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Abstract: Leucas aspera is a common weed known as “Thumbai “,is a widely distributed throughout India and is used in various fields 
of medicine and agriculture. There have a few studies conducted on the effects of co-inoculated of AM fungi in various crop plants for 
their better inoculation responses. The present study was carried out to investigate the effect of dual inoculation of different species of 
AM fungi Aculospora lacunose and Glomus mossae for enhancement of growth parameters and plant biomass. Significant increase over
control in plant height ,number of leaves, internode length, fresh and dry weight , stomatal index , leaf area index, chlorophyll content 
,percent root colonization and spore count re recorded . The result confirms the feasibility of utilizing this strategy for their systematic 
cultivation and provides useful information for management agricultural systems.
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1. Introduction

AMF are among the most ecologically significant organisms 
on the plant (Fitter et al. 2011).  “Mycorrhiza” the term used 
to describe the symbiotic association between a fungus and a 
root of higher plant (Frank, 1885).  Both of the host plant 
and fungal member, benefited potentially from this 
association (Powell and Bagyaraj, 1984). 

Medicinal plants are considered one of the major sources of 
drugs in modern as well as traditional medicinal systems 
throughout the world.  India with its mega-biodiversity and 
knowledge of rich ancient traditional systems of medicine 
(Ayurveda, Siddha Unani, Amchi and local health traditions)  
provide a strong base for the utilization of a large number of 
plants in general healthcare and alleviation of common 
ailments of the people ( Pandey; Rastogi and Rawat). 

Symbiotic association between fungus and roots of 
medicinal plants are very much significant in terms of 
nutrition supplies, plant protection and hence the growth and 
yield of the medicinally important biochemical of these 
plants. 

Among 42 AM fungi species, in a survey 5 genera like 
Glomus, Aculospora, Scutellospora and Gigaspora were 
discovered from the rhizosphere soil associated with 32 
selected medicinal plant species.  Among the Am fungal 
colony, Glomus was found to be the most dominant genera 
and has been reported earlier in the rhizospheres of 
medicinal plants (Allen et al.1995; Francis and Read, 1994 
and Selvaraj et al. 2001). The main reason for their 
abundance may be their ability to sustain wide range of 
temperatures and pH for spore germination. Also, 
Aculospora found in abundance in the rhizosphere samples 
of A. Aspera are often associated with acidic soils (Abbott 
and Robson, 1991). 

AMF are reported to be widespread in medicinal and 
aromatic plants Udea et al. (1992 and BuKhari et al. (2003).  
Inoculation of AMF during early stage of acclimatization 

process has become an alternate strategy for better 
establishment by improving the plant growth.  The AM fungi 
association had not only enhanced the growth of medicinal 
plants but also improve the productivity of medicinal 
compounds. 

AMF are known to improve plant growth in different ways 
like increased phosphorous uptake, increase in biomass of 
plants (Fattah and Gamal, 2001 and Javot et al. 2007)) and 
resistance to climatic and edaphic stresses, pathogens and 
pests (Raman and Mahadevan, 1996). AM fungi have been 
found to increase chlorophyll content as reported by Demir, 
2004.  

Fumigation of soil to control soil borne pathogens and 
weeds is a common practice in agricultural fields (Haas et
al. 1987; Merge 1982a, 1982b).  Fumigation of soil 
eliminates or greatly reduces VAM populations (Afek et al.
1981; Buttery et al. 1988; Haas et al. 1987; Kleinschmidt 
and Gerdemann.1972).  Therefore, reintroduction of suitable 
VAM fungi into fumigated soil before planting is often of 
primary important for plant growth (Adams et al.1990; Afek 
et al.1991; Kormanik et al. 1980 and South 1977). 

Leucas aspera (Willd.) Linn. (Lamiaceae) commonly known 
as ‘Thumbai’ (Rai et al.2005). This is a common way side 
weed, locally abundant in crop fields, wasteland and fallow 
fields.  The herb is erect, branched containing glandular 
hairs secreting volatile oils, which are scented.  It is also 
called as ‘chota halkusa’, distributed throughout India from 
the Himalayas down to Ceylon (Nadkarni, 1976).  The plant 
is used traditionally as an antipyretic and insecticide.  
Flowers are valued as stimulant, expectorant, aperients, 
diaphoretic, insecticide and emmenagogue.  Leaves are 
considered useful in chonic rheumatism, psoriasis and other 
chronic skin eruptiohns.  Bruised leaves are applied locally 
in snake bites (Rai et al. 2005 and Shirazi, 1947).  The entire 
plant revealed presence of triterpenoids (Kamat and Singh, 
1994). 

