
Biodeterioration of Selected Historical Monuments by Lower Plants and Cyanobacteria  
  

 
 

117 

Ms. Disha Mehta  

7. BIBLIOGRAPHY 
 

 Adhikary, S.P. and Kovacik, L. (2010). Comparative analysis of cyanobacteria and 

micro-algae in the biofilms on the exterior of stone monuments in Bratislava, 

Slovakia and in Bhubaneswar, India. The Journal of Indian Botanical Society, 89(1 

and 2), 19-23. 

 Adhikary, S.P., Keshari, N., Urzì, C. and De Philippis, R. (2015). Cyanobacteria 

biofilms on stone temples of Bhubaneswar, Eastern India. Algological Studies,147, 

67–93. 

 Agrawal, O.P., Mishra, A.K. and Jain, K.K. (1994) Removal of plants and trees from 

historic buildings. INTACH Indian Conservation Institute Publisher. 

 Allsopp, D., Seal, K.J. and Gaylarde, C.C. (2004). Introduction to biodeterioration. 

Cambridge University Press. p.237. 

 Altieri, A. and Ricci, S. (1997). Calcium uptake in mosses and its role in stone 

biodeterioration. International biodeterioration and biodegradation, 40(2-4), 201-204 

 Anagnostidis K. and Komárek, J. (1990). Modern approach to the classification 

system of Cyanophytes 5-Stigonematales. Archiv für Hydrobiologie Supplementband 

Monographische Beiträge 86,1–73 

 Anon, (2004). ASI and Heritage Trust, 2004. Champaner – Pavagadh World Heritage 

Site Nomination for inclusion on the UNESCO World Heritage List, India. ASI and 

Heritage Trust, p.80 

 Anon, (2010). Ancient monuments and archaeological sites remains act 1958. 

 Anon, (2021). The Maharaja Sayajirao University of Baroda. History of Vadodara.  

 Aptroot A. and James, P.W. (2002) Monitoring Lichens on Monuments. In: Nimis 

P.L., Scheidegger C., Wolseley P.A. (eds) Monitoring with Lichens — Monitoring 

Lichens. NATO Science Series (Series IV: Earth and Environmental Sciences), vol 

7. Springer, Dordrecht. https://doi.org/10.1007/978-94-010-0423-7_16  

 Aptroot, A., van Herk, K. and Sparrius, L. (2017). Twenty-two years of monitoring 

the lichen flora of megalithic monuments in the Netherlands. Herzogia, 30(2), 483-

495. 



Biodeterioration of Selected Historical Monuments by Lower Plants and Cyanobacteria  
  

 
 

118 

Ms. Disha Mehta  

 ASI, (2020). Protected monuments of Gujarat. Archaeological Survey of India.  

https://asi.nic.in/alphabetical-list-of-state-protected-monuments/ Accessed 20 

November 2020 

 Awasthi, D. D. (1991). A Key to the Microlichens of India, Nepal and Shri Lanka. J. 

Cramer, Berlin. Stuttgart. p.337 

 Awasthi D. D. (2007). A Compendium of the Macrolichens from India, Nepal and 

Shri Lanka. Bishen Singh Mahendra Pal Singh, Dehradun. India. p. 580  

 Ayub, A. (2005). Lichen flora of some major historical monuments and buildings of 

Uttar Pradesh. Ph.D. Thesis. Lichenology Laboratory, NBRI, Lucknow. 

 Aziz, M. N. and Vohra, J. N. (2008). Pottiaceae (Musci) of India. Bishen Singh 

Mahendra Pal Singh.p.366 

 Bajpai, R. and Upreti, D. K. (2014). Lichens on Indian Monuments Biodeterioration 

and Biomonitoring. Bishen Singh Mahendra Pal Singh, Dehradun. India. p. 222. 

 Baldev, E., Mubarakali, D., Shriraman, R., Pandiaraj, D., Alharbi, N. S., Thajuddin, 

N. (2015) Extraction and partial characterization of exopolysaccharides from marine 

cyanobacteria and their flocculation property. Research Journal of Environmental 

Science, 9, 28–38 

 Banerjee, D. and Sarkar, S. (2019). Chemical and Biochemical Onslaught of 

Anthropogenic Airborne Species on the Heritage Monument of the Taj 

Mahal. Heritage, 2(3), 2137-2159. 

 Bapna, K. R. and Kachroo, P. (2000). Hepaticology in India – I. Himanshu 

Publications, Udaipur, India.p.466 

 Barberousse, H., Tell, H.G., Yéprémian, C. and Couté, A. (2006). Diversity of algae 

and cyanobacteria growing on building facades in France. Algological Studies, 

120,81-105. 

 Bartoli, F., Municchia, A. C., Futagami, Y., Kashiwadani, H., Moon, K.H. and 

Caneva, G. (2014). Biological colonization patterns on the ruins of Angkor temples 

(Cambodia) in the biodeterioration vs bioprotection debate. International 

Biodeterioration and Biodegradation, 96,157-165. 

 Barukial, J., (2011). A bryofloristic ecological assessment of Assam, India. Indian 

Journal of Fundamental and Applied Life Sciences, 1(3), 98-106.  

https://asi.nic.in/alphabetical-list-of-state-protected-monuments/


Biodeterioration of Selected Historical Monuments by Lower Plants and Cyanobacteria  
  

 
 

119 

Ms. Disha Mehta  

 Bates, J.W. (1982). The role of exchangeable calcium in saxicolous calcicole and 

calcifuge mosses. New Phytologist, 90(2), 239-252. 

