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Abstract: Present paper deals with, detailed assessment of mycorrhization established by Arbuscular
mycorrhizal fungi (AMF) with Ceropegia media (Huber) Ansari, i.e. species considered as endemic and
endangered to one of the world’s biodiversity hotspots region in Western Ghats of Maharashtra, India.
Moreover, the first endemic genus was studied for the first time in respect of AMF root colonization from India.
Microscopic observations of cleared and stained roots showed 55.77% AMF colonization. Eight species of AMF
were identified in the rhizosphere soil viz., Acaulospora scrobiculata, A. sporocarpa; Ambispora callosa, A.
reticulata; Gigaspora decipiens, Glomus caledonium, G. Etunicatum and G. microaggregatum. Based on spore
density and relative abundance, two species were dominant (S > 40 spores 100 g™ soil, RA > 6%) viz,
Ambispora reticulata (40 spores, 20.10%) and Glomus microaggregatum. (82 spores, 41.20%). Based on in
depth study C. media is proposed as mycorrhizal plant.

Keywords: Arbuscular mycorrhizal fungi (AMF), endemic and endangered plant, Ceropegia media (Huber)
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. Introduction

Out of 58 Indian species of Ceropegia (Apocynaceae, Ceropegieae, Stapeliinae) 35 species and one
variety are endemic to Western Ghats most of which are critically endangered, endangered or vulnerable as per
the IUCN categories and are hence listed in the Red Data Book of Indian Plants [1]. Out of these, 17 species and
one variety are strictly endemic to Maharashtra, Ceropegia media (Huber) Ansari is one of them (Figure 1). C.
media is a slender, tuberous, twining perennial herb, having narrowed to broad leaves and with many flowered
cymose inflorescence. It grow at higher elevations (altitudes from 500-1500 m) of Sahyadri ranges in Western
Ghats of Maharashtra, India especially area adjoining to Ahmednagar (Kalsubai), Pune (Purandhar,
Bhimashankar, Khandala, Sinhagad, Ambavane, Varandh), Ratnagiri (Marleshwar), Sangli (Ghotane) and
Satara (Thoseghar plateau, Kas plateau). C. media was earlier reported from Pune and Satara districts only. In
1998 it has been reported from Kalsubai hill of Ahmednagar district [2]. It is having flowering period during
July — September whereas fruiting during August - October.

(. ©
Figure 1. Endemic and endangered plant Ceropegia media (Huber) Ansari:
a. Study area Visapur Fort; b. Habitat; c. Flower
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Like the other species of Ceropegia, C. media is under threat, owing to either destructive collection or
habitat degradation caused by anthropogenic activities. It is not only genetically depleted but also is scarcely
available and hence considered as endangered. The tubers are considered edible and delicate flowers have
ornamental value. However, it is difficult to maintain C. media in gardens which needs in-situ conservation [3].

Several active plant protection and conservation techniques are being applied to multiply plant species
ex situ and to maintain natural populations of these species. According to Holl and Hayes [4] “introducing rare
plants to new sites for conservation to offset effects of habitat destruction requires detailed knowledge of habitat
requirements, plant demography, and management needs”. Unfortunately in conservation of such rare plant
species, the diversity and dynamics of macro and micro habitats associated with them is not taken in to
consideration. With increasing pressure and an anthropogenic activity, the composition of the forest is changing
day by day, thereby directly affecting the diversity and dynamics of macro and micro habitats. Many organisms
and species may become extinct before their potential is realized [5]. Although the soil microbes associated with
such threatened species which are key links in the soil nutrient and energy cycling, the vast world of such soil
microbes has remained unfocused on agenda of biodiversity conservation. Soil microorganisms, especially
Arbuscular Mycorrhizal Fungi (AMF), are considered to be crucial for proper plant performance [6], [7].
Therefore monitoring of soil and the selection of appropriate microbial strains to inoculate the plants to be
protected could be of particular value. AMF are considered useful in the development of effective methods for
the maintenance and propagation of threatened plant species and may significantly improve the success of plant
conservation actions [8], [7], [9]. Hence, it is urgently needed to conduct explorations on such genuine AMF
species associated with rare endangered and threatened plants so that technology can receive some valuable
inputs about utilization of potential of these AMF species in conservation plan to be set. With this perspective,
in present paper an attempt has made to understand mycorrhizal colonization pattern and AMF species
associated with endemic and endangered plant C. media for first time.