The plant has numerous medicinal values such as analgesic 
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and anti-inflammatory activities (Raddy et al.1993), anti-
allergic, anti-microbial, anti-thrombotic, cardio-protective 
and vasodilatory effect (Kahkohen et al. 1999).  The 
decoction of whole plant with equal amount of leaves of 
tulsi (Ocimum sativum) as a dose of 10ml TDS x 5 days is 
used to cure malarial fever (Varghese, 1996). 

In recent times, attention has been focused on dual 
inoculation involving different AM fungi species.  The 
inoculum mixtures of two species were significantly more 
effective than single species inoculums, as supported by 
Mamta and Tilak (1987). The objective of the study aims at 
dual inoculation of different AM fungi species with Leucas 
aspera L. to enhance the growth and yield of plant biomass.  
Global priorities in developing new drugs with good 
economic returns for the farmers. 

2. Materials and Method 

Sample collection, experimental site, fumigation and 
experimental design. 

2.1 Experimental Site 

A field experiment was conducted in Biotechnology 
department, M.S. Ramaiah College of Arts, Science and 
Commerce, MSRIT Post, MSR nagar, Bangalore-54.  

2.2 Experimental Design 

The experimental design consisted of Randomized Block 
Design (RBD) with seven treatments of three replicates 
during the summer season. Two blocks measuring (3 x 4 
feet) were designed. 

2.3 Sample collection 

The seed samples were collected from the college premises 
in the garden area.  These seeds were sterilized in 2% 
sodium hypochloride and thoroughly washed in distil water 
for 4-5 times, soaked in distill water for 1 hours, the floating 
seeds were discarded and viable seeds were used for further 
sowing in field. The efficient strains of AM fungi were 
selected for the present study were Aculospora bireticulata, 
A.lacunosa, A.laevis, Glomus aggregatum and G.mosseae,
collected from department of Agricultural Microbiology, 
GKVK, University of Agricultural Sciences, Bangalore-65. 

2.4 Fumigation of Soil 

Each Plot measuring (3 x 4 feet) were digged around 11/2

feet deep, filled with Red sand loamy soil (1:1) and 
fumigated with 1% formaldehyde (100 ml in 1L of distill 
water), sprayed on the soil, covered with polytene cover and 
every alternate day tested for pH and AM spores 
colonization. On 5th day refumigation with 1% 
formaldehyde was repeated and covered with polytene cover 
and every two days once tested for pH and AM spores.  This 
was maintained for 15 days.  Fumigation of the soil reduces 
AMF populations (Afek et al. 1991). 

2.5 Field Test 

Field test was designed in Randomized Block Design and 
was carried out to determine the compatibility between AMF 
load and Medicinal herbs.  The AM fungi 0.4 g (2.8 x 106 
propogules) along with seeds (4 no.) were applied 2 cms 
below the fumigated soil surface.  The experiment was 
conducted with dual inoculums of 6 treatments, 1 
uninoculated control in triplicates. 

2.6 Treatments

T1 – Control                    T2 – A.bireticulata + G.aggregatum
T3 – A.lacunosa + G.aggregatum    T4 – A.laevis + 
G.aggregatum
T5 – A.bireticulata + G.mosseae     T6 – A.lacunosa + 
G.mosseae 
T7 – A.laevis + G.mosseae

Samples were collected for each treatment at 90th days after 
inoculation with the treatments and analyzed for different 
morphological parameters. 

2.7 Plant growth parameters: 

Three seedlings per treatment were harvested with 
rhizosphere soil at 90th days after inoculums.  Roots were 
washed thoroughly with tap water to remove adhering soil 
particles. 

The plant height, number of branches, number of leaves and 
root length were recorded at 90th days after inoculation and 
measured in cms. 

2.8 Total Biomass

The shoot and root portions of the uprooted plants were 
separated and oven dried for 72 hrs at 600C.  The dry 
weights were then recorded separately for shoots and roots 
and average of the three plants were expressed in grams per 
plant. 

