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Abstract

Cultural heritage has always been the focus of many civilizations and therefore, it needs to be
preserved for future generations. From prehistoric times, when grandeur and beauty were the aims
of architecture, stone was the most widely used durable material. Biodeterioration of the stone
monuments, one of the most important causes for the loss of the cultural heritage, is defined as any
undesirable change in the properties of a material caused by the action of biological agents such as
fungi, bacteria, cyanobacteria, lichens and plants, as well as animals such as insects. The world
heritage of Persepolis, for example, has been unprotected from biodeterioration for the centuries,
and has unfortunately not been addressed during this time. The purpose of this study is to provide
a new perspective on the study of the destructive biological factors affecting this historic site to
provide a framework for future studies and serious consideration of the biological debate in
conservation and restoration issues. Therefore, the presence of various factors possibly derived
from the action of animals, vascular plants, mosses, fungi, lichens, green microalgae, and
photosynthetic and non-photosynthetic bacteria were investigated. Based on objective observations,
the presence of biodegradation factors affecting floors and the all sides of walls of various buildings
in Persepolis was qualitatively investigated. Based on the results, the studied areas were classified
into four classes with very high, high, medium and low risk. In addition to the initial estimate of
biodiversity, the factors affecting the biodegradation of Persepolis were presented for the first time
and the critical points for the presence of destructive factors were determined. Lichens exist
throughout Persepolis and have proved useful in archaeological studies, since their growth can be
chronologically employed to measure the age of rocks and indeed ancient monuments, their radial
growth increasing logarithmically over time based on the assumed specific rate. In this study, the
presence of lichens has been investigated from the perspective of biodeterioration, their presence at
the microscopic scale can intensify the weathering and biodeterioration of the rock. Such action is
not visible to the naked eye but leaves irreparable damage to the stone surface. It was estimated that
this complex process at Persepolis is the result of more than 15 different Vascular plant species and
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5 Non-vascular plant (mosses), 16 or 17 different species of birds, 3 to 5 species of snails and 2 to 4
species of reptiles and insects. It was shown that the establishment of a biomonitoring laboratory at
Persepolis is the important task of studying the action of microorganisms since it is estimated that
more than 20 strains of non-photosynthetic bacteria, more than 10 taxa of cyanobacteria, about 15
plants and mosses, more than 130 lichen species and 20 species of non-lichen fungi are involved in
the biodegradation of Persepolis. The results are the estimative and provide the basis for more
detailed studies to monitor the factors involved in biodegradation, which is one of the necessities of
this World Heritage Site.

Keywords: XRD, Persepolis, Biodeterioration, Conservation and Restoration, World Cultural
Heritage, Critical points, Biodiversity.
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Fig.1: The map of Persepolis and its geographical location. 1) Main stairway; 2) The Gate of Nations; 3) Sepahian Street;

4) The Unfinished Gate; 5) 32-columned Hall; 6) Hall of a Hundtred Columns; 7) Treasury; 8) Queen's palace (harem and
museum); 9) Palace 'D'; 10) Hadish Palace; 11) Palace 'H'; 12) Thatcher Palace; 13) Central Palace; 14) Apadana Palace.
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Fig 2: The View of biodegradation in different parts of Persepolis by plants. 1) The base of the column in the Treasury

Palace; 2) The entrance stairs; 3) The plants on the wall of the entrance stairs; 4) The northern area of the palace; H; 5)

The plants around Thatcher Palace; 6) Annual plants around the palace of Hundred Columns; 7) Moss of Dal Palace; 8)
Moss on the rocks of Apadana Palace.
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Fig 3: Images of macro-scale biological factors that play an important role in the biodeterioration of Persepolis: 1) The
presence of lizards in Persepolis; 2, 4-5, 7) The nesting of vatious insects on the surface of rocks; 3) The presence of birds

and their nesting activites among the rocks; 6) Human activities and their consequences; 8-9) The movement of snails on
the historic rock surfaces.
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Fig. 4: 1-2) View of the outer surfaces of biopits from the growth of Bagliettoa lichen; 3-5) The Scanning Electron
Microscopy (SEM) images of biopits; 6) The presence of plant pollen inside the biopits.
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Fig 5: Images related to cultivations carried out in different parts of Persepolis World Heritage. 1) Culture sample of

bacteria in nutrient culture medium; 2) Mucoid bacteria producing pinkish-purple pigments cultured under
microaerophilic conditions; 3) Microscopic slides prepared from imaginary culture showing gram-positive cocci. 4)

