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Abstract  Monuments can be defined as a building or 

structure that is an important part of history and culture, 

related to religion. The superfine architecture of the Indian 

monuments is their main concern for preservation. It is 

noticeable that these monuments were constructed for a 

long period but nowadays the adverse effects of the 

environment and various living factors like 

microorganisms and lower plants will not allow them to be 

preserved for a long time. The corrosion of rocks and 

newly formed uncovered stone monuments is a combined 

phenomenon of physical and chemical reactions, which are 

the main reasons for the decay process. This normally 

begins with the rotation mechanism of the seasonal 

variation of rain, wind, sunlight and freezing or thawing 

process. Conductive environment and the availability of 

energy resources with nutrients that are organic and 

inorganic in nature, permit the biological adaptation of a 

bare surface of monuments. This investigation provides 

presence of various microorganisms and lower plant 

species on the temple surface. The investigation was 

carried out at the Khajuraho group of temples (western 

group of temples, Khajuraho) where 6 bacterial genera, 12 

fungal species, 7 algal species and 3 lichens were observed 

during study period. The presence of these microstructures 

on temple surface is associated with the decay and 

degradation of temple surface also known as 

biodeterioration. The study site Khajuraho is an 

international tourist place known for its cultural 

monuments. The chief concern of this study is to explore 

the presence of microorganisms and lower plant species on 

temple surface through their isolation and identification, 

which would be valuable for future investigation and 

research. 

Keywords  Khajuraho, Stone Monuments, 

Biodeterioration, Conductive Environment, 

Microorganism, Stone Degradation, Microbial Factors 

1. Introduction

The culture of India defines ancient customs and social 

behavior represents art and other manifestations of human 

intellectual achievement. The Indian culture is always 

characterized as a fusion of various cultures, spread over 

the Indian subcontinent. Indian culture has a history of 

several thousand years and influenced from region to 

region by several things. These structures are exposed to 

weather and subject to the control of atmospheric factors. 

Physical, chemical, and biological factors intermingle with 

some compositions that vary both in their constructional 

properties. One of the most important objects to conserve is 

the monuments. These monuments are the guardian pillars 

of our historical and cultural period in India. The long-term 

preservation of these monuments should provide 
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knowledge and understanding of history for future 

generations. Through these monuments we can understand 

the architecture, living habits, achievements, and 

aspirations of our ancestors. 

Khajuraho is known as a small town and nagar parishad 

under the statistics of India and lies under the Chhatarpur 

area in Madhya Pradesh. The monuments are found at 

latitudes of 24º 51'00'' N – 24º 85'00'' N and longitudes 79º 

56'00'' E - 79º 93'00'' E. Western gathering of Khajuraho 

temples is spread over a region of around 11.3 hectares and 

involves the absolute most mind-blowing building ability 

of antiquated India. Khajuraho is known to have the best 

range of sandstone, which might be minutely, sculpted. 

These temples (Figure 1a and 1b) aggregate in groups is 

Vishwanath, Nandi, Parvati, Laxman, Laxmi, Varaha, 

Matangeshwar, Kandariya Mahadev, Devi Jagdambi, 

Chitragupta temple. 

 

(a) 

 

(b) 

Figure 1.  Pictures of Khajuraho group of Temple 

The word ‘Biodeterioration’ is pronounced by- the 

European standard ENI5898 to define the field of 

conservation of cultural property. This term is defined as 

“any change in the properties of a material caused by the 

vital activities of organism” by Hueck [1]. Monumental 

deterioration of stone is normally caused by physical, 

physiochemical, and chemical deterioration processes. 

Bio-deterioration of monuments and historical artifacts 

made of stone is identified as a threat in tropical regions, 

where atmospheric restraints such as soaring temperatures, 

high relative humidity levels, and heavy rains play a 

supporting role in the growth and enhancement of an 

extensive variety of living organisms on the surface of 

temples. Organisms that cause biodeterioration are known 

as biodeteriogens. The growth of microbes on the 

monumental surface frequently occurs on cultural heritage 

and it plays a main part in the decaying mechanism of 

monuments. This has made a matter of research by several 

scholars [2]. Biodeterioration of some cultural heritage 

(some case studies) despite fungal growth and herb, weed 

and lichen growth was a common occurrence in Indian 

monuments at Khajuraho. A very little work has been done 

by Upreti [3] and other regional work has been done in 

India regarding their identification and control [4]. 