2.9 Spore Count 

Wet Seiving and Decanting Technique (Gerdemann and 
Nicolson, 1963). Mix a volume of 25 gm of soil in 500ml of 
tap water, allow standing for 10 minutes and Wet sieve 
under 450um, 300um, 250um, 150um & 45um (placing 
Whatmann paper in the 45um) sieve plates. Transfer the 
Whatmann paper with AM spores on petridish (with grids) 
and examined under a Stereoscopic Binocular for Spore 
Count. 

2.10 Mycorrhizal root colonization: Rapid Clearing and 
Staining Technique’ (Phillips & Haymann 1970)

The roots were carefully uprooted at the time of harvesting 
& thoroughly washed under running tap water.  Fresh root 
samples were cut into 1 cm segments.  The root bits were 
cleared by placing them in plastic vials containing 10 ml of 
10% KOH for 48 hrs at room temperature (Phillips & 
Haymann 1970).  After decanting the alkali, the residual 
alkali was neutralized by immersing them in 10 ml of 10% 
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HCl for 15 minutes. The acid solution was decanted, washed 
in fresh water & root segments were stained with 0.1% 
Tryphan Blue stain (Phillips & Hayman 1970) in 
Lactoglycerol for 24 hrs.  The stained roots was determined 
by Gridline intersect method Giovannetti and Mosse 
(1980). 

AM Colonization percent was calculated using Nicolson’s 
simple formula (1995). 

3. No. of Plates 

4. Result and Discussion 

Field experiment was carried out to study the effect of AM 
fungi (A.biretticulata, A.lacunosa, Alaevis, G.aggregatum 
and G. moseae) as dual inoculums in Leucas aspera.  The 
effect of AM fungi with dual inoculums on growth 
parameters (plant height, number of leaves and number of 
branches) were presented in Table 1.The inoculums mixture 
of two species was significantly more effective than single 
species inoculums.  These results are supported by Mamta 
and Tilak, (1987). 

The L. aspera seed germinated within a week compared to 
control. On 3rd day of inoculum, the seed germination was 
found in G. mosseae (T5 – A.bireticulata + G.mosseae, T6 
– A.lacunosa + G.mosseae,     T7 – A.laevis + G.mosseae) 
compared to G. aggregatatum (T2 – A.bireticulata + 
G.aggregatum, T3 – A.lacunosa + G.aggregatum, T4 – 
A.laevis + G.aggregatum) dual inoculums.  This again 
proves for the previous single inoculums in L. aspera seed 
with G. mosseae, as reported by T and J (2013) and also this 
may be due to the phytohormones secretion by AM fungi ( 
Azcon-aguilar and Barea , 1978 ) . However, Jalaluiddin and 
Hamid (2011) did not find the promotaryeffect of AM Fungi 
on germinationin the varieties of Sunflower.  

Here in the  study  as per  the  result obtained  the  pH  was  
between  6.5 - 6.8 .  Sankaranarayanan and Sundarababu 
(2001),   stated that for the mycorrhizal development the   
pH was 6 -7. This variation  of  pH  in the  study  could  be  
attributed  to  the host  mediated  changes in the  rhizosphere  
of  plants  Aditya Kumar  et al. (2010 ) .  

Among the 7 treatments, the maximum plant height, both 
root and shoot was recorded in T6 (A.lacunosa + G.mosseae)
as 26.00 & 67.67 cms. , followed by dual inoculums 
treatments T5,T4,T3,T7,T2 (Table 1) whereas, least plant 
height was observed in uninoculated in control T1 root 7.33 
cms and shoot 16.67 cms.  The highest total biomass was 
observed inT6 (A.lacunosa + G.mosseae) root fresh and dry 
weight as 2.71 & 1.29 cms, whereas, shoot fresh and dry 
weight as 30.01 & 7.54 cms.  The control revealed less total 
biomass i.e., fresh root and dry weight 0.35 & 0.19 g/plant 
while, shoot fresh and dry weight 4.34 & 0.80 g/plant.  This 
has also been supported by Khan et al. (2008), in Medicago 
sativa with dual AM inoculation with Glomus radices + 
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Gigaspora rosea and Glomus etunicatum + Glomus 
intraradices on the growth and nutrients uptake and 
significantly increased the root and shoot dry weight. 

