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INTRODUCTION 
 
Green gram (Vigna radiata L.), commonly known as mung 
bean, a protein rich pulse crop has a growing demand in Asia, 
specially in India. It contains light protein, easily digestible, 
and does not cause the flatulence as many other legumes do 
(Hussain et al., 2012). A group of soil micro-organism that live 
in extremely close contact with the root are arbuscular 
mycorrhizal (AM) fungi. A large numbers of plant species form 
symbiotic associations with mycorrhizal fungi, forming 
mycorrhizae. This significantly increase nutrients transfer from 
the soil to the root, as the fugal hyphae take up phosphate and 
transferring it to fungal structure inside the cortical cell of the 
root. Arbuscular mycorrhiza has a world-wide symbiotic 
association that are describes as the result of co-
between fungi and plant where both assoc
advantages from the reciprocal nutrient exchange (Bonfante 
and Genrse, 2008). These fungi are known to assist the plant in 
the uptake of nutrients and to improve plant growth (Douds 
et al., 2005). Legumes need adequate phosphorus s
satisfactory nodule production and nitrogen fixation. At low 
levels of phosphate, roots are highly infected with mycorrhizal 
fungi and levels of expression of the plasma membrane that 
take up phosphate directly from the soil are low. At high leve
of phosphate, the mycorrhizal association is suppressed and the 
expression of direct transports is increased (Smith 
In addition, much published evidence shows that suppression of 
disease in plants is due to colonization by AM fungi 
(Kasiamdari et al., 2002). Mycorrhizal fungi can also be
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ABSTRACT 

This paper reports the effect of mycorrhiza as a biofertilizer and different concentrations 5%, 10% and 
15% of phosphorus on seed germination, nodulation and growth of Vigna radiata 
increase was observed in all parameters over control. At 15% concentration of phosphorus, the 

(L.) showed favourable effect on seed germination, seedling growth and production of fresh 
and dry matter as compared to 5 and 10%. 
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stabilize soil aggregates (Piotrowski 
reports show that mycorrhizal plant may be more resistant to 
stresses such as drought (Neumann and George, 2004), or 
salinity (Tian et al., 2004). Plant phytohormone level can also 
be affected by micorrhizal fungus. 
biofertilizer and have the unique ability to convert nutritionally 
important elements from unavailable to available form through 
biological process (Vessey, 2003). The beneficial effect of 
indigenous AM fungi on the nutrition of agricultural plants 
depends on both the abundance and type of fungi present in the 
soil (Prabhu et al., 2013). 
 

MATERIALS AND METHODS 
 
The present work was conducted during the month of April to 
June in 2013 to study the effect of mycorrhiza and phosphorus 
on Vigna radiata (L.). The experiments were carried out in the 
field of Department of Botany, C.C.S. University Meerut. 
Experiment was designed in five plots of equal size, four plots 
for treatment and one plot for control. Healthy seeds of 
radiata (L.) were selected and washed with distilled water. 
Standard agronomic practices were adopted and no fertilizer 
was applied to the field.  
 
Five treatments were performed in the present work as 
followed:  
 
1)  Treatment with mycorrhiza alone. 
2)  Treatment with 5% concentration of P
3)  Treatment with 10% concentration of P
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4)  Treatment with 15% concentration of P2O5 alone.  
5)  Untreated plants considered as control. 
 
AM fungi (Glomus fasciculatum) was obtained from Indian 
Agricultural Research Institute, New Delhi  to evaluate the 
inoculation effect of AM Fungi and phosphorous levels on the 
growth of Vigna radiata (L.). Hundred grams of AM fungal 
inoculum were mixed with the top 6 cm soil of mycorrhiza 
treated plot. Three different solutions with different 
concentrations of P2O5 were prepared as 5%, 10% and 15%.  
Fifty healthy seeds of Vigna radiata (L.) were sown in each 
plot. Control plots were irrigated with tap water and others four 
plots with three concentrations of P2O5 solution and 
mycorrhiza. The seed germination percentage was calculated 
after counting the difference between germinated and un-
germinated seeds. Nodules were detached from the plant root 
with the help of forceps from plants. Fresh weight of nodules 
was measured immediately, followed by drying of nodules at 
60ºC for 24 h to obtain dry weight. Bradford (1976) method 
was used to determine the total protein content of nodules. 
Leghemoglobin quantity was measured spectrophotometrically 
as hemochromogen following the method of Hartee (1957). 
Olsen et al. (1954) method was used to measure Phosphorus 
amount in soil before and after crop sowing. 
 

RESULTS AND DISCUSSION 
 
Seed germination 
 
The seed germination was measured at the different time-
intervels 7 day after sowing (DAS), 10 DAS and 15 DAS. Seed 
germination in the mycorrhiza treated seeds was higher than 
those in control. 15% concentration of phosphorus improves the 
germination percentage in the Vigna radiata L. as compare to 
5% and 10% concentrations (Table 1). However, maximum 
germination was recorded in the seeds treated with mycorrhiza. 
Through biological processes symbiotic microorganism can 
change prime nutrients from an unavailable form to an 
available form, extend the root system and improve seed 
germination (Chen 2006; Rajendran and Devaraj, 2004). AM 
association also revealed a significant increase in percent seed 
germination with wheat plants (Minaxi et al., 2013) 
 

Table1. Seed germination percentage of Vigna radiata (L.) with 
mycorrhiza and different concentrations of P. 