Biopits Due to the activity of black fungi; 5) The culture related to meristematic fungi or black fungi; 6) Light microscope
image showing fungal conidia from culture.
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Fig 6: Pictuers 1-6) A close-up epilithic and endolithic lichens on the surface of the historic rock surfaces of Persepolis.
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Tablel: the presence of biological agants that are involved in the biodeteroration of Persepolis world heritage site, based

on the position and qualitative field observations.

Lol (Stiue cuw & cuwl (SO L (S5

Jelss 30 (s s et) (98 )3 Jd s Jolss s - s
0]l o 3 el s et lacSiudS daigSl g las Sliples g ) § S
e j a ‘[{3 A ()9
Y o g,Sh g s S bgilow Loy e
Y oS dnojs a8l gl a6 Lo Sinls gy | ot
4 LSS s 551 5 s Sl by | B |
7 55 5 ags Sl dacSils o |t |
Y olals gy | daw
xR
Y a8 5 lacs Syl dag 8 sy | o
Y a3 oSS das Sl 5 las Sligles dag 8 gy | Jles
7 los 5, ouby B |
Y o5 g s Sl gy | et |
4 okls Loy | e
xR
Y o5 (ol oSS dncs S g locs Sl dag sy | o
Y oo el dacKinds das Sl 5 s Syl dag b | e |
Y oo dacSiuls dacSils ) dags ST 5 s Sl dag, oy | B | G
Y o SalS oSl o) dog Sl g bacs S gl dag 5 ey | | Y
Y ile olals by | e
xR
Y oSl 3oy dogyiSl g bags Sl dag )3 gy | o
Y g S odcdgy (Jlod
4 I SulS a3, dis 5L 5 s S bplow dog B ey | B | 0
v oSl 5y das S g g xShgiluw dag,ls Sbey | 3
Y olals sy | e
xR
4 oSl oy oSl 5 lags xSl dag 5 oy | v
Y oo daSilS dacSile 3y, dos 5L 5 s Sl dag 8 gy | Jles
7 IS5 a5, dinggy5SL 5 Un gl ding oy | A |
v L SalS dacSils 52 dag 8L g g Sl dag,l8 Sbey | %
Y olals sy | e
xR
Y LSl ) das Sl 5 s Syl dag 8 sy | o
Y loojs dacSids dacsils ) a5k 5 los S giles dag 8 Sy | Jes | 4,
4 Ao SiadS a3 das Sl 5 s Sl dog) ko | S A
Y dncSids 2y dacs Sl 5 lags Syl dag, sy |t
Y Sl Jolss lalS Sgy |
1AV 11299 glisoli 9 ,lgseJgl 0 louds cpuiinds Jlw



http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-en.html

[ Downloaded from jra-tabriziau.ir on 2023-08-20 ]

[ DOR: 20.1001.1.24764647.1399.6.1.12.6 ]

[ DOI: 10.29252/jra.6.1.175]

g2 Dl o Gld S 30 )l pgbun g i 5S39 8 4 350 Jolge ilaao Uik /7 ¢l S 9 2l g ceautibiuly

