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Effect of various AM fungal species (Acaulospora bireticulata, A.lacunosa, A.laevis, Glomus aggregatum,
G.fasciculatum, G.geosporum and G.mosseae) on the growth performance of commonly grown medicinal
weeds such as Achyranthes aspera, Eclipta alba, Euphorbia hirta and Leucas aspera was studied. Percent germination of
seeds was significantly enhanced in presence of AM fungi. Rhizosphere samples collected at the time of seed collection in
their natural habitats and after 90 days of AMF inoculation revealed the abundance of spores of Glomus species. Among
the AM fungi used in the present studly, G.fasciculatum showed maximum colonization with 100% in all the selected plants.
The correlation between the percent colonization and the biomass was not observed in the present study. The root and
shoot length along with biomass in all the selected plants varied with the AMF species indicating the specific host compat-
ibility. AMF inoculated plants in general, showed better growth performance than control plants.

INTRODUCTION

India is regarded as the treasure house of herbs in the world.
Herbal medicines are still the main stream of the majority of
the world population, mainly in the developing countries for
primary healthcare because of better cultural acceptability,
compatibility with in human body and lesser side effects.
Many herbal medicinal plants are often treated as weeds
because of their undesirable habitats. However, the fact re-
mains that they are often very powerful medicinal plants hav-
ing high potential to address many of today’s major health
problems.

AM fungi are known to improve the plant growth through
better uptake of water and the nutrients, particularly Phos-
phorus (Lambert et al. 1979 and Brundrett, 2009). The
symbiotic association also improves the host resistance to
drought and pathogens (Kothamati et al. 2001). Thus im-
proved physiological status is reflected in their better growth
performance. The symbiotic association not only enhances
the growth performance of the host plants but also improves
the production of active principles (Sowmya et al. 2004 and
Tejavathi et al. 2011). The enhanced biomass and active
principles in the AM fungal associated medicinal plants can
be harnessed by pharmaceutical industries. Standardization
of optimum conditions for the better growth of the medicinal
herbs with enhanced active principles is of utmost important
in the commercialization of these taxa. Hence, the present
studies deals with the effect of AM fungi on the growth per-
formance of the selected medicinal plants and feasibility of
utilizing this strategy for their systematic cultivation.

MATERIAL AND METHODS

Achyranthes aspera L., Eclipta alba (L.) Hassk., Euphorbia
hirta L. and Leucas aspera (Willd.)Sperg which are commonly
grown as weeds all along the roadside, gutters and open
fields were selected for the present study. Mature seeds were
collected from the plants by frequent visits to their habitats
in and around Bangalore, Karnataka. They were subjected to
seed health and seed viability tests following the guidelines
of ISTA (1996).

The AM fungal species selected for the present study were
Acaulospora bireticulata, A.lacunosa, A.laevis, Glomus ag-
gregatum, G.fasciculatum, G.geosporum and G.mosseae
and the inoculums were obtained from Department of Ag-
ricultural Microbiology, University of Agricultural Sciences,

GKVK, Bangalore 560 056, India

Seed health and viability test

Paper towel and Blotter methods were followed in order to
test the seed health and viability. Both dry and pre soaked
seeds in water for overnight were used for this study.

Paper towel method: This method is a routine procedure for
seed health testing of suspected seed lot. Two papers tow-
els/germinating papers measuring 45x28 cm were soaked in
distilled water. 100 presoaked and dry seeds of each se-
lected taxon were randomly selected and placed on wet pa-
per towel with equally spaced 10 seeds in a row. The other
aper was used for covering the seeds. These towels were
rolled and ends were tied with rubber bands and placed in
an upright or inclined in a plastic tray. The whole setup was
incubated for 10 days at 27-30°C under12 h light and dark
regime. After 10* day, the paper towels were unrolled and
percent of infection and germination were recorded.

Blotter method: 100 seeds of dry and presoaked of each
selected species were plated on well soaked filter paper with
sterile distilled water in groups of 25 per petriplates. Each
plating was facilitated by rotating the petriplate slowly and
smoothly in clockwise manner with 15 seeds in the outer ring,
9 in the middle and one in the centre at equidistance. They
were incubated for 10 days at 27-30°C under 12:12 light and
dark regime. After 10* day, the seeds were examined for
microbial infection and percent germination.

