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Abstract 
The effect of biodeteriogenic living organisms on historical and archeological 
sites is a well-known problem affecting the world’s cultural heritage. Indeed, 
the growth inside the bricks of shrubs and herbs roots can cause breakage, 
collapse and, detachment of materials. The knowledge of the spontaneous 
vascular flora present on monuments is essential for protection and safe-
guarding of cultural heritage. In this paper, we identify and describe biodete-
riogenic vascular flora of three historical Calabrian (Southern Italy) churches, 
showing the relationship between plant biodiversity and exposure and build-
ing material of churches. The species present on the wall and in perimeter for 
each church were sampled noting substrate type, surface inclination (vertical 
or horizontal) and exposure. The total number of plant species recorded was 
27. Hemicryptophytes (41%) prevail over the other biological forms and the 
most represented families are that of the Asteraceae. Parietaria judaica is the 
only species present in all three sites. Substrate type, climatic condition and 
surface inclination affect the floristic composition. Sixteen out of 27 species 
grow on vertical surfaces, all Geophythes and Chamaephytes grow on hori-
zontal surfaces, while Therophytes were rather on vertical surfaces. A signifi-
cant difference was found in the Hazard Index values in the three churches. 
Only one site, presents a high average value of Hazard Index, due to the si-
multaneous presence of Ailanthus altissima, Ficus carica, Rubus ulmifolius 
and Sambucus nigra. The data collected indicate that the flora growing on 
wall of three Calabrian churches partially reflects the floristic context in 
which they are located. The diversity of the vegetational spectrum is remark-
able, most of the plants are ruderal herbaceous, many weeds and invasive, and 
for the most part typical of the Mediterranean environment. The data col-
lected contribute to the knowledge of the spontaneous vascular flora present 
on three historical Calabrian churches and their biodiversity, also in terms of 
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conservation interest, considering its biodeteriogenic potential in the evalua-
tion of the impact of the vegetation on each monument. 
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1. Introduction 

The biodeterioration of materials, defined as “any unwanted change in the 
properties of a material caused by the vital activity of organisms” [1] [2], is 
closely related both to the physical-chemical nature of the substrate and to the 
characteristics of the surrounding environment [3]. Therefore, it is possible to 
consider any artistic artifact as a real ecosystem in which there is a complex sys-
tem of interactions between the organisms, the substrate on which they develop, 
and the environment [4]. 

Knowledge of flora growing on archaeological sites is extremely important 
both from a purely diagnostic point of view, which concerns the effects of altera-
tion caused by biodeteriogenic organisms and from an ecological point of view, 
which considers the environmental context in which the monument is located. 
That could allow the identification of the most appropriate actions to plan the 
correct conservation of the asset. 

The colonization of stone monuments by an organism depends on specific 
conditions, such as the bioreceptivity of the building material itself which relies 
on its chemical-physical composition, porosity, roughness of the surface, wall 
inclination and exposure and its state of conservation [5]. Plant colonization of 
walls depends on physical environmental parameters too, such as temperature, 
light, humidity and air movements [6].  

The vascular flora can have potential biodeteriogenic effects on historical 
buildings, which may bring about different types of damage to the substrate on 
which they grow, causing breakage, collapse and, detachment of materials, 
mainly as a result of biophysical and biochemical processes. 

Usually, biodeterioration studies concern bacteria, fungi, and algae, but in re-
cent years, great attention has been paid to mosses and vascular flora, due to the 
damage caused by rhizoids and roots growth inside the stone [7] [8] [9] [10] 
[11]. Indeed, a significant role in the biodeterioration of historical monuments is 
played by higher plants. Roots tend to penetrate and grow inside the cracks al-
ready present in the masonry and zones of the least resistance (e.g., mortar be-
tween stones), thereby increasing the size of the fissures and cracks and decreas-
ing the cohesion between stones [5] [6] [8] [12]. Our work is focused on the 
study of vascular flora, so we collected trees, shrubs and herbs ignoring lichens 
and mosses.  