Jain [5] studied that biological deterioration happens 

owing to the functioning of various natal agents like algae, 

bacteria fungi, lichens, etc. on stones. Bacteria are the 

prokaryotic organisms, and many can grow in even adverse 

conditions. Bacteria occur on stone surfaces very 

frequently due to their widespread nature. These organisms 

do not play a significant role in the process of deterioration 

but participate by providing facilities to others. The 

simplest structure of these organisms is not very harmful 

compared to others. It has been demonstrated that algae can 

grow with the availability of proper light, inorganic 

nutrients and moisture because this organism has quality 

photosynthesis for their food and growth [6,7]. According 

to the previous study, with an adequate ratio of moisture, 

heat and light present on barren stone surfaces, algae can 

grow easily. A total of eleven classes of algae specified 

mainly belong to three chief categories, like cyanophyta, 

chlorophyta, and bacillariophyta which have been 

specified on the stone surface by different researchers 

[8-10]. 

Microorganisms like Fungi normally grow on dead and 

decayed matter instead of rock substrata. These are 

structurally simple organisms that develop with a single or 

multicellular filamentous body. Fungi are metabolically 

more adaptable than other bio-deteriogens in the microbial 

monarchy. Thus, they get deposited on a large range of 

substrates including wood, stones, and metals and increase 

their bio-deteriorating ability. Their ability to grow on a 

variety of substrates, endure extremes of surrounding 

factors, create mutual union with cyanobacteria, algae, 

lichens and imitate various structural, morphological and 

metabolic tactics enables their flexibility [11]. Farooq [12] 

studied that the fungi are more hazardous in 

biodeterioration of stone monuments because of their 

composite metabolic behavior on stone surfaces. Dakal and 

Cameotra [13] found that fungi are pervasively existent 

microorganisms in lieu of the cluster of chemoheterotrophs 

identified by the occurrence of unicellular or multicellular 

hyphae.  
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In India, researchers recently started study on lichens 

and monuments. Gayathri [14] was the first to mention the 

presence of lichens on statues made of granite. It has a deep 

analytical account of lichens study with monumental 

exterior of North Indian cities- Faizabad, Agra, Allahabad, 

Kanpur, Lucknow; in central part of India- Dhar, Gwalior, 

Khajuraho temple and Southern region- Karnatka, Orissa. 

A precise evaluation of damage induced by three lichen 

species to monuments built in the 16th century such as 

Yogarsimha Swami temple, Baggavalli, Karnataka has 

been presented by different scientists [15-21]. 

There are different sorts of understandings about 

increasing lichens on monuments and constructions. Some 

reckon lichens are for good while others see them as threats. 

The multi-hued mosaic of lichens on the monument surface 

produces a pleasant look for visitors and it also provides a 

shielding cover i.e., a sort of plaster on substrata. Without 

this cover of lichens, the rock surface beneath the lichen 

thallus might get more sensitive to abiotic and biological 

agents such as current of air, humidity, and insects [22]. 

Liverworts and mosses (Funeria, Polytricum) develop 

less rapidly and rarely on stone that is, trees from humans. 

The principal source of such a deposit is the accumulation 

of atmospheric particles and from dead microorganisms. 

The mechanical and chemical action shown by these 

organisms for stone monuments is negligible as they do not 

have true root systems but only rhizoids which are not 

directly in contact with stone surface even if the capacity of 

mosses to accumulate Ca2+ions could be related to a 

biodeterioration capacity [23]. These lower plants are 

indicators of wet conditions as they need a very damp 

environment to complete their reproductive phase. Heavy 

accumulation (cushion like growth) can obstruct from 

gutters causing consequently increasing damage through 

freezing [24]. 

Tomaselli [25] mentioned that the porosity and 

roughness of stone exterior are high, which play a greater 

role than mineral deposition in favoring biological 

establishment, when joined by climatic factors. Water 

availability is an indispensable and inevitable aspect as far 

as environmental issues are concerned and not to be 

ignored; proper temperature and solar irradiance, along 

with other atmospheric remainders, are also relevant 

factors. 

According to Ortega-Calvo [26], the attendance of 

micro-organisms on the surfaces of stones and rocks may 

be understood as biodeteriorating because of the damage 

they cause to the overall beauty of the constructions, 

forming multi-pigmented patinas. These microorganisms 

have an important role in the disfigurement of monuments 

and stone works of art [27-30]. As a matter of fact, 

cyanobacteria and green algae increase soil formation and 

cause water blockage. Approximately 20–30% of stone 

corrosion occurs due to genetic action. There are two types 

of bio-deterioration: bio-geophysical and biogeochemical. 

Normally, bio-geochemical deterioration is characterized 

by the reaction of minerals and the gripping cement of 

rocks; on the other hand, bio-geophysical mechanisms 

signify the porosity and interior dimensions of rocks [31]. 