The % root colonization was high, 100% in  T5 & T7 
Glomus species co-inoculated with Acaulospora species
(A.bireticulata + G.mosseae  and A.laevis + G.mosseae) and 
99.20% in T6 (A.lacunosa + G.mosseae). While, the spore 
count was high in T4(A.laevis + G.aggregatum) as 22.00, 
T6(A.lacunosa + G.mosseae) as 20.00 and as such, AM 
fungal spores were absent in the control (Table 2). This is 
due to the effect of the fumigants which has inhibited during 
the initial 15-20 days, after treatment and then this 
deleterious effect decreased. Aggarwal et al. (2009) worked 
on the effects of fumigants on non-target micro-organisms 
including mycorrhizal fungi and has stated that fumigants 
must be assessed carefully and should be intelligently used 
in agricultural system.  Considerable variation in percent 
root colonization and number of different AMF spores 
associated with plant rhizosphere was observed but no 
definite correlation could be established between them 
(Kalita etal. 2002).  However contradictory results were 
reported by Mutabaruka et al. (2002), as a significant 
positive correlation and by Lowis and Lim (1987), as a 
negative correlation between percent root correlation and 
AMF spores. 

Glomus and Acualospora  are the dominant mycospecies in 
the roots of Medicinal plants , already reported by many 
workers like Wang et al. (1997); Allen et al.(1995); Morton 
et al.(1991); Selvaraj et al.(2001); Francis and Read,(1994) 
and Muthukumar et al.(2001).  Even the whole plant 
morphologic parameter and total Biomass showed least 
values in T1 controland T6 reveal. The higher promiser the 
dual inoculum to be best as state by earlier report ( table 3 ) 
.This once again proves the dual inoculation of AM species 
which upholds the observation made earlier in Phyllanthus 
amarus as stated byAnusuya and Senthil Kumar, (2003).   

The knowledge of tribal (folk) medicine is anormous but has 
been lying dormant due to various reason and is worthy of 
exploration (Arfan khan and Atiya Khanum,2000).   L. 
aspera being one of the folk medicinal herbs requires 
exploration and scientific evaluation as the efficacy of a 
drug depends upon various factors such as the genuinity, 
preparation, administration and dosage of the drug.  Further, 
investigation is necessary to enhance the biochemical 
compounds from this medicinal herb by AM fungi dual 
inoculums. 

5. Summary and Conclusion 

The overall objective of this project was to investigate how 
the dual inoculums of arbuscular mycorrhizal symbiosis can 
affect the growth responses and enhance the total biomass in 
the herbal plant ‘Thumbai’ (Leucas aspera L.).  As a result of 
an increasing interest in natural/herbal medicines, more 
effort is now needed to produce herbal products of better 
quality.  Thus, it was hypothesized that the naturally 
occurring AM fungi (AMF) could play an important role in 
improving the growth parameters and increase the total 
biomass, so as to increase phytochemical concentrations in 
medicinal herbs such as ‘Thumbai’, as organic methods of 

cultivation are increasingly sought after to grow such plants.  

Despite a reasonable amount of information available in the 
literature on the changes of the growth performance in the 
roots of host plants following AM colonisation, very little is 
known about such processes in the aerial part of such plants.  
Leucas aspera has hardly been studied as a host plant in AM 
research and very little is known of its responsiveness to AM 
colonization.  However, recently, single inoculums of AM 
fungi Glomus and Aculospora species has been reported to 
increase the growth responses in L.aspera by Tejavathi and 
Jayashree (2013). 

In order to understand the dual inoculums of AMF 
mechanism the experiment was set-up to investigate the 
effect of AM development stage with respect to two 
different species of AM fungi compared with the normal 
host plant.  The result showed that inoculation with G. 
mosseae and three different Acualospora species improved 
plant growth and biomass compared to G.aggregatum and 
Acualospora as species and comparatively least growth in 
uninoiculated control . 

In the present study 100% mycorrhizal colonization in G. 
mosseae+A.bireticulata, G.mosseae+A.lacunosa and 
G.mosseae+A.laevis was recorded but it was more efficient 
in enhancing the growth performance compared to other 
three dual inoculums of  Glomus and Acaulospora and no 
colonization was found in the control plants. 

