. N,P and K 100% RDF 
obviously increased the height, shoot weight, number of nodulation, and fresh weight of nodules in 
respect of both soybean and chickpea crops. The chemical fetilizers N,P and K are applied in the 
form of Urea, single super phosphate and muriate of potash respectively. 
 

 
Keywords: Microbial consortia inoculation; chemical fertilizers; growth parameters; nodulation 

soybean; chickpea. 

 

1. INTRODUCTION 
 
Beneficial microorganisms having the 
multifarious plant growth promoting attributes 
could be used as inoculants as single cell or as 
consortia for agricultural sustainability Kaur et al. 
[1]; Rana et al. [2]; Rastegari et al. [3]. 
Application of PGPMs used as consortium 
inoculants is various benefits over chemical 
fertilizers / biochemical pesticides and fertilizers. 
It promotes growth of the host plant along with its 
associative microbiota, PGPMs degraded very 
quickly as compared to conventional fertilizers 
and pesticides, development of resistance is 
negligible, and it can be also applied in 
conventional or integrated management system. 
Berg [4]; Kaur et al. [5]; Rana et al. [2]. The 
participating microbial consortium bacteria, fungi, 
actinomycetes and yeast among others. it 
enhancing productivity, sustainable and 
ecofriendly approach. It have positive effect on 
several crop growth parameters. It enhances 
productivity, biomass augment tress elements 
contents, root and shoot weight, nodulation and 
pod number and biomass of soybean and root, 
shoot growth, leaf number, fungal disease 
resistance in groundnut Naik et al., [6]. Improving 
use of mineral nutrients is a must to securing 
higher yield and productivity in a sustainable 
manner therefore continuously desiring, 
developing and testing innovative integrated 
plant nutrient management systems based on 
relevant biological resources (crops and 
microorganisms) is highly required. Several 
reports indicated that dual or triple inoculation of 
Rhizobium PSB (Phosphate solubilizing 
Bacteria), PGPR is better than inoculation with 

Rhizobium alone in different pulse crops Gupta, 
[7]. Bacteria is most plentiful microbial 
community in soil followed by fungi Kaur et al. 
[5]; Rana et al. [2]. Microorganisms bacteria, 
fungi inoculants are improve plant growth and 
various physiological parameters of plants Shah 
et al. [8]. Symbiotic Rhizobium species 
associated with soybean root nodules benefit 
plant growth via mediating biological N fixation 
Jaiswal et al. [9].  Soybean (Glycine max (L.) 
Merill.) is grown mainly in tropical, sub-tropical 
and temperate regions FAO [10]. It is a water 
intensive crop, requiring substantial water to 
grow and produce Bhardwaj, [11]. Consequently, 
rising global temperatures and changing 
precipitation patterns pose a significant threat to 
soybean production, specially in under irrigated 
or rainfed areas Jin et al. [12]. 
 

Soybean is an annual leguminous species 
cultivated mainly for its seed.  Soybean seed 
consists of 35 % carbohydrate, 5 % ash, 40 % 
protein and 20 % oil and is a major source of 
protein and oil for commercial products. Soybean 
are native to China and there seeds are rich in 
protein (64%) and oil (30%) Kumawat et al. [13]. 
In 2019, the annual global soybean production 
was estimated to be above 333 million tones 
FAOSTAT, [14]. The different vegetable oil 
imported the soybean oil (22 %) after the palm oil 
of 60 % share and sunflower oil 17 % 
Anonymous, [15]. Soybean ranks first among the 
major oil seed crops of the world and has now 
found a prominent place in India Mahana, et al. 
[16]. Chouhan et al. [17] reported that soybean 
has occupied first rank among oilseed in India 
2005 onwards. In India production of soybean 
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dominated by maharashtra and madhya pradesh 
and it contributes 89 per cent of total production. 
Area of soybean in India is 11.8 million ha, 
production is 11.94 million tonnes with average 
productivity 1050 kg ha-1 Anonymous [15]. 
According to (FAS) Foreign Agricultural Survey 
(USDA) estimate soybean production is 12.4 
tonnes of marketing year 2023.   
 