Il.  Materials and methods
2.1 Site description:

During present investigation this species was observed in a population of about 15 — 20 plants for first
time at Visapur fort which is a new location for distribution pattern of C. media. The study area is located
in Pune district at elevation of 1084 meters above sea level and coordinates 18° 43°21” North and 73° 29’ 24”
East [Figure 1]. This area is exposed to extensive anthropogenic activities leading to threat for habitat
destruction of C. media. The plant grows around the bushes, shrubs and in grasses on the steeping slopes of
hills or along the forest borders. Extensive field visits were carried out during July — October for better
understanding of plant species from taxonomical perspective. Plants identification and nomenclature is that of
Jagtap and Das-Das. [10]. Authentically identified plant specimens were dry preserved and deposited in
departmental herbarium.

2.2 Soil sampling:

Sampling patches were selected haphazardly with precaution, that there should not less than 5-10
saplings. Total three plants were sampled for soil collection. However, only two plant specimens were sampled
for root screening study purpose, so that these plants should not be damaged or destroyed further. The litter and
stony particles were scrapped off from upper soil surface of C. media. The was plants were removed from the
natural habitats carefully with help of digger. The plants along with the rhizosphere soil samples and roots were
collected in different collection bags. The collection bags were closed air tight to maintain the moisture and
freshness of the plant, Labelling of bags were done which includes - the date, time, location and transported to
laboratory and immediately refrigerated at 4°C subsequent to arrival. The roots were processed immediately. All
the rhizosphere soil samples from triplicate were homogenized prior to remove coarse roots segments, stones
and adhered particles through sieving procedure (2 mm mesh size). Subsamples of triplicate soil were air dried
and used for estimation of physico-chemical properties.

2.3 Physicochemical parameters of soil:

Soil texture was estimated gravimetrically by hydrometer method [11]. As per the procedures for soil
pH analysis [12], sample was analysed on 1:2.5, soil : water suspension. Organic carbon was analyzed by WB
rapid titration method [13] using 1N potassium dichromate and back titrated with 0.5N ferrous ammonium
sulphate solution. Carbonate was estimated by Piper's rapid titration method [14] and available Olsen’s
phosphorus in soils was determined by extraction with 0.5M sodium bicarbonate for 30 min [15].

2.4 AMF colonization in Roots:
To determine the colonization percentage, root samples were washed under running tap water, and cut
in segmments 1cm in length and stained for rapid mycorrhizal association following the method of Phillips and
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Hayman [16]. The root segments were treated with 10% KOH solution and autoclaved at 15 Ibs for 20 min and
treated with 1% HCL followed by staining with 0.5% lactophenol cotton blue for 24 hour. After 24 hour the root
samples were ready for screening under microscope. Assessment of root colonization was performed on each
stained root piece by putting it on the slide containing mounting medium lactophenol and covering with a cover
slip followed by microscopy. Fifty stained root segments were assessed for colonization percentage using the
intercept method [17] under a Olympus compound microscope. A root segment was considered for counting as
colonized by AMF when any mycorrhizal component such as hyphae, vesicles or arbuscles was observed. All
the three AMF components were interpreted for occurrence intensity viz., poor (1-25%), moderate (25-50%),
good (50-75%) and excellent (>75%) which was denoted as P, M, G and E respectively. Based on microscopic
observations for randomly selected 50 root segments pattern of AMF colonization for C. media was determined.
Any other special structures and other fungal endophytes present in root were also recorded.