It can be concluded that the key results presented in this 
project do indicate that inoculating ‘chota halkusa’ with 
AMF can be beneficial to improve the growth efficiently as 
reported by earlier workers.  Here the dual inoculum of 
different AM rungal species has been more beneficial 
compared to single inoculums.  Such results could be of 
potential interest to ‘Thumbai’ grower who wishes to 
cultivate this medicinal herb commercially.  It thus emerges 
that in order to provide strong scientific base.  Indian 
traditional medicinal herbs need to be explored using 
modern scientific tools.  Also, rapid steps are to be taken for 
the export of herbal medicines. 

Table 1:  Dual Effect of AM Fungi on Growth Parameter in 
L. aspera. (90 days after inoculation)

Trails
Growth

Parameters Number
of Leaves 

Number of 
Branches

Length of 
Internodes(cm) (cm) 

T1 7.33 16.67 31 0 1.5 
T2 10.33 23 47 4 2.8 
T3 15 35.67 96.33 6 3.6 
T4 18 39.33 111.33 8 6.8 
T5 21.67 41.33 267.67 10 9.4 
T6 26 67.67 370 14 15.1 
T7 17.33 34 158 8 6.2 
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Table 2:  Dual Effect of AM Fungi on Total Biomass in L. 
aspera. (90 days after inoculation) 

Root
colonization

Spore
count

Fresh
weight

Dry weight

Trials % No.
Spore/10g)

Root
(g)

Shoot
(g)

Root
(g)

Shoot
(g)

T1 0.8 0 0.35 4.34 0.19 0.8 
T2 56.2 10 0.41 11.55 0.28 2.89 
T3 95.2 12 0.48 15.71 0.3 3.67 
T4 82 22 0.65 20.03 0.44 3.71 
T5 100 16 1.03 26.51 0.6 6.77 
T6 99.2 32 2.71 30.01 1.29 7.54 
T7 100 19 0.94 15.3 0.67 3.84 

Table 3: Dual Effect of AM Fungi on Whole Plant in L. 
aspera (90 days after inoculation)

Trials Growth  Fresh Weight Dry Weight
T1 24 0.5 0.99
T2 33.33 0.47 3.17
T3 50.67 0.66 3.97
T4 57.33 1.14 4.15
T5 289.34 2.6 7.37
T6 93.67 4.27 8.83
T7 51.33 2.55 4.51

Graph 1: Dual Effect of AM Fungi on Growth Parameter in 
L. aspera (90 days after inoculation) 

Graph 2: Dual Effect of AM Fungi on Total Biomass in L. 
aspera (90 days after inoculation) 

Graph 3:  Dual Effect of AM Fungi on Whole Plant in L. 
aspera (90 days after inoculation) 

6. Acknowledgement 

Our project work has been supported by many people whose 
kind advice and encouragement were indispensable 
throughout the period of my project work and I would like to 
extend my sincere thanks to all of them. We thankfully 
acknowledge the support and encouragement offered by my 
project guide Jayashree D.R., Assistant Professor, 
department of Biotechnology,, M.S. Ramaiah College of 
Arts , Science & Commerce, Bangalore ,for giving us the 
wonderful opportunity to work and study at, M.S. Ramaiah 
College of Arts , Science & Commerce, Bangalore. We 
deliver my hearty thanks to my friends whoever cooperated 
with me and make this duration memorable, joyful, feel me 
light. Our heartfelt thanks to all the lab assistants, workers 
and technicians for their patience in solving my problems 
and continuous support in providing the needed inputs. 
Finally, we thank our families and friends who have been a 
source of constant love and encouragement throughout this 
endeavor. 

References 

[1] Abbott LK and Robson AD (1991) Factors influencing 
the occurrence of vesicular-arbuscular mycorrhizas.  
Agriculture Ecosystem and Environment.  35: 121-150. 

[2] Adiya Kumar; Chhavi Mangla; Ashok Aggarwal and 
Vipin Parkash (2010). Arbuscular Mycorrhizal Fungal 
Dynamics in the Rhizospheric Soil of five Medicinal 
Plant Species (2010). Middle East Journal and Scientific 
Research 6(3): 281 – 288. 

[3] Allen EB, Allen MF, Helm DJ, Trappe JM, Molina R, 
Rincon E (1995) Patterns and Regulation of 
Mycorrhizal plant and fungal diversity.  Plant and Soil 
170:47-62. 