Study of soil samples from Rhizosphere.

Soil samples were collected from rhizospheres of selected
medicinal plants at the time of seed collection. They were
analyzed for mycorrhizal spore count by wet sieving and de-
canting technique of Gerdemann and Nicolson (1963).

Soil samples from the rhizospheres of all the selected plants
after 90 days of AM fungal inoculation were analyzed for my-
corrhizal spore count by following the method of Gerdemann
and Nicolson (1963).

Green house test

Green house test was carried out to determine the compat-
ibility between AMF load and selected plant species. The ex-
periment was designed with 8 treatments in 4 replicates. To-
tally 96 uniformly sized plastic pots (7x7’) capacity of holding

12 = INDIAN JOURNAL OF APPLIED RESEARCH



RESEARCH PAPER

4 kg of sterilized sandy loam soil (autoclaved twice at 108 kpa
for 15 min) were set up at green house in the department of
Botany, Bangalore University. pH of the soil was adjust to 6.8
to 7. AMF inoculum of 0.8g (1gm = 1 lakh propogules) was
placed at the depth of 2cm from the soil surface. The pre-
soaked mature seeds collected from the selected plants were
sterilized with 1% sodium hypochlorite were placed over the
surface of the sterilized soil, pushed down to 1.5 cms deep
in the soil and covered by the surrounding soil. Regular
watering with shower was done on every alternate day and
maintained for 90 days under green house conditions. The
seedlings were thinned after 12 days of emergence to main-
tain 2 seedlings per pot. Pots without AMF inoculums served
as control. Root and shoot length along with biomass were
recorded after 30, 60 and 90 days of AM inoculation and thus
obtained data was recorded and tabulated.

AM fungal colonization

The AMF treated medicinal plants were carefully uproot-
ed after 30, 60 and 90 days of inoculation and thoroughly
washed under running tap water. Fresh root samples were
cut into 1 cm segments and placed in plastic vials contain-
ing 10 ml of 10% KOH for 48h at room temperature (Phillips
and Haymann ,1970). After decanting the alkali, the residual
alkali was neutralized by immersing them in 10ml of 10% HCI
for 15 min. After through washing in double distilled water,
the root segments were stained with 0.1% Tryphan blue in
lactogycerol for 24 h.

Percent of AM fungal colonization was calculated using the
following formula
No.of segments colonized with AM

% Colonization = » 100
Total no. of segments

Data analysis

The data thus obtained from the experiments were subjected
to one-way analysis of variance (ANOVA) for completely ran-
domized design (CRD) using MSTAT-C software. The treat-
ment means were separated by Duncan’s Multiple Range
Test (DMRT) at 5% level of significance (Little and Hills, 1978).

RESULTS AND DISCUSSION

For the establishment of a good crop, uniform and maximum
germination of seeds and emergence of strong and sturdy
seedlings are necessary as they are able to survive under the
unfavorable conditions. The seed samples of the selected
medicinal plants were collected from in and around Banga-
lore and subjected to Blotter and Paper towel methods to
analyze the seed health, viability and percent germination.
Presoaked seeds showed better percent of germination than
dry seeds, because of the high metabolic activity due to
prior water imbibitions. The percent germination in blotter
method was significantly higher than the paper roll method,
since many seeds were damaged in the process of rolling.
Hence the results from the blotter method were recorded.
Highest percent of germination was recorded in E.hirta with
85% and lowest of 48% in L.aspera. Seed health testing is
critical for insuring the health of basic seed stocks used for
seed production. Itis also an essential management tool for
the control of seed borne and seed transmitted pathogens
(Morrison, 1999).