2.5 AMF spore extraction:

Spores were extracted from the100g of rhizosphere soil with the help of different size of sieves ranging
from 25-250 p by using sieving and decanting technique [18]. Total spore numbers of AMF in the soil sample
were estimated following Gaur and Adholeya [19]. The spore densities were expressed as the number of spores
per 100g of soil. The spores retained on each sieve were transferred to filter paper and subsequently picked up
with the help of pasture pipette or needle under dissecting microscope for assessment. All spores were mounted
in a polyvinyl-lactoglycerol (PVLG) and PVLG solution mixed with Melzer’s reagent 1:1 (v/v) ratio [20]. All
the spores were examined under stereomicroscope (Olympus 003421) at 10X, 40X and 100X magnifications.
Only spores that appeared to be healthy were recorded and counted. Photomicrographs were taken with the help
of Canon IXUS 155 digital Camera.

2. AMF species identification:

Taxonomic placements of AMF spores and sporocarps up to species level was based on spore size,
colour, wall layers and hyphal attachments after comparison with type or authenticated specimens. The
identification is purely based on the synaptic keys [21], [22], [23] and also after consultation with descriptions
of AMF species provided by International Culture Collection of Vesicular and Arbuscular Endomycorrhizal
Fungi [http:// invam.caf.wvu.edu/Myc_Info/Taxonomy/species.htm]. The species codes were followed after
Schenk and Perez [24]. Voucher slide specimens were assigned accession codes ‘BCA:MHggsn® [where,
BCA:MH is Bhavan’s College Andheri: Mycological Herbarium, ggs initials of second Author and n is humber
assigned’] and preserved in Mycorrhizal Research Laboratory of Department.

Spore density (S) was considered as the number of spores in 100 g soil. Relative abundance (RA) was
defined as the percentage of spore humbers of a species divided by the total spores observed [25]. The dominant
AMF species was determined according to relative abundance (RA > 6%) and spore density (S > 40 spores).
Statistical data processing for percentage colonization in roots, spore density and relative abundance of AMF
species was performed for standard errors of means by using Microsoft excel 2007.

I1l.  Results and Discussion
3.1 Physicochemical parameters of soil:

Soil requirement for any plant and associated microbes varies from species to species and hence
physicochemical properties of soil should be taken into consideration. It helps to understand optimum
requirements of microhabitats in addition to plant species for sustaining under natural conditions.
Physicochemical properties of soil are key factors in conservation strategies for endemic and endangered plant
species. Physicochemical properties of the rhizosphere soil of C. media are presented in Table 1.

The soil had alkaline pH 7.4; organic carbon 0.84%, organic matter 1.44%, carbonate content 7.32
mg.kg™, Olsen’s Phosphorus content 12.1 mg.kg™. In general, soil is slightly red, coarse gravel in texture,
slightly alkaline in reaction; low in organic matter, carbonate content and available phosphorus level.

Table 1: Physicochemical properties of soil for endemic and endangered plant C. media

Sr. No. Parameters Status
1. Colour Slightly red
2. Soil texture Coarse gravel
3. pH 7.4+0.01
4, Organic Carbon 0.84 %
5. Organic Matter 1.44 %
6. Carbonate 7.32 £0.04 mg.kg?
7. Phosphorus 12.1 £ 0.02mg.kg?

(%) Standard error of mean
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3.2 AMF colonization in roots of C. media:

In the root segments of C. media, AMF hyphae (H) had established distinctive structures like hyphal
network (hn), hyphal coiling (hc) and vesiclular primordial hypha (vph). Present work endow with confirmation
that, the root segments were exhibiting good vesicular colonization (V) (66.66%), and an excellent hyphal
colonization (H) (98.60%) (Figure 2 a-e) but sparingly formed arbuscles indicated poor arbuscular colonization
(6.66%) (Table 2). Thus on the basis of microscopic observations made on cleared and stained root segments of
C. media exhibited 55.77% AMF colonization. It was encountered with vesicular-arbuscular-hyphal type (VAH)
pattern of root colonization. Hence we are proposing C. media as a mycorrhizal in status, which makes a first
report of mycorrhizal endemic and endangered plant under genus Ceropegia from India. In addition to common
AMF components, presence of other fungal endophytes along with mycorrhizal colonization was reported.
Presence of dark septate hypha/e (dsh) and sclerotia (sc) in the roots of C. media made a diagnosis of other
fungal endophytes occurrence (Figure 2 f-g).