Further, chickpea (Chicer arietinum L.) is the 
second most important pulse crop globally, after 
common bean (Phaseolus vulgaris). Chickpea is 
quality food source rich in proteins, minerals, 
vitamins and fibers that benefit the health of 
domestic stock and humans  Bohra et al., [18]. 
The global area of chickpea average 13.0 million 
tonnes across 56 countries (2015-17) FAOS, 
[19]. According USDA, Foreign Agricultural 
Survey 2023 the globally average production of 
chickpea 24.2 million tones. India is the largest 
global producer, consumer and importer of 
chickpea whereas Australia is the main exporter 
of desi type (outlined later) chickpea to India. 
India mostly imports Desi chickpea but also 
emerges as an exporter to some Kabuli type over 
the past decade. 
 

The progress on increasing chickpea yields has 
stagnated in India and Australia average around 
1.0 to 2 t ha-1. Moreover, the estimated realizable 
potential is over 2 t ha-1. The current yields of 
chickpea are insufficient for meeting the growing 
demand of plants-based food specially dietary 
protein Jha et al. [20]. In addition, chickpea may 
not be able to absorb enough N from the soil, 
specially under drought to influence yield due to 
its low N-fixation ability and low nutrient used 
efficiently Sadras et al. [21]. Chickpea and 
soybean contribute a significant amount of 
residual nitrogen to the soil and adds organic 
matter thereby improving soil health and fertility. 
Chickpea also play important role in maintaining 
soil fertility by fixing nitrogen at the rate up to 140 
kg ha-1 year-1 Flowers et al. [22]. Thus, keeping 
this in the view present study was undertaken to 
evaluate the effect of microbial consortia along 
with chemical fertilizers on biometric  attributes 
and nodulation in soybean and chickpea crops in  
sequence to promote the use of consortia in 
these dominant crops of Maharashtra State of 
India. 
 

2. MATERIALS AND METHODS 
 

2.1 Experimental Site  
 

Present investigation was carried at Research 
Farm, Department of Soil Science and 

Agricultural Chemistry, Vasantrao Naik 
Marathwada Agicultural University, Parbhani 
(MAH) on Vertisol (TypicHaplusterts). The initial 
soil pH 8.29, organic carbon 4.86 per cent, 
available N 159.94 kg ha-1, available 
phosphorus 10.71 kg ha-1 and available 
potassium 578 kg ha-1. The soil was            
clayey in texture, medium in organic carbon, 
available nitrogen was low, medium available 
P2O5 and available K2O was very high 578 kg 
ha-1. 
 

2.2 Experimental Design 
 
The experiment comprise four treatments of 
microbial consortia inoculation Rhizobium 
species + Bacillus megaterium, Rhizobium 
species + Pseudomonasstriata, Rhizobium 
species + Thiobacillus thiooxidant and 
Uninoculated control and four levels of chemical 
fertilizers (N, P2O5 and K2O) viz urea, single 
super phosphate and muriate of Potash,100 % 
RDF, 75 % RDF, 50% RDF and control i.e. 
without fertilizer treatment. The experiment was 
laid out in Factorial Randomized Block Design 
with three replications.  
 

2.3 Seed Inoculation and Sowing 
 
The Rhizophos (Consortia of Rhizobium spp 
and Phosphate solubilizing bacteria) and 
microbial Consortia inoculation Rhizobium spp 
+ Bacillus megaterium inoculation (Consortia I), 
Rhizobium spp + Pseudomona Striata 
inoculation (Consortia II) and Rhizobium spp + 
Thiobacillus thiooxidant inoculation (Consortia III) 
for soybean and chickpea was obtained from 
ICAR - All India Network Project on Soil 
Biodiversity – Biofertilizers and used for seed 
treatment @ 5 ml per kg of soybean seed                  
and chickpea seed. Seed treatment was                
done before sowing. Seeds were dried in shed 
and used for sowing The variety of soybean       
Cv. MAUS 162 and chickpea Cv. Phule Vikram. 
The recommended dose of fertilizer (RDF) as 
basal dose was applied N:P2O5:K2O 30:60:30 kg 
ha-1 for soybean and N:P2O5:K2O 25:50:0 kg ha-1 
for chickpea, through urea, single super 
phosphate and muriate of potash respectively at 
the time of sowing soybean in kharif and 
chickpea in rabi season. Irrigation is given as per 
crop need and of chickpea crop only and 
package of practices were followed for both 
soybean and chickpea crops. The biometric 
observations were recorded at 60 and 90 DAS of 
both soybean, chickpea and average were 
computed.  
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2.4 Plant Sampling and Measurement of 
Growth Parameters 

