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Abstract 

Green house earthen pot experiments were undertaken by using sterilized sandy loam garden 
soils, with the inoculation of Glomus macrocarpum (AM fungus) and Bacillus polymyxa 
(phosphate solubilising bacterium). Plants inoculated with AM fungus and PSB in sterilized soil 
produced significantly higher growth, dry matter, increased per cent root colonization, 
chlorophyll content in leaves and Phosphorus uptake in shoot and root. Moderate or lower 
growth response was observed among the plants which were inoculated either PSB or AM 
fungus alone. On the contrary uninoculated plants in sterilized garden soil did not showed the 
improvement of plant growth and P uptake. A synergistic effect was recorded with increased 
plant dry matter, per cent root colonization and P uptake in Sorghum vulgare Pers. plants with 
inoculation both the inoculants in sterilized soil compare to unsterilized soil. 

Keywords: 
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Introduction: 

Pressure on land, imbalance in application of plant nutrients and indiscriminate use of pesticides 
has resulted in poor soil health and deterioration of soil fertility. Many beneficial 
microorganisms, aid in improvement of plant uptake by phosphate solubilisation and production 
of phytohormones like indole-3 acetic acid. They directly influence on the plant growth. 
Phosphate solubilising bacteria showed the potential to solubilise mineral phosphates and large 
unexploited resources of low grade rock phosphate which are available in many countries (Gaur  
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and Adholeya 2002).  The Arbuscular mycorrhizal fungi (AMF) invade plant roots and form a 
symbiotic association with terrestrial plants. This AM fungi play the  important role in  
absorption of phosphorus, Nitrogen, Potassium and other micronutrients including  water and 
show antagonism to plant pathogens especially in P deficient soils (Bagyaraj, 2006; Lakshman, 
2009).  

Sorghum vulgare is the fourth most cereal crop after, wheat, rice, and maize very important 
stable crop of north Karnataka. The crop is quite valuable for forage and used safely in the form 
of silage. The dried grains contain 69-78% Carbohydrates, 9-20% proteins, and 3% of fat. It 
provides basic nourishment for much of the human population in semi arid trips, S. Africa and 
Asia. The plant bases and stem are used as fuel at times of scarcity of wood. Keeping this in view, 
a study was conducted to analyse the phosphate solubilising efficiency of Bacillus polymyxa and 
phosphate absorber AM Fungi on growth and P uptake of Sorghum vulgare Pers.   

Materials and methods 

 The Green house experiments were conducted in the Post Graduate Department of 
Botany, Karnatak University Dharwad-580003 India. We had isolated the dominant AM fungi, 
composited rhizospheric soil samples were collected from the Sorghum vulgare growing places.  
This was done by digging by soil digger with a small amount of soil close to the plant roots up to 
05-30 cm depth. Samples were kept in sterilized polythene bags with labelling and stored in 
refrigerator 4oC for further processing. Bacillus polymyxa, a Phosphate solubilising bacterium, 
was procured from the Department of Agricultural Microbiology University of Agricultural 
Sciences, Dharwad-580003 India. The AM fungi Glomus macrocarpum was mass multiplied with 
Maize (Zea mays L.) as a potential host plant. Soil based AM fungal inoculum was established and 
maintained in pot culture separately without contamination in polyhouse at post graduate 
department of Botany Karnatak University Dharwad-580003 India. 

Seedlings were raised in earthen pots containing 4 Kg of sterilized and unsterilized 
garden soil. Each pot measuring 20 cm × 25 cm (length ×breath) the soil used for the experiment 
was a sandy loam with a pH; of 6.7, E.C; 0.13 mmhos/cm2, organic carbon; 0.38%, available N; 
199 kg/ha, available K; 204 kg/ha and available P; 4.6 kg/ha, annual temperature 28-340C, one 
week old seedlings surrounding the rhizosphere of Sorghum vulgare was inoculated with PSB 
and AM fungus. PSB was isolated from the rhizosphere soils of Sorghum plants growing in 
Dharwad Agriculture field. Using pikovskay medium at 280C of 48 hrs. There were 2×108 cells 
per ml of both cultures. 10 ml of homogenized culture was poured to the planting furrow and 
arbuscular mycorrhizal colonized chopped root bits (15g) 7.5g soil of the host plants which 
consisted of spores (approximately 154/200g soil) and 7.5g chopped host root bits containing 
external hyphae was used as the inoculum singly or in combination. All the treatments were 
followed as mentioned below;  

1. Un-inoculated control 
2. Glomus macrocarpum  
3. Bacillus polymyxa 
4. G. macrocarpum + B. polymyxa 

The following observations were recorded on two harvests 45 to 90 days plants were 
maintained in random designed with 4 replicates in green house. All the plants were watered on 
alternate day and once in 15 days 10 ml of minus P Hoagland nutrient solution was given to each 
experimental plant.  