o)
v aSls 5 oS g g Shgiluw dag )6 Loy | 29
o3 da Sl dacSul> 5 da gL g o g S hgilw dag )8 gy | Jes |
lacSidS dacSls 2y dacs S 5 logs Sl dag 8 oy | B | D
Y I SidlS Aol 52, s S 5 s S gl o 5 ey | @ | D
v oels Loy | daw
O
4 oSl 3oy dag Sl g bags byl dag )3 oy | o9
o oSl dacSil o) das Sl 5 s S hgilew dag 5 Sy | Jed | g
4 b SilS dacSil 325 a8 g bas S byl g8 gy | S | D
4 Lo SidS dncSls 3, dacs 5L s iSllow dog 5 IR
7 Sl el < lols Sy |
)
v o SinlS dacSils oy das Sl 5 g ySligl dag )3 gy | ose
LSl dacSily o) sy g bos yS gl dag )8 ey | S |4
Y oSl ) dosySh 5 s ySgil dag s gy | Sy 33
Y S>3 dagiSh g lag yShgiluw dag )8 by | 33
olls 5Ly g
)
Y AacSils o) Ao sy SL g b Sbglew dag 8 sy | o9
4 b StlS” Sl oy s pSL 5 s Sl a6 gy | b |,
v ISl 35 s 5L 5 lngs Syl ding oy | i | 2
Y LSl 2y das Sl 5 s Syl dag 8 o |t | H
olls ey | e
)
v b SalS Sl oy dog3SL g b Sbgls dag 6 gy | g
oo dncSiulS dacSils oy dags Sl g logs Sl dag gy | s |,
oo dncSiudS dncSels 3, Aoyl 5 o s S bgls dog 8 o | Bs | B
Lo dacSanls dacSil 32, dacs Sl 5 bags pS byl dag 8 ey | |3
v oels gy |
)
s Sk g g xSyl dog s by | e
Y Sl o) dais S 5 s Sl dag 6 gy | Jed |
’ il ) dags Sl 5 s Sl dage ) oy | A |G
’ LSl o) s St 5 s Sl dag oy | |7
oals oy | gaw | 7
)
v s Sk g g Syl dog )6 by | e
Sils 5 dag St g b xShglow dag )6 by | Jed “
Sl 3o dos Sl g s S hglew dag 5 ey | S |
4 oSl oy dog Sl 5 b yShgles dag 5 gy |t
oS 5Ly g
1799 gLl 9 lgeJgl & jlouds s Jlw | TAA



http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-en.html

[ Downloaded from jra-tabriziau.ir on 2023-08-20 ]

[ DOR: 20.1001.1.24764647.1399.6.1.12.6 ]

[ DOI: 10.29252/jra.6.1.175]

s ] .
= CJL‘LALJ R liwl s g jy solilad g5

O

o g yiSL g b xShgiluw dag )8 Loy | s

v oSl 52, dagsySL g s S bgilw dag,lé gy | Jles

v . .. |, i . 5 -
LSul> ) dags Sk 5 s yShglw dag)8 gy | B8

Sl 5y dag S g g xShgiluw dag s Loy |t

Jis ¢l

olels by | e

O

A8 el a3 39390 (N 0lge 5l Al e
Lo ySLy (B j oel) Lacddg gl s ol
2l e (giig] LS 5 lnojs dacSKidS daKils
aSJlop g 0jis S (N i oy )
(Log)ls o Loyt jl (ool oluss jolss) lacdg g im
yean Lol (I slge 5l aslys o dpj A Sl

A8 oolazwl LS))-’I o

(5 315 oS .0
IS dtor &5 Sl Sl (o)l degoone
oS Col ez 3 39290 (S gally o et
G255 g (Sdgmsp (byme 3 laj ) b wliwlia
3l 48518 0035 i g 03) Jawme iliee Jalge
N SladiS g oo o (slosj Jelge o ek
) (F90p Olpbad b |y dder C55 )3 39290
ol Lo ulS 0y g jods S 0 dslse
L5 oy Jl G &5 3 00 (LS Gl sl )
iy H gL (Sue bt cloanS (65,00 s (Suds
Sy0 g0 ¢ b Ay Mgyl debdl .l 038
bybad o bois (58) (x5l 9 e () (5398
Slodds  Sue

Sl Sl 3 Lo Sl oy p oll
2l 5 altio ldllas fulio uizmed 5 Snden €50
SlaSiw gohw (il 0gd e 03] (058 (o LS
2351y 394> )3 (sladsS (295 (s e germe (S0l
s3]yt el Sl 468 iy «sagl plalS wigS
U5 o0l oy v S GBI b e 3 il (lnoz3)
L 93 5 0ogfl> 4595 iy U duw oy i 368 Camny