 
Five plants sampling technique were adopted 
and randomly selected from each plot tagged 
and biometric observations viz., plant height, 
shoot weight, root length, root weight and 
nodulation i.e. number of nodules (plant-1), fresh 
weight of nodules (g plant-1), dry weight of 
nodules (g plant-1). The total number of nodules 
were recorded from five plants in each plot of 
soybean and chickpea. Fresh weight of nodules 
of soybean and chickpea was taken (g plant-1) on 
digital electronic balance. The dry weight of 
nodules of soybean and chickpea were air dried, 
after air drying oven drying was carried out at 
65C0. Dry weight of nodules was recorded (g 
plant-1) on a digital electronic balance. Statistical 
analysis of the data of field experiment was 
analyzed using FRBD (Factorial Randomized 
Block Design) as per the method described in 
“Statistical Methods for Agricultural Workers” 
by Panse and Sukhatme [23]. Appropriate 
Standard Error (S.E.) and critical differences 
(C.D.) at 5% level were worked out wherever 
necessary. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Plant Height (cm palnt-1) of Soybean 
and Chickpea 

 
Plant height was increased with effect of 
microbial consortia inoculation and chemical 

fertilizers during the years 2020-21 and 2021-22 
and pooled mean of experiment Tables 1 and 2. 
Plant height of soybean and chickpea was 
significantly highest at 60, 90 days with treatment 
Rhizobium  species + Pseudomonasstriata 
inoculation II (S3) 69.31, 74.79 and 46.38, 71.95 
and lowest was noted in uninoculated control 
(S1) during both the years of experimentations 
and pooled mean, respectively. Treatment after 
(S3) consortia (II) found at par with Rhizobium 
species + Bacillus megaterium inoculation 
(consortia I) (S2) at both the stages during 2020-
21, 2021-22 and pooled data. The treatment 
chemical fertilizers with 100 % RDF (T4) was 
found significant to increase plant height of 
soybean and chickpea. Significantly highest at 60 
and 90 DAS with treatment 100 % RDF 61.45, 
66.38and 43.54, 64.22 and lowest was found 
without fertilizers (T1) during both the years of 
experiment and pooled mean respectively.  
 

3.2 Shoot Weight (g plant-1) of Soybean 
and Chickpea 

 
Shoot weight was increased with treatment 
microbial inoculants and chemical fertilizers 
Tables 3 and 4. Shoot weight of soybean and 
chickpea crop was significantly highest at 60 and 
90 DAS 40.95, 57.66 and 55.12, 86.11, 
respectively with treatment Rhizobium species + 
Pseudomonas striata (S3) and lowest was 
observed in treatment Uninoculated control (S1) 
during both the experimentation years and 
pooled data. Chemical fertilizer with 100 % RDF 

 

Table 1. Effect of microbial consortia inoculation and chemical fertilizers on plant height (cm 
plant-1) of soybean (Pooled results of two years experiments) 

 

Treatments 60 DAS 90 DAS 

Microbial consortia inoculation (S) 

S1- Uninoculated control 44.38 49.04 
S2-Brady Rhizobium+ Bacillus megaterium inoculation (Consortia-I) 61.73 66.50 
S3-Brady Rhizobium + Pseudomonas striata inoculation (Consortia-II) 69.31 74.79 
S4-Brady Rhizobium + Thiobacillus thiooxidant inoculation (Consortia-III) 56.64 62.05 
S.E.m+ 0.73 1.68 
C.D. at 5% 2.11 4.87 

Chemical fertilizers (T) 

T1- Control (without fertilizer) 55.29 59.77 
T2- 50% RDF 56.47 61.78 
T3- 75% RDF 58.86 64.45 
T4- 100% RDF 61.45 66.38 
S.E.m+ 0.73 1.68 
C.D. at 5% 2.115 4.87 

Interaction (S x T) 