 Bates, J.W. (1992). Mineral nutrient acquisition and retention by bryophytes. Journal 

of Bryology, 17(2), 223-240. 

 Behera, P.K., Nayaka, S. and Upreti, D.K. (2020). Lichens on monuments of Odisha – 

Are they causing biodeterioration?  NeBIO 11(2): 71-78. 

 Bhatnagar, P., Khan, A.A., Jain, S.K. and Rai, M.K. (2016). Biodeterioration of 

archaeological monuments and approach for restoration. In Geomicrobiology. CRC 

press. 

 Bhavani, B., Manoharan, C. and Vijayakumar, S. (2013). Studies on diversity of 

cyanobacteria from temples and monuments in India. International Journal of 

Environment, Ecology, Family and Urban Studies, 3(1), 21-32. 

 Borderie, F., Alaoui-Sossé, B. and Aleya, L. (2015). Heritage materials and 

biofouling mitigation through UV-C irradiation in show caves: state-of-the-art 

practices and future challenges. Environmental Science and Pollution 

Research, 22(6), 4144-4172. 

 Bradley, N. (2007). The response surface methodology. Master of Science thesis. 

Department of Mathematical Sciences. Indiana University of South Bend 

 Bruns, R. E., Scarminio, I. S., and de Barros Neto, B. (2006). Statistical design-

chemometrics. Elsevier Publisher. p.422. 

 Buck, W. R. and Goffinet, B. (2000). Morphology and classification of mosses. 

Bryophyte Biology (Eds.) A. J. Shaw and B. Goffinet. Cambridge University Press, 

University of Cambridge, UK. p.71-123. 

 Bültmann, H., Roux, C., Egea, J.M., Julve, P., Bricaud, O., Giaccone, G., Täuscher, 

L., Creveld, M., Di Martino, V., Golubic, S. and Takeuchi, N. (2015). Validations and 

descriptions of European syntaxa of vegetation dominated by lichens, bryophytes and 

algae. Mediterranean Botany, 36,107-129. 

 Campbell, J. M. (1879). Gazetteer of the Bombay Presidency: Kaira and Panch 

Maháls, Bombay (India: state). Printed at Government Central press. pp 304-309 

Accessed on 19 May, 2021 

 Castenholz, R.W. (1988). Culturing methods for cyanobacteria. Methods in 

enzymology, 167,68-93. 



Biodeterioration of Selected Historical Monuments by Lower Plants and Cyanobacteria  
  

 
 

120 

Ms. Disha Mehta  

 Chang, S.J., Kim, S.J. and Kwon, K. (2004). Effects of some water repellents on the 

structure and water sorption of smectite. Clays and clay minerals, 52(1), 25-30. 

 Chang, S.J., Kwon, K. and Kim, S.J. (2001). The Effect of Water Repellents on 

Swelling Mineral (Smectite). The Korean Society of conservation science for cultural 

heritage, 59-67. 

 Chaudhary, B. L. and Deora, G. S. (1993). Moss flora of Rajasthan. Himanshu 

publications, Udaipur, India. p.127. 

 Chaudhary, B. L., Sharma, T. P., Bhagora, F. S. (2008). Bryophyte flora of North 

Konkan, Maharashtra (India). Himanshu Publications, Udaipur and New Delhi, 

p.342. 

 Chaudhary, B. L., Sharma, T. P. and Sanadhya, C. (2006). Bryophyte Flora of 

Gujarat. Himanshu Publications Udaipur and New Delhi, p.198. 

 Chen, J., Blume, H. P. and Beyer, L. (2000). Weathering of rocks induced by lichen 

colonization—a review. Catena, 39(2),121-146. 

 Chen, R., Zhang, Y., Li, Y., Wei, W., Zhang, J. and Wu, N. (2009). The variation of 

morphological features and mineralogical components of biological soil crusts in the 

Gurbantunggut Desert of Northwestern China. Environmental Geology, 57(5), 1135-

1143. 

 Choudhury, M. P., Sarma, M. and Nayaka, S. (2016). A preliminary study on lichens 

of ancient historical ruins of Bamuni Hills, Tezpur, Assam, North-East India. The 

Bioscan, 11(3), 1493-1496. 

 Chug, R. and Mathur, S. (2013). Extracellular polymeric substances from 

cyanobacteria: characteristics, isolation and biotechnological applications-a 

review. International Journal of Advance Engineering Science and Technology, 3, 49-

53. 

 Clair L.L., Seaward M.R.D. (2004) Biodeterioration of Rock Substrata by Lichens: 

Progress and Problems. In: St.Clair L.L., Seaward M.R.D. (eds) Biodeterioration 

of Stone Surfaces. Springer, Dordrecht. https://doi.org/10.1007/978-1-4020-2845-

8_1.  

https://doi.org/10.1007/978-1-4020-2845-8_1
https://doi.org/10.1007/978-1-4020-2845-8_1


Biodeterioration of Selected Historical Monuments by Lower Plants and Cyanobacteria  
  

 
 

121 

Ms. Disha Mehta  

 Crandall-Stotler, B., Stotler, R. E. and Long, D. A. (2008). Morphology and 

Classification of the Marchantiophtyta, In: Bryophyte bryology. 2nd Ed., Goffinet B. 

and Shaw A. J (Eds), University Press, Cambridge, p.1-54. 

 Crispim, C. A. and Gaylarde, C. C. (2005). Cyanobacteria and biodeterioration of 

cultural heritage: a review. Microbial Ecology 49:1–9 

 Culberson, C. F. (1969). Chemical and botanical guide to lichen products. University 

of North Carolina Press, Chapel Hill.p.85-93. 