The seeds of all selected plants in control have germinated
after 10 days of incubation in the soil. Presence of AMF in the
soil, however, enhanced the percent germination and also re-
duces the time taken for the germination. About 90% of ger-
mination was recorded in the seeds of all the selected species
when they were sown in the soil mixed with inoculums of vari-
ous AM fungi. Time taken for germination and percent ger-
mination varies with the AM fungi present in the soil. Seeds
of E. hirta have germinated within 2 days of sowing in pres-
ence of G.mosseae, whereas in other species of AMF, they
have taken 4-5 days for germination. Similarly the time taken
for germination of seeds of E.alba, A.aspera and L.aspera
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was reduced to 5 days in the presence of A.bireticulata,
A.lacunosa. G. aggregatum, G.fasciculatum and G.mosseae,
whereas 7 days in A.laevis and G.geosporum . The enhanced
percent of germination in all the selected species in presence
of fungi may be attributed to the secretion of phytoharmones
by AM fungi (Azcon-aguilar and Barea, 1978). However, Jala-
luddin and Hamid (2011) did not find the promotory effect of
AM fungi on germination in the varieties of sunflower.

Soil samples were collected from the rhizospheres of all
the selected medicinal herbs during seed harvesting. Pres-
ence of AM spores in the samples varies with the species. A
few spores of AMF were identified in the rhizosphere sam-
ples of E.alba and E.hirta. However, the rhizosphere sam-
ple of A.aspera revealed many AMF spores, while no AMF
spores were identified in the rhizosphere of L.aspera. The
AMF spores found in the rhizosphere were identified by us-
ing the manual for identification (Schenck and Perez, 1990).
The most common AMF spores that were found in the rhizo-
sphere samples were belong to Glomus, Acaulospora and
Gigapora. Among these, Glomus and Acaulospora spores
were more abundant in the samples. Glomus in the rhizos-
pheres of medicinal plants was reported in a several earlier
studies (Allen et al. 1995, Francis and Read, 1994 and Sel-
varaj et al. 2001). The main reason for their abundance may
be their ability to sustain wide range of temperatures and
pH for spore germination (Wang et al. 1997). Whereas the
spores of Acaulospora, which are found in abundance in the
rhizosphere samples of A.aspera are often associated with
acidic soils (Abbott and Robson, 1991). Allen et al. (1995)
and Francis and Read (1994) have reported high AM fungal
diversity in the rhizosphere of medicinal plants.

Since the spores of Glomus and Acaulospora were seen in
the rhizosphere of these plants in their natural habitats, they
were selected for the present study. Root segments of all the
selected plants exhibited colonization by arbuscular mycor-
rhizal fungi. Among the various AMF species used in the
present study, G.fasciculatum was found to be more compat-
ible with all the four selected medicinal herbs with 100%colo-
nization. Next best was found to be G.mosseae with 100%
colonization in E.hirta, E.alba and L.aspera. However it
showed only 30% of colonization in A.aspera. Compatible
association of G.fasciculatum with other medicinal plants is
well documented (Bhagyaraj and Manjunath, 1980, Rao et al.
1989, Karthikeyan et al. 2009 and Tejavathi et al. 2011). At
the time of harvest, the root and shoot biomass of the inocu-
lated plants was found to be maximum and significant than
that of control in all the four selected plants. G.mosseae was
found to be exerting profound influence on the growth of E.
hirta and L.aspera with total fresh biomass being recorded
as 4.96 = 0.12 and 13.18 * 0.35(Table 3 & 4) respectively,
whereas G.aggregatum and G.fasciculatum enhanced the
growth performance of E.alba and A.aspera with fresh total
biomass of 9.99 + 0.59 and 11.92 + 0.55(Table 1 & 2) respec-
tively. These observations have substantiated the hypothesis
that not all the combinations of host and endophytes have
similar growth stimulating effects (Hayman, 1980). This may
be due to the specific host compatibility as reported in other
plants (Sharada Khade and Rodrigues, 2009). The extent of
improvement by AM fungi varied with the species of AM fun-
gi and may be depends on their capacity to take up P from
soil and transfer into the host. Host specificity of AM fungi
is also well documented by Smith et al. (2000) and Burleigh
et al. (2002). Hence selection of efficient AM fungi plays a
significant role in achieving maximum benefits from the as-
sociation. Similar improved growth and higher biomass in
medicinal plants were earlier reported by Kumar and Muru-
gesh (2002), Karthikeyan (2009) and Tejavathi et al. (2011).