S.E.m+ 1.46 3.37 
C.D. at 5% NS NS 

NS = Non-Significant 
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Table 2. Effect of microbial consortia inoculation and chemical fertilizers on plant height (cm 
plant-1) of chickpea (Pooled results of two years experiments) 

 

Treatments 60 DAS 90 DAS 

Microbial consortia inoculation (S) 

S1- Uninoculated control 33.79 42.77 
S2-Mesorhizobium+ Bacillus megaterium inoculation (Consortia-I) 41.82 61.475 
S3-Mesorhizobium + Pseudomonas striatai noculation (Consortia-II) 46.385 71.95 
S4-Mesorhizobium + Thiobacillus thiooxidant inoculation (Consortia-III) 38.57 63.925 
S.E.m+ 0.51 1.26 
C.D. at 5% 1.50 3.66 

Chemical fertilizers (T) 

T1- Control (without fertilizer) 36.605 54.79 
T2- 50% RDF 38.965 59.11 
T3- 75% RDF 41.445 62 
T4- 100% RDF 43.545 64.22 
S.E.m+ 0.51 1.26 
C.D. at 5% 1.50 3.66 

Interaction (S x T) 

S.E.m+ 1.03 2.53 
C.D. at 5% NS NS 

 
Table 3. Effect of microbial consortia inoculation and chemical fertilizers on shoot weight (g 

plant-1) of soybean (Pooled results of two years experiments) 
 

Treatments 60 DAS 90 DAS 

Microbial consortia inoculation (S) 

S1- Uninoculated control 30.00 41.10 

S2-Brady Rhizobium+ Bacillus megaterium inoculation (Consortia-I) 35.76 49.16 

S3-Brady Rhizobium + Pseudomonastriatainoculation (Consortia-II) 40.95 57.66 

S4-Brady Rhizobium + Thiobacillus thiooxidant inoculation (Consortia-III) 33.22 51.41 

S.E.m+ 0.60 0.65 

C.D. at 5% 1.72 0.90 

Chemical fertilizers (T) 

T1- Control (without fertilizer) 32.59 46.61 

T2- 50% RDF 33.92 47.96 

T3- 75% RDF 35.98 49.10 

T4- 100% RDF 37.44 50.67 

S.E.m+ 0.60 0.65 

C.D. at 5% 1.72 0.90 

Interaction (S x T) 

S.E.m+ 1.19 1.04 

C.D. at 5% NS NS 

 
improved shoot weight of both soybean and 
chickpea crops at 60 and 90 DAS 37.44, 50.67 
and 50.37, 72.21 with treatment (T4) and lowest 
in treatment without fertilizers (T1). The plant 
height and shoot weight of both soybean, 
chickpea crops was increased with 100 % NPK 
along with consortium of bioinoculants might be 
due to easily available all nutrients to plant roots 
and improve the plant height and shoot weight 
and crop growth. Our results are in line with Naik 
et al. [6], when applied EM formulations reported 

have positive effect on several crop growth 
parameters. Solanki et al. [24] reported 
enhancement of P availability increased better 
root growth, plant vegetative growth also. Saini et 
al. [25] reported similar results.  
 

3.3 Root Weight (g palnt-1) of  Soybean 
and Chickpea 

 

The highest root weight (g plant-1) of soybean 
and chickpea Tables 5 and 6 was recorded in 
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Rhizobium species + Pseudomonas striata (S3) 
10.58, 11.54 and 9.97, 11.05 g plant-1 at 60 and 
90 DAS of pooled. Treatment S3 was found at 
par with Rhizobium species + Bacillus 
megaterium (S2) and lowest root weight was in 
Uninoculated control. Further chemical fertilizers 

100 % RDF also increase root weight at 60 and 
90 DAS 9.51, 10.46 and 8.01, 9.74 g plant-1 in 
pooled, and it was at par with treatment 75 % 
RDF and lowest root in treatment control (without 
fertilizer) (T1). 
 

