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Abstract 
 

Wood is one of the most used materials in the human history for the production of 

artistic works, evidence that reflects not only the availability of wood but also its natural 

aesthetic qualities. The investigation of wooden artefacts supplies an interesting 

reference framework for better understanding the technical construction skills of the past 

and provides concurrently information on the significance of the artefacts, on their 

values and also on the historical period during which they probably were created. 

Changes in the structure of the wood can help conservators to know the characteristics of 

the past storage spaces, giving so indication for better understanding the conservation 

state evolution during time and to plan the optimal maintenance activities. Anamnesis 

and diagnosis are indispensable phases in wood restoration and conservation: they 

should become routine activities. The main aim of this approach is to choose the best 

intervention as possible in order to allow maintaining the cultural values of the artefact 

and, at the same time, preserving, valorising and transmitting it to the future generations. 

This paper provides a short review of case studies based on scientific investigation of 

wood artworks in order to increase their knowledge through objective data. 
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1. Introduction 

 

Wood is one of the most used materials in the human history for the 

production of artistic works. This evidence reflects not only the availability of 

wood but also its natural aesthetic qualities such as colour, lustre, grain, and 

texture. A fundamental wood feature is versatility that made it the preferred 

material in any era or culture to obtain not only furniture, but also boats, defence 

tools, and structural part of buildings; it is used for household, ornamental, 

religious and recreational objects, due to its easy workability.  
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The investigation of wooden artefacts supplies an interesting reference 

framework for better understanding the technical construction skills and 

provides concurrently information on the artefacts significance, on their values 

and also on the historical period during which they were probably created. 

The modern approach to cultural heritage involves scientific investigation 

of materials in order to increase the knowledge through objective data and to 

support conservation activities fundamental for preserving cultural heritage 

assets. Such activities are required to stop or to limit the natural deterioration of 

materials, and the degradation pattern due to neglected maintenance, storing in 

unsuitable places, natural and anthropic disasters.  

Degradation may be a particularly relevant for wooden artefacts as they 

are highly vulnerable to biotic deterioration as well as to physical and 

mechanical stresses. Changes in the structure of wood can help conservators to 

know the characteristics of past storage spaces and to obtain indication for better 

understanding the conservation state evolution during time and to plan proper 

maintenance activities. 

This paper may be considered as a short review that aims to provide 

general background information about the characteristics of wood and the 

processes associated with its deterioration and decay. The main goal is to 

provide a sort of practical and logical basis for the conservation of wooden 

artefacts, showing some case studies in the literature based on this approach. 

 

2. Operational goals 

 

On the base of the approach widely defined in the Introduction, several 

studies were performed by our research group on various wood artefacts 

typologies: doors, panel painting supports, wooden models for buildings, 

sculptures. The technological evaluation of wooden objects and elements was 

generally performed by in situ careful observation, associated to measurement of 

the degraded areas, of zones with original defects, and of possible cracking. In 

order to improve the knowledge of the investigated objects, when possible, 

micro-samples from wood and painted layers were taken and subsequently 

analysed in the laboratory with microscope and spectroscopic methods. Wood 

species identification has been gathered by observing sample sections through 

microscope equipped generally with transmitted and reflected light, and UV 

sources and finally by scanning electron microscopy (SEM). The examined 

wood characters were compared with the descriptions reported in the literature 

[1, 2]. 

 

3. Outcomes 

 

3.1. Diagnosis of botanical species 

 

In the modern approach to cultural heritage studies, the scientific analysis 

of materials is fundamental to increase knowledge of the artefacts through 
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objective data [3]. For historical and artistic wooden heritage, the identification 

of species has long been considered an essential prerequisite for any further 

investigations [4], although in practice it is rarely carried out with scientific and 

documented methodology. 