Plants growth parameters: Plant height, dry weight of shoot and number of leaves and 
nutrient uptake in shoots and roots were determined. The per cent of AM fungal colonization of 
Sorghum roots were estimated according to (Philips and Hayman, 1970). The extra metrical 
chlamydospores were isolated and root samples were stained by adopting wet-sieving and 
decanting technique outlined by (Gerdemann and Nicolson, 1963). Phosphorus content of shoots 
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was estimated by vanadomolybdate phosphoric yellow colour method outlined by (Jackson, 
1973). The leaves were collected for the analysis of Chlorophyll a and Chlorophyll b was 
estimated following the procedure (Arnon, 1949), after 45 and 90 days of inoculation of AM 
Fungus and Phosphate solubiliser. 

Results and Discussion: 
 

The soil of Sorghum grown region was sandy clay with pH 6.7 and annual temperature 28-340C. 
Most of the plants show arbuscular mychorrhizal dependency of mean are range from 59.2 to 
82.4% among the 80% of sorghum examined plant roots, and spores population was 201-300 
spores /50g soil, with 33 different spores. The most dominant spores Glomus macrocarpum was 
mass multiplied for inoculation. Similarly, PSB was recovered from the rhizosphere of Sorghum 
field. Inoculation both AM fungus G. macrocarpum and Phosphate solubilizing bacteria B. 
polymyxa significantly improved the plant height, root length, stem girth, shoot and root biomass 
yield was drastically increased from 45-90 days shown in (Tables 1-2) compare to single 
inoculation either AM fungus or Phosphate solubilizing bacteria. However, no increased shoot 
and root length, and biomass yield in uninoculated (control) plants. Per cent root colonization, 
spore number, seeds number per head, phosphorus content in shoot and root was absorbed in 
sorghum plants (Tables4-5). The chlorophyll content in leaves, showed the influence of AM 
fungus G. macrocarpum and phosphate solubilizer Bacillus polymyxa, single inoculation with PSB 
does not influence much in enhancing chlorophyll content in leaves. But, AM fungus G. 
macrocarpum inoculated plants showed increase chlorophyll of both chlorophyll a and b   
compare to non inoculation (control) plants. There was significantly increased chlorophyll 
content in leaves of Sorghum after the inoculation of both the bioinoculants of AM fungus and 
Bacillus polymyxa (Tables5-6), and (Fig. 1). The percentage of root colonization or sporulation 
was higher with phosphate solubilizer and phosphorus absorber (AM fungus), as compare to 
PSB alone (Fig. 2). Earlier studies indicated that PSB may reduce AM fungal spore populations, 
hyphal growth in the soil (Bagyaraj, 1984). Similar results were obtained in the present study. 
However, significant plant growth, mychorrhizal development enhanced, dry matter production 
plant P uptake over the uninoculated plants. Recent researches on plant nutrition through PSB 
and AM fungi have amply demonstrated that these organisms play an important role in uptake of 
nutrient from the marginal soils. Research in the last three decades has established that dual 
inoculation of phosphate solubilising bacteria and AM fungi stimulates plant growth. Phosphate 
solubilising bacteria solubilise insoluble P and help to absorb and translocate more soluble 
phosphate (Azcon-Aguliar et al., 1986; Lakshman, 1996).  

Soil microorganisms play an important role in increasing phosphorus availability to plants by 
dephosphorylating P-bearing organic compounds and bring about favourable changes in soil 
reaction and in the soil microenvironment leading to solubilisation of insoluble inorganic 
phosphate sources. Phosphate solubilising microorganisms belonging to genera Bacillus, 
pseudomonas, Citrobacter, Enterobacter and Serratia have been isolated in the recent years 
from the soil and rhizosphere of crop plants (Kim et al., 1997; Kim et al., 1998).  

The positive response of Sorghum plants growth, per cent root colonization in P deficient soil 
supports, the previous findings with maize and wheat (Khan, 1972, 1975; Perry et al., 1987; 
Lakshman, 1996). The increase in plant growth, biomass yield and number of grains (seeds) and 
P uptake in shoots and roots with dual inoculation suggesting the synergistic interactions among 
microbial inoculants (Filter and Garbage, 1994; Singh and Kapoor, 1999; Chaiharn and 
Saisamorn, 2009; Swetha and Lakshman, 2013). A similar, increase of plant growth, phosphorus 
uptake has been reported by several agricultural crops (Poonguzhali et al., 2008; Lakshman, 
2009). Similarly, the dual inoculation with mycorrhiza and phosphate solubilizing bacterial 
species effective in increasing the Chlorophyll content, leading to enhanced growth in Sorghum 
(Srihari and Srinivasa, 1992). In the present findings, it is clear that leading to a better 
awareness of the ways in which different types of beneficial microorganisms contribute to the 
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development and enhancing the plant growth at different special scales. The effect of AM fungi 
on the initial growth and establishment of Sorghum vulgare Pers. was studied on the bases of 
examined growth parameters. It may be concluded that microbial inoculated plants showed a 
significantly greater growth rate than the uninoculated plants, especially dual inoculation of 
Glomus macrocarpum with PSB (Bacillus polymyxa) found to be superior in increasing the 
growth, biomass yield, Chlorophyll content increases and P uptake in Shoots and roots of 
Sorghum vulgare Pers. 