Gomez-Alarcon [32] found the microbial family 

members and their variation mechanisms in monuments at 

Alcala de Henares, Spain. Fungi species like Alternaria, 

Penicillium, Phoma, Trichoderma, Mucor, Ulocladium, 

Dictyodesmium and Phialostele form their colonies on the 

construction resources of many monuments. He also 

collected some bacterial genera like Bacillus, Micrococcus 

and Thiobacillus from the monuments. Various 

filamentous and Micro Colonial Fungi (MCF) have been 

reported by Wollenzien [33] from monuments, mostly 

from the Mediterranean region. Many species are 

specialized in their melanin fabrication. It has been studied 

that micro colonial fungi have resistance to sustain and 

grow in adverse conditions. These fungi are not lichenoid; 

therefore no algal growth is seen with them. Alternaria, 

Aspergillus, Beltrania, Chaetomium, Culvularia, 

Drechslera, Emericella, Fusariella, Rhizopus, 

Trichoderma and Culvularia lunata, C. pallescens, 

Phialophora species were observed to be prevalent indoors 

and in open-air microflora separately. The bacterial 

detaches were recognized by the way of the 

microbiological and biochemical characteristics. The 

outcomes demonstrated that the quantities of life forms 

were higher in the open-air microflora compared with the 

indoor microflora. The research study concentrated on the 

indoor and open-air microflora [34]. Many scientists have 

paid attention to the hazardous effects of fungi grown on 

stone surfaces. 

Allsopp [35] described the definition of biodeterioration 

on monuments as “unwanted modification of a substratum 

due to activities of the living organisms”. Like Fungi and 

lichens, Bacteria, Archaea, and insect annoyance are 

instantly creating harm to the protection of these buildings. 

This equally applies for all types of olden and 

contemporary materials e.g., polymers [36] in open 

museums and other types of museums. These organisms 

are also seen on wall paintings in churches, caves, and even 

as agents of deterioration on monumental surfaces and 

stone monuments in exterior environments [37-41]. The 

oldest and most precious objects suffering from serious 

fungal invasions are rock art caves, such as the caves of 

Lascaux in France [42].  

2. Material and Methods 

Collection of samples: - Sample collection is carried 

out in different regions of each site. A total of five samples 

were collected randomly for the study from each site. 

Samples were taken carefully from the surface using a 

sterilized scalpel and forceps and immediately kept in the 

sterile airtight polythene begs and liquid samples were 

collected in small sterile glass bottles. The sample was 

mainly in the form of metamorphosed powdery sediments 

and colonial crust. For further study, all the samples were 



90  Diversity of Micro Organisms and Lower Plants on the Monuments of Khajuraho, India   

 

brought to the laboratory of Govt. Maharaja College 

Chhatarpur (M.P.) under controlled and sterilized 

conditions. 

Preparation for Isolation of the Micro flora: 

Bacterial study: - To achieve contamination-free results, 

the process of sterilization was followed in a proper 

sequential manner. Nutrient Agar Media was prepared for 

bacterial culture in the laboratory. pH adjusted to 7.4 at 

25ºC. 

For the study of bacteria in the sample, nutrient agar 

media was prepared. 28gr of nutrient agar media were 

weighed on a machine and dissolved properly in a 

sterilized conical flask until a uniform solution was seen. 

After that, these uniform mixtures were autoclaved at 

121°C for 15 min. Then, took out the conical flask 

carefully and allowed it to cool until it could be handled by 

hand. Process of pouring was done in the laminar air flow 

chamber. Prepared media were poured onto the petriplates 

as followed by the flaming to avoid contamination and wait 

for solidifying the media. Poured plates allow keeping for 

24 hrs. in the same place to check contamination (Figure 

2). 

10g of sieved soil sample was added into the 90ml of 

distilled water and shaken for 15 to 20 min. on a magnetic 

shaker to prepare the microbial suspension. Serial dilutions 

were performed as 10-2, 10-3 to 10-7, using a sterile 

pipette to measure the amount 10 ml of microbial solution 

added into the 90 ml of distilled water respectively. 

To get pure colonies, streak-plate method was 

performed to spread the diluted sample by a sterilized loop 

onto the solidifying media. This method was developed by 

Loeffler and Gaffkey in the laboratory of Robert Koch. 

After the streaking of the sample, the prepared plates were 

placed into the incubator at 30-35ºC for 24 hours. 

Examining the petriplates after incubation period of 24 hrs., 

variety of bacterial growth was observed. A single colony 

of growth is then transferred into fresh Nutrient agar petri 

plates with the help of a sterilized loop. This procedure was 

continuously repeated 5 times to get a pure colony.  

Microscopic examination by Gram Staining of isolates: - 

Gram staining reagents: Crystal violet, Gram’s iodine 

solution, 95% ethyl alcohol, Safranin were used to prepare 

a Gram-stained slide following the sequential procedure of 

Gram staining techniques. A prepared Gram-stained slide 

was observed under a compound microscope to analyze 

Gram Positive and Gram-Negative bacteria. 