In the present study, 100% colonization of G.fasciculatum
was recorded in all the four selected species, but it was more
efficient in enhancing the growth performance in A. aspera
though it substantially improved the growth performance
in other species. Further, as Yosef et al. (1984) and Declerck
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et al. (1989) pointed out that the amount of colonization by
AMF is not always correlated with their efficiency in improv-
ing the growth of the host plants. However, Sharada Khade
and Rodrigues (2009) have reported correlation between the
root colonization and the efficiency of G.mosseae in increas-
ing the growth parameters in Papaya. Whereas, Arpana and
Bagyaraj (2007) have not reported correlation between the
percent colonization with total biomass in Andrograhis pan-
iculata which is in accordance with our study. In the present
study, higher sporulation by specific fungi in all the selected
plants correlated with the higher biomass. While, in Andro-
graphis paniculata, the extent of root colonization and the
spore count varied with different AM fungi (Chiramel et al.
2006).

Conclusion
AM fungi association in general has enhanced the growth
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performance of all the selected medicinal herbs compared
to control plants. The maximum benefit on enhancement
and biomass depends on the compatible specific AM fungal
association. Since the whole plant is used in indigenous sys-
tems of medicine to cure the ailments, increase in biomass
will definitely have a significant value. Better still, farming
with AM fungi of such medicinally important herbs should
be encouraged and promoted as they are actually becoming
rare due to urbanization and the harvesting of these species
should at the very least be regulated.
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Table 1: Percent Root Colonization, Spore Count of different AM fungi and Biomass in A.aspera(90days after inoculation)

%Root No.Spore /  |Fresh weight Dry weight

Treatments Colonizatin Og P Root Shoot whole plant Root Shoot whole plant

Control 1.209 +1.79 0.009 +0.00 [0.97¢+0.00 |2.84f+0.70 [3.80°+0.70 0.39¢9+0.05 |1.33+0.22 [1.72¢+0.21

Abireticulata 73.40°+3.29  [41.60< = 2.61 [2.449+ 053 [4.16°+0.55 |7.00°+ 1.00 1.10>°+0.18 [2.189+0.24 [3.289+0.35
A.laevis 37.60fx2.41 [11.40'+1.14 [2.60<+0.35 |5.46¢+0.69 [8.06%+1.03 [1.05°+0.16 [2.29¢+0.18 |3.349+0.26
A.lacunosa 50.20°+5.26 [16.80°+ 3.35 [3.18°+0.18 [6.43°+0.72 [9.815+0.84 [1.23%c+ (0.23 [3.22°+ 0.55 |4.46>+ 0.75
G..aggregatum [82.00° + 2.74 41.20°+ 2.77 |3.22°® + 0.49 |6.38°+0.33 [9.59°d +0.76 [1.35%+0.04 [3.13>+0.29 [4.48>+ (.32
G..fasciculatum [100.00°+ 0.00 [64.00°+ 5.29 |3.492+0.14 [8.42°+0.52 |11.922+0.53 [1.49°+0.18 [4.192+0.29 |5.682+ 0.34
G..geosporum  |59.40¢+ 4.72 |26.00°+ 1.87 |2.97¢+0.51 |5.33% +0.18 |8.51¢+ 0.73 1.14>+0.10 [2.73<£0.28 [3.86°+ 0.24
G..mosseae 98.20°+ 4.02 |54.80° = 4.15 [3.26*°+0.20 |7.14°+0.48 [10.60%= 0.65 |1.25%<+0.07 [3.55°+0.22 |4.81°+0.09

*Means (n=5) in each column followed by the same letter are not significantly different (p<0.05) from each other according to

DMRT.

