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ABSTRACT

Six commonly occurring indigenous tree species of agroforestry importance from Pachaimalai hill located in Eastern
Ghats of Tamil Nadu was selected for the present study. All the six species examined were said to be mycorrhizal. Pongamia
pinnata, a leguminous plant showed the highest percentage of root colonization (88%) and spore density (340 spores 100 g'l

rhizosphere soil). A total of 39AM fungal species representing eight genera namely Glomus, Acaulospora, Gigaspora,
Rhizaphagus, Entrophosphora, Scutellospora, Sclerocystis and Pacispora were recorded.
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Agroforestry is a term used to describe the
inclusion of trees with in farming systems. This has been a
traditional land use developed by subsistence farmers
throughout most of the world (Zomer et al 2009). Farmers
have been growing trees on their farms for generations to
maintain healthy soil, secure food supplies, and for timber
and fuel (Chavan et al 2015). Further, the agroforestry
systems render benefits to ecosystem by way of
microclimate moderation, biodiversity
carbon sequestration, protecting water sources, soil
erosion and pollution control (Stamps and Linit 1998;
Price and Gordon 1999; Thevathasan and Gordon 2004;
Chavan et al 2014). Thus agroforestry systems have the
potential for being an effective tool in climate change
mitigation and adaptation steps (Chavan et al 2014).

conservation,

India has become the first nation in the world to
adopt an agroforestry policy (Dhyani et al 2013). Studies
reveal that these agroforestry systems have the potential to
generate employment opportunities of 450 man-days per
hectare per year (Dhyani et al 2013). But the practice of
agroforestry in India has been declining sharply in the past
few decades (Dhyani et al 2013). According to Forest
Survey of India (FSI: 2013) the current area under
agroforestry in India is estimated as 11.54 m ha, which is
3.39% of the geographical area. Maharashtra (1.18%),
Gujarat (1.16%) and Rajasthan (0.84%) rank high in state-
wise area under agroforestry, however Tamil Nadu with
only 0.46%.

In Tamil Nadu, the indigenous agroforestry
system was more prevalent in Pachaimalai hills. They
were found on bench terraces, moderately sloping lands
and steeply sloping lands. The agroforestry system in the
hills has been disappearing considerable over the decades
due to primarily to changing socio-cultural values and
population. These agroforestry have become center of
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conservation and environmental issues because of loss of
beneficial effects on the local people and the environment.

One of the key players that can help in the
conservation of agroforestry is the Arbuscular Mycorrhizal
(AM) fungus (Janos 1980; van der Heijden et al 1998).
They form symbiotic associations with the majority of
agroforestry tree species. This mutualistic association can
provide a number of benefits to the host plant including
increased uptake, especially phosphorus,
improved water relations, and protection from pathogens.
Moreover, success of any reforestation intervention is
depend on the co-establishment of diverse AM fungi
together with seedlings in the nursery (Sieverding, 1991,
Francis and Read, 1994). In India not many studies are
available on AM fungal association in tree species of
agroforestry system. Pande and Tarafdar (2004) surveyed
AM fungi in neem (Azadirachta indica L.) based
agroforestry systems in Rajasthan. Prasad and Mertia
(2005) made a similar survey in three agroforestry tree
species of arid zone. Most of the studies of this kind were
carried out in arid zones while studies on the tropical hills
are scarce. Therefore the present study was initiated to
quantify AM fungal diversity occurring in some of the tree
species of agroforestry in Pachaimalai hills and to identify
the dominant AM fungi found there in.

nutrient

MATERIALS AND METHODS

Study Sites and Sample Collection

Pachaimalai hills are part of Eastern Ghats in
India that is situated at the mid regions of Tamil Nadu
with latitudes 11°09'00" to 11°27'00" N and longitudes
78°28'00" to 78°49'00" E. They occupy an area of about
527.61 sq. km and altitudes range of 160 to 1072 m a.s.L
The mean annual temperature is 28°C and the average
annual precipitation is 850 mm. The study was carried out
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with six tree species of agroforestry importance namely,
Dodonaea viscosa, Hardwickia binata, Melia azedarach,
Peltophorum pterocarpum, Pongamia pinnata and Senna
siamea. Rhizosphere soil and roots were collected between
September and November 2016. Three individuals of each
plant species were randomly selected for sampling. Three
rooting zone soil samples with fine roots were collected in
three different directions from each plant. The root
samples were obtained from the selected tree species by
tracing thick roots from the base of the trunk to their
ultimate branching. Each sample consisted of usually lkg
of soil sample and approximately 5g of fine root materials.
The samples were placed in thin polyethylene bags and
brought to the laboratory. The roots were washed in water
and fixed in FAA (Formalin acetic acid alcohol) for
further analysis. Rhizosphere soil of individual plant was
shade dried, sieved to remove larger soil particles and was
mixed thoroughly to obtain a composite samples.