 

Figure 2.  Culture of bacterial isolates on petripltes 
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By means of different colony characters and Gram 

staining, Biochemical tests have been examined (Table 1) 

according to Bergey’s manual of Systematic Bacteriology 

[43-46] which was tested by the following tests: 

Motility Test: - This test is performed by test tube 

containing soft agar (nutrient agar) about 8 ml. Stab 

inoculation in the tube was done using a sterile needle to a 

nearly 2/3 depth of the agar in the test tube. Incubated stab 

medium was examined after 6h, one day and two days 

respectively. That medium was examined by holding the 

test tube up to the light. Motility was determined by stab 

line appearance (diffused and hazy stab line denotes 

motility and sharp defined stab line denotes non-motility). 

Endospore Forming Test: - Firstly smear of bacterial 

culture is prepared on a sterile slide and then fixed under 

heat. Then it was placed under the hot water bath and 

applied malachite green (stain) for 5 min. After that slide 

was taken out of the water bath and rinsed with water flow, 

then spread safranin stain till 20 sec and flooded with water 

followed by bolt drying. Finally, these slides were 

examined by compound microscope. Bright green cells 

confirmed the presence of endospore and brownish to pink, 

red cells denoted as vegetative cells. 

Carbohydrate Fermentation Test: - It was performed by 

the preparation of nutrient broth with respective fermenting 

agents like glucose, lactose, and sucrose. It was observed in 

acid and gas production by bacterial cells. During 

incubation, the bacterial cells may or may not utilize sugar. 

Utilization of sugar is indicated in acid and gas production 

and observed by the change in color of the broth. Firstly, in 

the sugar broth, phenol, a red color indicator, was added 

(this is pH sensitive) for the determination of acid 

production (No change in color = No acid production). 

Secondly in sugar broth, a Durham’s tube is placed 

inverted to determine gas production (observed gas 

bubbles indicate a positive test). 

Starch Hydrolysis Test: - It has been performed by the 

preparation of starch agar to check the activity of amylase. 

Prepared starch agar was inoculated with the species 

followed by aseptic conditions. After incubation at an 

appropriate temperature iodine is added to the surface of 

the agar. Iodine turns blue black in the presence of starch. 

Absence of blue-black color indicates starch is not present. 

Gelatin Hydrolysis Test: - It is performed by nutrient 

gelatin stab method. A pure colony of suspected bacteria 

was stabbed with a needle and inoculation of the medium 

was followed by incubation of gelatin slants for 48 hr. at 

37oC. After it, the gelatin slants were taken out from the 

incubation and placed into the refrigerator for only 30 min. 

waiting for the solidification of the test tube. Partially or 

completely liquefaction of slant at 4oC denotes positive test 

and the test tube which remained solidified shows the 

negative results. 

Lipid Hydrolysis Test: -It was performed with the 

preparation of tributyrin agar. Prepared tributyrin agar 

medium streaked with sterile loop. Placed into the 

incubator for incubation at 35-37oC for 24-48 hours. After 

incubation, a clear zone around the growth was indicated as 

positive. 

Urease Test: - This test was performed by the 

preparation of Christensen’s urea Agar. The surface of a 

urea slant was streaked with a small part of pure isolated 

culture. Cap of tube fixed loosely and inoculated the test 

tube at 35 -37ºC for 48 h. aerobically. Observed pink color 

of test tube indicates in 15 min to 24 h is positive. 

H2S Production Test: - This test was performed by the 

preparation of SIM agar medium (pH 7.3) specific for H2S 

test. The pure cultured organism was incubated in the 

labeled slant. Incubated at 37ºC for 24–48 h., the observed 

black precipitation indicated a positive test. 

NO3 Reduction Test: - This test was used to show the 

ability of bacteria to change nitrate to nitrite. The nitrate 

medium was inoculated with the test strain aseptically 

followed by incubation for 24-48oC at 37oC. One drop of 

sulfunilic acid and one drop of α-napthylamine were added 

to every broth. Observation with a red color denoted 

positive result for nitrate reduction. In the absence of a red 

color added a small amount of zinc to each broth to confirm 

the presence of nitrate as no color is produced with zinc.  

Indole Test: - It is performed using saturated filter paper 

and a 1% paradimethylaminocinnamaldehyde reagent. A 

small portion of bacterial colony was placed on the filter 

paper by sterilized loop and rubbed the filter paper. 1-2 

drops of reagent spread on the filter paper and rest for 30 

sec. Blue color formation indicates the presence of enzyme 

tryptophenase which breaks down tryptophen into indole. 