Table 2: Percent Root Colonization and Spore Count of different AM fungi on Biomass in E.alba (90days after inoculation)

% Root No.Spore/  |Fresh weight Dry weight
Treatments Colonization  |10g P Root Shoot whole plant  |Root Shoot whole plant
Control 1.00° +1.00 1.200+1.79  |1.27°+0.18 3.22°£0.09  |4.48°+0.21  |0.639+0.09 [1.59°+0.03 |2.23°+ 0.09
A bireticulata 100.00 *+ 0.00 |60.40° + 5.68 [2.19°+0.09  [4.45¢+0.03 |9.55%+0.57 [1.10°+0.05 [2.225*0.02 |3.32¢+0.06
Allaevis 42209+ 5.17 [28.60° + 2.30 |3.07°+0.04 6.32°+0.22 |6.66°+0.08 1.50°+0.04 [3.372+0.00 [4.60°+0.28
Al.lacunosa 56.80°+ 217 [31.40¢+4.22 [2.29°+0.05 |4.54¢9+0.03 [6.81°+0.08 1.13>+ 0.03 [2.25°+ 0.00 [3.389+ 0.03
G..aggregatum |100.00°+ 0.00 [83.80°+4 .87 |3.17°£0.46 |6.81°+ 0.18 [9.992+£0.59 1.632£0.09 (3.44°+0.04 |5.012+0.25
G..fasciculatum [100.00°+ 0.00 [68.40° + 5.81 |2.882 + 0.33 |6.49*%+0.58 [9.20°+0.48 1.51%+0.04 [3.17®+0.11 [4.61°+0.24
G..geosporum  [82.40°+ 4.39 [38.804+ 5.63 |2.83 £ 0.40 [5.82°+0.31 |8.65*+0.44 [1.13>+0.21 [2.86®+0.15 [4.27°+0.19
G..mosseae 100.00°+ 0.00 [81.60°+6.84 [2.96°+0.37 |6.61*+0.10 [9.57*+0.46 [1.54®°+0.05 |3.39°+0.00 |4.87°+0.18

*Means (n=5) in each column followed by the same letter are not significantly different (p<0.05) from each other according to

DMRT.

Table 3: Percent Root Colonization and Spore Count of different AM fungi on Biomass in E.hirta (90days after inoculation)

% Root No.Spore / Fresh weight Dry weight
Treatments Colonization _|10g P Root Shoot whole plant [Root Shoot wholeplant
Control 0.80°+0.84 0.80¢+0.84 0.76?+0.11  |1.09¢+0.33  [1.86°+0.25 [0..38'+ 0.05 [0.55¢+0.16 [0.93¢+0.13
Abireticulata 95.20°+3.63  [45.80°+6.98 |1.49°+0.04 [3.03°£0.04 |4.52°+0.05 |0.76°+0.02 [1.12°+0.21 ]2.25°+0.02
A.laevis 23.40°+1.14 [15.20°4#2.77 |1.10°40.06  [1.34%+0.02 |2.44°+0.04 |0.54%+ 0.03 [0.68%+0.03 |1.24+0.03
A.lacunosa 33.20°+0.84 [18.00°+2.24 |1.13°+0.09 [1.55+0.02 |2.68¢+0.09 [0.53°+0.02 [0.789+0.01 1.34<+ 0.05
G..aggregatum {100.00°£0.00 [49.60°+14.05 [1.39°+0.15 [3.11°£0.08 |4.49°+0.21 |0.70°+0.08 |[1.25°+0.27 |(2.24*+0.10
G..fasciculatum  [100.00°+0.00 [60.00°+ 8.15 |1.50°+0.05 [3.14°+0.09  |4.64°+0.12 [0.75%+0.03 [1.53°+0.18 |2.32°+ 0.06
G..geosporum 76.60°+7.40 43.80°+6.38 |1.13+0.05 [2.44°+0.43 |3.57¢+0.45 ]0.599+0.03 |1.24c*0.09 |1.77°+0.22
G..mosseae 100.00°£0.00 |67.40°+9.48 [1.692x0.07 [3.27°+0.13 |4.96°+0.12 |0.84°+0.03 [1.782+0.04 (2.38°+0.20

*Means (n=5) in each column followed by the same letter are not significantly different (p<0.05) from each other according to