 Dakal, T. C. and Cameotra, S. S. (2012). Microbially induced deterioration of 

architectural heritages: routes and mechanisms involved. Environmental Sciences 

Europe, 24(1),1-13. 

 Das, S. K. and Adhikary, S. P. (2014).  Freshwater algae of eastern India. Daya 

Publishing House.p.453. 

 De Philippis, R., Margheri, M. C., Materassi, R., Vincenzini, M. (1998) Potential of 

unicellular cyanobacteria from saline environments as exopolysaccharide producers. 

Appl Environ Microbiol 64(3), 1130–1132. 

 Delattre, C., Pierre, G., Laroche, C., Michaud, P. (2016) Production, extraction and 

characterization of microalgal and cyanobacterial exopolysaccharides. Biotechnology 

Advances 34,1159–1179. 

 Desikachary, T.V. (1959). Cyanophyta, vol 2. Indian Council of Agricultural 

Research, New Delhi p.686 

 Dewey, C. C. (1999). An investigation into the effects of an herbicide on historic 

masonry materials. Catherine Camille Dewey University of Pennsylvania. Graduate 

program thesis. 

 Duraisamy, R. (2012). Biodeteriorative flora of Cultural Heritages in Thiruvarur 

district, Tamil Nadu. Ph.D. Thesis. Tamil University, Thanjavur. 

 Elharech, M., Benharbit, M., Magri, N., Benharbit, O., Zidane, L., Douira, A., 

Belahbib, N. and Dahmani, J. (2017). Study of the bryological flora at the 

archaeological site of Chellah, Morocco. International Journal of Environment, 

Agriculture and Biotechnology, 2(4), 238834. 

 Ezer, T., Kara, R., Cakan, H. and Duzenli, A. (2008). Bryophytes on the 

Archaeological Site of Tilmen Hoyiik, Gaziantep (Turkey). International Journal of 

Botany, 4(3), 297-302. 



Biodeterioration of Selected Historical Monuments by Lower Plants and Cyanobacteria  
  

 
 

122 

Ms. Disha Mehta  

 Faldu, N., Patel, S., Vishwakarma, N.P., Singh, A.K., Patel, K. and Pandhi, N. (2014). 

Genetic diversity of marine and fresh water cyanobacteria from the Gujarat state of 

India. Advances in Bioscience and Biotechnology, 5(14),1061. 

 Flechtner, V. R., Johansen, J. R. and Belnap, J. (2008). The biological soil crusts of 

the San Nicolas Island: enigmatic algae from a geographically isolated 

ecosystem. Western North American Naturalist, 68(4), 405-436. 

 Gangulee, H. C. (1969-72). Mosses of Eastern India and Adjacent Regions. Vol. I. 

Books and Allied (P) Ltd., Kolkata, India. p.830. 

 Gangulee, H. C. (1974-78). Mosses of Eastern India and Adjacent Regions. Vol. II. 

Books and Allied (P) Ltd., Kolkata, India. p.1546. 

 Garcia-Pichel, F. (2009). Cyanobacteria. In Encyclopedia of microbiology,107-124. 

Elsevier Inc.  

 García-Rowe, J. and Sáiz-Jiménez, C. (1991). Lichens and bryophytes as agents of 

deterioration of building materials in Spanish cathedrals. International 

biodeterioration, 28(1-4),151-163. 

 Gehrmann, C., Krumbein, W.E. and Petersen, K. (1988). Lichen weathering activities 

on mineral and rock surfaces. 

 Gil, J.A. and Sáiz-Jiménez, C. (1992). Biodeterioration of Roman mosaics by 

bryophites. 

 Gilmour, S. G. (2006). Response surface designs for experiments in bioprocessing. 

Biometrics, 62(2), 323-331 

 Glime, J. M. (2013). Bryophyte ecology. Vol. 1. Physiological ecology. E-book 

sponsored by Michigan Technological University and the International Association of 

Bryologists. Available at http://digitalcommons.mtu.edu/bryophyte-ecology 

(Accessed date: 08/4/2020) 

 Gloaguen, V., Morvan, H. and Hoffmann, L. (1995). Released and capsular 

polysaccharides of Oscillatoriaceae (Cyanophyceae, Cyanobacteria). Algological 

Studies/Archiv für Hydrobiologie, Supplement Volumes, p.53-69. 

 Google Earth, 2021. Elevation Information. 

https://www.google.com/intl/en_in/earth/versions/. Accessed on 14 April 2021.  

http://digitalcommons.mtu.edu/bryophyte-ecology


Biodeterioration of Selected Historical Monuments by Lower Plants and Cyanobacteria  
  

 
 

123 

Ms. Disha Mehta  

 Gugger, M.F. and Hoffmann, L. (2004). Polyphyly of true branching cyanobacteria 

(Stigonematales). International Journal of Systematic and Evolutionary 

Microbiology, 54(2), 349-357. 

 Guillitte, O. (1995). Bioreceptivity: a new concept for building ecology 

studies. Science of the total environment, 167(1-3), 215-220. 

 Gupta, S.P. and Sharma, K. (2011). Biological Deterioration and their Chemical 

Conservation with Reference to Chandraditya Temple, Barsoor. Journal of 

Ecobiotechnology, 3(5), 12-15.  

 Guruvaiah, M., Narra, M., Dixit, G., Karawadia, P. and Shah, D. (2015). Isolation, 

screening and optimization of estuary region (Khambhat, Gujarat) microalgae for 

lipid/oil production. International Journal of Applied Sciences and 

Biotechnology, 3(2),197-201. 

