[ Downloaded from jra-tabriziau.ir on 2023-03-0% ]

[ DOR: 20.1001.1.24764647.1399.6.1.12.6 ]

[ DOI: 10.29252/jra.6.1.175]

Journal of Research on Archaeometry, 2020; 6 (1):175-192
Journal of Research on

Archaeometry

T DOI: 10.29252/jra.6.1.175 URL: http://jra-tabriziau.ir/

Technical Note

The field monitoring of influential biodeteriogenic Agent &/
the historic rock surfaces in Persepolis-UNESCO World
Heritage Site

Mohammad Sohrabi'*, Mahsa Esmaeillou’, Hamid Fadaei’, Mohammad Hassan Talebian®,
Nasrin Noohi?

! Assistant Professor in Iranian Research Organization for Science and Technology, ¢& The Museum of
Iranian Lichens, Tehran, IRAN
2PhD student in Microbiology, Iranian Research Organization for Science and Technology, Tehran, IRAN
3 Assistant Professor in Research Center for Conservation of Cultural Relics, Research Center of Iranian
Cultural Heritage and Tourism Organization, Tehran, IRAN
* Architectural Conservation, Associate Professor in Department of Fine Arts, University of Tehran, IRAN,

Received: 21/02/2020 Accepted: 09/06/2020

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.



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
https://jra-tabriziau.ir/article-1-236-fa.html

[ Downloaded from jra-tabriziau.ir on 2023-03-0% ]

[ DOR: 20.1001.1.24764647.1399.6.1.12.6 ]

[ DOI: 10.29252/jra.6.1.175]

19P-1VO (1)¢ AW99 aiwoBwl asg)y

f(&wk.g.‘/‘/, DOI: 10.29252/jra.6.1.175 URL: http://jra-tabtiziau.ir/

Libaghy Qs

W) obs 2 s (F9m058 3 30 Jaloe (Slawo ialy
CrossMark _ . w
g bl e oso (9108 suer o Jas Loww! Lungeo ¥ il s oo

¥ .

gl
5 cole slagingh olojle Glpl lacSinlS ojge 5 (5)glbcum j 0aSitghy «Cuny jlasne 5 (dntio (5)gliBlunj 09)5 ol (WSS
olrl s lpl e
OIS «olnl e 5 (el g plojle (gygldcunj 0aSingly wanjlame 5 (ixio ()5l 05,5 «SGeloms S 65 symtil Y
o
Ol (Ol s dglio 5 6)RB)5 ((Sin b e oSy o Sim b - (S BT oo 5 clilis uSiinghy okl ¥
Ol (Ol 0l 5 oS iy slo e s il ¥

1099/01/Po siapsdy A6 1RQA/1B/6P 10180y A0

S

Sl Kin b oSl 5 d2g i) o)lgen dapl (SaaS 5 (Simh Cysm (KLIIS 0L oy kel lyie 4 o Kimp e
oSy clacunl () sl Sdgwyd ol bl 4 Jasl g Banl lp Lis teils oy ol 5l wonl 0390 (45565
Clpis plo g el )se (LS oSl do iS gl doigySh ) ulad (555 (s Joloe il e 4 & s
2 s Jelge 535 5 o] sloas e )3 3290 S8 5 dnen 55 Slaa e (bl )3 im0 5 (F)l BT sl
G5 cpl 5l Ban ulpl SIS )13 (g Bl yd belgs o yme p3 Sl Glle (b )3 g 0398 (ol )3 () (S3g58
cale g9yd g (sin CliiS slp 1) diej b sl (Fu)b degadme (ol 050 () Jelgs €95 9 (A5 spd> Slee (ooy
M LS (gl dlox Sl e Jolge jpn imgly cnl )3 A8 el b BT Cunpo g il Sy CBlis 3 s (Sog b
poedaldl )3 D cwyp (IS Djgo &) @A g pé g 0diS Sl (SlaspSh g e Sy ) daSLS dag )6
e3 il aly (2)f 5 B s (Jlod lajlpd 9 0 G (9w Jelos jpa (e Clialie (el
b b o jlos g dalaio Hlea 4wl wyp Bblie el Candds gl olwl A wyp S Gyao 4 dudes
Olgl Sl dpdion €5 () (SS9  Se Jelse i) 95 J) Adgl (oS (e )3 NAD (ghindn > o5 5 Lawgle o)
WIS s e Jelge i Sl b g 45 L)L