Soil Analysis

Soil samples were analysed for pH and electrical
conductivity in the laboratory using Elico model pH
meter. Analyses of total nitrogen, total phosphorus and
available potassium were carried out at the Government
Soil Testing Laboratory, Tiruchirappalli, Tamil Nadu,
India.

Estimation of AM Fungal Colonization

Roots were rinsed in distilled water to remove
any trace of soil, cleared in 2% KOH, heated at 90°C,
acidified with 1% HCIl and stained with trypan blue
(Koske and Gemma 1989). The stained roots were
examined on an Olympus microscope (Model CX-2li) for
AM fungal structures and percent root colonization was
estimated using the slide method (Giovannetti and Mosse

1980).

Isolation and Taxonomic Identification of AM Fungal
Spores

AM fungal spores were isolated by wet sieving
and decanting method (Gerdemann and Nicholson 1963).
One hundred grams of soil was suspended in one litre of
water, stirred for few minutes and sieved. The residues on
the sieves were spread on Whatman filter paper No.1 and
examined under dissection microscope to count the viable
spore population. They were identified according to their
spore morphology and wall characteristics using the
culture database established by INVAM (International
Culture Collection of Vesicular Arbuscular Mycorrhizal
Fungi) (http://invam.caf.wvu.edu) and Schiiler and
Walker system of classification (2010) given in the
website www.amf-phylogeny.com.

RESULTS AND DISCUSSION
Soil Characteristics of Study Site

The results of the soil physico-chemical
characteristics are given in Table 1. Soils of study sites
were acidic that the pH ranged between 4.9 and 6.4. The
low pH strongly suggested that nutrient cations were low
(Padamsee et al. 2016). Electrical conductivity ranged
from 0.16 to 0.43 mS dsm’. Nitrogen content was
significantly higher in the soil around M. azedarach and S.
siamea (134.4 k/ha each). The P content in most of the
examined rhizosphere soil samples seemed to be poor. It
was just 0.5 kg/ha in the rhizosphere soil of D. viscosa and
P. pinnata. In the present study the maximum P content
was recorded in the rhizosphere soil sample of S. siamea
(25 kg/ha). The K content of soil ranged from 113 k/ha
(M. azedarach) to 367 k/ha (H. binata).

Table 1: Physico-chemical characteristics of the soil samples of the study sites

Tree species pH Ec (desm") N(kg/ha) | P (kg/ha) K (kg/ha)
Dodonaea viscosa Jacq. 5.4 0.21 71.4 0.5 118
Hardwickia binata Roxb. 6.0 0.21 103.6 3.0 367
Melia azedarach L. 4.9 0.43 134.4 6.0 113
Peltophorum pterocarpum (DC.) K.Heyne 6.3 0.31 103.6 3.0 315
Pongamia pinnata (L.) Pierre 6.2 0.19 100.8 0.5 316
Senna siamea (Lam.) Irwin et Barneby 6.4 0.16 134.4 25 324

AM Fungal Colonization

AM fungi colonized roots of all six agroforestry
taxa examined (Table 2). However, there were substantial
differences among different host plants, i.e. levels of

colonization ranged from 43% in D. viscosa to 88% in P.
pinnata. In the present study the percentage of
colonization seemed to be higher in leguminous tree
species, because they need higher level of phosphorus for
nodulation and nitrogen fixation (Smith & Daft 1977;
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Carling et al. 1978; Plenchette et al. 1983). AM fungi take
up immobile phosphate from soil, solubilize and transfer
them to the host plant (Koide et al 1999). Hyphae, hyphal
coils and vesicles were predominant AM fungal structures
found in most of the taxa examined whereas the
arbuscules were found only in H. binata and M.
azedarach. This is because that the taxa form typical
Paris-type or intermediate-type mycorrhizae. This is in
accordance with the observations made by Kubota et al
(2005) and D’Souza & Rodrigues (2013) who reported
dominance of Paris-type morphology in natural
ecosystems. The absence of arbuscules in most of the plant
species suggests that the hyphal coils may serve the
functions of arbuscules (Mago et al, 1992; Bukhari and
Rodrigues, 2005). The average root colonization 63.66%
recorded in the present investigation is in agreement with
many of the previous studies.