Figure 2. a. AMF colonization in roots of endemic and endangered plant C. media: a. vesicular colonization
(V); b. vesiclular primordial hypha (vph); c. hyphae (H); d. hyphal network (hn); e. hyphal coiling (hc); f. dark
septate hypha of other fungal endophytes (dsh) and g. sclerotia (sc) of other fungal endophytes

Table 2: Status of AMF colonization in roots of endemic and endangered plant C. media

Particulars AMF colonization in roots

AMF components Vesicles Arbuscules Hyphae

Occurrence intensity (O.1.) 66.82+1.6 % 6.67+0.8% 98.60 + 2.2%
Interpretation on O.1. good® poor® Excellent®

Remark on colonizing structures of | Formation of hyphal network, hyphal coiling & vesiclular primordial
mycorrhiza hypha

Remark on other fungal endophytes Presence of dark septate hypha/e (dsh) & sclerotia (sc)

Percentage root colonization 5736 £+1.5%

Pattern of Mycorrhizal colonization VAH

(%) Standard error of mean; (p) 1-25%, (g) 50-75%, (e) >75%, VAH: vesicular-arbuscular-hyphal type

3.2 AMF species identification:

Eight species of AMF were identified in the rhizosphere soil of C media from field scattered over five
genera viz., Acaulospora, Ambispora, Gigaspora and Glomus. Amongst the five genera, Acaulospora
represented two species (25%) viz., A.. scrobiculata & A. sporocarpa; Ambispora (25%) viz., A. callosa, & A.
reticulata; Gigaspora (12.5%) i..e. G. decipiens and Glomus (37.5%) viz., G. caledonium, G. etunicatum & G.
microaggregatum. . Based on spore density and relative abundance, two species were dominant (S > 40 spores
100 g soil, RA > 6%) viz, Ambispora reticulata (40 spores, 20.10%) and Glomus microaggregatum. (82
spores, 41.20%) (Table 3). The morphological characteristics of all eight species of AMF are illustrated in Fig.
3.

Table 3 Identified AMF with their spore density (S) and relative abundance (RA) in endemic and
endangered plant C. media rhizosphere (dominant species are in bold).

Code Species S RA
BCAgRrs02 & 03 Acaulospora scrobiculata Trappe 28 14.070
BCARgrs06 Acaulospora sporocarpa Berch. 06 3.015
BCAgrs12 Ambispora callosa (Sieverd.) Walker, Vestberg & Schiissler 13 6.532
BCAgrsl4 & 15 Ambispora reticulata Oehl & Sieverd 40 20.100
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BCARgrs16 & 17 Gigaspora decipiens (Hall & Abbot), Bentivenga & Morton 03 1.507
BCAgrs22 Glomus caledonium (Nicol. & Gerd.) Trappe & Gerd. 02 1.005
BCARgrs23 Glomus etunicatum Becker & Gerd. 25 12.562
BCARrs26 &27 Glomus microaggregatum Koske, Gemma & Olexia 82 41.206
Total: AMF 8 species 199 100

It has well established in last two decades that below-ground diversity of AMF and their interactions
works as major factor contributing to the maintenance of plant biodiversity and to ecosystem functions like
productivity and variability [26], [27], [7], [28]. The status of AMF with rare, endemic and endangered plants at
global scale revealed that, from Austria [9], China [29], Ethiopia [30], India [31], [32]; Oregon state US [33]
and Southeast Florida US [8] etc. had contributed significant information. As far as concern with India
endangered Indian plant species viz. Leptadenia reticulate (Asclepiadaceae), Mitragyna parvifolia (Rubiaceae),
Withania coagulans (Solanacaea) [32] and Moringa concanensis (Moringaceae) [31] were documented.
Survey of literature strongly admired, the application of AMF consortia, to support plant growth can be effective
in conservation programmes of rare, endemic and endangered taxa [33], [34], [35], [36], [37] as well as for the
protection of threatened taxa [38], [39], [40].