1A | 199 gLl 9 jlgsJgl 6 losis ity Jbw

s 295 Lgidy oS Gl (oo (sloai] b ol
Py (i Sl pny (a3 15 g (S5-5,5
el LacSiw zobaw 3 (alowd 5 (Sojd slaanl8
S Cal (S dizpa iy o0 &) Glojen ©jg0
a5 4550 ) & (39400 393 M 6,00
) e SIS e (cwgele gl oS 258
BLoj (g camghoy o S23l5- dLad 15U5) (S2gm0y3
8k Lo adlSo 300 392y (plerd 5 (38
Taw > (G (SS9 A yoxie 45 K15 252
o (SELSe 9 (S8 laan])d gl o S
9 Voo B (StanS (uljl g (Sdie alS
2 L e 9 (595550 4 e (abend slaanl)d
Obeips el bl (ol Wod oo ) oty
arangi bR n Sl el Ll adl . 3l
Clelanl g i g9 (lapme Comdy 92 olse
9 R g (led (S39m)8 Jalge )15 3925 03]
2215 08 SSE ob I by lpes |y (s
el o algi e ol g (Supd A0S
Al e S0 e il S 5T bpaslS g Seo
5,8 o)Ll iSS pl ay Jgl doyd 0 Wb ) (Sdgu
Slosliial dx 393y 3 )yl I (Sjolgn Jolo oS
(Y ot aio S laisay yi 5l odlaiwl (V.05 0
5 3y Cg oSS S lgisdr kS s I ealisl
v =) 3 45T (6503 e o bl S0 S
Loy gy il oy gl arsuld cou g o0 gikae
Joli |y (ol (Lacg sgl) Jol 09,5 cunl
s95 2y lp Spgpe I dlse i B &S W0 o
(Londgy—gin) pgs 09,5 A8 g5 355
395 (5995 Al 4 Wi oLl S



http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-en.html

[ Downloaded from jra-tabriziau.ir on 2023-08-20 ]

[ DOR: 20.1001.1.24764647.1399.6.1.12.6 ]

[ DOI: 10.29252/jra.6.1.175]

lg2 il o SlaSiuw 3l pohu g s SSguS S S550 Jolge ilsuo Uil 7 0liSes g 2l g \_SMCJLM[,

N (393 LSS (9SwgSee Loz B
AL (A8 A ded GBS ) (Sdgmyd 40 D
Sllas ch‘j =8> olwlid oy a S dl
sl 5 (S gijlie

o g 0056 pgl e el (o BT ol
A sl e 50 )0 (SiuadlS sldisS g4 g 2w
Syl oyl il 03 ,S Ty iulj8l aLsiS sla Sl
byly & i ol 8 Buas Lis 5 cowl 0uiS 1,50
c ol Oly o ile i Jolse 4k 5l canlio
S b clab g Laodls dawg) Sludl Jolge sl
P GasS (S Ay ol (Cuddgye ondsyn
A Cwl ruisgi dn piY Ll dniier COU dsgesre
LXK w C}-‘G—W ) dSLg:)D:.o )L—l » 05M9 [FYS Sy
Dy oSt s 3 oo (K3l g o
Lo Lol w8 g bas cde o 40 03 03
g oyt ladsss (S il as e 8 )
sl 4l 8l clbeus

sy g ads g gl daKildS joals 5l i Lol
SLaashSS) Rl o )il Siw 59y omlisgls
L SL gl 5 Sl g el I ot
Ay 048 Fiwgid b Shgiluw juiw o Lol cle
S g SLmslS g S ) JS g el
by Ay gy d59) 3l S 9 J ) ) (eokee 1B
5 LacSs daSKiuls dag B sSle ol punsslS g S0
8 Sk sl ol @ sl Bk il Stk
Sl )55 2 Slofag Coonl Sl hojlo 558 5 Jalgs
9 OPsB (nl (Pl ol 4 e belgs (pl aen
g0 ()N e

Sl 35wl
pode (llolliye 5 ole slos)Kan 5 Sllllae Sy
B 5 s opl 5l Coles (gl (659l o Sl 4