[4] Aggrawal A; Parkash V; Sharma D; Sharma Se; Sharma 
Sa; Kaushish S and Mehrotra RS (2009).  Mycoflora of 
Sunflower Rhizosphere in relation to soil fumigation.  
Helia, 32, Nr. 50:77-84. 

[5] Anusuya D and Senthil Kumar K (2003). Mutualistic 
symbiosis of AM funfi and Trichoderma On 
micropropagated Dianthus caryophyllus L. Mycorrhiza 
News 14: pp. 13-15. 

[6] Allen EB; Allen MF; Elm, Trappe JM: Molina R and 
Rincon E (1995). Patterns of regulation of mycorrhizal 
plant and fungal diversity.  Plant and Soil, 170: pp. 47-

Paper ID: 02014105 85



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Impact Factor (2012): 3.358 

Volume 3 Issue 6, June 2014 
www.ijsr.net

Licensed Under Creative Commons Attribution CC BY

62. 
[7] Afek, V; Menge JA and Johnson ELV (1991). 

Interaction among mycorrhizae. Soil solarization, 
metalaxyl and plants in the field. Plant Dis .75:665-671. 

[8] Bagyaraj, DJ and Manjunath (1980). New Phytd. 85, 
33. 

[9] Basu M and srivastava NK (1998). Indian 
Phytopathology 64,110. 

[10] Bukhari M J ; Khade SW ; Jaiswal V ; Gaonkar UC and 
Rodrigues BF .Plant Arch , (2003) , 3:pp.167-174 . 

[11] Brundett M (1991) .Mycorrhizas in natural ecosystems 
.Advances in Ecological Research .21. 171 -313. 

[12] Bagyaraj DJ (1984) .Biological interactions with VA 
Mycorrhizafungi .In: VA Mycorrhiza. Eds. Powell CL 
and Bagyaraj DJ. CRC press, Boca Raton, Fl, USA. pp: 
131-133. 

[13] Bhattacharjee, SK (1998). Handbook of Medicinal 
Plants. Pointer Pub .Jaipur -03, India; 1998; pp. 1-6. 

[14] Bultery BR; Park SJ; Findlay WI and Dhanvantari BN 
1988.Effects of fumigation and fertilization on growth, 
yield, chemical composition and mycorrhizae in white 
bean and soyabean .Can.J.Plant Sci.68:677-686 

[15] Dhillion SS (1992) .Evidence for host –mucorrhizal 
preference in native grassland species .Mycology .Res. 
96:pp.359-362. 

[16] Demis.S (2004).Influence of arbuscular mycorrhiza on 
some physiological parameters of Pepper 
.Turk.J.Bio.28, 85-90. 

[17] Fattah A and Gamal M (2001). Measurement of the 
viability of arbuscularmycorrhizal fungi using three 
different strains   relation to growth and metabolic 
activity of soybean plants .nicrobiology .Res. 
156:pp.359-367. 

[18] Farnswath NR 1994 and srivastavaetal. 1996. The  role  
of medicinal  plants in drug  development .In : 
Krogsgaard –Larsen , S ; Brogger-Christense ,  S; 
Kofod  , H .( Eds ) , Natural  Products  and  Drug 
development . Munksgaard, Copenhagen. 

[19] Fitter AH; Helgason T and Hodge .B 2011. Nutritional 
exchanges in the arbuscularmycorrhizal symbiosis: 
implications for sustainable agriculture. Fungal Biology 
Reviews .25: pp .68-72. 

[20] Franciss R and Read DJ (1994). The contribution of 
Mycorrhizal fungi in determinate of plant community 
structure .Plant and Soil 159; pp. 11-25. 

[21] Gupta ML and Janardhan KK (1991) Plant soil. 
131,261. 

[22] Gaur. A; Gaur A and Adholeya.A(2000).Growth and 
flowering in Petunia hybrida, Callistephus chinensil and 
Impatiens Salsamina inoculated with mixed AM inocula 
or chemical fertilizers in a soil of low P fertility 
.Scient.Hort.84,151-162. 

[23] Giovannetti M and Hepper CM (1985). Vesicular 
arbuscularmycorrhizal infection in 
Hedysaruncoronarium and Onobrychusviciaefolial: 
hostmycorrhizal specificity. soil Biology .Biodiversity 
.17: pp. 899-900. 

