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                                                             Abstract 
 
Wood is a valuable material used by mankind from ancient time. Demand for wood has 
increased nowadays for various end uses. This increased demand of timber has promoted 
illegal logging and trading of timber. Illegal timber trade is a serious threat to global 
biodiversity. Different governing bodies (like CITES, TRAFFIC etc.) are working for 
regulating the trade of wild fauna and flora (including timber) to avoid over-exploitation of 
these resources. Accurate identification of wood species and its origin is a serious problem 

faced by different law enforcement agencies regulating the timber trade. The problem is 
more serious when the wood species being traded has similarities with some other species 
of same and different genera.Researchers from all over the world has worked upon 
different techniques like wood anatomy, spectroscopic techniques, stable isotope analysis 
etc. for definite identification of wood species and its geographical origin.An integrated 
approach using these different techniques is required to be developed for wood forensic 
studies. This article provides a brief introduction aboutsome of these techniques and their 
potential application in the field of wood forensic studies. 
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Introduction 
 

ood is a natural entity obtained from trees. Wood obtained from different tree 
species have different properties (mechanical, physical etc.). Based upon these 
properties, timber can be utilised for different end uses.Nowadays, trade of 

illegally harvested timbers is increasing which is a serious threat to global biodiversity. 
Illegal harvesting of timber causes revenue losses to the timber producing countries and is 
a threat to survival of different timber species which are being over exploited. Convention 
on International Trade in Endangered Species of Wild Flora and Fauna (CITES) and Trade 
Record Analysis of Flora and Fauna in Commerce(TRAFFIC) are the main governing body 
dealing with the regulation of international timber trade. CITES has three appendices 
(Appendix I, Appendix II, Appendix III) into which different species are classified 
depending upon the level of threat these species are facing. Law enforcement agencies 
dealing with the regulation of the timber trade (customs, police, forest department etc.) 
face problems in determining the true identity(species) and geographical origin of illegally 
traded wood. Wood identification of protected species is of great importance for CITES 
enforcement (Koch et al., 2011). Therefore, Accurate identification of wood is important 
from conservation and utilization point of view.  

Traditionally, wood anatomy has been used as a tool for wood identification. 
Generally, wood identification to genus level can only be achieved through qualitative 
wood anatomy (He et al., 2020). The application of wood anatomy becomes more 
problematic when the wood sample to be examined is in processed form like powder, small 
chipsetc. But nowadays many other techniques (stable isotope analysis, near infrared 
spectroscopy etc.) are being employed for timber identification. These techniques have 
potential for providing reliable information, which can supplement in accurate identification 
of wood.These different techniques have been explored by a number of researchers for 
their potential in identifying the geographical origin of timber. A brief overview of these 
techniques is being presented here in this article. 
 
1. Wood Anatomy 

Wood anatomy is a specialized field of study which deals with wood identification 
based upon the macroscopic and microscopic features present in the wood.Macroscopic 
features (wood porosity, arrangement of vessels, arrangement of axial parenchyma etc.) 
are those features which can be visualized by naked eye or using a hand lens.Macroscopic 
features are observed on transverse, tangential and radial sections for wood identification. 
CITESwoodID database have descriptions of CITES listed timbers and their similar timber 
species and it is a tool for wood identification based on macroscopic features (Koch et al., 
2011). Detailed study of wood anatomical features for identification purposeis done as 
perInternational Association of Wood Anatomists(IAWA) list of microscopic features for 
hardwood and softwood identification. Different woods are broadly classified into two 
categories i.e. hardwoods and softwoods.Hardwoods are produced by angiosperms 
(flowering plants with broad leaves and covered seed) whereas softwoods are obtained 
from gymnosperms (mainly conifers with needle like leaves and naked seeds).Anatomical 
features present in hardwoods differ significantly from those found in softwoods. 

W 
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Hardwoods possess a specific type of cell called, vessel element which is absent in 
softwoods.Anatomical structure of hardwoods is more complex in nature as compared to 
softwoods because of presence of a number of different cell types and wide variability 
between these cell types (Wiedenhoeft, A., 2010). A brief about structural elements 
present in hardwoods and softwoods is given below. 