2 Al oyde 4SS e J w08 45
oS (Fo)l zolaw )3 bpudl)lsSue jois ogad
sy 45 Cal Cpgo pl &) (eSS 29l 1 Sne
e BgySpm Lo ySh by cn Gl
DS Fiiogid dygao 03 9 (5§ Ko 0AS g
3 98T 0 5 duo 3905 )3 (55 S (S Ligilws)
(imlS i g Bl 5 Con 5 (SinlS glag )6
) (SO > Nlgi e s Sule (guST odonn
g Col (eSS 0l Cinddss ol sk awsly b
J=3 Jelos il cae 53ds e (ly 1) die;
Slygrd ) (5o o 25l o0 bl ) (Soguf

ol Sloa &lye oL

95 et s 9 DLy
) Jolge Clalllas dobdl 3 Lol slaplS 51 S5
Jlow jl 4 e G5 ) (Sdgwyd jd o
Sloul )ld d sl eSS 5 00 b gy (umnond VWAV
C =8 piorad g (I SnlS Cladss gl Ssbl
2559 Sle Jelye ot yoiwe ol (gl
stle 5 slase S als lgl aole o olwlis
slaoisy aile Jlhgls o e sl 5 o ols
S olwls judbl g cowl b K pdaw
Bl Syt ) Wlgh o (s (Sdgw)d )3 S Jelge
Ol sl aisly (g3 S &l Sy cbles
P sy (S5 Gl (el 3550 S gl
RO RCIPSW-E SR W PO

oS Glemocl 5 o lil 4y ang b )b
09 (sig) by Cdu pdior €55 dbgo
O $A> Oygods g Sl giluw g ASS (S
4%45&,,»19445&5955‘&»&\36&&;594{
sy b ol i ilpeds il o )ly S
4 dgd 0 03) pe5d [41] Ligyl po alive lalllas
BoyTop gyl g (S kgl il (glasge
1199 Gliusls g lgseJsl o loud iy Jbw | 190


http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-en.html

[ Downloaded from jra-tabriziau.ir on 2023-08-20 ]

[ DOR: 20.1001.1.24764647.1399.6.1.12.6 ]

[ DOI: 10.29252/jra.6.1.175]

s ] .
= CJL‘LALJ R liwl s g jy solilad g5

e (i b ) A8 ddien Co9 Sle &y
Jbo 5l Sl Slyee 039450 )3 (] (SS90 )8 Jalge
Lo cliing iy 3 olyod 4 ion WA \YAY

Do oo (D)8 g S wilodg

References

[1] Piervittori R, Salvadori O, Seaward MRD.
Lichens and Monuments. In: St.Clair L,
Seaward M, editors. Biodetetrioration of
Stone Sutfaces Lichens and Biofilms as
Weathering Agents of Rocks and Cultural
Heritage. Dordrecht: Springer
Netherlands; 2004. p. 241-82.

[2] Pangallo D, Buckova M, Krakova L,
Puskarova A, Sakova N, Grivalsky T, et al.
Biodeterioration of epoxy resin: A
microbial ~ survey  through  culture-
independent  and  culture-dependent
approaches. Environ Microbiol.
2015;17(2):462-79.

[3] Arifio X, Saiz-Jimenez C. Biological
diversity and cultural heritage.
Aerobiologia (Bologna). 1996;12(1):279—
82.

[4] Rios ADL, Camara B, Angeles M, Rico
V], Galvain V, Ascaso C, et al
Deteriorating  effects of lichen and
microbial  colonization of carbonate
building rocks in the Romanesque
churches of Segovia (Spain). Sci Total
Environ. 2009;407(3):1123-34.

[5] StClair I, Seaward M, editors.
Biodeterioration of  Stone  Surfaces:
Lichens and Biofilms as Weathering
Agents of Rocks and Cultural Heritage.
Dordrecht: Springer Netherlands; 2004.
292 p.

[6] Scheerer S, Ortega-Morales O, Gaylarde
C. Microbial Deterioration of Stone
Monuments—An Updated Overview. In:
Laskin Al Sariaslani S, Gadd GM, editors.
Advances in Applied Microbiology. 2009.
p. 97-139.

[7] Caneva G, Nugari M, Salvadori O, editors.
Plant biology for cultural heritage:
biodeterioration and conservation. 1st ed.
Los Angeles, California, USA: Getty
Conservation Institute; 2008. 400 p.

