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ABSTRACT 

The pot experiments were conducted in the Department of Life Science and Bioinformatics of Assam University, Sil-
char. The aim of the present study was to investigate the effect of dual inoculation of Arbuscular mycorrhiza (AM) 
(Glomus fasciculatum) and Rhizobium on the chlorophyll, nitrogen and phosphorus contents of pigeon pea (Cajanus 
cajan L.). The results revealed an overall increase in chlorophyll, nitrogen and phosphorus contents in the inoculated 
plants than uninoculated ones. Maximum chlorophyll contents were recorded in the plants dually inoculated with 
Glomus fasciculatum and Rhizobium. The combined application of Glomus fasciculatum and Rhizobium also remarka-
bly increased the nitrogen and phosphorus contents of pigeon pea. The dual inoculation with microsymbionts revealed 
synergistic effect. The results suggest that dual inoculation of Glomus fasciculatum and Rhizobium have the potential to 
enhance the chlorophyll, nitrogen and phosphorus contents of pigeon pea. 
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1. Introduction 

Symbiosis is a biological phenomenon involving dyna- 
mic changes in the genome metabolism and signaling 
network [1]. Most of the legumes possess two types of 
microbial symbionts namely mycorrhizal fungi and ni- 
trogen fixing bacteria thereby establishing triple associa- 
tion, capable of supplying N and P contents to the plants 
[2]. Both the mycorrhizal fungi and Rhizobium act as 
biofertilizer and have the unique ability to convert nutria- 
tionally important elements from unavailable to available 
form through biological process [3,4]. 

Pigeon pea (Cajanus cajan L.), commonly known as 
Arhar, a protein rich pulse crop has growing demand in 
Asia, specially in India because it can provide high qual-
ity protein in Indian diet. The plant has got immense me-
dicinal value and is also used as fodder for cattle. There 
is need to enhance its productivity to meet the demand of 
growing population. Barak valley of Assam is legging 
behind in the production of pigeon pea in comparison 
with rest part of India. Researches in the past few dec-
ades on various aspects of root symbionts have shown 
that dual interaction of AM fungi and Rhizobium has 
improved the growth , nodulation and yield [5,6] and also 
nutrient status [6,7] in legumes. Increased nitrogen fixa-  

tion in Chickpea due to dual inoculation with G. fascicu-
latum and Rhizobium was reported by Subba Rao et al., 
1985 [8]. In the light of these views, an attempt has been 
made in the present study, to investigate the effect of 
dual inoculation of AM fungus (Glomus fasciculatum) 
and Rhizobium in chlorophyll, nitrogen and phosphorus 
contents of pigeon pea. 

2. Materials and Methods 

The present study was carried out at the Department of 
Life Science and Bioinformatics of Assam University, 
which is located in Silchar, Assam (India), between 23˚N 

to 24˚N latitude and between 92˚E to 93˚E longitude. 
Four treatments were performed in the present work as 
followed: 

1) Inoculation with Glomus fasciculatum alone. 
2) Inoculation with Rhizobium alone. 
3) Dual inoculation with Glomus fasciculatum and 

Rhizobium. 
4) Uninoculated plants considered as control. 

3. Preparation of Inoculum 

3.1. Inoculation with Glomus Fasciculatum Alone 

Glomus fasciculatum was isolated from the rhizospheric 
soil of pigeon pea by wet sieving and decanting tech- *Corresponding author. 
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nique [9] and multiplied on the roots of Zea mays plants. 
The plants were allowed to grow for three months after 
which the roots were severed and the substrate contain- 
ing root fragments, mycelium and spores were collected 
and air dried and used as inoculum. Healthy seeds of 
pigeon pea were surface sterilized with 0.2% mercuric 
chloride for 5 minutes and were washed several times 
with sterile distilled water. The seeds were germinated in 
the mixture of sterilized soil under dark condition. The 
seedlings were allowed to grow for 10 days. Seedlings of 
uniform height were transplanted in plastic pots contain- 
ing 2 kg oven sterilized mixure of sand and soil in the 
ratio 1:1. Seedlings were inoculated with mycorrhizal 
inoculum containing maize root fragments, mycelium 
and spores (100 g per pot). The treatment was replicated 
ten times (one seedling in each pot). 