 
(A)  Hardwoods (Porous Woods) 

The structural composition of hardwoods consists of different cells or tissues 
mainly vessels, parenchyma, rays and fibers. A brief description about major anatomical 
features present in hardwoods is as follows: 

 
I. Vessels 

Vessels are vertically oriented specialized cells for conduction of water and 
minerals within a tree. They appear as small holes or openings when viewed in cross 
section and are referred to as pores. Species in which earlywood vessels are of larger size 
as compared to latewood vessels, are called ring-porous wood whereas species with 
vessels of uniform size distributed uniformly throughout the growth rings are called 
diffuse-porous wood. Different features like pore size, their number, arrangements etc. are 
of immense importance for hardwood identification. Vessels often contain some 
depositions like tyloses, coloured deposits etc. which are of diagnostic value for hardwood 
identification. 

 
II.  Parenchyma 

These are rectangular shaped cells with thin wall and acts as storage units. 
Hardwoods mainly contains two types of parenchyma cells depending upon their 
association with vessels. When the parenchyma is found in association with vessels, it is 
called paratracheal parenchyma. It is further divided into vasicentric, aliform and confluent 
types. Whereas, when the parenchyma cells are not associated with the vessels it is called 
as apotracheal parenchyma.It is further divided into diffuse, diffuse in aggregates and 
banded type(Wiedenhoeft, A., 2010). 

        
III. Rays 

Rays are group of parenchymatous cells with orientation in radial direction (from 
pith to periphery). Their main purpose is radial conduction and storage. Ray cells have 
different appearance in different surfaces like spindle shaped in tangential surfaces, as fine 
lines in transverse section and ribbon shaped in radial surface. Ray parameters (width, 
distribution and frequency) are of significant importance in wood identification as they vary 
from one wood to other. 
        
IV.  Fibres 

These are vertically aligned thick-walled cells and provides mechanical strength to 
the wood. Density and mechanical properties of hardwoods is significantly affected by the 
thickness of fibre wall. Species with thin fibre wall have low density as compared to 
species with thick fibre wall. 
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Other than these abovementioned features, few hardwoods possess some other 
features like radial canals, vertical canals, included phloem etc. These features are of 
diagnostic value for reliable identification of particular timbers. 
 
(B) Softwoods (Non-Porous Woods) 

  The structural composition of softwoods consists of different cells or tissues mainly 
tracheids, rays etc. A brief description about major anatomical features present in 
softwoods is as follows: 
 
I. Tracheids: They are long slender cells serving dual function of conduction and 

providing mechanical strength to the wood. More than 90% volume of softwoods is 
composed of tracheids.        

II. Rays: These are brick shaped cells having approximate size 150-200 µm, 10 µm 
and 15 µm (L*W*H). Rays mainly functions as units for storage and radial transport 
of biochemicals.          

III. Resin canals:These are intercellular structures present in both axial and radial 
directioncontainingresin or resinous material. Resin canals are important feature 
present in Indian conifers (pine, deodar etc.) whereas they are absent in fir, yew 
etc.   Resin canals are an important feature as far as softwood identification is 
concerned, as they vary in their size and arrangement in different timbers (ICFRE, 
2020). 

IV. Axial parenchyma:These are rectangular prismatic or brick shaped cells having 
orientation in vertical direction. Axial parenchyma is either absent or found very 
sparsely in softwoods comprising less than 1% of total volume.  
 
Wood identification is done with the help of diagnostic keys (dichotomous keys, 

multiple entry keys). Both macroscopic and microscopic analysis can be performed but for 
definite identification, study of microscopic features is usually required (Dormontt et al., 
2015).Wood anatomy in combination with multivariate statistical analysis has been used by 
researchers (Gasson et al., 2010; MacLachlan, I. R., and Gasson, P. 2010) for 
differentiating between several similar timber specieswhich shares similar features with 
each other. Nowadays, machine vision technology has emerged as a promising tool for 
wood identification. Itis a new system which involves image capturing using camera under 
controlled conditions and matching these pictures with high quality reference images for 
wood identification (Bergo et al., 2016).Like for example, xylotronis a machine-vision 
system for imaging and wood species identification with the help ofxyloscope,a digital 
imaging device for capturing wood macroscopic images (Hermanson et al., 2019). 
 
