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Abstract 

 

Pot Experiments were undertaken on Phaseolus mungo L. to examine the effect of three 

bioinoculants AM fungus, Rhizobium and Azospirillium. Observation of plant height, root 

length, biomass yield, number of flowers, nodules, per cent root colonization, spore number 

and P uptake in shoots. There was a significantly increased plant growth, biomass 

production, nodule number and P uptake was recorded in black gram plants, which received  

combined inoculations of  (Rhizophagus fasciculatus + Rhizobium ) over the control or 

uninoculated plants. The results revealed that AM fungus (single inoculation) or AM 

fungus+ Azospirillium do not influence the plant growth. But the rhizobium and mycorrhiza 

Rhizophagus fasciculatus of dual inoculation more suitable to get better yield and N, P 

uptate in Phaseolus mungo L. 

 

Key words: Arbuscular mycorrhizal (AM) fungus, Phaseolus mungo L., Rhizobium 

Azospirillium, biomass yield, per cent root colonization. 

 

 

Introduction 

 
Interaction of AM fungi with other soil microorganisms is well known phenomena, it has been 

studied for several decades. The early studies of Mosse (1959) showed that the germination of 

AM fungus was depended on compounds produced in unsterile soil, must probably by active 

soil organisms. Enhanced plant growth due to AM association is well documented (Bagyaraj, 

1978). This has gained momentum in recent years because of the higher cost and hazardous 

effects of heavy doses of chemical fertilizers. Muthuraju et al., (2002), have studied the 

Interactive effects of Glomus mosseae, Pseudomonas fluorescens and Azospirillum brasilense 

on growth and yield of tomato. Influence of Glomus macrocarpum and plant growth promoting 

rhizomicroorganisms on growth and biomass of periwinkle reported by Eranna et al., (2002). 

Sumana et al., (2003), have  studied the Interaction between Glomus mosseae, Azotobacter 

chroococcum and Bacillus coagulans and their influence on growth and nutrition of Neem. 

Subba Rao et al, (1985) have reported the synergistic effect of AM fungi and Azospirillum 

brasilense on the growth of barley and pearl millet has been reported.  
Oliveira et al., (1987), have studied the interaction between three species of VAM fungi 
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and one isolate of Pseudomonas putida on cassava. Sesilia and Bagyaraj (1987), had estimated 

the population of total bacteria, nitrogen fixing bacteria and actinomycetes in the root zones of 

different AM fungal pot cultures of Glomus fasciculatum, Gigaspora margarita and Sclerocystis 

dussi. Guramurthy and Sreenivasa (1996) have found higher population of free-living nitrogen 

fixers and phosphorus solibilizers on Chilly inoculation of Glomus macrocarpum when 

compared to uninoculated control. Redecker et al., (1997) have studied the interaction between 

Phaseolus vulgaris, Rhizobium strains and AM fungi under greenhouse conditions using 

unsterilized soil. Sanders and Tinker (1973) have suggested that mineralization and 

solubilization of nutrients are microbial mediated processes, which can directly control 

phosphorus availability 

The beneficial of plant microbe interactions in the rhizosphere are the primary 

determinants of plant’s health and soil fertility (Jeffries et al., 2003). Concerted efforts are 

being made worldwide to develop nutrient use-efficient crop cultivars responsive to 

biofertilizers to increase crop yield and also to maintain good soil health (Manske et al., 1995; 

Lakshman , 1996 and 2005). This indicated that the plants might select the AM fungi 

communities associated with different plant hosts. Synergistic positive interactions have been 

reported between AM fungi and plant growth promoting bacteria such as nitrogen fixers, 

Pseudomonas fluorescens and sporulating bacilli (Hameeda et al.,  2007). Plant growth can be 

stimulated in response to root colonization by bacteria referred to as “plant growth promoting” 

rhizobacteria (PGPR) (Kloepper et al., 1980). 

Phaseolus mungo one of the oldest legume crop, believed to be native of India. This 

plant can be grown on wide range of soils from loams to black cotton soils. Seeds have rich in 

phosphoric acid. The seeds have a high protein 23.4 percent and 14 percent fats, 57 percent 

carbohydrates, 38 percent fiber, 4.8 percent ash in black grains rather scanty. Therefore, the 

present study aimed to find out the interaction of three bioinoculants on plant growth and N and 

P uptake by black gram. 

 

Materials and Methods 
 

Arbuscular Mycorrhizal fungus Glomus macrocarpum mass multiplication was made by using 

Jowar (Sorghum vulgare L.) as host plant, in earthen pots measuring about 25cmX30cm 

breadth and height with sterilized sand: soil (1:3, v/v) and it was used as inoculums for the 

further experiments to understand the growth.  