 
 
 
 
 
 
 
 
 
Growth studies 
 
One of the main objectives of our study was to explore the 
beneficial effects of mycorrhiza that can be used as biological 
fertilizers. In general root and shoot length of plant were found 
significantly higher in mycorrhiza treated plants. 
Photosynthesis requires intensive phosphorylation process 

(Louw-Gaume et al., 2010). Mycorrhizal infection has known 
to enhance plant growth by increasing nutrient uptake, the 
uptake of nitrogen, phosphorus and potassium and also increase 
the rates of photosynthesis. Photosynthesis and transpiration 
rates of mycorrhizal Satsuma mandarian trees are higher than 
non mycorrhizal trees (Prabhu et al., 2013). Due to increased 
rate of photosynthesis growth enhanced. Inoculation with 
arbuscular-mycorrhizal fungi improved the phosphorous uptake 
in Coleus aromaticus (Earanna et al., 2001). 15% concentration 
of phosphorus showed remarkable increase in growth 
parameters as compare to 5% and 10% (Table 2). It is 
concluded from the results that P adsorption capacities of plants 
influenced the supply of P differently to the plants. The maize 
plant height was greater, even at low level of soil solution of P 
even though the P adsorption parameters of the soil were low 
(Rashid and Iqbal, 2012). 
 

Table 2. Root length and shoot length of Vigna radiata (L.) with 
mycorrhiza and different concentrations of P. 

 

Treatment Root length (cm) Shoot length (cm) 

Control 8.7 31.7 
Phosphorus (5%) 8.96 34.06 
Phosphorus (10%) 11.21 40.34 
Phosphorus (15%) 11.72 41.94 

Mycorrhiza 12.88 44.98 

 
Plant biomass 

 
In general root and shoot length and fresh and dry weight of 
plant were found significantly higher in mycorrhiza treated 
plants over the phosphorus treated plants and control (Table 3). 

 
Table 3. Root and shoot fresh and dry weight of Vigna radiata (L.) 

with mycorrhiza and different concentrations of P. 

 
Treatment Root Shoot 

Fresh wt. 
(gm) 

Dry wt. 
(gm) 

Fresh wt. 
(gm) 

Dry wt. 
(gm) 

Control 0.542 0.168 5.66 1.57 
Phosphorus (5%) 0.2976 0.1240 8.92 2.80 
Phosphorus (10%) 0.7092 0.2214 9.51 3.12 
Phosphorus (15%) 0.9040 0.2742 10.21 3.53 

Mycorrhiza 1.0376 0.2902 12.85 4.29 

 
15% concentration of phosphorus showed remarkable increase 
in growth parameters as compare to 5% and 10%. Inoculation 
with AM fungi promoted biomass production and 
photosynthetic rates in Vicia faba because of the enhanced P 
supply due to AM fungi inoculation (Jia et al., 2004). In low P 
condition roots dry mass reduced and simultaneously the root 
volume did not increase significantly. Lower root density in P-
deficient plants must be related to thinner cell walls, which 
could transport more mineral to root cells (Wahl and Ryser, 
2000). Growth and total biomass increase in the presence of 
sufficient availability of P conditions (Louw-Gaume et al., 
2010). Different concentrations of phosphorus accumulates 
higher rates of P in shoots than roots of plants, when grown in 
the presence of sufficient P condition, though early rapid 
growth led to similar P amount per weight unit in comparison 
with P-deficient plants (Basirat et al., 2011). 
 

Treatment Germination % 
7 DAS 

Germination % 
10 DAS 

Germination % 
15 DAS 

Control 80 82 85 
Phosphorus (5%) 82 88 90 
Phosphorus (10%) 84 90 92 
Phosphorus (15%) 88 92 94 

Mycorrhiza 90 96 98 
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Nodulation 

 
The number of the nodules was higher in mycorrhizal treatment 
compare to the phosphorus application. Mycorrhizal infections 
of roots of legumes have been reported to stimulate both 
nodulation and N2 fixation, especially in soils low in available 
(Redecker et al., 1997). Mycorrhiza treated plant showed 
greater increase values of nodules fresh and dry weight of a 
plant-1 compared to non mycorrhiza treated plant (Table 4). In 
legumes, AM not only stimulated plant growth but also 
enhance nodulation. Nodule number and biomass have been 
shown to increase remarkably due to inoculation of micro 
symbionts (Zhao et al., 1997). 15% concentration of 
phosphorus showed increase in nodulation as compare to 5% 
and 10%. Phosphorus appears essential for both nodulation and 
N2 fixation (Pereira et al., 1989). Phosphorus influences nodule 
development through its basic functions in plants as energy 
source. Inadequate P restricts root growth, the process of 
photosynthesis, translocation of sugars, and other such function 
which directly or indirectly influence N-fixation by legume 
plants. AM fungi are able to increase nodulation and N-fixation 
differently. The structure, functioning, and nutritional demand 
of nodules are different with plant roots. Nodules are produced 
by cortical cell division, in which rhizobia with high energy and 
P requirements reside and fix nitrogen (Mohammadi et al., 
2011). Phosphorus application to legumes have a positive effect 
on nodulation in crops through enhanced root proliferation and 
thus help in increased nitrogen fixation by the crops. Similar 
effects of phosphorus application on nodulation have also 
reported (Khatik et al., 1994). 

