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ABSTRACT

Khajuraho is known for their art and beautiful wudrk internationally. This beautiful place is loedtin the
Chhatarpur district of Madhya Pradesh, India. Tofdl temples are surviving in the present out oteé8dples. The open
exposure of the temple to the environment causesldration and ugly look of the temple. It hasrbebserved during
the study on the temple, several species of fumgirdgher plant species like grasses and weedsecthes damage and
deterioration of the temple. Different fungal floliae Alternativa alternata, Aspergillus niger, flavus, A. fumigates,
Chitridium sps., Culvularia lunata, Fusarium oxyspon, Rhizopus vigricans, and Mucor sps. etc. igmaAlso found in
various macroflora like Amaranthus viridis, Aurizandence, Beorhaavia diffuse, Bothriocloa pertuSassia tora,
Cynodon dactylon, Euphorbia hirta, Ficus religiosdcus benghalensis, Indigofera sps, and Oxali®lig etc. identified
and calculated similarity, dissimilarity index afréquency of flora in the present study. The presesearch work mainly

focused on the distribution and diversity of thesteéan group of temples and Southern group of tesrgié&Khajuraho.
KEYWORDS: Khajuraho, Deterioration, Discoloration, Fungi, Meaflora
INTRODUCTION

The process of deterioration is generally a nhppnacess. It is directly related to the abiotictbrs such as light,
temperature, humidity, rain, moisture etc. and r@gtbgenic factors. These all the factors are bgicaquired for all
living things to live. That's why it can't be catleas a separate phenomenon from natural procédsasiraho monuments
are situated in the central part of Bundelkhandoregf Madhya Pradesh India. The latitude and Il of Khajuraho is
24°4950' N and 7%502’ E respectively. The Vindhyan range of mountains through it where climatic conditions
provide support for the growth of various biolodielements and both biotic and abiotic conditioreslaad to damage and
deterioration of the temples. A wide variety of miorganism like bacteria, fungi, algae, lichen amacro-organism like
bryophytes, pteridophtes and some higher taxadiesses and weeds played major role in the pramedamage and

deterioration.

The khajuraho temples are famous for their bealugift and sculpture of®and 11" century. From the ancient
period, these temples are directly exposed to faeeclimatic conditions and fluctuations. Differemicrobial agencies
create their own climate by reaction with abiotictbrs and from their shelter to live. This procglsdamage can be relate
with a succession process of formation of soil frmtk substrate. Khajuraho temples were made bgstane without the

use of mortar. Sandstone is porous in nature duts fporosity it accumulates more water in its tavihe property of
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water accumulation make, it is easy to grow micnal anacro biological elements. According to manyeagshers,

members of algae like cyanobacteria and chloropfisgtly start the process of colonization on soefeof the temple
(Bhavani et al. 2013; Cecchi et al. 2000; Lomenhtile 2000; Ortega et al. 1991; Croispim and Galg&005; Gaylarde
and gaylarde 2000; Tiano et al. 1995 and Tomaske#ll. 2000). Some researchers have studied thédittiens are leading
the pioneering on the monumental surface becawse ¢hn live in extreme condition of the environmantd extract

nutrition from stone (Smith et al 1987; Bjelland adt 2002; Huneck et al. 1986). According to Mecedaal. (2009)

successive growth of various microorganisms onestetthe result of many ear decomposition. Isotatibvarious species
of bacteria, fungi, algae, cyanobacteria etc issdmynmany scientists (Urzi et al. 1991; danin aadé¥a 1990; Lomenti et
al. 2000)

Various species of fungal flora attacks mainly the weakest part of stone temple and forms thdimnies
(Sterfinger and Krumbein 1997). Due to weatheritgzomposed material of microorganism provides klgtaonditions
for fungi to grow and colonize on surface of theapde. Different species of fungi have been couffitech weathered stone

of monuments by many research workers Sharma B.Riturvedi K., Samadhia N.K. and Tailor P.N. 1985

Some fungal species likeenicillium and Cephalosporiumhave large potential of (mycotoxins) biochemical
damage in comparing to Lichen (I.K. Isskandar ad $yers 1972). Common fungi lik€ladosporium, Penicillium,
Trichoderma, Fusarium and Phomare investigated as abundant species on temghceyEckhadt F.E.W. 1980; De La
Torre, et.al. 1991). That has been demonstratddithgi can accelerate the exfoliation of the stonest because they are
chiefly involved in crust formation as well as tteemation of rock varnish (Krumbein, W.E., Grote, &d Peterson, K.
1986).