2. Infrared Spectroscopy 

Infrared (IR) spectroscopy measures the interaction between matter and IR 
radiation.It is used to study the functional groups present in solid, liquid and gaseous 
materials. IR region is divided into near infrared region (14000-4000 cm-1), mid infrared 
region (4000-400 cm-1) and far infrared region (50-400 cm-1). Molecules when subjected to 
infrared radiation absorbs radiation because of quantized changes in vibrational and 
rotational energy. Spectrophotometers are used for IR spectroscopy. Major components of 
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double beam IR spectrophotometer includes, a radiation source, sample and reference 
cells, attenuator and comb (photometer), monochromator, detector,amplifier and recorder 
whereas,electrically heated Nernst filament or globar (rod of silicon carbide) are used as 
radiation source (Yadav, L., 2005).  IR spectra is recorded as a plot between wavelengths 
or wavenumbers of radiation against the intensity of absorption in terms of transmittance 
(T) or absorbance (A)  

 
A. Near Infrared Spectroscopy (NIRS) 

Near infrared spectroscopy (NIR) is a rapid and non-destructive analytical 
technique which provides physical and chemical information about a matrix. NIR 
region falls in the wavelength range of 750-2500 nm in electromagnetic spectrum. 
Components of a NIR spectrometer includes a radiation source, a monochromator, 
sample holder and detector (for measuring transmittance and reflectance). Tungsten 
halogen lamps are most widely used light sources. Various types of detectors are 
being used in NIR spectroscopy like lead sulfide (PbS) and indium gallium arsenide 
(InGaAs) detectors (Kawata, S., 2002). Lead sulfide (PbS) detectors are slow and 
sensitive in region of 1100-2500 nm and provides good signal to noise properties. 
Silicon detectors are highly sensitive in wavelength regions between visible range to 
1100 nm and faster than PbS detectors (Reich, G., 2005). NIR spectroscopy has 
been employed for studying multiple aspects of wood science, like for wood density 
prediction, for estimation of wood properties etc. Research on developing NIR based 
models for wood species identification and origin determination has been done by a 
number of researchers (Abe et al., 2020; Adedipe et al., 2008 etc.).They found that 
NIR spectroscopybased approach combined with chemometric methods can be 
potentially applied for identification of wood species and origin. 

 
B. Fourier Transform Infrared (FTIR) Spectroscopy: 

FTIR spectroscopy is used for obtaining infrared spectrum of absorption or 
emission of a solid, liquid or gaseous material (Song, K. 2017). Main components of 
a FTIR spectrometer are an interferometer, a radiationsource, and a detector. An 
interferometer consists of a beam splitter, a fixed mirror, and a moving mirror. The 
mirrors are aligned perpendicular to each other. The radiation source generates heat 
because of resistance to the flow of current. This resistance heats up the source 
(above 8000C) making it to emit IR radiation. Ceramic or nichrome wire are used as 
radiation source. Beam splitter, splits and recombine the infrared radiation in the 
interferometer. Beam splitters are made by sandwiching a coating of a semi-
transparent material between IR-transparent substrates. The light intensity received 
by detector is transduced to electric signal. Deuterated triglycine sulfate (DTGS) and 
mercury cadmium telluride (MCT) are commonly used as detectors (Subramanian, 
A.,and Rodriguez-Saona, L. 2009).Raw data (interferogram) is converted into 
infrared spectrum using process called Fourier transform (FT). FTIR analysis of wood 
extractsand solid wood samples has been performed for wood species identification 
and for differentiating between similar wood species by manyresearchers (Huang et 
al., 2008; Liu et al., 2020; Sharma et al., 2020 etc.). 
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C. Fluorescence Spectroscopy:  
Fluorescence is the phenomena of absorption of energy at a particular wavelength 

by a molecule and its remission at different (usually longer) wavelength. Two types 
of spectra viz. excitation and emission spectra are usually recorded. These spectra 
are also referred to as fluorescence fingerprint of a compound and different 
compounds have unique fluorescence signature (Naresh, K., 2014). Fluorimeter is 
the instrument used to measure fluorescence. Main components of a fluorimeter 
consist of a light source, monochromators and a detector. Different light sources 
mainly used are lasers, xenon lamp etc. A fluorimeter illuminates the sample with 
light of a particular wavelength and records the intensity of light emitting from the 
sample. Fluorescence of heartwood portion of wood and its extracts is often 
examined for identification purpose.  Fluorescence spectroscopy has been reported 
as a potential tool for wood identification byPandey et al., (1998); Dawson-Andoh, 
B., and Adedipe, O. E. (2012). 