In the investigation process of wooden artefacts, both from a 

technological and historical point of view, the diagnosis of the species is a 

relevant step [5, 6], sometimes achievable only for the systematic botanical 

category (taxon) as close as possible to the species. The reliably possibility to 

identify the botanical species of wood is conditioned by the integrity of the 

original microscopic structure of the wood assortment and by the conditions of 

the artefact, which must be accessible and with at least a portion of the wooden 

tissue observable at the macroscopic level [7]. After the identification of the 

macroscopic features, the microscopic identification can be performed with the 

aid of a microscope. Specimen can be collected taking care to use those parts 

that are already partially detached, in the less invasive modality. Each sample 

should be significant both in size and typology in order to guarantee of obtaining 

all information required for wood identification and diagnosis. 

The description of the anatomical characters should be conducted 

according to the scientifically accredited nomenclature [8, 9] and as well as the 

declaration of identification keys should be included in the report. 

 

3.2. The technological evaluation 

 

The study of wood constituting an artefact or parts of it highlights the 

importance of knowing the construction design, technological and structural 

aspects, in order to make conservators able to plan interventions that do not 

deprive the cultural property of its values, but they lead to the preservation, 

enhancement and transmission to the future [10]. 

The technological evaluation of wooden artefacts implies a good 

knowledge of species, both from a theoretical and practical point of view. This is 

important for recognize the wood defects, the alterations caused by fungi, and 

the physical-mechanical characteristics. In the evaluation of the conservation 

state and of the historical-artistic context, the identification of taxon influences 

the restoring work and the choice of the storage places [11]. In fact, wood 

characteristics and behaviour in respect to numerous factors, such as protective 

and consolidating materials, biotic and abiotic agents, and the environment in 

general, could change according to the species. From a conservative point of 

view, the correct identification of wood species is imperative for choosing the 

best procedure: several wood species, without an adequate preservative 

treatment, may result exposed to the attack of xylophage insects, fungi, and 

bacteria. Neglected periodic treatments or inadequate monitoring for these 

species could cause serious risks for their conservation. On the other hand, some 

wooden species contain extractives, toxic organic compounds stored in cell 

lumina or walls, which have generally an antiseptic or preservative effect. A 

treatment would be an unnecessary cost for such wooden elements. Wood 
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species identification allows to make rationale the maintenance and to plan 

correctly required restoration or conservation activities, as the different species 

show different residual properties, even after a biological attack [12-15].  

A preliminary naked eyes observation of wood surfaces allows for 

mapping the wood defects that derive directly from the original characteristics of 

wood or from processing (sapwood, knots, pith, form defects, grain deviation, 

and sawn direction) and, also, for estimating the extension of the degraded zones 

owing to biological alterations caused by insects or fungi. The ability in 

observing the critical state derived from the wood defects can certainly 

contribute to the conservative restoration without producing further degradation 

phenomena in wood structures and artefacts. It allows preserving the original 

wooden material. 

The holy conversation by Palma the elder [16] represents an interesting 

case. It is a masterpiece from the first half of the sixteenth century belonging to 

the collections of the National Museum and housed at the Royal Palace in 

Belgrade. Three boards constitute the support of the panel painting. The knots 

are mainly in the central panel, sawn in tangential direction. Insect attack has 

been detected at the board edges probably for the presence of glue. The support 

was built using poplar wood. Botanical species of the genus Populus are not 

distinguishable one each other from the anatomical characteristics of the wood. 

Poplar was the most widely used species in Italy for painting panels [4] due to 

technical reasons, i.e.: easy processing, no particular seasoning problems, light 

density that allows easy handling of large painted panels, anatomical features 

that ensure homogeneous surfaces, absence of coloured extractives. 

 

3.3. The provenance 
 

The identification of wood species does not limit its benefits to the context 

of maintenance and restoration, but it also supply information such as 

mechanical strength, rheological and hygroscopic behaviour, and durability, 

which allow to enlarge knowledge related to historical, ethnographic, 

commercial, trade, and forestry topics [17-21]. Sometimes it can help to specify 

or resolve the question of the provenance of an artefact [22]. 