Moreover, the shape and the mode of growth of the root system are the factors 
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on which the classification of the dangers of plant species for architectural arti-
facts is based [10] [13] [14]. 

The biochemical deterioration resulting from assimilatory processes, where 
the organism uses the stone surface as a source of nutrition, is probably more 
easily understood than the deterioration resulting from dissimilatory processes, 
where the organism produces a variety of metabolites that react chemically with 
the stone surface [15] [16]. 

Anatomical and morphological modifications of biodeteriogenic organisms 
are related to their physiological conditions, to the nature of the substrate, to the 
climate and the seasonal period [9] [17] [18].  

The surveys designed to detect species that contribute to the deterioration of 
historic buildings are particularly valuable in the restoration and conservation of 
historical monuments and archaeological sites; however, at present, there are no 
studies applied to the evaluation of biodeteriogenic flora on the architectural 
heritage of Calabria. 

The relationship between the vegetation growing in monumental environ-
ments and architectural artefacts is complex; it requires careful analysis in order 
to be managed correctly, respecting, on the one hand, the primary need for pro-
tection and conservation of the asset and, on the other hand, taking into consid-
eration the aesthetic aspect linked to the presence of green and the ecological in-
terest of the species that are present on the territory [19]. 

The aim of our study was therefore to identify and describe the vascular flora 
of three Calabrian historic churches, located in three geographic areas, with the 
aim of providing a plant species list, highlighting plant biodiversity, and consi-
dering its biodeteriogenic potential. We compared the effect of plants on ancient 
monuments based on their life form in relation to exposure and building ma-
terial of churches. Moreover, we evaluated Hazard Index (HI) [13] [14], which is 
a measure of the potential damage that each species can cause to remains. This 
kind of information is necessary for the purposes of preserving the cultural 
landscape and for choosing appropriate management practices to prevent and 
eradicate vascular plants to minimise biodeterioration [20]. 

2. Material and Methods 
2.1. Study Sites 

The three historic churches object of this study are located in the Calabrian re-
gion (southern Italy) (Figure 1). Two churches are located on a hill at an alti-
tude 450 and 566 m a.s.l., near Montalto Uffugo and San Fili (Cosenza, Calabria, 
Italy), respectively. The third is situated in the ancient village of Squillace (Ca-
tanzaro, Calabria, Italy), at 340 m a.s.l. and close to the Ionian Sea (just 5 km as 
the crow flies). The main climatic characteristics of these three sites are summer 
drought and moderate winter cold, with an average annual temperature of 15˚C, 
although the town of Squillace is very influenced by the proximity of the sea, and 
it’s rainy in the winter months and drier in the summer than the other two sites. 
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Figure 1. Location of the study areas in Calabria (Southern Italy). 

2.2. Historical Background and Buildings Description 

The Church of Santa Maria della Serra in Montalto Uffugo (SMS) (Figure 2(A)), 
dates back to 1227 and stands on a hill in a peripheral position from the center 
of the village of Montalto Uffugo. Over the centuries, it has undergone numer-
ous restorations due to the disastrous earthquakes that damaged it over time. 
The restoration work continued for about thirty years but left the upper part of 
the main facade incomplete, therefore it is made up of exposed bricks. The 
Church, originally in Romanesque style and initially composed of a Greek cross 
plan with three naves, later assumed a planimetric layout with Latin cross plants 
and architectural solutions in Baroque style [21]. 

The central portal is surmounted by a niche with the reproduction of the sta-
tue of the Madonna della Serra. The entire facade is decorated with a triumph of 
geometric and naturalistic embroidery. 

The Mother Church of the Santissima Annunziata in San Fili (SA) (Figure 
2(B)) dominates the town and strongly characterizes the urban layout of the 
whole village of San Fili. The church has been documented since the seventeenth 
century and was enlarged at the end of the 18th century. The principal facade, 
unfinished in the upper part, is connected to the churchyard by a wide staircase 
leading to the portal. Today the church is divided into three naves; the main en-
trance consists of a round arch cleverly carved with floral motifs and acanthus 
leaves [21] [22]. 