[8] Cutler N, Viles H. FEukaryotic
Microorganisms and Stone
Biodeterioration. Geomicrobiol J. 2010

191 | 1raa Gl g lgdal o jless iy Jlw

S3gwyb > LaKuds g lag B 38 wyp» )b
S Sl oLl (Fo)b slaSiw gshw

Sopd cblis g cwlys lagys 4SSl piomen

Sep 10;27(6-7):630—406.

[9] Tiano P. Biodeterioration of Stone
Monuments a Worldwide Issue. Open
Conf Proc J. 2016 Apr 8;7(suppl 1:
M3):29-38.

[10] Gotbushina AA. Life on the rocks.
Environ Microbiol. 2007;9(7):1613-31.

[11] Fernandes P. Applied microbiology and
biotechnology in the conservation of stone
cultural heritage materials. Appl Microbiol
Biotechnol. 2006;73(2):291-6.

[12] Eaton LK. A History of Architecture:
Settings and Rituals Spiro Kostof. ] Soc
Archit Hist. 2006;47(1):75-0.

[13] De Los Rios A, Ascaso C. Contributions
of in situ microscopy to the current
understanding of stone biodeterioration.
Int Microbiol. 2005;8(3):181-8.

[14] Sterflinger K, Little B, Pinar G, Pinzari F,
de los Rios A, Gu J-D. Future directions
and challenges in biodeterioration research
on historic materials and  cultural
properties. Int Biodeterior Biodegradation.
2018;129:10-2.

[15] Shahbazi AS. The authoritative guide to
Persepolis. Safiran Publishing Company,
Tehran; 2004.

[16] Schmidt EF. Persepolis I: Structures,
Reliefs, Inscriptions. 1st ed. Chicago,
USA: The University of Chicago Press;
1953. 297 p.

[17] Herzfeld E. Prehistoric Persia . A
Neolithic ~ Settlement at  Persepolis;
Remarkable New Discoveries. 1929.

[18] Schmidt EF. Persepolis 1I: Contents of the
Treasury and Other Discoveries. Chicago,
USA: The University of Chicago Press;
1957.

[19] Sterflinger K. Fungi: Their role in
deterioration of cultural heritage. Fungal
Biol Rev. 2010;24(1-2):47-55.

[20] Biswas ], Sharma K, Harris KK, Rajput Y.
Biodeterioration agents: Bacterial and
fungal diversity dwelling in or on the pre-
historic rock-paints of Kabra-pahad |


http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-en.html

[ Downloaded from jra-tabriziau.ir on 2023-08-20 ]

[ DOR: 20.1001.1.24764647.1399.6.1.12.6 ]

[ DOI: 10.29252/jra.6.1.175]

lg2 il o SlaSiuw 3l pohu g s SSguS S S550 Jolge ilsuo Uil 7 0liSes g 2l g \_SMCJLM[,

India. Iran ] Microbiol. 2013;5(3):309-14.

[21] Bryant DA, Frigaard N-U. Prokaryotic
photosynthesis and phototrophy
illuminated. Trends Microbiol.
2006;14(11):488-90.

[22] Gonzalez JM, Saiz-Jiménez C. Application
of molecular nucleic acid-based techniques
for the study of microbial communities in
monuments and artworks. Int Microbiol.
2005;8(3):189-94.

[23] Hugenholtz P, Goebel BM, Pace NR.
Impact of culture-independent studies on
the emerging phylogenetic view of
bacterial diversity. Vol. 180, Journal of
Bacteriology. 1998. p. 4765-74.

[24] Camara B, De los Rios A, Urizal M,
Alvarez de Buergo M, Varas MJ, Fort R, et
al.  Characterizing ~ the = Microbial
Colonization of a Dolostone Quarry:
Implications for Stone Biodeterioration
and Response to Biocide Treatments.
Microb Ecol. 2011;62(2):299-313.

[25] Crispim CA, Gaylarde CC. Cyanobacteria
and Biodeterioration of Cultural Heritage:
A Review. Microb Ecol. 2005;49(1):1-9.

[26] Chen J, Blume HP, Beyer L. Weathering
of rocks induced by lichen colonization -
A review. Catena. 2000;39(2):121-46.