 Herz, N. (1982). Geological sources of building stone. In Conservation of historic 

stone buildings and monuments. Proceedings of the conference held in washington, 

dc, 49-61. 

 Hong, J.W., Kim, S., Chang, J.W., Yi, J., Jeong, J.E., Kim, S.H., Kim, S.H. and Yoon, 

H.S. (2012). Isolation and description of a Korean microalga, Asterarcys 

quadricellulare KNUA020, and analysis of its biotechnological 

potential. Algae, 27(3),197-203. 

 Hristova, J. and Todorov, V. (1996). Consolidation effect of Wacker-silicones on the 

properties of sandy limestone. In 8th= eighth international congress on deterioration 

and conservation of stone, Berlin, proceedings, p.1195-1201. 

 Hu, C., Liu, Y., Paulsen, B. S., Petersen, D., Klaveness, D. (2003) Extracellular 

carbohydrate polymers from five desert soil algae with different cohesion in the 

stabilization of fine sand grain. Carbohydrate Polymer 54(1),33–42. 

 IMD, (2021). Customized Rainfall Information System, Hydromet Division. India 

Meteorological Department. 

http://hydro.imd.gov.in/hydrometweb/(S(ah3z5k55icx21j45v0pygfuo))/DistrictRaifall

.aspx Accessed on 22 July, 2021 

 Inoue, S., Ishida, A. and Kodama, M. (1981). Cellulose and uronic acid contents of 

cell-wall isolated from gametophytes of some mosses and liverworts. Journal of 

Hattori botanical Laboratory, 49, 141-149. 

http://hydro.imd.gov.in/hydrometweb/(S(ah3z5k55icx21j45v0pygfuo))/DistrictRaifall.aspx
http://hydro.imd.gov.in/hydrometweb/(S(ah3z5k55icx21j45v0pygfuo))/DistrictRaifall.aspx


Biodeterioration of Selected Historical Monuments by Lower Plants and Cyanobacteria  
  

 
 

124 

Ms. Disha Mehta  

 Jackson, T. A. (2015). Weathering, secondary mineral genesis, and soil formation 

caused by lichens and mosses growing on granitic gneiss in a boreal forest 

environment. Geoderma, 251, 78-91. 

 Jayanthi, D. (2007). Conservation of sandstone monuments at Kanchipuram, 

Tamilnnadu, India. Ph.D. Thesis, Anna university, Chennai.  

 Joshi, Y., Nayal, S., Tripathi, M., Bisht, K. and Upreti, D. K. (2015). Distribution and 

diversity of lichenized fungi colonizing Jageshwar group of temples, Almora, 

Uttarakhand. Proceedings of the National Academy of Sciences, India Section B: 

Biological Sciences, 85(2),545-554. 

 Kakakhel, M. A., Wu, F., Gu, J. D., Feng, H., Shah, K. and Wang, W. (2019). 

Controlling biodeterioration of cultural heritage objects with biocides: A 

review. International Biodeterioration and Biodegradation, 143,104721. 

 Keller, W.D. and Frederickson, A.F. (1952). Role of plants and colloidal acids in the 

mechanism of weathering. American Journal of Science, 250, 594-608. 

 Keshari, N and Adhikary, S. P. (2013). Characterization of cyanobacteria isolated 

from biofilms on stone monuments at Santiniketan, India. Biofouling (29)525–536. 

 Keshari, N. and Adhikary, S. P. (2014). Diversity of cyanobacteria on stone 

monuments and building facades of India and their phylogenetic analysis. 

International Biodeterioration and Biodegradation, 90,45–51. 

 Khattar, J. I. S., Singh, D. P., Jindal, N., Kaur, N., Singh, Y., Rahi, P., Gulati, A. 

(2010). Isolation and characterization of exopolysaccharides produced by the 

cyanobacterium Limnothrix redekei PUPCCC 116. Application Biochem 

Biotechnology 162,1327–1338. 

 Kielme, S. N., Domozych, D. S., Gretz, M. R. (2007). The extracellular polymeric 

substances of desmids (Conjugatophyceae, Streptophyta): chemistry, structural 

analyses and implications in wetland biofilms. Phycologia 46(6),617–627. 

 Komárek, J. and Anagnostidis, K. (1989) Modern approach to the classification 

system of cyanophytes. 4. Nostocales Arch Hydrobiol Suppl.  Algological Studies, 56, 

247–345. 

 Komárek, J. and Anagnostidis, K. (1999) Cyanoprokaryota, volume 19/ 1, I. Series: 

Chroococcales [Cyanoprokaryota, volume 19/1, I. Series: Chroococcales]. In: Ettl H, 



Biodeterioration of Selected Historical Monuments by Lower Plants and Cyanobacteria  
  

 
 

125 

Ms. Disha Mehta  

Gärtner G, Heynig H, Mollenhauer D (eds) SüßWasserflora von Mitteleuropa 

[Freshwater flora of Central Europe]. Gustav Fisher Verlag, Jena. 

 Komarek, J. and Fott, B. (1983). Chlorophyceae (Grunalgen), Ordnung 

Chlorococcales. Das Phytoplankton des Subwassers. Vol. 16. Part 7 Half 1. Stuttgart 

p.1044. 

 Komárek, J. (2016). A polyphasic approach for the taxonomy of cyanobacteria: 

principles and applications. European Journal of Phycology, 51(3), p.346-353. 

 Komárek, J., Sant’Anna, C. L., Bohunicka, M., Mareš, J., Hentschke, G. S., Rigonato, 

J. and Fiore, M.F. (2013). Phenotype diversity and phylogeny of selected Scytonema-

species (Cyanoprokaryota) from SE Brazil. Fottea, 13(2), 173-200. 