Lastly, the Church of Santa Maria della Pietà in Squillace (SMP) (Figure 2(C)), 
so-called “Gothic church”, is protected from urban and anthropic pollution and is 
not exposed to winds because it is sheltered by surrounding houses that shield it 
from the sun. It is one of the rare Gothic architectural artifacts in Calabria, dat-
ing back to the 13th century. It consists of an almost square plan. On the  
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Figure 2. Historical churches: A—Santa Maria della Serra, B—Santissima Annunziata, 
C—Santa Maria della Pietà. 
 
external facade exposed to the east, which is the only one of the four entirely 
visible as the others are occluded by an embankment, there are four single win-
dows and a finely framed portal. Inside the building is divided into four spans 
with cross vaults supported by four semi-piers, four-corner columns and a large 
square central pillar having a very unique position because it is placed obliquely 
with respect to the perimeter of the walls. This building is erroneously called 
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“church” but the real intended use of this building is not documented. Probably 
it’s what remains of a “domus scolaciorum” of a civil-military character [23].  

2.3. Substrates and Conservation Status 

The facades of SMS and SA consist of white-yellowish (SA) or reddish (SMS) 
fossiliferous calcarenites [24] commonly known as “Mendicino limestone”. This 
limestone, definite as biocalcarenite/calcirudite [25], is predominantly composed 
of sand-sized debris and carbonate grains consisting of fragments of older li-
mestones and dolomites, other carbonate grains and clasts of biological origin 
such as marine organism fossils (corals, shells, ooids). It appears as a porous and 
medium-resistant material, chromatically variable depending on the more or less 
abundant presence of iron oxides [26]. 

The SMP building is mainly composed of carbonate rock characterized by a 
microsparitic texture rich in iron oxides, a medium-high level of porosity and a 
content of calcite higher than 90% [27]. The external wall structure is made up 
of irregular stone blocks, among which we can see fragments of terracotta. The 
mortars and plasters used for the construction and lining of the external walls 
have a very heterogeneous composition made mainly of quartz, feldspars, biotite 
and fragments of magmatic and metamorphic rocks.  

The different building materials are linked to the geographical position; mate-
rials readily available in the vicinity were used for the construction of the 
churches. 

For what concerns the state of conservation SMS has numerous spots affected 
by chromatic alteration, biological patinas, and black crusts in areas less exposed 
to rain on the main facade. At various points, especially under the cornice and 
on the sill of the central niche, there are phenomena of exfoliation and erosion of 
the masonry. 

The church of SA presents an important form of chromatic alteration on the 
lower part of the main facade. The washout spots and biological patinas and 
black crusts are also conspicuous at various points. The upper part of the portal 
shows evident shortcomings and detachments of the masonry. 

The SMP shows various pathologies of degradation, all of them due to the 
particular position of the building, which is located in a narrow blind lane and is 
surrounded by taller buildings: this makes the area not very sunny and venti-
lated. For the environmental conditions and for the characteristics of hygrosco-
picity and porosity typical of the materials used for its construction, inside the 
building the rate of relative humidity is very high throughout the year, as well as 
the ascent capillary water from the ground which, therefore, can be considered 
the main cause of all the deterioration phenomena present on the entire wall 
structure: masonry lesions, exfoliation, detachment, and sulphation of the plas-
ters, salt efflorescence, biological attack and infesting vegetation. 

2.4. Sampling 

The field investigation for the detection of vascular plants present on the outside 
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of the buildings was carried out from the Spring of 2016 to the autumn of 2017. 
The species present on the walls (W) and those in its perimeter (WP) were sam-
pled. For each sampling unit the following data were supplied: site name, sub-
strate, position (vertical or horizontal) and exposure. 