 

A. Seeds sown in sterilized soil without inoculum (Uninoculated (control). 

B. Seeds + 15 g of AM inoculum Glomus macrocarpum  

C. Seeds + 15 g of AM inoculum Glomus macrocarpum  + Rhizobium. 

D. Seeds + 15 g of AM inoculum Glomus macrocarpum + A.chorococcum 

E. Seeds + 15 g of AM inoculum Glomus macrocarpum + Rhizobium + A.chorococcum 

 

 AM fungus Glomus macrocarpum was mass multiplicated on Sorghum vulgare as a 

potential host. 10gm mixed inoculums (5g rhizosphere of Sorghum vulgare contain spores 

approximately 115-201 spores/1g soil with hyphae, other  5g was highly colonized chopped root 

bits. Inoculums was placed 4cm below the surface of each experimental pot except (control 

pots). Gum arabic plus Jaggery mixed Rhizobium semisolid culture was pasted on each black 

gram before sowing, each seed approximately 4X10
-8

 cells. Similarly F.Y.M and peat based 

carrier material was mixed with Azospirillum. Finally, 100g of carrier based mixture was mixed 

with 1000ml of distilled water. 10ml of carrier based Azospirillum was poured surrounding the 

sown seeds to the experimental pots 2X10
-5

 cells. In all there were 21 treatments and each 

treatment was maintained in triplicates of random design. The pots were treated with 10 ml of 

Hoagland nutrient (without phosphorous) solution was given once in fifteen days. To maintain 

moisture, the pots were watered early in the morning every alternate day. The shoot length, root 

length, dry weight of the shoot and root is recorded; numbers of flowers, fruits and nodule 

number were recorded on 30, 60 and 90 days respectively. Experimental plants were harvest, 
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(shoot and root) ware oven dried at 70° C until a constant weight is obtained to determine the 

dry weight. The AM fungal spores were counted after uprooting the plant from the soil by wet 

sieving and decanting method (Gerdemann and Nicholson, 1963). The percentage colonization 

of the roots was determined (Phillips and Hayman, 1970). Phosphorus and nitrogen content in 

the shoots and roots was determined following the procedure of (Jackson, 1973).  

 

Results and Discussion 

 
The influence of three bioinoculants on lentil after 30 days revealed that favourable 

improvement of plant height and root length. It was at 60 days the number of spores also 

increased in the plants inoculated AMF with Rhizobium and Azospirillum. In dual inoculations 

of Azospirillum with AM fungus and  Rhizobium and AM fungus resulted in  a significantly 

increased shoot length and dry weight of both root and shoot, per cent of AM Fungal. But this 

increase was more or less lower in plants recieved with triple inoculation. 

 
Figure 1:  Showing the effect of AM fungi and other inoculants on Shoot length, fresh weight of shoot 

and per cent root colonization in P. mungo L. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Nitrogen uptake and phosphorous uptake, per cent AM fungal colonization and spore 

number higher over than the control (non-inoculated) plants (Table 1).  It was after, 90 days, 

combined inoculations such as Rhizobium and AM fungus has produced in higher growth 

response than the plants received triple inoculants. However number of flowers and pods, 

nodules were increased with single or combined or triple inoculation 

Phaseolus mungo L., had shown increased growth response, fresh weight and dry weight 

of shoot and root was increased, the number of spores were also increased in the rhizospheric 

region of the experimental plants, percentage of colonization and phosphorous uptake (Fig 1-

2). But the number of nodules per plant was significantly higher in plants which was inoculated 

with Rhizobium compared to the plants received AM fungus alone and control plants (non- 

inoculated). All the experimental plants showed positive responses to all the inoculation, but 

the extent significant improvement were observed in all the treated plants over the un-

inoculated ones. Arbuscular mycorrhizal fungi can dramatically increase absorption of mineral 

nutrition particularly immobile nutrients by host plants from the soil (Safir et al., 1971).  

The roots exudation is also modified both quantitatively and qualitatively by AM fungal 

symbiosis. Although releases of substances from AM fungi are not well documented, 

differentiate substances released by the roots such as soluble sugars, phenols, organic acids, 

amino acids, antibiotics and volatile compounds are usually responsible for these changes 

(Nirmalnath and Sreenivasa, 1992). In the present work the results are consistent with early 
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Table 2: Showing the effect of AM Fungus (Glomus macrocarpum  ) Rhizobium and Azospirillum on growth of Phaseolus mungo L. 