No color/ slight pink color denotes a negative test. 

MR Test: - The methyl red test is performed by the 

preparation of MRVP broth. It is a common broth medium 

used in MR test as well as VP test. Broth contained test 

tubes inoculated by 18-24 hrs. pure cultured organisms 

with the help of a sterile loop and then incubated 

aerobically for about 24hr at 37ºC temperature. 1 ml of 

incubated broth is transferred into the clean test tube and 

again incubated for 24 hr. After that, 2-3 drops of reagent 

(Methyl red) were added to the broth. The formation of a 

red color represented a positive result.  

VP (Voges Proskaur) Test: - It has been performed in a 

pure culture tube of MR/VP broth (mentioned above) of 

organism, inoculated and then incubated for 24 hours at 

35ºC. After incubation, 0.6 ml of 5% α-naphthol, followed 

by 0.2 ml of 40% KOH added to broth and shacked the tube 

carefully to expose the medium to the atm. O2 and rest for 

10-15 min. The positive test has been observed by the 

formation of a red color indicating presence of diacetyl 

(oxidized product of acetonin). 

Citrate Utilization Test: - This test was performed by the 

preparation of citrate agar (pH 6.8). Citrate agar slant was 

inoculated with a pure colony by sterile loop. Then it was 

placed into the incubator for the incubation (aerobically) at 

35-37ºC for 4 -7 days. Observed color changing from green 

to blue. 

Catalase Test: - This test was done on each pure culture 

growth. It is performed by the test tube method. When 
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bacterial isolates of pure culture dipped by glass rod into 

the test tube containing H2O2 was observed by the 

formation of O2 bubbles. 

 

Oxidase Test: - Oxidase test was performed on the 

growth of each culture plate. The tetramethyl-p-phenylene 

diamine (TMPD) reagent was used to confirm test. A small 

amount of bacterial growth was applied to TMPD by a 

platinum loop. The formation of a blue color confirmed the 

oxidase test. 

Table 1.  Summarized Table of Biochemical Identification of Different Bacterial Isolates 

S. 

No. 
Biochemical test 

Isolated Strains  

Strain A Strain B Strain C Strain D Strain E Strain F 

1 Gram Staining + + + - + + 

2 Shape Rod Coccus Cocci Rod Rods Cocci 

3 Motility test + - + + - - 

4 

Endospore forming 

test 
+ - + - - - 

5 Starch hydrolysis test + - - - + - 

6 

Gelatin liquification 

test 
+ + + + - - 

7 

Dextrose 

fermentation  
- A - - A - 

8 Lactose fermentation - A - - A A 

9 Sucrose fermentation A A - - A A 

10 Lipid hydrolysis + + - + NS - 

11 H2S production - - - - - - 

12 NO3 reduction + + ± + - - 

13 Indole production  - - - - - - 

14 MR test (methyl red) - + - - - + 

15 

VP test (Voges 

Proskauer) 
± ± - - - - 

16 Citrate test - - + + - - 

17 Urease activity - - + - - - 

18 Catalase activity - + - + - - 

19 Oxidase activity + - - + - - 

  

Result 
Bacillus 

cereus 

Staphylococcus 

aureus 

Micrococcus 

luteus 

Pseudominas 

aeruginosa 

Lactobacillus 

acidophillus 

Straptococ

cus lactis 

'+' denotes positive, '-' denotes negative, A denotes acid production and NS= not specified 

Strains A, B, C, D, E and F denotes collectively all isolated strains to a particular bacteria respectively  
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Media Preparation for Fungal Studies 

To isolate and identify the fungi and algae Potato 

Dextrose Agar (PDA) media were prepared containing 

chloramphenicol (500mg/ liter) to restrict the bacterial 

growth in the media. Prepared media were transferred into 

the 5 conical flasks and closed with cotton plugs and then 

placed into the autoclave to allow sterilization at 121ºC at 

15 lbh/inch pressure for 20 minutes. Media containing 

flasks kept cooling until they can be handled by hand.  

One gram of sample was diluted with distilled water and 

inoculated according to the pour plate method randomly in 

the PDA figure. Then plates were placed inverted in the 

incubator at 28±1ºC and examined daily for the growth 

rates and sporulation, continuously for 7 days after 

completion of the incubation period, the various fungal 

colonies were observed. A single spore of the growth then 

transferred into fresh PDA petri plates with the help of a 

sterilized loop. This procedure was continuously repeated 

5 times to get a pure colony (Figure 3). 

 

Figure 3.  Culture of fungi in petriplates 

Various fruiting structure have seen having taxonomic 

significance were identified by preparing slides with 

lactophenol cotton blue (LCB) wet amount and examined 

under the compound microscope. 