sie) €95 oSl BB (o Slyeo ige g Sl (g (S3g8 o 255 1605 B3l

SlaSiudS 0550 9 (59l j 0uSiigy (Ml puas  Sladss geize ‘bljw SV NPT P P U PRI SR TG | COR LW
TYAYVAYEAD : gy &S )l ] ixiao 5 ole o il olojlu ol
sohrabi@irost.org : S S oy
oxds ol dlie a3 e ol ale 4, Creative Commons Attribution LiCense jye cou sty g casl (8 )osimngs 4 lato pii 3> @
D 0,Lil dloee oyl ) dlie gl Ll 4 g s S e o> 4yl bare 3,10 STysl 4 o, K L,


https://jra-tabriziau.ir/
http://dx.doi.org/10.29252/jra.6.1.175
https://crossmark.crossref.org/dialog/?doi=10.29252/jra.6.1.175
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
https://jra-tabriziau.ir/article-1-236-fa.html

[ Downloaded from jra-tabriziau.ir on 2023-03-04 ]

[ 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[,

oSl ¢ ol B ¢ ol g Sy o uolidolS
oo adllas 5 1y ato i Vg o slis Sl
5 sogimnS T Gl [7] 48 L) () (So90y
Taw 2 & () (SO Joloe 4 bgyje wiailols
5 SiglsST Ol e ol Lo aslS g S
DS (o ol () (S3gw)8 Aoy 1) Sufolg b
5 885 ) SopudlSo (gl bolgs nl 51 S5 2
byoye s (So3ols slofly 5 il o Jtords
&lywe 859 oylste Glp ool ae b oS s 3¢5 &y
9 2Bblejl wliios 4 Loyl Jy8 g (s pSitn
J9] o)y 5o cel; Bl

S5 degerme gl QWb 5 (b > waye
5 Lo S slul Jolse cluags jl g8 cuion
2 ds 855t (b Jolye 555 5] (Lol
L g Cusboy g lod )5 (ol o0l diile ¢ guj (o903
0395 ol y3 0ij Cldgrge lgil ile (glosy Jolgs
iy Jolos (B cBgo b el jouds Gl
5 sagl lals wd) b g ol Wil 55 Slo
iS5y Jelss (30 9 Wojs ale suigl i
oSy 5 oSl dacSinS 5 lag )5 b
2S5yl Cudydgi) Sy (ol @IS gl pé
glel 5 59 0,50 ) Lotz (185 5 Lol 0
GRS ) (S350 B 3o )15 28 dles
D98 ) ol 8y Sy g oadiloml loj )35 oS
Lol 3 gheatio

9 Lops)l s 95 Ly g Ol Ly
A1 31 5503 S ey St gl 3 Lad o eyl 3
S [10] 5,8 0 yoma3 ) 51 Ly piin &5 ]
5 Uilutn slagle) jl pledl &gl Bole S lgisar
Jojlyen 9 8,515 iy drgidy90 v yded (655 S
L 1] el onds odlatul bl calw g slb o
) eblis ol cigSus (bS5 bhes (68 S
J12] 5,5 s Gpaps (Suyl slaly culae  oloj

dodds .Y
Jelse g G55 Ly ) (59,8 By £989
Jlo 093 5 ginali g oyl CBT | (S o
2 e () glaly 5 Ul gl )5 SUjls
wdelonsy opl 1] L] oo Hleds 4 oles by, slalas
SIS o Bty (ol d alp S plgisa
) 5 o 5 (Se3d olse L el adgl o0 55
(] (5390 B SO Hleds D9 o0 B)S a3 5
Jeelss ) Jools (obosd 5 (Sujid sl lyis co0
cde g conl pioleciS oS dad o Al i)
olals sl (S US (s Jolge il o] (ol
5 LaeySL dag,ld (ohgls syl b 5 s3]
S9053 [2] Cl ((Fu)U U] gl I Sils
ST e gacnals 5 (s> doies S ety i
L 5l slabad ) 1) oy slapaed jlosle sl
GynS S e d2lge () g c bl St
5 Xy g (P Slye glaojes 3 Gl (sl
S 9 o3l el pole Cidises (glaasli i
9 255l (Sl Aty o ola)gilS ) (> e
g argcde il (Kajd g (So)b ool Sl
Ag ppew 45 Canl Jb o cpl il 5550y s
S Lo oS 5 (San b Slye b ladye a0l pole
pols dnwgi 9 ilocud)l a JL3 jo)ajey 5 ol 2l
U i e 298 o (olws] dizej ol 53 ¢y
Lo o 095 baipe 5 42335 (198 (Simjd g ()l
23 by Bl BALS (e 53,) S 5 40l pole
e mlio .l b youtS 3 (Sidyd &lyo jl el
Lol ot 3 45 aiboad pittio o popad 0l o
5 5] Voo ¥ lSan o (S0 e 4 Ol
=N i ¥+ an g 93]y N el
o, L3I[1,36] Y+ 8 LS5,00 5 5p0d 5 Voo F Slors 5
oS3 50 JuBd daxie elge g"‘}é‘rv‘b wgMeay .08
3wl oas Loyl Sy Slpg comge ¢ Sl b
Gl (olidiunj G s pole coadls oy ioke
Cilio pyle )5 s (sl g o il S | oS
lidod T o wlido e ¢ oulid gl 4lox ]