DMRT.
Table 4: Percent Root Colonization and Spore Count of different AM fungi on Biomass in L.aspera (90days after inocula-
tion)

% Root No.Spore / Fresh weight Dry weight
Treatments Colonization |10g Root Shoot whole plant  |Root Shoot whole plant
Control 2.00°+1.58 |2.60"+1.34 |1.869+0.06 |3.93°+0.04 [5.849+0.00 |0.94°+0.00 [1.97¢+0.01 |2.91°+0.01
A bireticulata 90.80°+ 2.95 [43.80¢+4.32 |3.45°+0.29 |5.90°+0.98 [9.35¢%1.08 [1.72°+(0.14 [3.45¢+0.28 |5.17«¢+0.32
A.laevis 56.20° + 1.64 |18.009 + 1.73 [2.86°+0.01 [4.619+0.24 [7.47°+0.23 [1.449+0.01 |2.50°+ 0.50 |3.94°+ 0.50
A.lacunosa 68.004+ 2.35 [24.00'+3.67 [2.83°+0.05 |4.58¢+0.15 [7.41°+0.14 [1.43¢+0.02 [2.29¢+0.08 |[3.72¢+ 0.09
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G..aggregatum  |98.00* = 2.35 [51.00°% 1.41 |3.48°+0.41 |7.87°+0.03 |11.34c+0.43 [1.64°+0.25 [4.00°+ 0.57 |[5.64°*0.66
G..fasciculatum  [100.00°+ 0.00 [60.80°+ 3.77 |3.53%+0.42 |8.91°+ 0.04 [12.44°+ 0.43 |1.84%°+ 0.02 |5.45°+0.71 |7.29°+0.72
G..geosporum _ |81.00 <+ 3.67 [30.80° +5.17 |3.18%+ 0.43 |5.08<¢+ 0.08 [8.26°+ 0.51 [1.58°+0.21 |3.319+0.47 |4.88¢+ 0.67
G..mosseae 100.00° £ 0.00 {69.80° + 9.42 |3.86°+0.02 [9.32°+0.37 [13.18°+0.35 [1.92°+0.01 [7.14°+0.58 [9.06°+ 0.58

*Means (n=5) in each column followed by the same letter are not significantly different (p<0.05) from each other accord-
ing to DMRT.

S d A\ [ AbbottLKand Robson AD (1991). Factors influencing the occurrence of vesicular-arbuscular mycorrhizas. Agriculture Ecosystem and Environment