The growth and radial thickenings of the highanplspecies lead the biophysical and biochemicaladg of
monuments (Winkler E.M. 1975). When higher plant@es grow on monumental surface, their well deyatbroot
system can penetrate deep into the cracks ang dfifnonuments cause direct detachment of largicigaof stone from
the monuments (Caneva G., Altieri A. 1988; Riederel981, Siswowiyanto S. 1981). The developmémnhicro and
macro flora is very harmful to the stone templetrimpical climates where climatic conditions likeakg rainfall and
fluctuation in the temperature greatly increasedtwmnth of micro vegetation and macro vegetatioiauf® P., Caneva G.
1987; Fusey P. and Hyvert G. 1966). The penetraifaiwots deeply into the compact substrata isipymajor role in
the physical damage of monuments. The rupicoloasisp likeCapparis spinosds able to reach several meters (10 - 20)

deep into a very hard surface (Riedier J. 1984).

The aim of the present work is to study and cakeuthe distribution and diversity of fungi and mudiora like
grasses and weed species using myco-ecologicainpsees and microscopic observations to calculaergguency and

similarity index and damage cause by different sggecf fungi and higher plant species.
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(©) (D)
Figure 1 (A) & (B): Temples of Eastern Group of Tenple, (C) and (D) Temples of Western Group of Temple

MATERIALS AND METHODS

Sampling and Isolation of Fungi: Total 10 samples were collected from each communigynely an eastern
group of temple (community A) and southern groupeofiple (B). Located at Khajuraho is the smallag# of Chhatarpur
district of Madhya Pradesh. Collected sample wemadht to an aseptic condition to the laboratdrye isolation of
microorganism was done by culture method with disgerilization of samples in the incubation chamt@rowth of
fungal colony was observed on Potato Dextrose Agzdium plates in 7 days of incubation period &C28nd examined
daily for the growth rates and sporulation, theiouas isolated fungal colonies were transferred frésh PDA plates the
procedure was continuously repeated for 5 timeenmve the impurities. The purified fungal cultwere identified with

mycological techniques and compared with the ablElauthentic literature, review and mycologicahunals.
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Macro Floral Study: The macro floral study of higher taxa is done by ¢juadrate method of collection. Total
10 quadrate was studied at the each community Bital 17 species were collected from communitardl 12 species

were from the community.
Calculations: Different ecological characters of micro and mdtooa are done by following equation:

Number of samples in which species present

x 100

% Frequency (F)=

Total number of sample studied
Index of Similarity (SI) = 2C/ A+B
Where A= Total species in community A
B= Total species in community B
C= Common number of species in community A and B
Observation Table

Table 1: Isolated Microflora from Temple Group

5No | Name of species Community A

81 [82 |83 |54 |55 56 | 87T | 58 | 850 s10 | F% 51 DI

1 Alternaria + + + + + + - + + + 00%
alternate
2 Aspergillus niger + + + - - + + - - + 60%
3 A flavus - + + - + - - + + + 60%
4 A fumigates - + - - - + + + - - 40%
5 Chitridium sps. + + - + - - + + - - 30%
] Culvularia lunata | + + + - + + + - - + T0%
7 Fusarium + - + - - + + - - + 30%
oxysporium
2 Mucer sps + + + + + + + - + + 00%
o Penicillium sps. + + - - + - + + - - 30%
10 Rhizopus vigricans | + - + - - + + + - - 30%
11 Trichoderma viride | - + + + - + - - + - 30%
Community B
1 Alternaria + + - - - + - + + - 30%
aliernaie
2 Aspergillus flavus | - + + + - + - - + - 30%
3 A fumigates - + + - - - + + + - 30%
4 Culvularia lunata | + + + + - - + - - + 60%
5 Fusarium + - - - + + + - + - 30% 077 03
oxysporium -
] Rhizopus vigricans | + + + + - - + + + - T0%
7 Mucor sps. + + + + + + - - + + 0%

Total mumber of cormumen species between Community Aand B=7
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Table 2: Observed Macro Flora from Temple Group

