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Abstract
Withania somnifera (L.) Dunal possess medicinal properties and can harbour endophytic mycoflora. Many of the pharmaceutical compounds produced by medicinal plants are reportedly produced by their endophytic fungi. Hence, it is important to study medicinal plants for their endophytic mycoflora for biodiversity and to determine their medicinal properties. An attempt has been made to study the biodiversity of endophytic fungi to understand their colonization. A total of 200 segments from plant leaves samples were screened and 49 endophytic fungi isolates belonging to 7 genera with 24.5% colonization frequency was observed. Only Hyphomycetes was recovered and Alternaria alternata was present with highest number of isolates followed by Aspergillus flavus and Aspergillus niger
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1. Introduction

In recent times, focus on plant research has increased all over the world and a large body of evidence has collected to show immense potential of medicinal plants used in various traditional systems and their endophytes. Almost all vascular plant species examined to date were found to anchorage endophytic bacteria and fungi [1][2][3]. Moreover, the colonization of endophytes in marine algae [4][5], mosses and ferns [6][7] had © also been detected. Based on fact, endophytes are important components of microbial biodiversity.

De Bary (1866) first defined all organisms that colonize the internal plant tissue as endophyte (Gr. endon, within; phyton, plant) [8] and endophytic fungi was first identified by Freeman in 1904, and was isolated from Lolium persicum (Persian darnel). Since the discoveries of endophytes various definitions had been provided and widely accepted definition of endophyte is “microbes that colonize living, internal tissues of plants without causing any immediate, overt negative effects” and has a mutualistic and symbiotic relationship with their hosts or a suite of microorganisms that grow intraand/or intercellularly in the tissues of higher plants without causing symptoms on the plants in which they live, and have proven to be rich sources of bioactive natural products [9][10]. Endophytic fungi are poorly investigated and under explored group of microorganisms and received considerable attention after they were found to protect their host against insects, pests and pathogens by secreting bioactive secondary metabolites [11][12][13].

Medicinal plants are known to harbour endophytic fungi that are believed to be associated with the production of pharmaceutical products [3]. Withania somnifera is an important tropical medicinal plant which belongs to the family Solanaceae [14] and generally known as Indian Ginseng or Ashwagandha. In traditional ayurvedic systems of medicine it has a wide range of therapeutic properties i.e., anticancerous, anti-oxidant, anti-inflammatory and immunomodulatory [15]. It is believed that medicinal plants and their endophytic flora produce similar pharmaceutical products and the production of pharmacologically active metabolites has been on rise [16]. Endophytes are mostly unexplored group of microorganisms, but a few studies show them as a huge source of medicinal compounds.

The endophytic fungi play important physiological [17] and ecological [18] roles in their host life. The ubiquity of these symbiotic microorganisms is clear, but diversity, host-range, and geographical distributions are unknown [19]. Endophytes are now considered as an important component of biodiversity. The distribution of endophytic mycoflora differs with the host. Commonly, numerous of endophyte species can be isolated from a single plant, among them, at least one species shows host specificity. The environmental conditions under which the host is growing also affect the endophyte population [20], and the endophyte profile may be more diversified in tropical areas. Tropical and temperate rainforests are the most biologically diverse terrestrial ecosystems on earth. The most threatened of these spots cover only 1.44% of the land’s surface, yet they harbor more than 60% of the world’s terrestrial biodiversity [21]. It is a difficult task to have an accurate estimate of species diversity for a hyperdiverse group such as the fungi, the diversity of a better studied group, namely the higher plants, is used as a base to predict fungal diversity, principally because different ecological groups of fungi with different resource requirements form temporary or prolonged associations with higher plant [22][23]. It is obvious that the tropics, with their high plant diversity might contain most of the undescribed fungal species [24]. However, there is no study in the sub- tropics that compares the diversity, distribution, and contribution to global fungal variety of different ecological groups associated with plant communities.

Panchmarhi Biosphere Reserve has a welloff microbial diversity due to diverse climatic factors producing favorable conditions for the growth of microbes. In central India it is home to numerous species of mycoflora. The reserve is actually a natural junction of most of the forest representative types prevailing in the State. Perennial streams and dark shady gorges have created micro climatic conditions in the area and provide 223 hospitable environment for luxuriant growth of several moisture loving species of ferns, orchids, bryophytes, algae and many tiny herbs having immense ecological as well as economic value. The rich plant diversity and the important species are localized in areas may be considered as gene bank of rare species. However, the central Indian sub-tropical hill forests are mainly confined to hill top of the Panchmarhi Plateau, especially in the Panchmarhi Sanctuary [25]. The occurrence of sub-tropical hill forest also makes the area unique. Thus, the present study was conducted to determine the biodiversity of endophytic fungi present in Withania somnifera leaves collected from Panchmarhi biosphere reserve, Madhya Pradesh, India.

2. Material and Methods:

Sampling: Withania somnifera leaves samples were collected from Panchmarhi Biosphere Reserve (Latitude 22º 11’ to 22º 56’ N and 77º 47’ to 78º 52’ E Longitude), Madhya Pradesh, India and wiped with ethanol; stored in sterile bags and kept in ice box for transporting to the laboratory. Isolation of the endophytic fungi was done within 24 hours after sampling.