In comparison with global scenario of AMF status and their efficacy on endangered plant species viz.
Leptadenia reticulata, Mitragyna parvifolia, Withania coagulans [32] and Moringa concanensis [31] were only
documented so far from India. In present report, we recognized, to the best of our knowledge for the first time,
the mycorrhizal status of C. media, i.e. species considered as endemic and endangered to one of the world’s
biodiversity hotspots region in Western Ghats region of Maharashtra, India. Moreover, the first endemic genus
was studied for the first time in respect of AMF root colonization from India. These studies provide important
basic information about interaction between C. media and associated eight AMF species. Thus it may facilitatthe
potential use of AMF in endeavors aimed at C. media conservation.

Figure 3. Morphological characteristics AMF spores in rhizosphere soil of endemic and endangered plant
C. media: a. Acaulospora scrobiculata Trappe; b. Acaulospora sporocarpa Berch.; ¢. Ambispora callosa
(Sieverd.) Walker, Vestberg & Schissler; d. Ambispora reticulata Oehl & Sieverd; e. Gigaspora decipiens
(Hall & Abbot), Bentivenga & Morton; f. Glomus caledonium (Nicol. & Gerd.) Trappe & Gerd.; g Glomus
etunicatum Becker & Gerd.; h. Glomus microaggregatum Koske, Gemma & Olexia

IV.  Conclusion

Mycorrhizal association represents a major factor that needs to be considered in the effort to sustain
survival rate of endangered plant species. However, an elementary prerequisite for any endorsement of such
symbiosis is a basic understanding of the occurrence and diversity of AMF in affected ecosystems or with plant
taxa, because diversity of AMF has significant ecological role. Under such circumstances, our findings are
providing the primary understandings on mycorrhizal status of endemic and endangered plant C. media. This
information can be effectively utilized to produce native AMF inoculum for conservation or re-vegetation
programs in order to maximize the potential benefits that these isolates can provide for the establishment of C.
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media at threatened habitat in near future. However, to develop and introduce successful method for the
application of AMF in C. media conservation research must be extended to investigate plant - fungus possible
dependency in near future.

[1]
[2]

(3]

(4]
[5]
i
(8]
[9]
[10]

[11]
[12]

[13]

[14]
[15]

[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]

[26]

[27]
[28]

[29]

[30]

[31]
[32]
[33]
[34]

[35]