1199 Gl 9 JlgsJsl o)lod it Jbw | 1V


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
https://jra-tabriziau.ir/article-1-236-fa.html

[ Downloaded from jra-tabriziau.ir on 2023-03-0% ]

[ DOR: 20.1001.1.24764647.1399.6.1.12.6 ]

[ DOI: 10.29252/jra.6.1.175]

gk . .
wuwb 2w Lwb o9 ju owlilad g>

Ameis | Azerbaijan ®Sak

Shiraz

Afgha Sogs

s

' "‘ ’ \' >

v"\ : (; ¥

Banda -

'
/l}'m‘-‘-‘.“,‘

1 =0 £l 85150 —F £ labis Ll —F t Lo 55153 ¥ £e3509 S =) T bl Cumbse § dpban 56 dbo 4B 1) S

oS FE VWWH I =V (Gioan I8 =Ve ¢l FI8 - (090 o Lpopys) daSlo ZI8 —A € g il 5=V ¢ ygtn duo G55 ¢y gt 939
BISLT #18 =VF (635 y0 ygus 1S =Y
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.

1199 Gl 9 lgsJsl ojlod it Jbw | 1Ao


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
https://jra-tabriziau.ir/article-1-236-fa.html

[ Downloaded from jra-tabriziau.ir on 2023-03-07 |

[ DOR: 20.1001.1.24764647.1399.6.1.12.6 ]

[ DOI: 10.29252/jra.6.1.175 ]

gk . .
wuhb gLl 6 g s swliliad g

Sy g o 0233 (S5 o (slo sk ki
e Ol (plosd dge &) lachy g dachs SgesS
ol 5o (Splie e Soonl W gl 55
S5 @by BgigesS Shigage b il |
SLpoli | ol ) 4y 459 5 Cond koo
atoxjl 1]l oy )3 s S3) (905w
a3 (st ) (SO9u)8 &S (oo slacdy Sgid
o S g Ao 55 (o)l sl

255 0Ll o 5 Sl d ySbgili

By S F-Y
Il 51 (slos s ca s «punslS)lg Seo? oMo
Lol dagiShglw dasSL ales sl ( S35
ilize (05951 Cunolh 0885 (sl Sl e
9 N olge y> Calizo (clacslud slu) coaw g 15,
Lo lg S g oo (Kin)S Slpe (Sine
5 S Jas ebewd 55l 4 ]) 6098 551 B e

2985 () o 1) (coren (A Ao C5S (g (S99 3 &S el )y Sm lide )3 (st Jelos I (s gl ¥ S5
slusl asY bals 5 SilwasY 5 By Heas (Y K pdaw 50 il Ol i (g5lwdiY (Y 90 —F5 ¥ fhudes 56 > aiSlge,lo
Sl slaSis 55, il &S o (WA ol 51 226 (o)lse 5 Sludl slacyld (7 daSio oo o bl
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.

1199 Gl 9 lgsJsl ojlod it Jbw | 1AE


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
https://jra-tabriziau.ir/article-1-236-fa.html

[ Downloaded from jra-tabriziau.ir on 2023-03-04 ]

[ DOR: 20.1001.1.24764647.1399.6.1.12.6 ]

[ DOI: 10.29252/jra.6.1.175]