At any time and in any region, the use of a specific type of wood 

depended on habits, empirical knowledge, availability and symbolic meanings of 

the materials. Therefore, there is a strong link between an artefact and the wood 

of which it is composed [23, 24]. 

The investigations performed in the following cases demonstrated that the 

choice of wood species mainly depends on some factors: the availability at local 

level and the aesthetical and durability properties of chosen wood species [25]. 

On the basis of the anatomical features the wooden support of the statue 

of Saint Joseph, attributed to the workshop of Ignaz Günther (18
th
 century) was 

identified as lime, the wood has been identified to genus level only [26]. Lime 

wood (Tilia sp.) was widely used for panel paintings, decorative carvings and 

sculptures, especially in Northern Europe, due to anatomical features such as 
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diffuse porosity, moderate shrinkage, and fine texture, which ensure excellent 

finishing results being not prone to splitting [27]. Its use in the statue of St. 

Joseph further supports the attribution to the workshop of the German artist 

Ignaz Günther. 

Wood species identification was fundamental for supporting, with 

scientific analysis, the provenance of the processional statue of Jesus Nazareno 

of Sonsonate (El Salvador) [28]. The faithful claim that the statue came from 

Florence, but the identified wood was Cedrela odorata, a species living in 

central South America. 

The investigation on the ‘Madonna dei Poveri e bambino’ (Madonna of 

the Poor with the Child), a devotional statue from Seminara, is another 

interesting study aimed at finding elements for establishing the provenance [29]. 

The analysis of wood samples allowed for identifying poplar, a name including 

several species, indistinguishable from the anatomical features of the wood and 

widespread in Italy, as previously discussed. Scanning electron microscopy 

(SEM) investigation made possible to put forward hypotheses concerning the 

state of preservation of the artwork. The presence of fungi, in fact, suggested 

that the statue was very probably stored in a moisture-rich environment which 

favoured the development of the bio-film observed within the vessels. The 

condition of the spores, which appeared non-vital, suggested that the attack 

occurred in the past (Figure 1). 

 

 

 
 

Figure 1. SEM observation shows spores and hyphae inside a vessel. 
 

Another interesting case study concerns the use of chestnut wood, a 

species having a long time tradition in Italy [30, 31]. In Lazio region, chestnut 

was widely used for structural elements and also for objects with a demo-ethno-

anthropological significance. 
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Identification of chestnut can be sometimes obtained in situ as in the case 

of the Holy Saviour triptych (Tivoli, Italy) [32], an important religious panel 

painting dated back to the 12
th
 century. The identification of chestnut wood 

(Castanea sativa Mill.) contributed to the dating of the panel painting in 

comparison with the Virgin panel of Saint Angelo in Pescheria, a chestnut 

wooden panel dated back to the first quarter of the twelfth century [33]. 

Sometimes the identification of several species may indicate restoration 

works operated during time [34] as the case of the Model of S. Maria della 

Consolazione’s church (Todi, Italy) [35], where Pine and Poplar were identified. 

Information gathered by archives and restoration reports are useful but 

wood identification needs to be detailed. Sometimes the archive documentation 

is not relevant, especially because the methodology is not reported. Sometime 

the local terminology can cause mistakes in wood identification [36].  

Wood species identification, based only on macroscopic characters, could 

not always be reliable. This is due to possible colour changes caused by surface 

finishing or protecting products, and by photo-degradation phenomena induced 

by light radiation in the conservation environment [37-41]. 

Sometimes, if observations are executed by non-specialized personnel, 

rough errors can occur. An example is the case of a wooden mask for which the 

secondary xylem (dicotyledonous angiosperm wood) was erroneously mistaken 

for palm stem, as indicated in the inventory card [42]. This object, a wooden 

mask from Papua New Guinea, is stored in the National Prehistoric 

Ethnographic Museum ‘L. Pigorini’ in Rome and it may be dated back to the 

beginning of the 19
th
 century. It is a typical ceremonial mask of the lower Sepik 

river decorated with cassowary plumes and shells. It is made of a single wood 

piece carved and painted. Some diagnostic analyses were performed in order to 

characterize the original and restoration materials and to state the authenticity of 

the object, since no archive documentation attesting the moving of the mask 

from Papua New Guinea to Italy were found. The collected diagnostic data, both 

on wood and painting materials, confirmed the authenticity of the mask, giving 

so important information to the Museum. 