Staining of Fungal Isolates: - Lactophenol cotton blue is 

in semi-permanent microscopic preparation of fungal 

isolates. The blue color of lactophenol cotton blue gave a 

blue background of fungal cytoplasm. It contains phenol, 

lactic acid, cotton blue, glycerin which act as fungicide, 

clearing agent, stain to cytoplasm, and semi-permanent 

preparation respectively. 

Media Preparation for Algal Study 

Beneck’s liquid media were prepared in the laboratory 

under the aseptic conditions. Weighted quantity of all 

required contents has been dissolved in distilled water and 

made 1 liter of uniform solution. The pH of the broth was 

fixed as neutral at 7.0 to 7.5. Prepared broth was then 

transferred into the half-pint bottles and plugged them with 

a cotton plug. After the pouring, bottles were transferred 

into the autoclave at 20lbh pressure/in2 for 20 minutes. 

Waited for cool and then one gram of soil sample was 

poured into the bottles and placed into the incubator at 

30-35oC for 15-20 days. Algal growth has been observed in 

bottles. These colonies were purified by placing some cells 

or filaments with the help of a sterile loop onto the fresh 

Beneck’s agar media containing petriplates (Figure 4). 

This procedure has been repeated later to get a pure culture. 

And then algal growth was examined and identified. 

 

Figure 4.  Culture of algae on petripates 

Lichen Study 

Sample collection and Identification: - The collected 

specimens were investigated morphologically, 

anatomically, and chemically in the laboratory. The 

external morphology of the thallus was observed under a 

stereo-zoom microscope. The anatomical structures were 

studied under a compound microscope.  

With the help of K (5%, potassium hydroxide), C 

(aqueous solution of calcium hypochlorite), P 

(paraphenylene diamine) and I (iodine solution) reagents, a 

color test was performed in the laboratory. As followed 

Orange [47] thin layer chromatography was done with 

solvent C. Thin layer chromatography (TLC) with solvent 

A (180:60:8 ml ratio of toluene: dioxane: acetic acid) was 

performed for the identification of lichen materials and that 

was done according to the table prescribed by Orange [47]. 

The authenticated literature provided by Awasthi [48,49] 

was used to identify lichen samples to the species level. 

Nomenclature and classification of lichens were done 

according to Huhndorf and Lumbsch [50]. 

3. Results and Discussion 

The present study is basically related to the diversity and 

distribution of microorganisms and lower plants in the 

Khajuraho group of monuments. The secondary research 

related to the role of micro flora in the deterioration of 

monuments. The topic is concern about the biotic factors 

causing decay and damage. The growth and development 

of various microorganisms such as bacteria, fungi, algae 



94  Diversity of Micro Organisms and Lower Plants on the Monuments of Khajuraho, India   

 

and lichens occupy the temple surface. These organisms 

can grow and develop easily under favorable conditions. 

Bacteria are the prokaryotic organisms and their 

widespread presence has been noticed by several workers. 

These are the simplest microorganisms and do not have a 

significant role in the deterioration because they have not 

complex structure as compared to the other one. Besides 

the bacteria, algae, fungi, and lichen take part noteworthy 

role in the process of deterioration as their filamentous, 

thalloid, colonial structure forms crust deposition on the 

temple surface. It has been observed that algae grow where 

water and sunlight are available because these are 

photosynthesizing organism. Growth of algae and fungi 

observed together and sometimes as symbiotic association. 

In other words, we can say that the lichens are the result of 

the symbiotic association of algae and fungi. Alone fungal 

growth is very hazardous to the monuments because their 

mycelium can penetrate the substratum and may lead to the 

cavity formation and decrease the stone quality. 

The study of Grossi [51] acknowledged that the process 

of deterioration is a serious issue of tropical climate that 

provides an ease for deteriorating organisms to thrive and 

produce their lethal emphasis to the fullest on monumental 

and building stone under massive rainfall, tight humid 

conditions, and high temperatures [52]. Ecological issues 

cause susceptibility to such agents on stones that further 

give rise to the decay of monuments. 

It has been considered that the microbial inhabitants like 

bacteria, fungi, cyanobacteria, and algae established as 

biofilm on temple surfaces are the result of pioneering 

action of these organisms [53]. Li [54] studied on the 

community and colonization of microbiome grew on stone 

monuments. 

The occurrence of various micro flora on the temple 

surfaces in the form of crusts, dirt etc. is confirmed by their 

collection and culture method and identified with authentic 

data. Micro flora like bacteria Bacillus, Lactobacillus, 

Micrococcus etc, fungal species like Alternata, Aspergillus, 

Culvularia, Fusarium etc., algal flora like Anabena, Nostoc, 

Calothrix, Pleurococcus etc. lichens such as Endocarpon, 

Peltula, found in the investigation resemble the study of 

Tiano [55] on biodegradation of historic heritage. The 

presence of all above mentioned species on the temple 

surface has also been reported by Crispim [56] and 

Gomez-Alarcon [57]. 