AM Fungal Spore Density

The AM fungal spore density in the rhizosphere
of six agroforestry taxa is shown in Table 2. It ranged
from 230 to 340 per 100 g soil, with an average of 294.
Spore density recorded in the present investigation is
much higher than that of Mohankumar and Mahadevan
(1988) observations, however consistent with the
observations of Khade and Rodrigues (2003). In the
present investigation the AM fungal spore density in the
rhizosphere of P. pinnata was the highest, and the lowest
in D. viscosa. The variable spore levels are likely due to
their differential capacity of each AM fungal taxa to
sporulate (Bever et al 1996). The spore density values
were varied with the soil P content but not in relation to
percentage of root colonization.

Table 2: Mean percent root colonization and soil spore density of AM fungi in the agroforestry tree species of
Pachaimali hills, Eastern Ghats, Tamil Nadu

AM colonization .

Tree species Family . . Root Spore fllens%ty
Hypha | Hyphalcoil | Arbuscule | Vesicle colonization (%) 100 g” soil
D. viscosa Sapindaceae + + - + 43+3.22 230+ 37.15
H. binata Caesalpiniaceae + + + + 71+ 4.26 325+ 70.13
M. azedarach Meliaceae + - + + 49 £491 273 £58.20
P Caesalpiniaceae + + - - 63+ 2.21 310 £23.11

pterocarpum

P. pinnata Fabaceae + + - + 88 £5.21 340 £23.11
S. siamea Caesalpiniaceae + + - + 68+ 3.34 290 £51.25

AM Fungal Diversity and Distribution

From the rhizosphere soil samples spore and
sporocarp were obtained using wet-sieving method. We
tried our level best to identify the spores and sporocarp to
their species level by their morphological characters, but
two specimens were identified only to genus level as they
lacked distinguishable, fine taxonomic characters. The
species composition of AM fungi in rhizosphere soil
samples revealed the presence of 39 taxa representing
eight genera (Table 3). Of the 39 taxa, 13 belonged to the
genus Glomus, 12 to Acaulospora, 5 to Gigaspora, 3 to
Rhizophagus, 2 each to Entrophospora and Scutellospora,
one each to Sclerocystis and Pacispora. AM fungal
diversity depends on season, climatic conditions, host, age
of host, soil type and the dormancy and the distribution
pattern (Koske and Halvorson 1981; Walker et al 1982;
Gemma and Koske 1988; Greipsson and El-Mayas 2000;
Zhao et al 2001; Yang et al 2010). Francis and Read

(1994) reported that high species diversity characteristic of
phosphorus deficient grassland ecosystem dominated by
plant species with AM fungi may be attributed to a low
level of host specificity. Glomus and Acaulospora were
the dominant genera in all the samples analyzed. These
results are consistent with other investigations conducted
(Zhao et al 2001; Muthukumar et al 2003; Tawaraya et al
2003). The occurrence of dominant AM taxa with more
than one tree species attributes a mnon-host specific
relationship (Kumar et al 2013). Also Glomus and
Acaulospora were the most representative types in the
present study. The predominance of these genous in
tropical soils have been reported by other workers (Thapar
and Khan 1985; Raghupathy and Mahadevan 1993; Khade
and Rodrigues 2003). The occurrence of other six genera
was very low. In the present study we were able to
establish a positive correlation between percentage of root
colonization and species richness. These findings are in
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agreement with Muthukumar et al (2001) but contrast with
the findings of Brundrett (1991), Zahka et al (1995),

Brundrett et al (1996) and Shi et al (2006).