The most reliable method for wood identification is the classic one, but 

the long sample preparation process and the operator’s knowledge and 

experience may be a hindrance to a more widespread application. In addition, 

although micro-invasive, this approach to cultural heritage objects could be 

regarded with concern. 

 

3.4. Other methodologies utilized for identification 

 

Totally non-destructive methods are also an important issue. Image 

processing techniques for wood species recognition were applied by various 

authors [43-45] to support and confirm the results obtained by classical methods. 

Some species cannot be differentiated by traditional methods, so 

chemometrics and spectroscopic methodologies can help to identify species also 

through portable equipment [46-50]. However, these methodologies have not a 
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general applicability yet and need further experimental tests to overcome some 

problems [51, 52]. 

These same methodologies, on the other hand, demonstrated their high 

potentiality in surface monitoring to assess the evolution of conservation state 

[53, 54].  

Surface monitoring is a relevant factor in the study of wooden artefacts 

since the ageing phenomena on wood and on protective/consolidating materials, 

applied in conservation and maintenance activities, may highly affect the 

surfaces. Wood can undergo degradation phenomena due to natural ageing, 

associated to light irradiation, that generally cause colour variations of surfaces 

and, structural weakening. These changes are accelerated by UV component of 

light, which provokes photo-oxidative processes [55, 56]. Artefacts exposed to 

the inclemency of the weather and to high thermo-hygrometric variations may 

suffer damages both on the surface and within the internal structure because of 

water absorption/desorption phenomena. These cause swelling and shrinkage: as 

a result, entire fibre layers will detach due to the production of micro-cracks. An 

example of the degradative abiotic factors is the case of the Todi Cathedral door, 

exposed for many hours during a day and throughout the year to solar irradiation 

[57]. 

 

3.5. Dendrochronological analysis 

 

A relevant contribution to the knowledge of wooden artefacts can be 

gathered from the dendrochronological analysis. This dating method, that allows  

resolution to one year, need the species identification, to match the growth ring 

series of the wooden artefact with master chronologies of the same species or a 

network of reference chronologies suitable for hetero-specific connections [58]. 

It enables dating the timber and, thereby, identifying the restoration phases and 

maintenance operations [59-63]; coupled with other methods, it offers a great 

potential in dating, authenticity confirmation and in establishing provenance 

hypothesis [64-68]. 

 

4. Conclusions 

 

The depth knowledge of works of historical and artistic importance allows 

to assess the state of conservation and to support the choice of the most 

appropriate methods of intervention for the maintenance. 

The study of wooden artefacts should always include the xylological 

analysis for determining the tree species used as constitutive material and on the 

occasion of restoration works. 

The diagnosis of botanical species is fundamental for assessing the state 

of conservation of the artefacts, to support the choice of the most appropriate 

methods of intervention, to know the technological properties of wood and the 

natural durability guaranteed by the materials and to collect information on the 

working choices and methods of the past craftsmen. It can provide information 
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about the historical and artistic context, as well as indications to support the 

restoration choices. 

Wood properties are fundamental for the conservation of artworks. From 

this statement it derives that a shared investigation protocol should be used, 

based on in situ inspections and laboratory analysis, in order to supply a valid 

aid to the conservators for planning the restoration and maintenance activities. 

Anamnesis and diagnosis are indispensable phases in wood restoration and 

conservation: they should become routine activities. However, wood diagnosis is 

not often praxis in conservation, especially for artefacts considered less 

important, also due to the lack of funding. 

In conclusion, this paper illustrated through a series of published case 

studies, the potentiality of wood analysis and diagnosis in conservation and the 

necessity of making these operations mandatory for preserving, valorising and 

transmitting wooden artworks to the future generations. 
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