[27] Grube M, Cardinale M, de Castro JV,
Miller H, Berg G. Species-specific
structural and functional diversity of
bacterial communities in lichen symbioses.
ISME J. 2009 Sep 25;3(9):1105-15.

[28] O’Neal MA, Legg NT, Hanson B, Morgan
D]J, Rothgeb A. Lichenometric dating of
rock surfaces in the northern cascade
range, USA. Geogr Ann Ser A Phys
Geogr. 2013;95(3):241-8.

[29] Wedin M, Maier S, Fernandez-btime S,
Cronholm B, Westberg M, Grube M.
Microbiome change by symbiotic invasion
in lichens. Environ Microbiol.
2016;18(5):1428-39.

[30] Arifio X, Gomez-Bolea A, Saiz-Jimenez C.
Lichens on ancient mortars. Int
Biodeterior Biodegradation. 1997;40(2—
4):217-24.

[31] Banfield JF, Barker WW, Welch SA,
Taunton A. Biological impact on mineral
dissolution: Application of the lichen
model  to  understanding  mineral
weathering in the rhizosphere. Proc Natl
Acad Sci. 1999 Mar 30;96(7):3404-11.

[32] Belnap ], Biidel B, Lange OL. Biological

Soil Crusts: Characteristics and
Distribution. In: Belnap ], Lange OL,
editors. Biological Soil Crusts: Structure,
Function, and Management Ecological
Studies (Analysis and Synthesis). Springer,
Berlin, Heidelberg; 2001. p. 3-30.

[33] Corenblit D, Steiger ]J. Vegetation as a
major conductor of geomorphic changes
on the Earth surface: toward evolutionary
geomorphology. Earth  Surf Process
Landforms. 2009;34(6):891-6.

[34] Cappitelli F, Sorlini C. Microorganisms
Attack  Synthetic Polymers in Items
Representing Our Cultural Heritage. Appl
Environ Microbiol. 2008;74(3):564-9.

[35] Sohrabi M, Favero-Longo SE, Pérez-
Ortega S, Ascaso C, Haghighat Z,
Talebian MH, et al. Lichen colonization
and associated deterioration processes in
Pasargadae, UNESCO world heritage site,
Iran. Int Biodeterior Biodegradation.
2017;117:171-82.

[36] Benedict JB. A Review of Lichenometric
Dating and Its  Applications to
Archaeology. Am Antiq. 2009;74(1):143—
72.

[37] Gazzano C, Favero-Longo SE, Matteucci
E, Roccardi A, Piervittori R. Index of
Lichen Potential Biodeteriogenic Activity
(LPBA): A tentative tool to evaluate the
lichen impact on stonework. Int
Biodetetior Biodegradation.
2009;63(7):836—43.

[38] Seaward MRD. Lichens as Agents of
Biodeterioration. In: Upreti DK, Divakar
PK, Shukla V, Bajpai R, editors. Recent
Advances in Lichenology. New Delhi:
Springer India; 2015. p. 189-211.

[39] Adamo P, Violante P. Weathering of rocks
and neogenesis of minerals associated with
lichen activity. Appl Clay Sci. 2000;16(5—
6):229-56.

[40] Viles HA, Cutler NA. Global
environmental change and the biology of
heritage structures. Glob Chang Biol
2012;18(8):2406-18.

[41] Dyda M, Decewicz P, Romaniuk K,
Wojcieszak M, Sklodowska A, Dziewit L,
et al Application of metagenomic
methods for selection of an optimal
growth medium for bacterial diversity
analysis of microbiocenoses on historical

stone surfaces. Int Biodeterior
Biodegradation. 2018;131:2-10.
1199 il g lgseJal o o i Jbw | 19P


http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-en.html

&R . .
= CJL‘LAL? R liwl s g jy solilad g5

[ az-60-820z uo Jrneizucerell woly pspeojumoq |

[92TT966ET 2¥979.¥2 T TOOT 02 -HOA ]

199 Yliwsl g jlgsc gl o louis s Jlw

19p

[s21°19%1lrRSe6Z 0T 10a ]


http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://www.tcpdf.org
http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://www.tcpdf.org
http://dx.doi.org/10.29252/jra.6.1.175
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-en.html
http://www.tcpdf.org