 
Table 4. Effect of microbial consortia inoculation and chemical fertilizers on shoot weight (g 

plant-1) of chickpea (Pooled results of two years experiments) 
 

Treatments 60 DAS 90 DAS 

Microbial consortia inoculation (S) 

S1- Uninoculated control 33.16 45.62 

S2-Mesorhizobium+ Bacillus megaterium inoculation (Consortia-I) 50.28 76.90 

S3-Mesorhizobium + Pseudomonas striata inoculation (Consortia-II) 55.12 86.11 

S4-Mesorhizobium + Thiobacillus thiooxidanst inoculation (Consortia-III) 46.20 60.55 

S.E.m+ 0.75 5.24 

C.D. at 5% 2.18 2.16 

Chemical fertilizers (T) 

T1- Control (without fertilizer) 40.02 64.46 

T2- 50% RDF 45.56 64.87 

T3- 75% RDF 48.81 67.64 

T4- 100% RDF 50.37 72.21 

S.E.m+ 0.75 5.24 

C.D. at 5% 2.18 2.16 

Interaction (S x T) 

S.E.m+ 1.51 1.49 

C.D. at 5% NS NS 

 
Table 5. Effect of microbial consortia inoculation and chemical fertilizers on root weight (g 

plant-1) of soybean 
 

Treatments 60 DAS 90 DAS 

Microbial consortia inoculation (S) 

S1- Uninoculated control 7.13 7.91 

S2-Brady Rhizobium+ Bacillus megaterium inoculation (Consortia-I) 9.27 10.11 

S3-Brady Rhizobium + Pseudomonas striatainoculation (Consortia-II) 10.58 11.54 

S4-Brady Rhizobium + Thiobacillus thiooxidanst inoculation (Consortia-III) 8.39 9.79 

S.E.m+ 0.14 0.23 

C.D. at 5% 0.40 0.68 

Chemical fertilizers (T) 

T1- Control (without fertilizer) 8.00 9.05 

T2- 50% RDF 8.69 9.65 

T3- 75% RDF 9.18 10.19 

T4- 100% RDF 9.51 10.46 

S.E.m+ 0.14 0.23 

C.D. at 5% 0.40 0.68 

Interaction (S x T) 

S.E.m+ 0.30 0.47 

C.D. at 5% NS NS 
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Table 6. Effect of microbial consortia inoculation and chemical fertilizers on root weight (g 
plant-1) of chickpea (Pooled results of two years experiments) 

 

Treatments Pooled 

60 DAS 90 DAS 

Microbial consortia inoculation (S) 

S1- Uninoculated control 6.07 6.86 
S2-Mesorhizobium+ Bacillus megaterium inoculation (Consortia-I) 7.40 8.92 
S3-Mesorhizobium + Pseudomonas striata inoculation (Consortia-II) 9.97 11.05 
S4-Mesorhizobium + Thiobacillus thiooxidant inoculation (Consortia-III) 7.3 8.24 
S.E.m+ 0.10 0.15 
C.D. at 5% 0.31 0.43 

Chemical fertilizers (T) 

T1- Control (without fertilizer) 7.38 7.83 
T2- 50% RDF 7.54 8.23 
T3- 75% RDF 7.80 9.26 
T4- 100% RDF 8.01 9.74 
S.E.m+ 0.10 0.15 
C.D. at 5% 0.31 0.43 

Interaction (S x T) 

S.E.m+ 0.21 0.3 
C.D. at 5% NS NS 

 

3.4 Root Length (cm plant-1) of Soybean 
and Chickpea 

 
Tables 7 and 8 indicates the effect of microbial 
inoculants on root length of soybean and 
chickpea crops during the years 2020-21, 2021-
22 and pooled were highest root length 31.80, 
35.23 and 18.77, 20.36 cm palnt-1 at 60 and 90 
DAS and maximum root length was noted in 
treatment Rhizobium species + Pseudomonas 
striata (S3) and least was noticed treatment 
Uninoculated control (S1) during both the years 
of and pooled. Chemical fertilizers showed 
significantly highest root length 27.84, 32.79 and 
17.13, 17.62 cm palnt-1 at 60 and 90 DAS in1 00 
% RDF treatment of both soybean and chickpea 
crop respectively, and was minimum root length 
was in treatment without fertilizer application 
(T1). 
 