S5No | Name of species Community A
51 |52 |83 [54 |55 |56 57 |58 |89 (510 [F%% | SI DI
1 Alicicarpus - - - - + + T N N . 0%
monaljfer
2 Amaranthus viridiz | + + - - + + . - ¥ ¥ &0
3 Auria scandsnes + + + - - - + T ¥ _ B0
4 Eosrhaavia diffusa | - - - + + - n ¥ ¥ n 0%
5 Eothriocloa - + + + + ¥ _ T ¥ T Bl
pertusa
£ Cassia tora - - - + + - . _ ¥ ¥ 0%
7 Cynodon dectylon | + + + + - + - ¥ + ¥ E
g Euphorbia hirta + + + - + - T T _ _ B0
9 Ficus benghalensiz | - - - + - - - + - - 20%
10 Ficus religiosa - - + - - - ¥ T N - 0%
11 Indigafera + + + - - ¥ _ F ¥ T 0%
asterogaling
12 Chealis trifolia - + + - - + ¥ T N T E0%%
13 Barthenium sps. - - - + + - . _ B ¥ 0%
14 FPhyllanthus nirwri | + + - - + - + _ B N 0%
15 Sida acuta - - - - =+ . _ T N - 0%
16 Sporobolus indicus | + + + - - - . T ¥ T &0
17 Tridex procumbens | + + —+ + - - + - ¥ ¥ T0%
Community B
1 Auria seandsnce + - - + - T T T _ N 0%
2 Eothriocloa + + + + - . T T T . 0%
pertusa
3 Cassia tora - - + + - - F _ N N 0%
4 Cynodon dectylon | + + + - - + + ¥ + ¥ B0
3 Euphorbia hirta + + - - + ¥ . _ _ ¥ 0%
£ Ficus religiosa - + - - - - + - - - 20% n
T Tndigafora e e e T e e e
asterogaling
g Crealiz trifolia - - + - + + + _ N T 0%
0 | Partheniumsps |+ |- [+ |- [- |+ [+ [- |- - 40%
10 FPhyllanthus nibwri | + + - - + - i F ¥ ¥ &0
11 Sporobolus indicus | + + - - + + + T _ N &0
12 Tridex procumbens | - - + - + + ¥ _ B ¥ 0%
Total common speciss in community Aand B=12

RESULTS AND DISCUSSIONS

Total 11 species of fungi and 17 species of higi@nt species were observed in the collected sawipbastern
group of temple while 7 species of fungi and 12cggeof higher plant species found in the samplsoofthern group of
temple of Khajuraho (Table 1,2). Combine study advehat all 10 samples of fungi were mainly dortedaby various
species of fungi likeAlternaria alternata, Mucorsps.,Culvularia lunata and Rhizopus vigricangiue to their higher
frequency.Alternaria alternataand Mucor species have shown the maximum frequency follole€ulvularia lunata,
Rhizopus vigricans, Aspergillus flavasdA. nigerin the sample of Eastern group of temples and.¢hsamples from the
southern group of temple shows the maximum freguerfidiucor sps. followed byRhizopus vigricangind Culvularia
lunata On the other hand in the study of macroflGsamodon dactylomndBothriocloa pertusdound frequently followed
by Indigofera, Tridex procumbens, Amaranthus, Aurianstence, Euphorbia hirtandOxalis trifolia in the community of
Eastern group of temple and in the macrofloral comity of southern group of templ@ynodon dactylorwas found

frequently followed byBothriocloa pertusa, Phyllanthus nirusindSporobolus indicus
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Value of similarity index 0.77 of fungal flora afid82 of macroflora concluded that the various E®eof fungi
and macroflora shows the maximum similarities betweommunity A and community B with reference of thfferent
sample from the each site either of macroflorafdiungal flora. From the dissimilarity point of wiefungal flora found
with the value 0.23 of dissimilarity and macrofloodserved with 0.18 values of dissimilarity betwaéem. This

observation of study revealed that the distributiad diversity is mainly common in both communitiead the process of
deterioration.

Figure 2: Microscopic View of Different Fungi (a) Qulvularia, (b) Penicillium,
(c) Aspergillus, (d) Mucor, (e) Rhizopus, (f) Chytidium
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