[24] Giovannetti M and Mosse B (1980).  An evaluation of 
techniques for measuring vesicular arbuscular 
mycorrhizal infection in roots. New Phytol 133: 45-57. 

[25] Haas JH; Bar-Yosef B; Krikum J;Barak R; Markovity T 
and Kramer S (1987).Vesicular –arbuscular mycorrhizal 
fungus infestation and phosphorous fertigation to 

overcome pepper stunting after methyl bromide 
fumigation .Agron.J.79:905-910. 

[26] Javat H; Pumplin N and Harrison M (2007). Phosphate 
in the arbuscularmycorrhizalsymbiosis: transport 
properties and regulatory rdes. Plant Cell Environment. 
30: pp. 310 -312. 

[27] Kumar GS and Murugesh S (2002). Adv. Plant Science 
.15, 43. 

[28] Khan IN; Ayub N; Mirza SN; Nizami SM and Ayan M. 
(2008).  

[29] Kalita RK; Bora DP & Dutta D (2002), Vesicular 
Arbasculal mycorrhizal association in different plant 
species of the Indian desert, Arid soil Research & 
Rehabition: 399-396. 

[30] Kahkonen MP; Hopia AJ;Vcorela.HJ;Rauha.JP;Pihlaja 
Kand Keyala TS (1999).Antioxidant activity pf plant 
extracuts containing phenolic compound .Journal of 
agricultural & food chemistry Vol.47 PP 3954-3962. 

[31] Kleinschmidt GC & Gerdemam GW (1972).Stunting of 
Citrus seedlings in fumigation nursery soils related to 
the absence of endomycorrhizae.Phytopathology 
62:1447-1453. 

[32] Kormanik PP; Bryan WC and Schutty RC 
(1980).Increasing endomycorrhizae fungus inoculums 
in forest nursery soil with cover crops.Southern 
J.Applied For.4:151-153. 

[33] Louis I and Lin G (1987); Spade density and root 
colonization of Vesicular arbascular mucorrhizal in 
tropical soil.Ttansactions of the British Mycorrhizal 
Society 88; 207-212. 

[34] Maege J.A 1982a.Effects of soil fumigants & fungicides 
on Vesicular-arbuscular fungi.Phytopathology 72:1125-
1132. 

[35] Menge JA 1982b.Utilization of Vesicular-arbuscular 
mycorrhizal fungi in agriculture.Can.J.Bot 61:1015-
1024. 

[36] Mamta N and Tilak KVBR (1987). Response of Moong 
–bean (Vigna radiate Var. a ureus) to inoculation with 
Rhizobium sp (cowpea misceliang) and GlomusVersi 
form under varying levels of phosphate. In: Mycorrhiza 
Round Table proceeding of a National Workshop held at 
JawarharlalNeheruUniv. Delhi. India .March 13-15. 
(1987)  

[37] MuthukumarT, Udaiya K and Rajesh Kumar V (2001). 
Response of neem (Azadirachtaindica, A. Juss) to 
indigenous arbuscular mycorrhizal fungi, phosphate –
solubilizing and symbiotic nitrogen –fixing bacteria 
under topical   conditions .Biol. Festil. Soils 34:pp. 417 
-426. 

[38] Mutabaruta R;Mutabaruta C and Fernandey I(2002), 
Diversity of arbascular mycorrhizal fungi association to 
tree and pieces in semi-arid of  

[39] Machaleos, Kenya Airland Research and Management 
16:385-390. 

[40] Mortimer PE; Peroy -Fernandes  MA,Valentine AJ 
2008.The role of arbascular mycorrhizal colonization of 
the carbon and nutrient economy of the tripolite 
symbiosis with nodulated Phase Vulgaris .Soil Biochem 
.40,1019-1027. 

[41] Nadkarni ,KM(1976);Indian material 
Medica,Mumbai;popular Prakashan .P.739 

[42] Powell and Bagyaraj DJ (1984). VA – Mycorrhiza .CRC 
Press, Boca Raton, Florida. 234pp. 

Paper ID: 02014105 86



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Impact Factor (2012): 3.358 

Volume 3 Issue 6, June 2014 
www.ijsr.net

Licensed Under Creative Commons Attribution CC BY

[43] Pandey MM; Rastogi S and Rawat AK .Indian drug for 
general wealth care: An overview Internet .J.Altern. 
Med.6:1. 