35:121-150. | Allen EB, Allen MF, Helm DJ, Trappe JM, Molina R and Rincon E (1995). Patterns and Regulation of Mycorrhizal plant and fungal
diversity. Plant and Soil 170:47-62. | Arpana J and Bagyaraj DJ (2007). Response of Kalmegh to an arbuscular mycorrhizal fungus and a plant growth promoting rhizo
microorganisms at two levels of phosphorous fertilizers. American-Eurasian Journal of Agriculture and Environmental Science 2: 33-38. | Azcon RC, Azcon G, De
Aguilar and Barea JM (1978). Effects of plant hormones present in bacterial cultures on the formation and response to VA endomycorrhiza. New Phytology 80: 359-
364. | Bagyaraj DJ and Manjunath A (1980).Response of crop plants to VA mycorrhizal inoculation in an unsterile Indian soils. New Phytologist 85:33-36. | Burleigh
SH, Cavagnaro T and Jakobsen | (2002). Functional diversity of arbuscular mycorrhizal extends to the expression of plant genes involved in P nutrition. Journal of
Experimental Botany 53: 1593-1601. | Brundrett MC (2009). Mycorrhizal associations and other means of nutrition of vascular plants: understanding the global diversity
of host plants by resolving conflicting information and developing reliable means of diagnosis. Plant and Soil 320:37-77. | Chiramel T, Bagyaraj DJ and Patil CSP (2006).
Response of Andrographis paniculata to different arbuscular mycorrhizal fungi. Journal of Agricultural Technology 2(2):221-228. | Declerck S, Plenchette C and Strullu
L. (1995). Mycorrhizal dependency of banana (Musa accuminata, AAA group) cultivar. Plant and Soil 176:183-187. | Francis R and Read D.J (1994). The contribution of
mycorrhizal fungi in determination of plant community structure. Plant and Soil 159: 11-25. | Gerdemann JW and Nicolson TH (1963). Spores of mycorrhiza extracted
from soil by wet sieving and decanting. Transactions of the British Mycological society 46:235-244. | Hayman DS (1980). Mycorrhizal population of sowen pastures and
native vegetative in Otago, New Zealand. New Zealand Journal of Agricultural Research 21:271-276. | International Seed Testing Association (1996) International rules
for seed testing. Seed Science in Technology 24(supplement):1-335. | Jalaluddin M and Hamid M (2011). Effect of adding inorganic, organic and microbial fertilizers
on seed germination and seedling growth of sunflower. Pakistan journal of Botany 43 (6):2807-2809. | Karthikeyan B, Joe MM and Jalleel CA (2009). Response of some
medicinal plants to vesicular arbuscular mycorrhizal inoculations. Journal of Scientific Research 1(1): 381-386. | Kothamasi D, Kuhad RC and Babu CR (2001). Arbuscular
mycorrhizae in plant survival strategies. Tropical Ecology 42:1-13. | Kumar GS and Murugesh S (2002). A study on the VAM fungi improves growth of some medicinal
plants. Advances in Plant Sciences 15(1): 43-46. | Lambert DH, Baker DE and Cole H,Jr. (1979). The role of Mycorrhizae in the interaction of phosphorous with zinc,
copper and other elements. Soil Science Society American Journals 43: 976-980. | Little TM and Hills FJ (1978). Agricultural experimentation. John Wiley and sons,
Inc., USA. | Morris RH (1999). Sampling in seed health testing. Phytopathology 89: 1084-87. | Phillips JH and Hayman DS (1970). Improved procedure for clearing
roots and staining parasitic and vesicular arbuscular mycorrhizal fungi for rapid assessement of infection. Transactions of British Mycological Society 55: 158-161. |
Rao GYS, Suresh NS, Mallikarjunaiah RR and Bagyaraj DJ (1989) Vasicular arbuscular mycorrhizae in medicinal plants. Indian Phytopathology 42:476-479. | Schenck
NC and Perez Y (1990). Manual for the identification of vesicular arbuscular mycorrhizal fungi. Synergistic Publications: Gainesville, FL., U.S.A., pp.1-286. | Selvaraj T,
Murugan R and Bhaskaran C (2001). Arbuscular mycorrhizal association of Kashini (Cichorium intybus L.) in relation to physicochemical characters. Mycorrhiza News
13(2):14-16. | Sharda Khade W and Rodrigues BF (2009). Studies on arbuscular mycorrhization of Papaya. African Crop Science Soceity 17(3):155-165. | Smith FA,
Jakobsen | and Smith SE (2000). Spatial differences in acquisition of soil phosphate between two arbuscular mycorrhizal fungi in symbiosis with Medicago trunculata.
New Phytologist 147:357-366. | Sowmya R, Tejavathi DH and Sukuda M (2004). Utilization of VA mycorrhizal fungi and Trichoderma viride on plant growth and drug
content of micropropagated Bacopa monnieri(L.)Pennell. Ecoport article online publication, FAO,USA. | Tejavathi DH, Anitha P, Savitha M Murthy and Nijagunaiah R
(2011). Effect of AM fungal association with normal and micropropagated plants of Andrographis paniculata. Nees on biomss, primary and secondary metabolites.
International Research Journal of Plant Science Vol.2 (12) pp. 338-348. | Wang CL, Tschen JSM and Wang CL (1997). Factors on the spore germination of arbuscular
mycorrhizal fungi, Glomus spp. Fungal Science 12:3-4. | Yosef IG, Trappe JM and Stebbin RL (1984). Effects of vesicular-arbuscular mycorrhizal and Phosphorus on
apple seedling. Journal of American Society of Horticulture Science 190 (1): 24-27.

INDIAN JOURNAL OF APPLIED RESEARCH = 15