References
M.P. Nayar and A.R.K. Sastry. Red Data Book of Indian plants (Vol. 1) Botanical Survey of India, Calcutta; 1987, 170
D.K. Mishra, and N.P. Singh. Endemic and Threatened Flowering Plants of Maharashtra. (Botanical Survey of India. Calcutta:
2001) 141-142.
S.R. Yadav and M.Y. Kamble, 2008. Threatened Ceropegias of the Western Ghats and Strategies for Their Conservation, In: G.
S. Rawat, (Ed.), Special Habitats and Threatened Plants of India. ENVIS Bulletin: Wildlife and Protected Areas, Vol. 11(1).
(Wildlife Institute of India, Dehradun, India. 2008), 123-134.
K.D. Holl and G.F. Hayes Challenges to Introducing and Managing Disturbance Regimes for Holocarpha macradenia, an
Endangered Annual Grassland Forb, Conservation Biology 20(4), 2006, 1121-1131.
V..R. Kamble, L.R. Kanoujiya and D.G. Agre. VAM colonization and inoculum production for Ophioglossum conservation,
Acta Biologica Indica 1(2), 2012, 220-224
S.E. Smithand D.J.Read Mycorrhizal symbiosis (Second edition) (Academic press, London 1997) 1-605
K. Turnau and K Haselwandter. Arbuscular mycorrhizal fungi, an essential component of soil microflora in ecosystem
restoration. In: S. Gianinazzi, H. Schiiepp, .J.M. Barea and K. Haselwandter (Eds) Mycorrhizal technology in agriculture. From
genes to mycorrhiza application. (Birkhauser Verlag, Switzerland, 2002)137-149.
J. B. Fisher and K. Jayachandran. Arbuscular Mycorrhizal Fungi Enhance Seedling Growth in Two Endangered Plant Species
from South Florida International Journal of Plant Sciences, 163 (4), 2002, 559-566
B. Fuchs and K. Haselwandter. Red list plants: colonization by arbuscular mycorrhizal fungi and dark septate endophytes
Mycorrhiza, 14 (4), 2004, 277-281.
A.P. Jagtap and S.K. Das-Das. Asclepiadaceae, In: N.P. Singh P. Lakshminarsimhan S. karthikeyan and P.V. Prasanna (Eds),
Flora of Maharashtra state: Dicotyledones Vol 2 (Botanical survey of India, Calcutta, 2001), 334-389.
M.L. Jackson. Soil chemical analysis. (Prentice Hall of Indian Private Limited, New Delhi 1967) 1-498.
L.P. van Reeuwijk. Procedures for soil analysis: Technical paper-9; 6th ed. (Pb International Soil Reference And Information
Centre, P.O. Box 353, 6700 AJ Wageningen, The Netherlands 2002). 1-120.
A. Walkley and I. A. Black. An examination of Degtjareff method for determining soil organic matter and a proposed
modification of the chromic acid titration method. Soil Sci. 37, 1934, 29-37.
C.S. Piper. Soil and Plant Analysis, (Hans Publishers, Bombay 1966).
S.R. Olsen, C.V. Cole, F.S. Watanabe and L. A. Dean. Estimation of available phosphorus in soils by extraction with sodium
bicarbonate. (USDA Circ. No. 939. U.S. Dept. Agric. Washington, D.C. 1954).
J. M. Phillips and D. S. Hayman. Improved procedure for clearing roots and staining parasitic and vesicular arbuscular
mycorrhizal fungi for rapid assessment of infection, Trans. Br. Mycol. Soc., 55, 1970, 158 — 161.
M. Brundrett, N. Bougher, B. Dell, T. Grove and N. Malajczuk, Working with Mycorrhizas in Forestry and Agriculture (ACIAR
Monograph. Canberra, Australial996).
J. W. Gerdemann and T. H. Nicolson. Spores of mycorrhizal Endogone species extracted from soil by wet sieving and decanting.
Trans. Br. Mycol. Soc., 46, 1963 235-244.
A. Gaur and A. Adholeya. Estimation of VAMF spores in soil: a modified method, Mycorrhiza News, 6, 1994, 10-11.
J.B.Morton. Taxonomy of mycorrhizal fungi: classification, nomenclature, and identification. Mycotaxon 32, 1988. 267 —324.
I. R. Hall and B. J. Fish. A key to the Endogonaceae. Trans. Br. Mycol. Soc.,73, 1979. 261 - 270.
I.R. Hall 1980. Growth of Lotus pedunculatus Cav. in an eroded soil containing soil pellets infected with endmycorrhizal fungi
N. Z. J. Agri. Res., 23, 103 — 105.
G. Pacioni . Wet - sieving and decanting technique for the extraction of spores of vesicular arbuscular mycorrhizal fungi, Meth.
Microbiol. , 22, 1992, 317 — 322.
N. C. Schenk and Y. Perez. Manual for the identification of VA — Mycorrhizal fungi, 3rd Ed, (University of Florida, Gainesville,
Florida, 1990)249.
Z. Dandan and Z. Zhiwei. Biodiversity of arbuscular mycorrhizal fungi in the hotdry valley of the Jinsha River, southwest
China. Applied Soil Ecology 37, 2007. 118-128.
M. G. A. van der Heijden, J.N. Klironomos, M. Ursic, P. Moutoglis, R. Streitwolf-Engel, T. Boller, A. Wiemken and I. R.
Sanders. Mycorrhizal fungal diversity determines plant biodiversity, ecosystem variability and productivity Nature 396, 1998.
69-72
M. Eriksen, K.E. Bjureke and S.S. Dhillion. Mycorrhizal plants of traditionally managed boreal grasslands in Norway.
Mycorrhiza 12, 2002,117-123
H. Bothe, K. Turnau and M. Regvar. The potential role of arbuscular mycorrhizal fungi in protecting endangered plants and
habitats. Mycorrhiza 20, 2010. 445-457.
S. K. Shen and Y. H. Wang. Arbuscular mycorrhizal (AM) status and seedling growth response to indigenous AM colonisation
of Euryodendron excelsum in China: implications for restoring an endemic and critically endangered tree Australian Journal of
Botany 59(5) 2011. 460-467.
T. Wubet, M. Weiss, |. Kottke and F. Oberwinkler, Two threatened coexisting indigenous conifer species in the dry Afromontane
forests of Ethiopia are associated with distinct arbuscular mycorrhizal fungal communities. Canadian Journal of Botany 84, 2006.
1617-1627.
J. Panwar and A. Vyas. AM fungi: A biological approach towards conservation of endangered plants in Thar desert, India. Curr.
Sci., 82, 2002, 576-578.
J. Panwar and J.C. Tarafdar. Distribution of three endangered medicinal plant species and their colonization with arbuscular
mycorrhizal fungi,” Journal of Arid Environments, 65 (3) 2006, 337-350.
C. Barroetavena, S.D. Gisler, D.L. Luoma and R.J. Meinke. Mycorrhizal status of the endangered species Astragalus applegatei
Peck as determined from a soil bioassay. Mycorrhiza 8, 1998, 117-119
J.N. Gemma, R.E. Koske and M. Habte. Mycorrhizal dependency of some endemic and endangered Hawaiian plant species. Am
J Bot 89, 2002, 337-345.
J.B. Fisher and K. Jayachandran. Presence of arbuscular mycorrhizal fungi in South Florida native plants. Mycorrhiza 15,
2005580-588