Different types of lower plant species have grown on the 

temple because microorganisms are normally found in our 

atmosphere so we cannot be safe from these likewise 

monuments which are also a part of our nature and covered 

with atmosphere. Their effect also results in form of their 

modification from previous. Apart from that, climatic 

conditions also play a part in the modification of the temple 

surface. The consequence of these factors has been marked 

by the damage and deterioration of the monuments. The 

distribution of microorganisms and lower plants in western 

group of monuments in Khajuraho was shown in 

diversified pattern. The distribution of biological growth 

has not been found equally at each site but is represented 

by common species. 

The present investigation was furnished to assess the 

activities related to microorganisms and lower plants 

around the Khajuraho monuments. Scores of specimens 

were compiled from ten locations Vishwanath temple, 

Nandi temple, Parvati temple, Laxman temple, Laxmi 

temple, Varaha temple, Matangeshwar temple, Kandariya 

Mahadev temple, Devi Jagdambi temple and Chitragupta 

temple. The Khajuraho temples were made using 

sandstone and are available in abundance in this area. In 

the study period microflora of total 6 bacterial genera 

(Figure 5) as Bacillus cereus, Streptococcus lactis, 

Lactobacillus acidophillus, Micrococcus luteus, 

Pseudomonas aeroginosa and Staphylococcus aureus, 

belonging to 6 families (Bacillaceae, Lactobacillaceae, 

Pseudomonaceae, Micrococaceae, Streptococaceae, 

Staphylococaceae), 12 fungal species (Figures 6 and 7) 

such as Alternaria alternata, Aspergillus flavus, A. 

fumigates, A.niger, Cladosporium cladosporoides, 

Culvularia lunata, Fusarium oxysporium, Penicillium 

notatum, Rhizopus vigricans, Mucor species and 

Trichoderma viride, belonging to 6 families (Dematiaceae, 

Aapergillaceae, Rhizoctoniaceae, Mucuraceae, 

Hypocereaceae), total 7 algal genera (Figures 8 and 9) like 

Anabena, Calothrix, Chlorococcum, Gleocapsa, Nostoc, 

Pleurococcus and Scytonema representing 5 families 

(Chaetoophoraceae, Chlorococcaceae, Nostocaceae, 

Rivulariaceae, Microcystaceae), and three lichen species 

Endocarpon rosrttum, peltula euploca and Phylliscum 

indicum representing 3 families (Lichenaceae, Peltulaceae, 

Verrucariaceae) has been sampled and identified and two 

species of bryophytes namely Funaria and Polytrichum 

was reported from most of the sites (Tables 2, 3). It has 

been observed that these species were found in the sample 

collected especially from humid areas/parts of temples. 
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Figure 5.  The microscopic slide view of isolated bacteria 

 

Figure 6.  The microscopic view of fungal isolates 

 

Figure 7.  The microscopic view of fungal isolates 

 

Figure 8.  The microscopic view of isolated algae 

  

    
       Bacillus cereus              Streptococcus lactis          Micrococcus luteus    Pseudomonas aeroginosa  

  

     
        Aspergillus          Aspergillus niger     Aspergillus flavus   Trichoderma viride   Rhizopus vigricans 

         fumigatus 

  

                      
                     Cladosporium          Mucor species      Penicilium notatum   Alternaria alternata 

                    cladosporoides 

  

    
           Pleurococcus species         Nostoc species            Calothrix species       Scytonema species 
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Figure 9.  The microscopic view of isolated algae 

Table 2.  List of various Microorganisms and Lower Plants Species identified during Study 

S. No. Group Identified organisms 

1 Bacteria 

1. Bacillus cereus 

2. Lactobacillus acidophilus 

3. Micrococcus luteus 

4. Pseudomonas aeroginosa 

5. Staphylococcus aureus 

6. Streptococcus lactis 

2 Cyanobacteria 

1. Anabena 

2. Calothrix  

3. Gleocapsa 

4. Nostoc 

5. Scytonema 

3 Fungi 

1. Alternaria alternate 

2. Aspergillus flavus 

3. A. fumigates 

4. A.niger 

5. Cladosporium cladosporoides 

6. Culvularialunata 

7. Fusarium oxysporium 

8. Penicillium notatum 

9. Rhizopus vigricans 

10. Mucor species 

11. Trichoderma viride 

4 Algae 
1. Chlorococcum 

2. Pleurococcus 

5 Lichens 

1. Endocarponrosettum 

2. Peltulaeuploca 

3. Phylliscum indicum 

6 Bryophytes 
1. Funaria 

2. Polytricum 

  