Table 1. Effect of AM fungus and PSB on plant height, root length, fresh and dry weight of plants in 
Sorghum vulgare for 45 days. 

Mean values are followed by the some letter within a column do not differ significantly at P<0.05 

according to DMRT  

Table 2. Effect of AM fungus and PSB on plant height, root length, fresh and dry weight of plants in 
Sorghum vulgare for 90 days. 

Mean values are followed by the some letter within a column do not differ significantly at P<0.05 
according to DMRT  
 

Table 3. Effect of AM fungus and PSB on per cent root colonization spore number and Number of seed 
yield, and P content in Shoot and root in Sorghum vulgare for 45days. 
 

Treatments 
% root 

colonization 

AMF spore 
number/50g 

soil 

Number of 
seeds/head 

(plant) 

% P content in 

Shoot Root 

(Control) 14.0d 26.2d NA 0.05f 0.05d 

AMF 51.3b 133.0b NA 0.12b 0.08b 

PSB - 48.0c NA 0.13ab 0.11a 

AMF+PSB 72.4a 157a NA 0.14a 0.11a 

Treatments 

Shoot 
length 
(cm) 

root 
length 
(cm) 

Shoot  
Girth 
(cm) 

Fresh 
weight 
Shoot/g 

Dry 
weight        

Shoot /g 

Fresh 
weight 
Root/ g 

Dry 
weight 

Root (g) 

(Control) 43.1d 2.4d 1.4c 3.2d 0.93d 0.31d 0.18d 

AMF 83.5b 6.2b 2.2b 8.3b 2.1c 1.78b 0.96a 

PSB 77.1c 5.7c 2.2b 6.7c 2.4b 1.76bc 0.92a 

AMF+PSB 109.2a 7.2a 2.3a 11.7a 3.4a 1.82a 0.97a 

Treatments 
Shoot 
length 
(cm) 

root 
length 
(cm) 

Shoot  
Girth 
(cm) 

Fresh 
weight 
Shoot/g 

Dry 
weight        

Shoot /g 

Fresh 
weight 
Root/ g 

Dry 
weight 

Root (g) 

(Control) 61.4d 2.3d 1.3c 3.7d 0.86d 0.43d 0.26d 

AMF 99.3b 5.6b 2.2ab 9.4b 2.8b 1.92b 0.94ab 

PSB 92.1c 5.4b 2.2ab 8.8c 2.4bc 1.89c 0.90b 

AMF+PSB 117.5a 9.2a 2.5a 17.3a 4.6a 2.2a 0.98a 
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Mean values are followed by the some letter within a column do not differ significantly at P<0.05 
according to DMRT  

Table 4. Effect of AM fungus and PSB on per cent root colonization spore number and Number of seed 
yield, and P content in Shoot and root in Sorghum vulgare for 90 days. 

Treatments 
% root 

colonization 

AMF spore 
number/50g 

soil 

Number of 
seeds/head 

(plant) 

% P content in 

Shoot Root 

(Control) 19.2d 33.1e 81.2f 0.05f 0.05f 

AMF 64.6b 151.0b 159c 0.16b 0.11ab 

PSB - 48.0d 147d 0.19ab 0.12a 

AMF+PSB 77.2a 169.0a 203a 0.21a 0.12a 

Mean values are followed by the some letter within a column do not differ significantly at P<0.05 
according to DMRT  
 
Table 5. Effect of AM fungus and PSB on chlorophyll content in Sorghum vulgare pers. for 45 days. 

Treatments 
Chlorophyll a 

(mg/g) 
Chlorophyll b 

(mg/g) 

Total 
Chlorophyll 

(mg/g) 

(Control) 0.202d 0.219e 0.421d 

AMF 0.537ab 0.584a 1.121b 

PSB 0.498b 0.503b 1.001c 

AMF+PSB 0.568a 0.577ab 1.145a 

Mean values are followed by the some letter within a column do not differ significantly at P<0.05 
according to DMRT  
 
Table 6. Effect of AM fungus and PSB on chlorophyll content in Sorghum vulgare pers. for 90 days. 

Treatments 
Chlorophyll a 

(mg/g) 
Chlorophyll b 

(mg/g) 

Total 
Chlorophyll 

(mg/g) 

(Control) 0.218d 0.235d 0.453e 

AMF 0.559b 0.592ab 1.151ab 

PSB 0.507bc 0.514c 1.021c 

AMF+PSB 0.615a 0.602a 1.217a 

Mean values are followed by the some letter within a column donot differ significantly at P<0.05 
according to DMRT  
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Fig. 1. Showing the effect of AM fungus and PSB on per cent root colonization and spore number in 
Sorghum vulgare for 90 days. 

 

Fig. 2. Showing the effect of AM fungus and PSB on chlorophyll content in Sorghum vulgare pers. for 90 
days. 
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