Shoot weight and root length of soybean and 
chickpea plants significantly increased might be 
due to Brady Rhizobium, Mesorhizobium and 
Pseudomonasstriata, Bacillus megaterium is able 
to synthesized growth regulators Indole Acetic 
Acid (IAA), Gibberellins, Auxins, Vitamins and 
Cytokines antagonistic metabolites such as HCN 
and siderophore through its ability to provide 
nutrients through biological nitrogen fixation and 
phosphorus solubilization / mobilization and ion 
chelation  [26-28]. reported that single inoculation 
with AM (Arbuscular mycorrhiza) fungus and R. 
irregularis significantly increased shoot weight of 

chickpea over Uninoculated control. Elcoka et al. 
[29] observed on chickpea seed inoculants with 
Rhizobium N2 fixing Bacillus subtilis and P 
solubilizing Bacillus megaterium was highest 
plant height, shoot weight over control treatment. 
 

3.5 Nodulation in Soybean and Chickpea 
 

The number of nodules in soybean and chickpea 
were significantly improved by microbial 
consortia inoculants and chemical fertilizers 
Tables 9 and 10. Maximum nodules, fresh weight 
of nodules were recorded in treatment (S3) 
Rhizobium species + Pseudomonas striata 
100.30, 897.84, 570.87 and 41.79, 478.55, 
309.37 respectively and lowest number of 
nodules plant-1, fresh weight of nodules mg plant-

1 and dry weight of nodules mg plant-1 were 
recorded in treatment (S1) uninoculated control. 
Chemical fertilizer increased nodule number 
plant-1, fresh weight mg palnt-1 and dry weight mg 
plant-1 of nodule in both soybean and chickpea 
i.e. 80.29, 741.88, 492.58 and 35.54, 417.09, 
291.89 significantly maximum in treatment (T4) 
and minimum was in control (without fertilizer) 
and treatment (T1) both the soybean and 
chickpea crop.  
 
Application of dual or more inoculants i.e. 
Rhizobium species, PSB, phosphate solubilizing 
and mobilizing bacteria might be due to greater 
availability of nitrogen and phosphorus in soil 
which results in better nodulation, increase 
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number of nodules improves fresh weight and 
dry weight of nodules growth and development of 
plant growth. Our results are similar in line with 
Hungria et al. [30] ,they reported that the 
application of Brady Rhizobium + strains of 
Azospirillum and PSM the nodulation of soybean 
plants were promoted. Masciarelli et al. [31]. 
found that co-inoculation of Brady 
Rhizobiumiaponicum with PSB has better 
nodulation and  could be due to phyetohormone  
production which resulted in increased nodule 

number and its dry biomass. Co-inoculation of 
rhizobia with PGPR enhanced nodulation in 
pigeonpea and other legumes Gupta et al. [32]; 
Sekar et al. [33]. Nasimento et al. [34]. 
Sibpankrung et al. [35] also reported the similar 
results. Inoculation of bradyrhizobium japonicum 
application with P and K fertilizer increased 
nodules number, dry weights of nodules and 
yield of soybean Wanling  et al.  [36]; Obey et al. 
[37]. 

 

Table 7. Effect of microbial consortia inoculation and chemical fertilizers on root length (cm) of 
soybean (Pooled results of two years experiments) 

 

Treatments 60 DAS 90 DAS 

Microbial consortia inoculation (S) 

S1- Uninoculated control 21.60 25.82 
S2-Brady Rhizobium+ Bacillus megaterium inoculation (Consortia-I) 25.52 31.80 
S3-Brady Rhizobium + Pseudomonas striata inoculation (Consortia-II) 31.80 35.23 
S4-Brady Rhizobium + Thiobacillus thiooxidanst inoculation (Consortia-III) 22.78 29.14 
S.E.m+ 0.40 0.51 
C.D. at 5% 1.17 1.49 

Chemical fertilizers (T) 

T1- Control (without fertilizer) 23.36 27.85 
T2- 50% RDF 24.31 29.90 
T3- 75% RDF 26.18 31.46 
T4- 100% RDF 27.84 32.79 
S.E.m+ 0.40 0.51 
C.D. at 5% 1.17 1.49 

Interaction (S x T) 

S.E.m+ 0.81 1.03 
C.D. at 5% NS NS 

 