 Kumar, S. V., Waghmare, S.A., Mahajan, N.E. and Sabale, P.D. (2016). Eradication 

of vegetal growth and systematic scientific conservation approach of Ballaleshwar 

Temple, Trimbakeshwar (India). International Journal of Conservation Science, 7(3), 

615-626. 

 La Cono, V. and Urzı̀, C. (2003) Fluorescent in situ hybridization applied on samples 

taken with adhesive tape strips. Journal of Microbiological methods 55,65–71. 

 Lakshmi, P.T.V. and Annamalai, A. (2008). The Effects of Cyanobacterial (Blue 

Green Algae) Culture Filtrates on the Biomass and Biochemicals of Withania 

somnifera Dunal. Asian Journal of Plant Sciences. 

 Macedo, M.F., Miller, A.Z., Dionísio, A. and Saiz-Jimenez, C. (2009). Biodiversity of 

cyanobacteria and green algae on monuments in the Mediterranean Basin: an 

overview. Microbiology, 155(11), 3476-3490. 

 Makowicz, E., Jasicka-Misiak, I., Teper, D. and Kafarski, P. (2018). HPTLC 

Fingerprinting—Rapid Method for the Differentiation of Honeys of Different 

Botanical Origin Based on the Composition of the Lipophilic 

Fractions. Molecules, 23(7), p.1811. 

 Matteini, M. and Moles, A. (1986). Le patine di ossalato sui manufatti in marmot. In: 

Restauro del Marmo: Opere e Problemi. Quadsri dell’ Opificio delle Pietre Dure e 

Laboratori di Restauro di Firenze, Opus Libri, Firenze: pp65-73.  

 Mehta, D. and Shah, D. (2021). Cyanobacteria and microalgae growing on 

monuments of UNESCO World Heritage site Champaner Pavagadh, India: biofilms 

and their exopolysaccharide composition. Archives of Microbiology. P.1-9. 



Biodeterioration of Selected Historical Monuments by Lower Plants and Cyanobacteria  
  

 
 

126 

Ms. Disha Mehta  

 Mehta, D., Sivan, P., Shah, D. (2020). Statistical in vitro model for upscaling biofilm 

of Chroococcidiopsis cubana by media optimization and its protocol for DNA 

extraction. Bioscience and Biotechnology Research Communication 13(4), 1962–

1966 

 Merh, S. S. (1995). A note on the Geology of Pavagadh Hill, Panchmahal District, 

Bombay state. Journal of the M. S. University of Baroda, vol4, no.2, p 1-47. 

 Miller, A.Z., Sanmartín, P., Pereira-Pardo, L., Dionísio, A., Sáiz-Jiménez, C., 

Macedo, M.F. and Prieto, B. (2012). Bioreceptivity of building stones: a 

review. Science of the total environment, 426, 1-12. 

 Mishra, A. and Jha, B., (2009). Isolation and characterization of extracellular 

polymeric substances from micro-algae Dunaliella salina under salt 

stress. Bioresource technology, 100(13), 3382-3386. 

 Modi, S. M. (2008). Champaner Pavagadh Managing conflicts A conservation 

challenge. Structural analysis of historic construction: preserving safety and 

significance: proceedings of the VI international conference on structural analysis of 

historic construction, SAHC08, 2-4 July 2008, vol 1. CRC Press, Bath, UK, p 175. 

 Mugnai, G., Rossi, F., Chamizo, S., Adessi, A. and De Philippis, R. (2020). The role 

of grain size and inoculum amount on biocrust formation by Leptolyngbya 

ohadii. Catena, 184, p.104248. 

 Nayaka, S.K., Behera, P.K., Bajpai, R., Upreti, D.K. and Satapathy, K.B. (2017). 

Lichens growth on Sun Temple of Konark in Odisha, India-A curse or blessing. 

Cryptogam Biodiversity and Assessment, 2,48-52. 

 Nishanth, S., Bharti, A., Gupta, H., Gupta, K., Gulia, U. and Prasanna, R. (2020). 

Cyanobacterial extracellular polymeric substances (EPS): biosynthesis and their 

potential applications. Microbial and natural macromolecules. Academic Press, pp 

349–369. 

 Nübel, U., Garcia-Pichel, F. and Muyzer, G. (1997). PCR primers to amplify 16S 

rRNA genes from cyanobacteria. Applied and Environmental Microbiology, 63,3327–

3332 



Biodeterioration of Selected Historical Monuments by Lower Plants and Cyanobacteria  
  

 
 

127 

Ms. Disha Mehta  

 Nwodo, U. U., Green, E. and Okoh, A.I. (2012). Bacterial exopolysaccharides: 

functionality and prospects. International Journal of Molecular Sciences, 13,14002–

14015 

 Orange, A., James, P.W. and White, F.J. (2001). Microchemical methods for 

identification of lichens. British Lichen Society.p.101.  

 Ortega-Calvo, J.J., Hernandez-Marine, M. and Sáiz-Jiménez, C. (1991). 

Biodeterioration of building materials by cyanobacteria and algae. International 

Biodeterioration, 28(1-4), 165-185. 

 Ortega-Morales, B.O., Nakamura, S., Montejano-Zurita, G., Camacho-Chab, J.C., 

Quintana, P. and De la Rosa, S.D.C. (2013). Implications of colonizing biofilms and 

microclimate on west stucco masks at North Acropolis, Tikal, Guatemala. Heritage 

Science, 1(1), 1-8. 