Table 3: Distribution of AM fungi in the rhizosphere soil samples in the agroforestry tree species of Pachaimali,
Eastern Ghats, Tamil Nadu

Host Rlant AM fungal species Spemes
Species richness

A. cavernata, A. denticulata, A. rehemii, Gi.decipiens, Gi. Gigantea, G. aggregatum, G.

D. viscosa claroidium, . ) . ) . 13
G. macrocarpum, G. microaggregatum, G. rubiformis, G. viscosum, Pasispora
boliviana, Sclerocystis sinuosa
A. cavernata, A. solaidea, A. spinosa, Entrophospora kinentensis,E. schenkii, Gi.
margaratia, G. aggregatum,

H. binata G. macrocarpum, G.microaggregatum, G. microcarpum, G.mosseae, G. rubiformis, G. 16
sinuosa, G. thaivansis,
P. boliviana, R. intraradices,

M. azedarach | A. denticulata, A. decipiens, A. laevis, G. aggregatum 4
P A. cavernata,Gi. decipiens, Gi. roseae, G. aggregatum, G. micoaggregatum, G.
pterocarpum microcarpum, G. minutum, 11

G.rubiformis, G. thaivansis, G.viscosum, R. Intraradices
A. bireticulata, A. cavernata, A. delicata, A. denticulata, A. laevis, A. scrobiculata, A.

P. pinnata spinosa, A. sp.1, A. sp.2, Entrophospora schenckii, Gi. decipiens, Gi. gigantea, G. 19
aggregatum, G. macrocarpum, G. mosseae, G. viscosum, Scutellospora calospora,
S.cerradensis, R. fasciculatum
A. denticulata,A. solaideae, Gi. albida, Gi. margarita, G. aggregatum, G.geosporum, G.

. halonatum,

S. siamea . . . 14
G. macrocarpum, G. microaggregatum, G. microcarpum, G. mossae, G. sinuosa,P.
boliviana, R. Diaphanous

AM fungi may be important drivers of plant
community composition in agroforestry ecosystems. The
fungal species that occurred at all study sites showed
different pattern of sporulation and distribution suggesting
differences in functional diversity.

ACKNOWLEDGEMENT

Authors gratefully acknowledge the management,
St. Joseph’s College (Autonomous), Tiruchirappalli, Tamil
Nadu for providing infrastructure facilities to carry out the
research work.

REFERENCES

Bever J. D., Morton J. B., Antonovics J. and Schultz P.A.,
1996. Host- dependent sporulation and species
diversity of arbuscular mycorrhizal fungi in a
mown grassland. Journal of Ecology., 84: 71-82.

Brundrett M., 1991. Mycorrhizas in natural ecosystems.
Advances in Ecological Research., 21: 171-313.

Brundrett M.C., Ashwath N. and Jasper D.A., 1996.
Mycorrhizas in the Kakadu region of tropical
Australia. I. Propagules of mycorrhizal fungi and
soil properties in natural habitats. Plant Soil.,
184: 159-171.

Bukhari M.J. and Rodrigues B.F., 2005. Arbuscular
Mycorrhizal (AM) Fungal Diversity of Degraded
Iron ore Mine Wastelands of Goa. In: Advances
in Fungal Diversity and Host-Pathogen
Interactions, Rodrigues B.F., Gour H.N., Bhat
D.J. and Kamat N. (Eds.). Goa University
Publication, Goa, India: 1-17.

Carling D.E., Riehle W.G., Brown M.F. and Johnson
D.R., 1978. Effects of a vesicular-arbuscular
mycorrhizal fungus on nitrate reductase and
nitrogenase activities in nodulating and non-
nodulating soybeans. Phytopathology., 68: 1590-
1596.

Indian J.Sci.Res. 20(2): 06-11, 2018



PONPANDIAN AND ROSE: ARBUSCULAR MYCORRHIZAL FUNGI ASSOCIATED WITH SOME AGROFORESTRY TREE...

Chavan S., Newaj R., Keerthika A., Ram A., Jha A. and
Kumar A., 2014. Agroforestry for adaptation and
mitigation of climate change. Popular Kheti.,
2(3): 214-220.

Chavan S.B., Keerthika A., Dhyani S.K., Handa A.K.,,
Newaj R. and Rajarajan K., 2015. National
Agroforestry Policy in India: a low hanging fruit.
Current Science., 108(10): 1826-1834.

Dhyani S.K., Handa A.K. and Uma, 2013. Area under
agroforestry in India: an assessment for present
status and future perspective. Indian Journal of
Agroforestry., 15: 1-10.

D’Souza J. and Rodrigues B.F., 2013. Biodiversity of
arbuscular mycorrhizal (AM) fungi in mangroves
of Goa in West India. Journal of Forest
Research., 24(3): 515-523.