Besides a careful observation in situ, the small plants have been collected in 
their entirety and, for the large ones, only the portions of the air parts visible at 
the time of sampling (ex. leaves, flowers, fruits, seeds) were taken. The voucher 
specimens were deposited in herbarium of Plant Biosystem Laboratory (Univer-
sity of Calabria, UniCal) and, in addition, a detailed photographic documenta-
tion has been produced. 

The species identification was carried out according to Pignatti [28] [29] [30] 
[31] and Tutin [32] with the method of the dichotomous keys for the taxonomic 
characterization. The nomenclature follows the checklist of Italian vascular flora 
[33] [34]. Families are organised based on APG IV for angiosperms [35]. 

To evaluate the hazard of the biodeteriogen species for the building, for each 
taxon the Hazard Index (HI) [13] [14] was evaluated. This numerical index, 
ranging from 0 (minimal hazard) to 10 (high hazard), differs for each species 
and is often variable even within the same species [7]. To obtain the HI of each 
church, the HI of different species within each sample was summed and the av-
erage was calculated for each church. According to Raunkier [36] the plant form 
life has been determined. 

3. Result 

Table 1 lists in alphabetical order all the species detected in the three sites. The 
flora listed comprises 27 plant species, classified into 26 genera and 15 families, 
among which the most representative are the Asteraceae (26%). 

The 27 plant species detected were subdivided into two microhabitats, ac-
cording to their position compared to buildings: on the walls (16 taxa), on the 
perimeter of the walls (11 taxa), and (Figure 3).  

A difference in terms of number of plant species among sites was highlighted. 
More than half of the total species were found in the churches of SMS (12 taxa) 
and SMP (15 taxa), while only 5 species were identified in SA. The only species 
present in all three sites was Parietaria judaica. SMP shares Erigeron canadiensis 
and Taraxacum officinale with SMS, while the latter shares only Hordeum mu-
rinum with SA.  

The analysis of biological life forms showed five different shapes, with the 
predominance of Hemicryptophytes (11 species, 40.7%) in all tree churches. Al-
so Therophytes (7 species, 26%) were common in all sites, whereas Chamae-
phytes (2 species, 7.4%) were present only in SMS and Phanerophytes (4 spe-
cies, 14.8%) and Geophythes (3 species, 11.1%) only in SMP (Figure 4, Table 
1). Sixteen out 27 species grow on vertical surfaces, all Geophythes and Cha-
maephytes were on horizontal surfaces, while Therophytes grow rather on ver-
tical surfaces. 
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Figure 3. Biodeteriogen species colonising the architectural elements of churches. 
A—Ailanthus altissima; B—Hordeum murinum; C—Ficus carica; D—Parietaria judaica; 
E—Micromeria graeca. 
 

 

Figure 4. Plant life form spectrum. 
 

The Hazard Index (HI), used to evaluate the biodeteriogenic potential, 
showed that 18.5% of the species were not very hazardous (HI from 0 to 3), 
66.7% were somewhat hazardous (HI 4 to 6), and 14.8% were very hazardous 
(HI 7 to 10). 
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Table 1. Inventory of all the vascular flora species detected in the three sites: Church of 
Santa Maria della Serra in Montalto Uffugo (SMS), Church of the Santissima Annunziata 
in San Fili (SA) and Church of Santa Maria della Pietà in Squillace (SMP). HI = Hazard 
Index, W = wall, WP = wall perimeter. 