3.2. Inoculation with Rhizobium Alone 

The Rhizobium isolates were obtained from root nodules 
of pigeon pea. Healthy, pinkish, well formed, unbroken 
nodules were collected from the roots of pigeon pea. The 
nodules were surface sterilized for 3 minutes in 0.1% 
mercuric chloride and washed repeatedly with sterile 
water. Individual nodules were crushed with sterile glass 
rods in a small aliquot of sterile water and milky fluid 
was streaked on to sterile Yeast Extract Manitol Agar 
(YEMA) containing Congo red (2.5 mL of 1% Congo 
red in 100 mL YEMA). The plates were incubated at 
28˚C for 5 days. Colonies were selected and streaked on 
YEMA for purity and pure culture of isolated bacteria 
was subjected to morphological and biochemical (growth 
on Hofers alkaline medium, growth on Glucose peptone 
agar) test for characterization as described by Subba Rao, 
1999 [10]. For inoculation, healthy, sterilized seeds of 
pigeon pea were suspended in 20 - 40 mL thick suspen-
sion (109 cells/mL) of Rhizobium for 30 minutes. The 
seeds were air dried for 30 minutes in sterile Petri plates. 
The seedlings were allowed to grow for 10 days. Seed-
lings of uniform height were transplanted in plastic pots 
(one in each pot) containing 2 Kg oven sterilized mixture 
of sand and soil in the ratio (1:1). The treatment was rep-
licated ten times (one seedling in each pot). 

3.3. Inoculation with Glomus fasciculatum and 
Rhizobium in Combination (Dual  
Inoculation) 

For combined inoculation with Glomus fasciculatum and 
Rhizobium, 10 days old seedlings grown in dark condi- 
tion (seeds were pre inoculated with Rhizobium) were 
transplanted in plastic pots containing mycorrhizal in- 
oculum. The treatment was replicated ten times (one 
seedling in each pot). 

3.4. Uninoculated Plants (Control) 

For control, sterilized seeds were grown in dark condi- 
tion for 10 days and seedlings of uniform height were 
transplanted into pots containing 2 Kg of mixture of ster- 
ilized soil and sand mixed in the ratio (1:1). The treat- 
ment was replicated ten times (one seedling in each pot). 

The experiment was laid out in randomized complete 
block (RCB) design. Plants were watered everyday.  

3.5. Determination of Chlorophyll Contents of 
Leaves 

Three replicates at random from each treatment were 
selected for determination of chlorophyll content of 
leaves. Chlorophyll content of leaves was determined 
after 120 days of inoculation of plants. Chlorophyll con- 
tents were separated and estimated following the method 
as described by Sadasivan and Manickam, 1996 [11]. 
Chlorophyll was extracted in 80% acetone and total chlo- 
rophyll contents were calculated with the formula 
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where, A = Absorbance at specific wave length; V = Fi-
nal volume of chlorophyll content in 80% acetone; W = 
Fresh weight of the tissue extract. 

3.6. Estimation of Nitrogen and Phosphorus 
Contents 

Three replicates at random from each treatment were 
selected for estimation of each of nitrogen and phosphor- 
rus. Dried plant materials were converted to ashes for 
estimation of Nitrogen and Phosphorus. Nitrogen content 
of the plant ash was determined by alkaline permanga- 
nate method [12] and phosphorus content was deter- 
mined by Spectrophotometric method [13]. 

Statistical analysis: The data were subjected to analy- 
sis of variance (ANOVA) using SPSS statistical software 
program (version 7.5) and Critical Difference (CD) was 
calculated at 5% level of significance [14]. 

4. Results 

On YEMA, circular, cream coloured, sticky and and 
raised transluscent colonies of bacteria appeared. On 
YEMA containing Congo red, faint colonies appeared 
indicating that the isolates were bacterium [15,16]. The 
organism could not grow at pH 11.0 at Hofer’s alkaline 
medium which also indicated that the isolates were bac-
terium [17]. Moreover, the formation of root nodules at 
the roots of plants inoculated with bacteria confirmed 
that the isolates were Rhizobium. 