 

 

Treatments SL FWS DWS RL FWR DWR 
No of 

flowers 

No of 

Pods 

No of 

nodules 

Per cent of 

colonization 

Spore 

number/ 

50 g soil 

% of P-

Uptake 

in shoot 

% N 

in 

roots 

30 Days 

 Control 12.00d 1.24e 0.11c 5.8b 0.9a 0.03a 0 0 0 0 0 0.05a 1.61a 

AMF 12.69c 1.28d 0.19d 5.72a 1.04d 0.05b 0 0 0 35a 95a 0.09b 2.17b 

Rhizobium+AMF 18.71b 1.94b 0.29e 6.64b 1.12d 0.08b 0 0 0 42c 121b 0.11b 2.19b 

Azos+AMF 14.63c 1.69c 0.18d 6.20a 1.10c 0.06c 0 0 0 40d 105c 0.09c 2.18d 

Rhizo+Azo+AMF 16.78a 1.81a 0.23a 6.26c 1.11b 0.07d 0 0 0 39e 103e 0.08d 2.24c 

60 Days 

 Control 22a 3.01a 0.24b 17b 1.08a 0.05d 1 0 0 0 0 0.06a 1.63a 

AMF 29c 4.41b 0.29d 29b 1.67cd 0.09a 1 1 1 48a 123a 0.12b 2.19d 

Rhizobium+AMF 56d 4.62c 0.39b 39a 1.77d 0.13b 2 4 12 65c 156b 0.16c 2.21b 

Azos+AMF 41e 3.92d 0.35c 35d 1.70e 0.11c 1 3 7 54d 145e 0.14b 2.21c 

Rhizo+Azo+AMF 44c 4.02a 0.36e 37c 1.73ab 0.12d 1 2 10 50e 140d 0.13a 2.60e 

90 Days 

 Control 38a 3.23b 0.38b 21a 1.78c 1.03b 2 2 0 0 0 0.08a 1.66a 

AMF 30b 5..21a 0.44a 32e 2.16b 1.13e 3 5 5 75d 139b 0.16c 2.21d 

Rhizobium+AMF 62d 7.82c 0.59bc 41a 2.18bd 1.24d 5 10 18 89b 169b 0.21b 2.26c 

Azos+AMF 51e 6.82d 0.46d 39b 2.10e 1.18c 4 8 12 79c 150c 0.19d 2.27b 

Rhizo+Azo+AMF 58c 7.23c 0.52e 40c 2.16c 1.20b 2 6 15 76a 149a 0.17e 2.31e 

 

Mean values followed by the same letter with in a column do not differ significantly at p=0.05 by ANNOVA  

SL= shoot length, FWS = fresh weight of shoot, DWS= dry weight of shoot, RL= root lenghth, FWR= Fresh weight of roo, DWR= dry 

weight of root. 
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workers contribution of (Bagyaraj et al., 1979; Ananth Nail et al., 2007). Dual microbial 

inoculants are more suitable than triple inoculation. Mycorrhizae have been found, in general, 

to increase legume performance, since woody legumes usually exhibit a high degree of 

mycorrhizal dependence in order to thrive in stressed situations. 
 

Figure 2:  Showing the effect of AM fungi and other inoculants on dry weight of root and P uptake in    

P. mungo L. 

 

 

 

 

 

 

 

 

 

 

 

 

Specific rhizosphere microorganisms are also important and can play a relevant role in 

promoting root growth and mycorrhizal development, facilitating plant performance in a 

semiarid ecosystem. This could be critical for optimal establishment of plants in these areas 

(Requena et al., 1996, 1996; Toro et al,. 1997; Sabannavar, and Lakshman, 2008). Ours results 

indicated that in order to obtain optimum growth leguminous crops needed to be associated 

with a mycorrhizal fungus, with Rhizobium or Azospirillium under the prevailing unfertile soils 

of their natural habitats. Anyone nitrogen fixing bacteria in root nodules (Rhizobium) or soil 

free nitrogen fixer (azospirillium) may be used with AM fungus G.macrocarpum and therefore, 

triple inoculation may not be useful for Phaseolus mungo  plants. In conclusion the present 

study indicated that there is strong relation between Rhizobium and AM fungus with free 

nitrogen fixing bacteria Azospirillum activities. Which were used as inoculatants in the present 

work to enhance the biomass yield and N, P uptake in Phaseolus mungo (black gram). So that 

tribal microbial inoculation to black gram can be recommended before sowing the seeds. 
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