Species Family Plant life form HI SMS SA SMP Position 

Ailanthus altissima (Mill.) 
Swingle 

Simaroubaceae P scap 10   + W 

Anthemis arvensis L. Asteraceae T scap 1 +   WP 

Crepis neglecta L. Asteraceae T scap 2 +   W 

Diplotaxis tenuifolia (L.) Dc. Brassicaceae H scap 5   + WP 

Dittrichia viscosa (L.) Greuter Asteraceae H scap 5  +  W 

Erigeron canadiensis L. Asteraceae T scap 4 +  + WP 

Ficus carica L. Moraceae P scap 10   + W 

Hordeum murinum L. Poaceae T scap 0 + +  W 

Leontodon hispidus L. Asteraceae H ros 4 +   WP 

Mentha pulegium L. Lamiaceae H scap 5  +  W 

Micromeria graeca (L.) Benth. Lamiaceae Ch suffr 4 +   W 

Mirabilis jalapa L. Nyctaginaceae G bulb 6   + W 

Parietaria judaica L. Urticaceae H scap 5 + + + W 

Phytolacca americana L. Phytolaccaceae G rhiz 6   + W 

Picris hieracioides L. Asteraceae H bienn/H scap 6   + W 

Plantago lanceolata L. Plantaginaceae H ros 6 +   W 

Polycarpon tetraphyllum (L.) L. Caryophyllaceae T scap 1  +  WP 

Rubus ulmifolius Schott. Rosaceae P caesp 8   + W 

Sambucus nigra L. Adoxaceae P caesp 8   + WP 

Sanguisorba minor Scop. Rosaceae H scap 6   + W 

Sorghum halepense (L.) Pers. Poaceae G rhiz 6   + W 

Taraxacum officinale Web. Asteraceae H ros 6 +  + WP 

Trachelium caeruleum L. Campanulaceae Ch suffr 4 +   W 

Trifolium pratense L. Fabaceae T scap 6 +   WP 

Trifolium repens L. Fabaceae H rept 5 +   WP 

Urtica dioica L. Urticaceae H scap 5   + WP 

Veronica polita Fr. Plantaginaceae T scap 3   + WP 

 
A significant difference was found in the HI values in the three sites examined 

(Figure 5, Table 1). Indeed, only the church of SMP showed a high average val-
ue of Hazard Index (HI 6.3), due to the presence of 4 species with high values, 
Ailanthus altissima and Ficus carica (HI 10), Rubus ulmifolius and Sambucus 
nigra (HI 8). The other 2 churches, SMS and SA, showed much lower average 
values, 3.9 and 3.2, respectively: in these two sites 65% - 75% of the species found 
had an intermediate HI value between 4 and 6. 
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Figure 5. Hazard Index at the three study sites with relative number of species. Church of 
Santa Maria della Serra in Montalto Uffugo (SMS, white bars), Church of the Santissima 
Annunziata in San Fili (SA, gray bars) and Church of Santa Maria della Pietà in Squillace 
(SMP, black bars). 

4. Discussion 

Our data indicate that the flora growing on wall of churches partially reflects the 
floristic context in which the churches are located, dominated by species asso-
ciated with agicultural environment and natural areas. Indeed, most species are 
typically ruderal (Crepis neglecta, Diplotaxis tenuifolia, Picris hieracioides, 
Hordeum murinum, Parietaria judaica and Urtica dioica) and few are invasive 
(e.g. Ailanthus altissima, Mirabilis jalapa) [37]. 

The examined churches share the presence of some plant species suggesting 
that the different substrates of the walls (white-yellowish or reddish fossiliferous 
calcarenites and carbonate) do not influence the growth of plants. 