Francis R. and Read D.J., 1994. The contributions of
mycorrhizal fungi to the determination of plant
community structure. Plant and Soil., 159: 11-25.

FSI, India State of Forest Report 2013. Forest Survey of
India, (Ministry of Environment & Forests),
Dehradun, India.

Gerdemann J.W. and Nicolson T.H., 1963. Spores of
mycorrhizal Endogone species extracted from
soils by wet sieving and decanting. Transactions
of the British Mycological Society., 46: 235-244.

Gemma J.N. and Koske R.E., 1988. Seasonal variation in
spore abundance and dormancy of Gigaspora
gigantea and in mycorrhizal inoculum potential
of a dune soil. Mycologia., 80: 211-216.

Giovannetti M. and Mosse B., 1980. Anevaluation of
techniques for measuring vesicular mycorrhizal
infection in roots. New Phytologists., 8(4): 489-
500.

Greipsson S. and El-Mayas H., 2000. Arbuscular
mycorrhizae of Leymusa renarius on coastal
sands and reclamation sites in Iceland and
response to inoculation. Restoration Ecology
Journal, 8: 144-150.

Janos P.D., 1980. Mycorrhizae influence
succession. Biotropica., 12:56-64.

tropical

Khade S.W. and Rodrigues B.F., 2003. Occurrence of
arbuscular mycorrhizal fungi in tree species from
Western Ghats of Goa, India. Journal of Tropical
forest Science, 15(2): 320-331.

Koske R.E. and Halvorson W.L., 1981. Ecological studies
of vesicular— arbuscular mycorrhizae in a barrier
sand dune. Canadian Journal of Botany, 59:1413—
1422.

Koske R.E. and Gemma J.N., 1989. A modified procedure
for staining roots to detect VA mycorrhizas.
Mycological Research., 92(44): 486-488.

Koide R.T., Dickie [.A. and Goff M. D., 1999. Phosphorus
deficiency, plant growth and the phosphorus
efficiency index. Functional Ecology., 13: 733-
736.

Kubota M., McGonigle T.P. and Hyakumachi M., 2005.
Co-occurrence of Arum and Paris type
morphology of arbuscular
cucumber and tomato. Mycorrhiza., 15: 73-77.

mycorrhizae in

Kumar S., Beri S. and Adholeya A., 2013. Congruence of
ribosomal DNA sequencing, fatty acid methyl
ester profiles and morphology for
characterization = of  genera
(arbuscular mycorrhiza fungus).
Microbiology., 63:1405-1415.

Rhizophagus
Annals of

Mago P., Agnes C.A. and Mukerji K.J.,, 1992. VA
mycorrhizal status of some Indian bryophytes.
Phytomorphology., 42: 231-239

Mohankumar V. and Mahadevan A., 1988. In: Mycorrhiza
Round Table. (Eds. Mukherji K.G., Oka AK.,
Raj J., Tilak K.V.B.R.), pp. 238-256.

Muthukumar T., Udaiyan K. and Manian S., 2001.
Vesicular-arbuscular mycorrhizal association in
the medicinal plants of Maruthamalai Hills,
Western Ghats, Southern India. Journal of
Mycology and Plant Pathology., 31(2): 180-184.

Muthukumar T., Sha L.Q., Yang X.D., Cao M., Tang J.W.
and Zheng Z., 2003. Mycorrhiza of plants in
different vegetation types in tropical ecosystems
of Xishuangbanna, southwest China.
Mycorrhiza., 13: 289-297.

Padamsee M., Johansen R.B., Stuckeys S.A., Williams
S.E., Hooker J.E., Burns B.R. and Bellgard S.E.,
2016. The mycorrhizal  fungi
colonising roots and root nodules of New Zealand
kauri Agathis australis. Fungal Biology, 120(5):
807-817.

arbuscular

Pande M. and Tarafdar J.F., 2004. Arbuscular Mycorrhizal
fungal diversity in Neem based Agroforestry

Indian J.Sci.Res. 20(2): 06-11, 2018



PONPANDIAN AND ROSE: ARBUSCULAR MYCORRHIZAL FUNGI ASSOCIATED WITH SOME AGROFORESTRY TREE...

Systems in Rajasthan. Applid Soil Ecology,
26:233-241.