DOI: 10.9790/2402-1005017985 www.iosrjournals.org 84 | Page



A New Record of Endemic and Endangered Mycorrhizal Plant: Ceropegia Media (Huber) Ansari..

[36]
[37]

[38]

[39]

[40]

S. Zubek, K. Turnau and J. Blaszkowski. Arbuscular mycorrhiza of endemic and endangered plants from the Tatra Mts. Acta Soc
Bot Pol 77, 2008, 149-156.

S. Zubek, K. Turnau, M. Tsimilli-Michael and R.J. Strasser. Response of endangered plant species to inoculation with arbuscular
mycorrhizal fungi and soil bacteria. Mycorrhiza 19, 2009.113-123.

A. Zaid, P.F. de Wet, M. Djerbi, and A. Oihabi. Diseases and pests of date palm. In: A. Zaid, E..J. Arias-Jimenez (Eds) Date
palm cultivation. Food and Agriculture Organization (FAO) (FAO Plant Production and Protection Paper No. 156. (FAO, Rome,
1999), 223-278.

C. Azcon-Aguilar, J. Palenzuela, A. Roldan, S. Bautista, R. Vallejo and J.M. Barea, Analysis of the mycorrhizal potential in the
rhizosphere of representative plant species from desertification-threatened Mediterranean shrublands. Applied Soil Ecology 22,
2003, 29-37.

N. Ferrol, R. Calvente, C. Cano, J..M. Barea and C. Azcdn-Aguilar. Analysing arbuscular mycorrhizal fungal diversity in shrub-
associated resource islands from a desertification-threatened semi-arid Mediterranean ecosystem. Applied Soil Ecology 25, 2004.
123-133.

DOI: 10.9790/2402-1005017985 www.iosrjournals.org 85 | Page