Most species are spontaneously present on the walls and include trees (Ailan-
thus altissima, Ficus carica), shrubs (Dittrichia viscosa, Micromeria graeca, Ru-
bus ulmifolius, Trachelium caeruleum) annual herbacious plants (Crepis neg-
lecta, Hordeum murinum,) and perennial herbacious plants (Mentha pulegium, 
Mirabilis jalapa, Parietaria judaica, Phytolacca americana, Plantago lanceolata, 
Picris hieracioides, Sanguisorba minor, Sorghum halepense). Among these there 
are the most dangerous species with a high HI value (8 - 10) such as Ailanthus 
altissima, Ficus carica, Rubus ulmifolius and Sambucus nigra, which are charac-
terized by imposing and robust roots creeping in the junction points between the 
bricks of construction, using cracks and pre-existing fractures, causing the dis-
integration of mortars and plasters up to the foundations of the buildings. On 
the perimeter of the walls of the buildings are dominant annual and perennial 
herbaceous species (e.g. Anthemis arvensis, Erigeron canadiensis) which have a 
medium-low average HI, such as Parietaria judaica or Plantago lanceolata, HI 5 
and 6, respectively. They are almost all specimens with a generally not very de-
veloped root system, therefore they do not represent a big risk for the stability 
and the mechanical resistance of the walls.  
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Previous studies reported that horizontal surfaces, which provide better 
growing conditions, usually host a higher plant cover compared to vertical walls 
[38] [39]. In our case, more species were detected on vertical than on horizontal 
surfaces in agreement with Motti et al. 2020 [40]. However, in contrast to [40] 
and [41] in our sites Therophytes were more common on horizontal surfaces, 
while Geophythes and Chamaephytes, the most biodeteriogenic life forms, were 
on vertical surfaces. 

The plant life forms revealed the presence of Hemicryptophytes and Thero-
phytes in all three examined sites; the former were found predominantly on the 
walls while the latter are more abundant along the wall perimeter of the 
churches. Woody life forms accounted for only 25.9% in agreement with Francis 
[42], while the greater presence of Hemicryptophytes is related to human dis-
turbance and climatic condition [7].  

The largest number of species (15 taxa) was found on the site of Church of 
Santa Maria della Serra in Montalto Uffugo (SMP), which despite its small ex-
tension, presents a wide variety of biological forms with greater amounts of he-
micriptophytes (6 taxa) and herbaceous, biennial or perennial plants. All vascu-
lar species with higher HI are also present on this church. In addition, there are 
non-native species of Italian flora that have become naturalized, and are all 
neophytes /invasive (Ailanthus altissima, Erigeron canadiensis, Mirabilis jalapa, 
Phytolacca americana and Sorghum halepense), probably related to the syn-
anthropic environment represented by churches. There is a high variety of spe-
cies typical of Mediterranean environments influenced by the proximity of the 
sea and by the climatic condition characterized by summer drought and mod-
erate winter cold, with an average annual temperature of 15˚C. 

Also in the site of SMS the total number of species (12) found is quite high; 
there is an equitable distribution of hemicyptophytes and therophytes (5 species) 
and also the only two detected Chamaephytes belong to this site. Erigeron cana-
diensis is the only naturalized neophyte species and Plantago lanceolata is a 
synanthropic species that adapts to almost all climates and soils. Most of the 
species found are annual and perennial herbaceous plants, except for two shrub 
species (Micromeria graeca and Trachelium caeruleum). The church is located 
in the center of the town of Montalto Uffugo but in a quite open area, free from 
obstacles, and with land around.  

Finally, the church of the SA is the one where the least number of plants (5 
taxa) have been collected. All the species identified are typically ruderal and 
weeds, with a value of HI between 0 and 5. The church is incorporated into the 
urban context and is enclosed by the surrounding buildings, which could explain 
the scarce variety of the species found. This is probably due to the difficulty for 
seeds to be conveyed in such narrow spaces and to settle on the facades and on 
the external perimeter. 

5. Conclusions 

The data collected contribute to the knowledge of the spontaneous vascular flora 
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present on three historical Calabrian churches. Our data provided useful infor-
mation on cultural heritage for understanding the relationship between plant 
biodiversity and abiotic factors (substrate type, climatic condition, exposure). 

Our results confirm that plants constitute valid bioindicators of the “state of 
health” of the monuments. Due to their characteristics (life form, pollination 
and seed dispersal) and the Hazard Index suggestions, most of the listed plants 
are biodeteriogenic for these churches especially considering their building ma-
terials. 

Information contained in this work can contribute to a better control of the 
growth of these species on church wall, since many of them are threatening the 
integrity of the ancient monuments due to their vigorous root apparatus pene-
trating into the brick structures. Finally, this knowledge can find applications in 
the conservation and restoration activities of ecclesiastical heritage. 
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