 Ortega-Morales, B.O., Novelo, E., Ramírez, M. and Gaylarde, C.C. (2006). 

Cyanobacterial diversity and ecology on historic monuments in Latin 

America. Revista Latinoamericana de Microbiologia, 48(2), 188-195. 

 Ozturk, B. Y., Asikkutlu, B., Akkoz, C., and Atici, T. (2019). Molecular and 

Morphological Characterization of Several Cyanobacteria and Chlorophyta Species 

Isolated from Lakes in Turkey. Turkish Journal of Fisheries and Aquatic 

Sciences, 19(8), 635-643. 

 Palani, R., Sathish, S.S., Thamizharasi, T. and Vijayakanth, P. (2017). Checklist of 

Mosses (Bryophyta) of Bodamalai Hills in Eastern Ghats, Tamil Nadu. Plant Science 

Today, 4(1), 49-54. 

 Pandey, V.D. (2013). Rock-dwelling cyanobacteria: survival strategies and 

biodeterioration of monuments. International Journal of Current Microbiology and 

Applied Science, 2,519-524. 

 Parikh, A. and Madamwar, D. (2006). Partial characterization of extracellular 

polysaccharides from cyanobacteria. Bioresource Technology, 97(15), 1822-1827. 

 Patel, H.M., Rastogi, R.P., Trivedi, U. and Madamwar, D. (2019). Cyanobacterial 

diversity in mat sample obtained from hypersaline desert, Rann of Kachchh.  

Biotech, 9(8), 1-13. 



Biodeterioration of Selected Historical Monuments by Lower Plants and Cyanobacteria  
  

 
 

128 

Ms. Disha Mehta  

 Pereira, S., Zille, A., Micheletti, E., Moradas-Ferreira, P., De Philippis, R. and 

Tamagnini, P. (2009). Complexity of cyanobacterial exopolysaccharides: 

composition, structures, inducing factors and putative genes involved in their 

biosynthesis and assembly. FEMS Microbiology Review, 33(5),917–941. 

 Pignolet, O., Jubeau, S., Vaca-Garcia, C., Michaud, P. (2013) Highly valuable 

microalgae: biochemical and topological aspects. Journal of Industrial Microbiology 

and Biotechnology, 40(8),781–796. 

 Pinna, D. (1993). Fungal physiology and the formation of calcium oxalate film on 

stone monuments. Areobilogia 9,157-167. 

 Pinna, D., Salvadori, B. and Galeotti, M. (2012). Monitoring the performance of 

innovative and traditional biocides mixed with consolidants and water-repellents for 

the prevention of biological growth on stone. Science of the Total Environment, 423, 

132-141. 

 Pradhan, P. (2018). Epilithic and Cryptoendolithic cyanobacteria of historic 

monuments and caves of western Odisha. Ph.D. Thesis. School of Life Science, 

Sambalpur University, Odisha. 

 Ramírez, M., Hernandez-Marine, M., Novelo, E. and Roldán, M. (2010). 

Cyanobacteria-containing biofilms from a Mayan monument in Palenque, 

Mexico. Biofouling, 26(4), 399-409. 

 Raposo, M. F., De Morais, A.M.B., De Morais, R.M.S.C. (2015) Marine 

polysaccharides from algae with potential biomedical applications. Marine Drugs 

13(5),2967–3028. 

 Rashid, A. (2007). An Introduction to Bryophyta (Diversity, Development and 

Differentiation) 1st edition, Vikas Publishing House Pvt Ltd, New Delhi, p.225. 

 Ravdandekar, A. (2014). Ecologically sustainable development plan for Pavagadh 

forest area using satellite data. India. Ph.D. Thesis, The Maharaja Sayajirao 

University of Baroda, Vadodara. 

 Renzaglia, K. S., Duff, R. J., Nickrent, D. L. and Garbary, D. J. (2000). Vegetative 

and reproductive innovations of early land plants: implications for a unified 

phylogeny. Philosophical Transactions of the Royal Society B: Biological Sciences, 

355, 769–793.Report of Kevo Subartic Research. Station. 10, 43-54. 



Biodeterioration of Selected Historical Monuments by Lower Plants and Cyanobacteria  
  

 
 

129 

Ms. Disha Mehta  

 Rippka, R., Deruelles, J., Waterbury, J.B., Herdman, M. and Stanier, R. Y. (1979) 

Generic assignments, strain histories and properties of pure cultures of cyanobacteria. 

Microbiology 111,1–61 

 Rippka, R. (1988). Isolation and purification of cyanobacteria. Methods in 

enzymology, 167, 3-27. 

 Robertson, E.C. (1982). Physical properties of building stone. Conservation of 

historic stone buildings and monuments, p.62-86. 

 Rossi, F., Micheletti, E., Bruno, L., Adhikary, S.P., Albertano, P., De Philippis, R. 

(2012). Characteristics and role of the exocellular polysaccharides produced by five 

cyanobacteria isolated from phototrophic biofilms growing on stone monuments. 

Biofouling 28,215–224. 

 Rossi, F. and De Philippis, R. (2015). Role of cyanobacterial exopolysaccharides in 

phototrophic biofilms and in complex microbial mats. Life, 5(2),1218-1238. 

 Rothmaler, W. (1951). Die Abteilungen und Klassen der Pflanzen- Field Report. 

Repertorium specierum novarum regni vegetabilis. 54, 256-266. 

 Rouzere, C., Koedam, N. and Buscher, P. (1986). Titration of cell wall fractions. 5th 

Congress of the Federation of European Societies of Plant Physiology,'31, Hamburg, 

p.11-77. 

