


Fe2(SO4)3 0:004; sodium citrate, 0:3 and CaCl2.2H2O 0:036; 
to which was added 1mL micronutrient mixture, containing 
(gL_1) H3BO3; 2:86; MnCl2.4H2O 1:81; ZnSO4.7H2O 0:222; 
Na2MoO4.2H2O 0:39; CuSO4.5H2O 0:079 and CoCl2.6H2O 
0:045 [8]. One mL of phototrophic microbial consortia was 
inoculated (0.5-1.0 OD 600 nm) into each beaker and was 
incubated at room temperature (20-25oC) illuminated under 
60 watt lambs for approximately one month. As control, 
stone samples without phototrophic microbial consortia in 
beaker containing BG11 media were also examined 

The quantification of the microbial biomass from the 
stone surface and from beaker containing stone was obtained. 
However, microbial growth as the absorbance was also 
measured by spectrophotometer. The presence of 
phototrophic microbial consortia was also analyzed by using 
solid BG11 media, and was examined by binocular 
microscopy and by scanning electronic microscopy (SEM). 

III. RESULTS AND DISCUSSIONS 
The presence of phototrophic microbial consortia on the 

stone was determined in significant amounts in two samples 
(Fig. 1a). While microorganisms’ concentration increased at 
surface of AW, their concentration in beaker decreased. In 
contrast to, both microorganisms’ concentration for BP 
decreased. After first ten days, because of tightly biofilm 

formation containing filamentous microorganisms, the 
measurement of absorbance taken from the stone was very 
difficult. Phototrophic consortia obtained from Dam Lake 
Akkaya grew well on each stone. Measurement of microbial 
growth was confirmed by spectrophotometer analysis. The 
results were given in Fig 1b. The outer surface of stones 
were colonized by active microorganisms mainly the 
phototrophic filamentous microorganism (Fig. 2). In other 
words, microorganisms formed network, called biofilm, on 
any stone surface. 

The scrapped yellowish-green biofilm and green biofilm 
from the stones were observed with binocular microscopy 
(Fig. 3). A tightly woven cellular network may strengthen 
biofilm colonized on the stones. This feature is of importance 
when natural and building stone are affected by 
microorganisms. The coccoid or filamentous types of 
cyanobacteria were present in the sample taken from surface 
of BP. On the other hand, filamentous types of cyanobacteria 
taken from biofilm of stone surface AW were dominant. 

Scanning electron microscopy (SEM) was employed in 
studying biofilm characteristics and structures. The scrapped 
stone surfaces, examined by SEM, were shown in Fig. 4. 
SEM investigations showed that filamentous microorganisms 
were in a close contact with the stone. 

 

 
a. Dry weight of biomass from the stones (g/9 cm2) 

 
b. Absorbance of microbial growth 

Figure 1.  Microbiological tests results 

Figure 1a. Grey colour is Afyon White (AW), dark color is Blue Pearl (BP). 1: Amount of biomass obtained from beaker cell containing the stones, 2: Amount of biomass obtained from the surface of 
stones, 3: Aamount of the total biomass obtained from the beaker cell containing stones including stone surfaces. 

 Figure 1b. 1: Absorbance of biomass scrapped from the surface of Blue Pearl (BP), 2: Absorbance of biomass scrapped from the surface of Afyon White (AW), 3: Absorbance of biomass scrapped from 
the beaker cell containing Blue Pearl (BP), 4: Absorbance of biomass scrapped from the beaker cell containing Afyon White (AW). 

 

 

 

 

 

3

4

1

2

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

1 2 3

B
io

m
as

s  
(g

 / 
9c

m
 2

)

Environment

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

1 5 10 20 30

A
bs

or
ba

nc
e 

(6
00

 n
m

)

Time (day)

V2-448



 
a. Afyon White marble (AW) 

 
b. Blue Pearl granite (BP) 

Figure 2.  Biofilm formed by phototrophic microbial consortia on the stone surface 

 

     
a. Afyon White marble (AW) 

        
b. Blue Pearl granite (BP)

Figure 3.  The biofilm from the stone surface (x 400) 

Up to this point, microorganism interaction in aquatic 
conditions is reported, and the combined action of oxic 
photosynthetic microorganisms in two different wetting 
stone is discussed. In some literatures, alterations described 
as scaling, alveolization, detachment, were chiefly linked to 
the crystallization of salts, in particular gypsum and halite 
and to the high porosity of rocks [9]. The surfaces of stones 
provide substrate for a large group of different 
microorganisms especially phototrophic microbial 
communities [10]. Within microbial communities, algae, and 
cyanobacteria are primary producers due to their 
phototrophic microbial nutrition and low nutrient 
requirements. They grow on stone surface and often form 
rather apparent green biofilms [11]. 

The results of data obtained from this study were 
consistent with literature knowledge, but the stones that we 
used have low porosity. In addition, biofilm covered the 
surfaces of the stones, and the stone surfaces were entirely 
affected by phototrophic microbial colonization, while in 
the inner side of stones, were exposed to the microbial 
consortia duration of one month, short period as compared 

with literature, filamentous microorganisms were 
predominant. 

The growth of the biofilm begins the settlement of 
microorganisms on stone surface and eventually toward the 
inner layer of stones, in the case of endolithic biont. The 
microbial colonization may create instability areas on the 
stone, usually parallel to the surface. Biomineralization or 
biopitting occur under suitable conditions. It observed  
biomineralization processes were strongly favored by 
phototrophic microbial consortia functioning as that 
calcification nuclei. Calcified globular bodies on stone 
surface, small spherical aggregates are calcified remains of a 
pre-existing microflora. 

IV. CONCLUSIONS 
There are no previous publications which compare 

growth of oxygenic phototrophic microorganisms on marble 
and granite. These results indicate that the availability of 

water at the surface of the stone, encourages colonization by 
modifying its surface. Understanding their strategies for 
colonization may be important for a variety of aspects 
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