The effects of individual inoculation with both Glomus 
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fasciculatum and Rhizobium and their combined inocula- 
tion on the chlorophyll content, nitrogen and phosphorus 
contents of pigeon pea are presented in the Table 1. The 
results presented in the Table 1 revealed that chlorophyll 
contents in the treated plants were higher than those in 
control. G. fasciculatum markedly improved the chloro-
phyll contents in the leaves of pigeon pea. However, 
maximum chlorophyll contents were recorded in the 
plants dually inoculated with G. fasciculatum and Rhizo-
bium. VAM fungi have been shown to improve the chlo-
rophyll contents on the leaves of many plants [18-20]. It 
is evident from the results of the present study that the 
efficacy of VAM fungi was influenced by co inoculation 
with Rhizobium. Increase in the chlorophyll contents due 
to dual inoculation of VAM fungi and Rhizobium might 
be attributed to increased rate of photosynthesis and 
transpiration or due to increased growth [21]. Krishna 
and Bagyaraj, 1984 [22] reported that increase in chlo-
rophyll content in the inoculated plants might be due to 
presence of large number of chloroplast bundle sheath in 
the leaves. Dual inoculation of AM fungi and Rhizobium 
significantly increased chlorophyll contents in Vigna 
unguiculata (L.) [23] which is supported by the findings 
of our present study. 

The results clearly indicated that inoculation of the 
plants with both G. fasciculatum and Rhizobium in-
creased the nitrogen and phosphorus contents of pigeon 
pea. There was overall increase in nitrogen and phos-
phorus contents in the treated plants as compared to con-
trol. However, maximum nitrogen and phosphorus con-
tents were recorded in the plants dually inoculated with 
G. fasciculatum and Rhizobium. Inoculation of legumes 
with Rhizobium increase the nodulation of legumes 
causing more nitrogen fixation and making it available 
for the plants and therefore, it is used as an alternative for 
urea to minimize the cost of produce [24]. Moreover, it 
also increase rhizospheric microflora viz. acid producers 
and phosphate solubilizers causing more available phos- 
phorus [25]. Rhizobium inoculation has been shown to 
improve the nitrogen and phosphorus contents of leg- 
umes [26] which supported the results of our present 
findings. One of the most significant effects of my 
 
Table 1. Effect of dual inoculation of Glomus fasciculatum 
and Rhizobium on the chlorophyll, nitrogen and phosphorus 
contents of pigeon pea. 

Microbial Inoculants Chlorophyll Content (mg/g) N (%) P (%)

Uninoculated Control 2.47 3.04 0.98

Rhizobium 2.81 3.18 1.87

VAM 2.85 3.26 2.03

VAM + Rhizobium 2.94 3.34 2.1

CD ( p = 0.05 ) 0.03 1.02 0.02

corrhizal inoculation on the host plant is the increase in 
phosphorus uptake [27] due to enhanced capacity to ab- 
sorb more phosphorus from the soil which is otherwise 
unavailable to the plants. AM fungi supported nitrogen 
fixation by providing legumes with phosphorus and other 
immobile nutrients which are essential for nitrogen fixa-
tion [28]. Tavasolee et al., 2011 [29] suggested that ef-
fective AM fungi can enhance the performance of rhizo- 
bial infection and vice versa which was also evident dur- 
ing our present investigation. The results of the present 
study indicated that combined inoculation of G. fascicu-
latum and Rhizobium had a synergistic effect resulting in 
the improvement of nitrogen and phosphorus. 

Many reports are available on the increased nitrogen 
and phosphorus contents of legumes due to dual inocula- 
tion of AM fungi and Rhizobium which are supported by 
the findings of our present study [7,6,29-31]. 

Summing up, dual inoculation of G. fasciculatum and 
Rhizobium increased chlorophyll, nitrogen and phospho-
rus contents of pigeon pea plant indicating that their 
combination may have a potential role to enhance the 
productivity of the plant. 
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