 Ruggles, D.F. and Sinha, A. (2009). Preserving the cultural landscape heritage of 

Champaner-Pavagadh, Gujarat, India. In Intangible heritage embodied. Springer, 

New York, p. 79-99. 

 Sadat‐Shojai, M. and Ershad‐Langroudi, A. (2009). Polymeric coatings for protection 

of historic monuments: Opportunities and challenges. Journal of Applied Polymer 

Science, 112(4), p.2535-2551. 

 Sahu, J.K., Nayak, B., Pradhan, P. and Bhattacharyya, S. (2011). Epilithic 

cyanobacteria on temples of Western Odisha. Biohelica: 2,47-50. 

 Saiz-Jimenez, C. (1994). Biodeterioration of stone in historic buildings and 

monuments. In Mycotoxins, wood decay, plant stress, biocorrosion, and general 

biodeterioration, Springer, Boston, MA,587-604. 

 Sáiz-Jiménez, C., Garcia-Rowe, J. and Rodriguez-Hidalgo, J.M. (1991). 

Biodeterioration of polychrome Roman mosaics. International biodeterioration, 28(1-

4), 65-79. 



Biodeterioration of Selected Historical Monuments by Lower Plants and Cyanobacteria  
  

 
 

130 

Ms. Disha Mehta  

 Salvadori, O. and Municchia, A.C. (2016). The role of fungi and lichens in the 

biodeterioration of stone monuments. In The Open Conference Proceedings 

Journal (Vol. 7, No. 1). 

 Samad, L.K. and Adhikary, S.P. (2008). Diversity of micro-algae and cyanobacteria 

on building facades and monuments in India. Algae, 23(2), 91-114. 

 Saxena, A.B. (2002). The Making of Pavagadh-Champaner City Complex: A Gaze 

into the Historical Geography from the Earliest Times to the Nineteenth Century. 

In Proceedings of the Indian History Congress, 63,336-352.  

 Schirrmeister, B.E., Antonelli, A. and Bagheri, H.C. (2011). The origin of 

multicellularity in cyanobacteria. BMC evolutionary biology, 11(1),1-21. 

 Schuster, R. M. (1958). Boreal Hepaticae, a manual of the liverworts of Minnesota 

and adjacent regions III. Phytogeography. The American Midland Naturalist, 59(2), 

257-332. 

 Seaward, M. R. D. (1988). Lichens damage to ancient monuments: a case study. The 

Lichenologist, 20(3): 291-295. 

 Seaward, M.R.D. and Richardson D.H.S. (1989). Atmospheric sources of metal 

pollution and effect on vegetation. In: Shaw A. J. (eds.). Heavy metal tolerance in 

plants: Evolution Aspects. CRC Press, Boca Raton, FL., p.75-92. 

 Seward, M. R. D. (2001). Lichens and coordination of the symbionts. Microbiology 

Today 30,124-127. 

 Shah, D. and Gujar, R. (2015). A pilot study on bryophytes diversity and distribution 

in Gujarat. The Maharaja Sayajirao University of Baroda, Vadodara.  

 Shah, V., Ray, A., Garg, N. and Madamwar, D. (2000). Characterization of the 

extracellular polysaccharide produced by a marine cyanobacterium, Cyanothece sp. 

ATCC 51142, and its exploitation toward metal removal from solutions. Current 

microbiology, 40(4),274-278. 

 Sharma, N. K., Rai, A. K. and Stal, L. J. (2014). Cyanobacteria an economic 

perspective. Published by John Wiley andSons, Ltd. p.345. 

 Sharma, O. P. (2014). Diversity of microbes and cryptogams: Bryophyta. McGraw 

Hill Education, India. p. 416.  



Biodeterioration of Selected Historical Monuments by Lower Plants and Cyanobacteria  
  

 
 

131 

Ms. Disha Mehta  

 Shih, P.M., Wu, D., Latifi, A., Axen, S.D., Fewer, D.P., Talla, E., Calteau, A., Cai, F., 

De Marsac, N.T., Rippka, R. and Herdman, M. (2013). Improving the coverage of the 

cyanobacterial phylum using diversity-driven genome sequencing. Proceedings of the 

National Academy of Sciences, 110(3),1053-1058. 

 Shrishail, H. C. and Prashantkumar, P.  (2019). Fort epilithophytes of Gulbarga, 

Karnataka, India. International Journal of Home Science, 5(3),191-193. 

 Shukla, V., Upreti D. K. and Bajpai, R. (2014). Lichens to Biomonitor the 

Environment. Springer.India.p.185. 

 Singh, S.P., Rastogi, R.P., Häder, D.P. and Sinha, R.P. (2011). An improved method 

for genomic DNA extraction from cyanobacteria. World Journal of Microbiology and 

Biotechnology, 27(5), 1225-1230.  

 Sinha, A., Kesler, G., Ruggles, D.F., Wescoat, J. Jr. (2004). Champaner Pavagadh, 

Gujarat, India: challenges and responses in cultural heritage planning and design. 

Tourism Recreation Research 29,75–78. 

 Sinha, A. and Kesler, G. (2001). Champaner-Pavagadh Archaeological Park. Gujarat, 

India (Champaign, IL: Department of Landscape Architecture, University of Illinois 

at Urbana-Champaign and Heritage Trust, Baroda).  

 Soulios, V., de Place Hansen, E.J. and Janssen, H. (2019). Hygric properties of 

hydrophobized building materials. In MATEC Web of Conferences vol.282, p.02048. 

EDP Sciences. 