[44] RadhikaKP and Rodeigues BF 2010. 
ArbuscularMycorrhizal fungal diversity   in some 
commonly occurring medicinal plants and Western 
Ghats, Goa region. J.  For. Res .21: pp. 45-52. 

[45] Raman N and Mahadevan A (1996). Mycorrhizal 
Research –a priority in Agriculture .In: Concept in 
Mycorrhizal Research [K.G. Mukherji (ed.)].pp. 41- 75. 

[46] Raddy MK; Vishwanthan S; Thirugnan Sambanthan P 
and Lalitha K (1993), Analgestic activity of Leucas 
aspera, Fitoterapia, 64,151-154. 

[47] Rai V;  Agarwal M;  Agnihotri AK;  Khatoon S; Rawat 
AK and Mehrotra S(2005),Pharmacological evaluation 
of Leucas aspera. 

[48] Sankaranarayan  C  and  Sundarababu   R (2001) 
.Influence Of moisture  and  pH as the  efficiency of  
Vesicular arbuscular Mycorrhiza , Glomus mosseae  
againsts  Meloidogyne  incognite  on  black   gram ( 
Vigna mungo L.).  J. Biol. Control. 15(1):  69-72.  

[49] Shirangi AM. (1947). Studies on Leucas aspera .Indian J 
Pharma.P.159.Kamat M & Singh TP (1994).Preliminary 
chemical examination of some compounds in different 
parts of genus Leucas Geobio. 

[50] SelvarajT; Murugan R and Bhaskaran C (2001) 
.Arbuscularmycorrhizal association of Kashini 
(Cichoriumintybus L.) in relation of phytochemical 
characters.  Mycorrhiza News. 13(2): pp. 14-16.  

[51] Smith .SE and Read DJ (1997).Mycorrhizal symbiosis, 
2nd Ed.Academic Press, London. 

[52] SrivastavaJ; Lambert J and Vietmayer N. (1996). 
Medicinal Plants: An depanding Role in Development, 
The world Bank, Washington DC P. 18. 

[53] Srivastava D KapoorR .Srivastava AK and Mukherji 
KG (1996).  Vesicular arbuscularmycorrhiza an 
overview .In: Mukherji KG (ed) Concepts in 
mycorrhizal Research, Kluwer, Dordrecht, pp.1-34. 

[54] South D 1977.Artificial inoculation of fumigated 
nursery beds with endomycorrhizae .Tree Planters 
Notes 28:3-5. 

[55] Synergestic affect of dual inoculation (Vesicular 
Arbuscular Mycorrhizae) on the growth and nutritients 
uptake of Medicago sativa. Pak .Journal .Botany; 40(2): 
pp. 939 -945. 

[56] Tejavathi DH and Jayashree DR (2013).  Effect of AM 
fungal association on the growth performance of 
selected medicinal herbs. Indian Journal of Applied 
Research. Agric. Vol 3: 14-15. 

[57] UNESCO (1996). Culture  and  Health , Orientation  
Texts  -World  Decade for  Cultural Development 1998 -
1997 , Document CLT / DEC / Pro – 1996 , Paris , 
France.  Pg. 129. 

[58] UdeaT, Husoe T, Kubo S and Nakawashi (1992). Trans 
.Mycology .Soc. Japan .33:pp. 77-86. 

[59] Varghese ESVD, (1996); Applied Ethnobotany-A Case 
Study among the Kharias of Central India, Deep 
Publications. New Delhi. 

[60] Wang CL; Tschen JSM and Wang CL (1997). Factors on 
the spore germination of arbuscularmycorrhizalfungi 
.Glomus spp. Fungal Science, 12: 3-4. 

Author Profile 

Anubrata Paul is a master degree student of M.S. 
Ramaiah College Of Arts, Science &Commerce, 
MSRIT POST, Bangalore-560054, Karnataka, India, 
Bangalore University, and Department of 
Biotechnology. 

Jayashree D.R. is working as Assistant Professor in M.S. Ramaiah 
College of Arts, Science & Commerce, MSRIT POST, Bangalore-
560054, Karnataka, India, Bangalore University. Department of 
Biotechnology. 

Paper ID: 02014105 87