 
Table 4. Nodule number and nodule fresh and dry weight of 

Vigna radiata (L.) with mycorrhiza and  different concentrations 
of P. 

 

 
Protein content 

 
The effect of AM treated plants showed a greater increase in 
protein content than in control and phosphorus treated plants. 
Mycorrhiza and phosphorus concentrations enhanced the 
protein content as compared to control (Table 5). Increases in 
protein concentration of mycorrhiza treated plants are more 
frequently found (Gianinazzi-Pearson and Gianinazzi, 1995). 
The application of 5%, 10% and 15% concentrations of 
phosphorus showed increased protein content over the control. 
The highest value of protein content was obtained at 15% 
phosphorus concentration. The increase in protein content was 
due to the fact that P is an important structural component of 
DNA and RNA. The Phosphate group in nucleic acids bridges 
the RNA or DNA. DNA is the carrier of genetic information 
and RNAs function in protein synthesis (Mengel and Kirkby, 
2001). 
 
 

Leghaemoglobin content 
 
The most abundant and best characterized nodule specific 
proteins are the leghaemglobin (Lb), which are expressed in the 
infected cells just prior to the onset of nitrogen fixation. 
 

Table 5. Biochemical analysis of Vigna radiata (L.) with 
mycorrhiza and different concentrations of P. 

 

Treatment Protein Legheamoglobin Soil Phosphorus Estimation 

   Before 
Sowing 

After 
Sowing 

Control 2.12 0.50 2.00X10-2 1.89X10-2 
Phosphorus (5%) 2.31 0.51 1.90X10-2 2.0X10-2 
Phosphorus(10%) 2.50 0.52 1.98X10-2 2.3X10-2 
Phosphorus(15%) 2.79 0.54 1.89X10-2 2.5X10-2 

Mycorrhiza 3.49 0.55 2.10X10-2 1.20X10-2 

 
The Lb concentration was significantly higher in Mycorrhiza 
treated plants (Table 5). The leghaemoglobin content was 
maximum at 15% concentration of phosphorus when compare 
to 10%, 5% concentration of phosphorus and control. These 
oxygen binding heam proteins are supposed to be responsible 
for supporting the flux of oxygen to the nitrogen fixing 
bacteroids (Ajpleby, 1984). The pink color, typical of healthy 
and effective nodules, is due to the presence of leghemoglobin. 
The nodule became pink earlier, developed more quickly and 
became active sooner in response to phosphorus.  
Leghaemoglobin contribute to the higher nitrogen-fixing ability 
of AM plants (Evelin et al., 2009). Leghaemoglobin is the most 
abundant protein in the nodules. Leghemoglobin is a 
hemoprotein that has a high affinity for oxygen leading to low 
oxygen content in the bacteroids to protect the oxygen-sensitive 
nitrogenase in the nodules (Johnston et al., 2001). The better 
nodulation might be resulted in higher content of 
leghemoglobin in nodular tissues. Similarly, higher 
leghemoglobin content in mycorrhiza was mainly due to better 
root and nodules development (Sidhu et al., 1967). 
 
Effect of inoculation on Post-Harvest Soil Phosphorus 
 
The highest amount of P content was recorded in the treatment 
of P2O5 at (15%) concentration (Table 5). While mycorrhiza 
treated plot show uptake of low amount of P content because 
mycorrhiza significantly improve the nutrient uptake efficiency. 
Lowest amount of P was recorded in the control plot. 
Mycorrhizal inoculation on the host plant is improve in 
phosphorus uptake due to enhanced capacity to absorb more 
phosphorus from the soil which is otherwise unavailable to the 
plants (Bai et al., 2008). AM fungi supported nitrogen fixation 
by providing phosphorus to legumes and other immobile 
nutrients which are crucial for nitrogen fixation (Clark and Zeto 
2000) 
 
Conclusion 
 
The study concludes that inoculation with mycorrhiza has 
increased the growth and nitrogen fixation in mung bean crop. 
Mycorrhiza treatment showed maximum positive effects on 
phosphorus concentration and their uptake by plant because 
arbuscular mycorrhiza (AM) has widespread symbiotic 
associations. The AM symbiosis, facilitate the uptake of 
nutrients such as phosphorus. 

Treatment Nodule no. Fresh wt. (gm) Dry wt. (gm) 

Control 15.2 0.245 0.041 
Phosphorus 5% 17.4 0.265 0.069 

Phosphorus 10% 19.6 0.303 0.091 
Phosphous 15% 23.6 0.335 0.123 

Mycorrhiza 25.2 0.391 0.284 
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