 Sureshkumar, A., Mody, K. and Jha, B. (2007) Bacterial exopolysaccharides–a 

perception. Journal of Basic Microbiology 47,103–117 

 Sutherland, I. W. (1999). Polysaccharides for microbial exopolysaccharides. 

Carbohydrate Polymer, 38,319–328. 

 Swenson, V.A., Stacy, A.D., Gaylor, M.O., Ushijima, B., Philmus, B., Cozy, L.M. 

(2018) Assessment and verification of commercially available pressure cookers for 

laboratory sterilization. PLoS ONE 13(12), e0208769. 

 Taiz, L. and Zeiger, E. (2002) (3rd edition). Plant Physiology. Publisher Sinauer 

Associate. p.690. 

 Takhtajan, A. L. (1953). Phylogenetic principles of the system of higher plants. The 

Botanical Review, 19(1), 1-45. 



Biodeterioration of Selected Historical Monuments by Lower Plants and Cyanobacteria  
  

 
 

132 

Ms. Disha Mehta  

 Tamaru, Y., Takani, Y., Yoshida, T., Sakamoto, T. (2005) Crucial role of 

extracellular polysaccharides in desiccation and freezing tolerance in the terrestrial 

cyanobacterium Nostoc commune. Application of Environmental Microbiology 

71,7327–7333. 

 Teófilo, R. F. and Ferreira, M. (2006). Quimiometria II: planilhas eletrônicas para 

cálculos de planejamentos experimentais, um tutorial. Química nova, 29(2), 338-350. 

 Tewari, R. (Dimri D. N. and Chakraborty S. editors) Indian Archaeology 2011-12 – A 

review. (2016). Published by the director, Archaeology Survey of India, Janpath, New 

Delhi, India.   

 Thakur, N. (1987) Champaner: Draft Action Plan for Integrated Conservation. 

Heritage Trust, Baroda. 

 Tiano, P. (2002) Biodegradation of cultural heritage: decay mechanisms and control 

methods. In Seminar article, New University of Lisbon, Department of Conservation 

and Restoration, p. 7-12. 

 Tillett, D. and Neilan, B. A. (2000) Xanthogenate nucleic acid isolation from cultured 

and environmental cyanobacteria. Journal of Phycology 36,251–258. 

 Trivedi, A. K. (Ed.) (1993). The Baroda College Golden Jubilee, Commemoration 

Volume, The Times of India Press, Bombay 

 Tsakalof, A., Manoudis, P., Karapanagiotis, I., Chryssoulakis, I. and Panayiotou, C. 

(2007). Assessment of synthetic polymeric coatings for the protection and 

preservation of stone monuments. Journal of Cultural Heritage, 8(1),69-72. 

 Udar, R. and Srivastava, S. C. (1975). Notes on South Indian HepatocaeI. Journal of 

Bomabay Natural History Society, 12, 401-406. 

 Uher, B., Aboal, M. and Kovacik, L. (2005). Epilithic and chasmoendolithic 

phycoflora of monuments and buildings in South-Eastern Spain. Cryptogamie-

Algologie, 26(3), 275-308. 

 Uppadhyay, V., Ingle, K.K., Trivedi, S. and Upreti, D.K. (2016). Diversity and 

distribution of lichens from the monuments of Gwalior division, Madhya Pradesh 

with special reference to rock porosity and lichen growth. Tropical Plant 

Research, 3(2), 384-389. 



Biodeterioration of Selected Historical Monuments by Lower Plants and Cyanobacteria  
  

 
 

133 

Ms. Disha Mehta  

 Upreti, D. K., Bajpai, R. and Nayaka, S. (2009).  Indian Monuments Need Lichen 

Biodeterioration Study. New horizon, VII,64-69.  

 Vaidya, M. (2015). Sayajirao Gaikwad: Creation of Culture Heritage of Baroda. 

Editors K. Krishna Naik and E. Siva Nagi Reddy, Cultural Contoursof History and 

Archaeology (In honour of Snehasiri Prof. P. Chenna Reddy) Vol.8, ISBN No. 

9789350500897 

 Verma, P. K., Kumar, V., Kaushik, P.K., Yadav, A. (2014). Bryophyte invasion on 

famous archaeological site of Ahom Dynasty ‘Talatal Ghar’of Sibsagar, Assam 

(India). Proceedings of the National Academy of Sciences, India Section B: Biological 

Sciences, 84(1), 71-74. 

 Wang. J. P., Chen, Y. Z., Ge, X. W., Yu, H.Q. (2007) Optimization of coagulation– 

flocculation process for a paper-recycling wastewater treatment using response 

surface methodology. Colloids and Surfaces A: Physicochemical and Engineering 

Aspects, 302,204–210. 

 Waterbury, J.B. (2006). The cyanobacteria—isolation, purification and 

identification. The prokaryotes, 4,1053-1073. 

 Wells, J.M. and Brown, D.H. (1987). Factors affecting the kinetics of intracellular and 

extracellular cadmium uptake by the moss Rhytidiadelphus squarrosus. New Phytol. 

105, 123-137. 

 Wingender, J., Neu, T.R. and Flemming, H.C. (1999). What are bacterial extracellular 

polymeric substances? In Microbial extracellular polymeric substances. Springer, 

Berlin, Heidelberg, p. 1-19. 

 Zheng, Z. M., Hu, Q. L., Hao, J., Xu, F., Guo, N. N., Sun, Y. and Liu, D. H. (2008) 

Statistical optimization of culture conditions for 1, 3-propanediol by Klebsiella 

pneumoniae AC15 via central composite design, Bioresource Technology, 99,1052-

1056. 

 

 

 

 

 

 