Isolation of Species: The collected leaves samples were washed thoroughly in running water to remove particles and air dried. Leaf samples were first immersed in 70% ethanol (v/v) for 1 min followed by second immersion in sodium hypochlorite (3.5 % v/v) for 3 min. The samples were rinsed thrice in sterile distilled water and dried on sterile blotters under laminar airflow to ensure complete drying. 200 segments from leaf samples of 5x5 mm size; with and without midrib were excised with the help of a sterile scalpel and the inner tissues were carefully placed on water agar plates [26]. After 5 days of incubation, hyphal tips of the fungi are removed and transferred to Potato Dextrose Agar (PDA) supplemented with streptomycin, chloramphenicol and gentamycin (50 mg/l) each to suppress bacterial growth and cycloheximide was incorporated to inhibit the rapidly growing saprophytic fungi, which can overgrow slow-growing fungi and the plates are monitored for the growth [27]. The efficacy of sterilization was confirmed by pressing the sterilized leaf on to the surface of PDA medium. The absence of growth of any fungi on the medium confirms that the sterilization procedure was effective in removing the exogenous fungi [28][29]. The plates were incubated at 25°C ± 1 with 12 hours light and dark cycles for up to 6 weeks. Periodically the colonies were examined and each colony that emerged was transferred to antibiotic-free Potato Dextrose Agar medium (PDA) for identification. Endophytic isolates were identified on the basis of culture characteristics, morphology of fruiting body and spores. The percent frequency of occurrence was calculated as the number of leaf segments colonized by a specific fungus divided by total number of segments plated x 100 and dominant endophytes were calculated as percentage colony frequency divided by sum of percentage of colony frequency of all endophytes x 100 [30][31][32]. Endophytic Fungi were grown on synthetic media under standardized culture condition. Identification of the isolates recovered was done on the basis of their morphological and cultural characteristics [33].

3. Results

The current study about the biodiversity of endophytic fungi of Withania somnifera leaves recovered from Panchmarhi biosphere reserve is first in the central 224 region of Madhya Pradesh. A total of 200 segments of leaves incubated; 49 isolates were observed which belonged to 07 genera. Amongst the biodiversity of endophytic fungi Hyphomycetes and Sterile mycelium were recovered whereas, Ascomycetes and Coelomycetes were absent. Hyphomycetes showed maximum dominance with (95.92%) possessing Alternaria alternata with highest number of recovered isolates (13 nos), colonization frequency (6.5%) and dominance (26.53%) followed by Aspergillus flavus with 12 isolates and C.F of 6% and dominance (24.49%) and Aspergillus niger showed 10 isolates with 5% colonization frequency and 20.41% dominance. 4 isolates with colonization frequency 2% each of Cladosporium cladosporioides, Fusarium moniliforme and Penicillium sp. were recovered with dominance (8.16%) and Sterile mycelium was 4.08% dominant respectively. The overall colonization frequency of the surface sterilized tissues was 24.5%. it was also observed that older leaves samples produced maximum isolates than the younger leaves samples (Table 1).

Endophytic organisms have received considerable attention as they are found to protect their host against pest, pathogens and even domestic herbivorous [11]. Only a few plants have been investigated for their endophytic flora and their potential to produce bioactive compounds. Some studies had been conducted about the endophytic biodiversity, taxonomy, reproduction, host ecology and their effects on host and sufficient evidence that endophytic fungi play an important role in host plant physiology[34][35][36][37]. The occurren ce of endophytes seems to be influenced by environment and type of host tissue and is mainly influenced by seasonal variation [38][39].

There is a need to study the biodiversity of endophytic fungi in the tropical region where the climatic conditions remain extreme to high and annual rain-fall is more than 15 mm. Since no information about the endophytic biodiversity in Panchmarhi biosphere reserve is available, the present work was initiated to discover endophytic fungal population in widely used medicinal plant Withania somnifera. Our study is quite similar to Suryanarayanan et al., (2003) who reported about the endophyte biodiversity in two dry tropical forests of the Nilgiri Biosphere Reserve in India [23].

In the tropics, only a few studies have been carried out on endophytes of tree species [40]. Diverse endophytic population was detected to colonize Withania somnifera plant. Previously, 20 species of 12 genera were reported with dominance of Alternaria alternata (25%) and Penicillium sp. (7.14%) and Cladosporium sp., Acremonium sp., Paecilomyces sp., Aspergillus sp., Curvularia sp., Penicillium sp. and mycelia sterilia from leaf sample of Withania somnifera [41][42]. In the present study overall colonization frequency was determined 24.5% in surface sterilized tissues whereas, in contrast to Petrini, (1986), Dayle et al., (2001) and Khan et al., (2010) colonization frequency was higher but, large number of genera and species are reported as endophytic fungi which live symbiotically with plants [34][41][43]. The isolated fungi in Withania somnifera belonged to the class Hyphomycetes and Deuteromycetes and were found to be the most prevalent i.e. Alternaria alternata, Aspergillus flavus and Aspergillus niger were the most dominant which is similar to the findings of Khan et al., (2010) where Deuteromycetes showed dominance [41].

225 **Based on 200 segments for frequency analysis.

Table 1. Biodiversity of Withania somnifera leaves.[image: Table 1. Biodiversity of Withania somnifera leaves.]
Attempts had been made to isolate pharmaceutical substances from plants and their endophytic fungi, as endophytes are considered as unexplored source of bioactive natural compounds [44]. Studies had been carried out on endophytic fungi to screen them for antibiotics, antitubercular, antiviral and anticancer, antioxidants, insecticidal and immunomodulatory compounds [45].

Currently, the recovered endophytic fungi isolates from Withania somnifera is being investigated to obtain the secondary metabolites to facilitate screening against therapeutic targets.

4. Conclusion

In the study the colonization frequency and dominance of hyphomycetes was observed. The ascomycetes and coelomycetes were absent which might be due to the environmental factors prevailing in the region during collection of samples. A lesser diversity was obtained due to the absence of other genus or the antipathy to hyphomycetes.
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