  

   
                             Chlorococcum species       Anabena species          Gleocapsa species 
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Table 3.  Distribution Pattern of various Microorganismsand Lower Plant Species at different site of Khajuraho Monuments 

S.No. Name of Plant species Family of Species Name of sites 

A B C D E F G H I J 

Bacteria 

1 Bacillus Bacillaceae + - + + - + - + + + 

2 Lactobacillus Lactobacillaceae - - - - - - + - - - 

3 Lactococcus Streptococaceae - - - - - - + - - - 

4 Micrococcus Micrococcaceae - + + - + - + + + - 

5 Pesudomonas Pseudomonaceae + + - - + + + - - + 

6 Staphylococcus Staphylococaceae + + - + - + + - + + 

Fungi 

1 Alternaria altenata Dematiaceae + + - - + - + - + + 

2 Aspergillus flavus Aspergillaceae + - + - + - + + + + 

3 A.fumigatus Aspergillaceae - + + + - - + - + - 

4 A. niger Aspergillaceae + + + - + - + + + - 

 Cladosporium cladosporoides Mycospherelleaceae - + + + - + - + - - 

6 Culvularia lunata Dematiaceae + + + + + + + + + - 

7 Fusarium oxysporium Rhizoctoniaceae + + - + + + - + - - 

8 Penicillium notatum Aspergillaceae + - - - + - + - + + 

9 Rhizopus vgricans Mucuraceae + + + - - - + + + + 

10 Mucor Mucuraceae + + - + + - + + + + 

11 Trichoderma viride Hypocereaceae - + + - - - + + - - 

Algae 

1 Anabena Cyanophyceae + - - - + - + + - + 

2 Calothrix Cyanophyceae + + - - + + + + + + 

3 Chlorococcum Chlorophyceae - - + - - - + + + + 

4 Gleocapsa Cyanophyceae + + + - - + + - + + 

5 Nostoc Cyanophyceae - - - - + - + + - - 

6 Pleurococcus Chlorophyceae + + - - + + - - + - 

7 Scytonema Cyanophyceae - - + - - - + + + + 

Lichen 

1 Endocarpon rosettum Verrucariaceae + - - - - - - + - - 

2 Peltula euploca Peltulaceae - - - - - - + - - + 

3 Phylliscum indicum Lichinaceae - + - - + - - - - + 

Brophytes 

1 Funaria Funareaceae - - + - - + + + - - 

2 Polytrichum Polytrichaceae - - - + - + + - + + 
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4. Conclusions 

The present study is related to the diversity and 

distribution of microorganisms and lower plants including 

the study of the presence of bacteria, fungi, algae, and 

lichen on temple surfaces. This research is centered on the 

survey and collection of samples for the study and 

identification of microorganisms and lower plant species. 

In order to the study about diversity and distribution of 

microvegetation, 6 species of bacterial (Bacillus cereus, 

Streptococcus lactis, Lactobacillus acidophillus, 

Micrococcus luteus, Pseudomonas aeroginosa and 

Staphylococcus aureus) 12 species of fungi (Alternaria 

alternata, Aspergillus flavus, A. fumigates, A.niger, 

Cladosporium cladosporoides, Culvularia lunata, 

Fusarium oxysporium, Penicillium notatum, Rhizopus 

vigricans, Mucor species and Trichoderma viride), 7 

species of algae (Anabena, Calothrix, Chlorococcum, 

Gleocapsa, Nostoc, Pleurococcus and Scytonema), 3 

species of lichens (Endocarpon rosrttum, peltula euploca 

and Phylliscum indicum) and two species of bryophytes 

namely Funaria and Polytrichum identified in diversified 

manner. The growth of micro vegetation frequently 

examined in the sample of the rainy season while summers 

have been characterized by negligible growth of microbes. 

Because Khajuraho temples suffered from very harsh 

conditions of climate when the temperature jumped to 

48oC. But some species of microbe’s remain attached to the 

temple surfaces in their inactive form whenever conditions 

become favorable, they come to active and develop their 

colonies in the form of crust/layer. The diversity and 

distribution of micro vegetation in the western group of 

monuments in Khajuraho were shown in a diversified 

pattern. The distribution of biological growth has not been 

found equally at each site but is represented by common 

species. Different types of micro flora have grown on the 

temple because microorganisms are normally found in our 

atmosphere so we cannot be safe from these likewise 

monuments which are also a part of our nature and covered 

with atmosphere. Their effect also results in the form of 

their modification from previous. Apart from it climatic 

conditions also play a part in the modification of the temple 

surfaces. The consequence of these factors has been 

marked by the damage and deterioration of the monuments. 
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