Table 8. Effect of microbial consortia inoculation and chemical fertilizers on root length (cm) of 
chickpea (Pooled results of two years experiments) 

 

Treatments Pooled 

60 DAS 90 DAS 

Microbial consortia inoculation (S) 

S1- Uninoculated control 11.74 13.75 
S2-Mesorhizobium+ Bacillus megaterium inoculation (Consortia-I) 15.77 18.04 
S3-Mesorhizobium + Pseudomonas striata inoculation (Consortia-II) 18.77 20.36 
S4-Mesorhizobium + Thiobacillus thiooxidanst inoculation (Consortia-III) 14.98 16.92 
S.E.m+ 0.42 0.29 
C.D. at 5% 1.20 0.74 

Chemical fertilizers (T) 

T1- Control (without fertilizer) 13.85 16.70 
T2- 50% RDF 14.51 17.14 
T3- 75% RDF 15.76 17.61 
T4- 100% RDF 17.13 17.62 
S.E.m+ 0.42 0.29 
C.D. at 5% 1.20 0.74 

Interaction (S x T) 

S.E.m+ 0.83 0.59 
C.D. at 5% NS NS 
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Table 9. Effect of microbial consortia inoculation and chemical fertilizers on nodules of 
soybean (Pooled results of two years experiments) 

 

Treatments No. of 
nodules 

Fresh wt 
(mg/pl) 

Dry wt 
(mg/pl) 

Microbial consortia inoculation (S) 

S1- Uninoculated control 39.46 372.83 345.75 

S2-Brady Rhizobium+ Bacillus megaterium 
inoculation (Consortia-I) 

77.04 805.79 505.12 

S3-Brady Rhizobium + 
Pseudomonastriatainoculation (Consortia-II) 

100.30 897.84 570.87 

S4-Brady Rhizobium + Thiobacillus thiooxidant 
inoculation (Consortia-III) 

73.00 768.13 451.5 

S.E.m+ 2.63 2.41 8.60 

C.D. at 5% 8.82 6.95 24.82 

Chemical fertilizers (T) 

T1- Control (without fertilizer) 64.58 683.50 443.08 

T2- 50% RDF 70.84 701.38 464.41 

T3- 75% RDF 74.09 717.84 473.17 

T4- 100% RDF 80.29 741.88 492.58 

S.E.m+ 2.63 2.41 8.60 

C.D. at 5% 8.82 6.95 24.82 

Interaction(SxT) 

S.E.m+ 3.05 2.41 17.19 

C.D. at 5% 8.82 6.95 NS 

 
Table 10. Effect of microbial consortia inoculation and chemical fertilizers on nodules of 

chickpea (Pooled results of two years experiments) 
 

Treatments No. of 
nodules 

Fresh wt 
(mg/pl) 

Dry wt 
(mg/pl) 

Microbial consortia inoculation (S) 

S1- Uninoculated control 23.66 278.71 209.67 
S2-Mesorhizobium+ Bacillus megaterium 
inoculation (Consortia-I) 

33.17 445.34 290.29 

S3-Mesorhizobium + 
Pseudomonastriatainoculation (Consortia-II) 

41.79 478.55 309.37 

S4-Mesorhizobium + Thiobacillusthiooxidant 
inoculation (Consortia-III) 

32.46 420.63 253.28 

S.E.m+ 0.34 1.64 4.93 
C.D. at 5% 1.56 4.73 14.26 

Chemical fertilizers (T) 

T1- Control (without fertilizer) 29.29 392.79 240.57 
T2- 50% RDF 27.42 402.29 256.78 
T3- 75% RDF 33.83 411.05 273.78 
T4- 100% RDF 35.54 417.09 291.89 
S.E.m+ 0.33 1.64 4.93 
C.D. at 5% 1.56 4.73 14.26 

Interaction(SxT) 

S.E.m+ 0.67  3.28 9.94 

C.D. at 5% 1.94  9.47 NS 
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4. CONCLUSION 
 

The growth parameter character viz., plant 
height, shoot weight, root length, root weight and 
nodulation of both soybean and chickpea crop 
were improved with consortia of Rhizobium 
species + Pseudomonas striata (Consortia II) 
inoculation over other inoculation treatments 
along with 100 % RDF).  
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