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

L ol B (a3 (gl IS oo ool T tsess
o3l dewgy 3o jlond (5,8 & &y il eolal
Jobo 3 )BT (g9, 48l 1) (gpils SialS S olad
S-S0l e 9,003 [28] e s 4
S 9y 4S5 JSb il oy ShulS (p 5 S5 glad
48 Glejde el polaie 4 03)S D (o)l
3,5 odlaul 48,5 )8 KalS Ay (5 ym0 > S
L5 (orid slnSim o )3 lgien |y oSS
&gy Jlw i 03 0,8 ) Jlo Yl 05 Sl
L (orimbionl (08 cpl & Canl (0058 (0 ST
G S o vl 8 L (gl LSS ) oali
[36] sl olyom Uas Ve b gy opl <85 Wad ol
glsl A 5 ior c58 Glag Sle
V| SKiw 555 5 (S s (sl S8
- LSl ol SO yn ol dgpuie Yeem b
O 9 9 0 )5S G 9 )b (e [37] 05T
somae oulbol S il (pl g3 o (598 5l ()l
sladiss Sl shadd oo 4 (Sl ladiss
B > (93954 @ pe DS ()l osdagg (Sanls
S Gl Sl ol o)k | Jine OIS Sy
SadisS Cuoped cpl 2 ogdle ad dalgd piite Spdex
o 2 56 gl gl 5 B8 g iz sy (Sl
siitio Loyl S5 sST cclmodls L ol yan s Lo
oy OleMbl allie ol )0 oplpln ab Jales
D o Byl ddion cod s Elye L SKils
hole jl (il Jolge jpi> (hnghs ol
2 eSS dag )L (gl né 5 sl plals
9 00 Sgd LS g f oSl
i o)l bLE 3 (NS ©jgod 0dS g
=Y 0o 83l9,0 =Y €639y9 HLSL =V Ll 0l yuzo
99— ¢S 0 tplosl Bilgd =¥ sl (LS
aSle LS =A g bl BV ¢ gio Mo FE-F £ g
VY iaa LS =V < b LS - Hoja0 g e )
FLS S\ (g5 5o Lyoid 25 VY (2 315 —\YIH IS
5 o) s > St (Sguyp Jolgs gl Lol
5 S g o Jled) slajled blise Sl

Ao | 1M gLl 9 jlgsJgl 6losis ity Jbw

=

o)l 50 D9350 Jalgd [20] Lloads odubey SiwlS
Jid (508 & a0 (Ll (Sskd Slalllas
[27] 23,5 03l g Jlo gl 7o 90 4 Lo
S S o 9 Jolsd Sl 0455 Sagzge
A5 S S o Gl S 45 (S gug)
g Sladly, S5 sl o lacSila b 5 (6 xS hgilns
ly Sl by b J6 S 28 b SKids plos jo
S oy (s jod dlayly Dol [28] sad o oSS
o IS g puaslS g, See S JBlas 4 z)18
4SS o8] [29] 295 o K5 (5,5 S5
90l [ilenims S5 s b a9 BB slacugls
L oblase )0 wilen b ais o SaS iglds (e
Ay dblie p LacKuds s Swj bll byl
945y )i B Lag wilS)lg Seo I (65l &8 A8 0
f—““’“ ) ‘_,’_wbs)s o PG LY ZAu‘)B .Lf:) [30] b.))f
1 puanslS ) o) [31] 2945 o0 St zglaws j3 o yww
28 9 ][32 a0y (oSS alE s epe i
JSosany o s 5 oo B ey 0 95 HB
S g aulyd 4 oIS 831y [33] wlawsly sgS
9 b Mels Al Coxb )3 a8 540 0 L]
Ul g (Sim s &lyso )3 ity oyl Lal el sbo
Conyo g cblis 3 oda (gylad 4 4 el g 3945 00
a8 oo & angi b cpdly ) [34] dgui oo Jois ‘Lm‘_'j
o) (Sdguwyd 1 LaKiudlS ciS g o i (8D
2 Sy Y3 lw g slhewd Sy 5 SlS
18,35] 35 (gl il JBT ol ol yd 50

ST Bus o596 4 eSS a8 el cow
o2 ) (255 sl blie (B Jg 55l s Sl
3l o bo BT (0390 o (pedS g ansuis )
i yluol oo 33,8 edlaiiw] | s il Glalllas
PRTTRES Cod B Oy dl)_g Lo S8 Ay gy )’1


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
https://jra-tabriziau.ir/article-1-236-fa.html

[ Downloaded from jra-tabriziau.ir on 2023-03-07 |

[ DOR: 20.1001.1.24764647.1399.6.1.12.6 ]

[ DOI: 10.29252/jra.6.1.175 ]

Y < > . . - < a L3 . o ‘m
lg2 il o SlaSiuw SRl pohu o i SSgu8 S S350 Jolge lsue Linl 7 pliSes g ol g wg@b

dedon €55 (o)l oS zokaw ) (Siw (4900 9 (S gaw (b SdS jeas o5 oled (FY sl pgas £ S
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.
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