Plenchette C., Fortin J.A. and Furlan V., 1983. Growth
responses of several plant species to mycorrhizae
in a soil of moderate P-fertility. I. Mycorrhizal
dependency under field conditions. Plant Soil.,
70(2): 199-209.

Prasad R. and Mertia R.S., 2005. Dehydrogenase activity
and VAM fungi in tree rhizosphere of
agroforestry systems in Indian arid zone.
Agroforestry Systems., 63: 219-223.

Price G.W. and Gordon A.M., 1999. Spatial and temporal
distribution of earthworms in a temperate
intercropping system in southern Ontario,
Canada. Agroforestry Systems, 44: 141-149.

Raghupathy S. and Mahadevan A., 1993. Distribution of
vesicular Arbuscular mycorrhizae in plants and
rhizosphere soils of the tropical plants.
Tamilnadu, India. Mycorrhiza., 3(3): 123 -136.

Schiifler A. and Walker C., 2010. The Glomeromycota: a
species list with new families and genera.
Edinburgh & Kew, UK: The Royal Botanic
Garden; Munich, Germany: Botanisch
Staatssammlung Munich; Oregon, USA: Oregon
State University.

Shi Z.Y., Chen Y.L., Feng G., Liu R.J., Christie P. and Li
X.L., 2006. mycorrhizal fungi
associated with the Meliaceae on Hainan island,
China. Mycorrhiza., 16(2): 81-87.

Arbuscular

Sieverding E., 1991. Vesicular-Arbuscular Mycorrhiza
Management in Tropical Agrosystems. Deutsche
Gesellschaft fiir Technische Zusammenarbeit
(GTZ). Eschbom. Germany: p. 371.

Smith S.E. and Daft M.J., 1977. Interaction between
growth, phosphate content and N, fixation in
mycorrthizal and non mycorrhizal Medicago
sativa (Alfalfa). Australian Journal of Plant
Physiology., 4: 403-413.

Stamps W.T. and Linit M.J., 1998. Plant diversity and
arthropod implications  for
temperate agroforestry. Agroforestry Systems,
39: 73-89.

communities:

Tawaraya K., Takaya Y., Turiaman M., Tuah S.J., Limin
S.H., Tamai Y., Cha J.Y., Wagatsuma T. and

Osakid M., 2003. Arbuscular mycorrhizal
colonization of tree species grown in peat swamp
forests of central Kalimantan, Indonesia. Forest

ecology and management, 182: 381-386.

Thapar H.S. and Khan S.N., 1985. Distribution of VA
mycorrhizal fungi in forest soils of India. Indian
Journal of Forestry, 8: 5-7.

Thevathasan N.V. and Gordon A.M., 2004. Ecology of
tree intercropping systems in the North temperate
region: experiences from southern Ontario,
Canada. Agroforestry Systems, 61: 257-268.

Van der Heijden M.G.A., Boller T., Wiemken A. and

Sander LR., 1998. Different arbuscular
mycorrhizal fungi species are potential
determinats of plant community structure.

Ecology, 79: 2082-2091.

Walker C., Mize C.W. and McNabb H.S., 1982.
Populations of endogenous fungi at two locations
in central Iowa. Canadian Journal of Botany,
60:2518—2529.

Yang F.Y., Li G.Z., Zhang D.E., Christie P., Li X.L. and
Gai J.P., 2010. Geographical and plant genotype
effects on the formation of arbuscular mycorrhiza
in Avena sativa and Avena nuda at different soil
depths. Biology and Fertility of Soils, 46: 435-
443.

Zahka G.A., Baggett K.L. and Wong B.L., 1995.
Inoculum potential and other VAM fungi
parameters in four sugar maple forests with
different levels of stand dieback. Forest Ecology
Management, 75: 123-134.

Zhao Z.W., Via Y.M,, Qin X.Z., Li X.W., Cheng L.Z.,
Sha T. and Wang G.H., 2001. Aruscular
mycorrhizal status of plant and the spore density
of arbuscular mycorrhizal fungi in tropical rain
forest of Xishuangbanna,
Mycorrhiza., 11: 159-162.

southwest China.

Zomer R.J., Trabucco A., Coe R. and Place F., 2009.
Trees on farm: analysis of global extent and
geographical patterns of agroforestry. ICRAF,
Working Paper No. 89, ICRAF, Nairobi, Kenya:
p. 63.

Indian J.Sci.Res. 20(2): 06-11, 2018