 
D. Mass Spectrometry 

Mass spectrometry is a technique which deals with measuring mass-to-charge ratio 
of ions. Ion intensity as a function of mass-to-charge ratio is plotted in a mass 
spectrum. Elements of a mass spectrometer includes an inlet for introducing the 
sample to be analysed, an ionization source for producing ions from the analyte, 
mass analysers to separate ions based on their mass-to-charge ratios and a 
detector to detect the ions coming out of analyser and to measure its abundance. 
In conventional mass spectrometry systems, sample preparation is a time-
consuming process (Cody et al., 2012).  Therefore, developments have been made 
in the field of open-source techniques, to reduce the time duration and steps 
involved in sample preparation like for example Direct Analysis in Real Time 
(DART). Heartwood portion of different timbers contains deposition of 
phytochemicals known as extractives. Mass spectrometry can be utilized for 
assessing these phytochemicals or extractives for generating chemical profiles and 
these chemical profiles or fingerprints can be statistically optimized for wood 
species identification (Dormontt et al., 2015). DART-Time of Flight Mass 
Spectrometry (DART-TOFMS) has been reported as an effective tool for wood 
species identification (Carmona et al., 2020; Espinoza et al., 2015; Cody et al., 
2012;). Mass spectrometry combined with chromatographic techniques like gas 
chromatography, liquid chromatography etc. is being utilised for better separation 
and identification of compounds. GC-MS has been utilised for wood species 
differentiation by Zhang et al., (2019), whereas Kite et al., (2010) described LC-MS 
based approach for identification of Dalbergia nigra wood. 

 
3. DNA Barcoding 

DNA barcoding is a technique which uses a short DNA sequence as a marker (DNA 
barcode), for rapid, accurate and automatic identification of plant and animal species 
(Hebert,P. D., and Gregory, T. R. 2005). It is being utilised for identification of both plant 
and animal species.For animals, gene region of mitochondrial cytochrome oxidase (CO1) 
has been selected as standard (Dormontt et al., 2015) whereas, two plastid DNA regions 
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of maturase K (matK) and ribulose-bisphosphate carboxylase (rbcL) are recommended as 
standard barcodes for plants (CBOL Plant Working Group, 2009). DNA barcoding process 
involves isolating DNA from a given sample, amplifying the target barcode region using 
polymerase chain reaction (PCR), sequencing of PCR products and finally comparing the 
resulting sequences with reference databases to find out the matching species. The quality 
of DNA extracted from wood is poorwhich is a major constraint associated with utilising 
DNA barcoding as a tool for wood identification (Dormontt et al., 2015).However, DNA 
barcoding combined with other techniques like wood anatomy can be utilised as a 
potential tool for wood species identification (Jiao et al., 2020).Possibilities of DNA 
barcoding for timber identification has been explored by a number of researchers (Hassold 
et al., 2016; Nithaniyal et al., 2014, Jiao et al., 2020). 
 
4. Stable Isotopes Analysis 

Isotopes of an element have nucleus with equal number of protons in their 
nucleus but difference in number of neutrons. Stable isotopes of an element have non-
radioactive (non-decaying) nature. Living organisms during their life cycle incorporates 
multiple elements into their system and the stable isotopic pattern of these elements (C, H, 
O, N etc.) differs from one organism to other, depending upon the environment in which 
they live. Stable isotope ratio of a sample is the ratio of number of atoms of heavy isotope 
to number of atoms of lighter isotope relative to that of some certified reference 
material.Its unit of expression is permill (‰) and is denoted by delta (δ) notation (Kelly et 
al., 2018).Isotopic composition of a sample is measured using isotope ratio mass 
spectrometer(IRMS)developed by Neir, 1940. The instrument consists of an ion source, 
mass analyser and ion detector (Rees, G.O., 2015)The instrument works by converting the 
sample into gaseous forms like H2, N2 etc. and these gas molecules are ionised by 
bombarding them with stream of electrons. The mass spectrometer than separates the 
stream of charged ions as per their mass to charge ratio (m/z). The ion beams flow 
towards the detector and on colliding with the detector, the faraday cup or multiplier 
detector measures the charge of individual ion beam.  Stable isotope ratios analysis has 
been utilised for various purposes like for authenticating the origin of food products (Wang 
et al., 2020; Zhao et al., 2020), human provenancing (France et al., 2014; Warner et al., 
2018), ecological studies (Raffalli-Delerce et al., 2004; Poussart, P.F. and Schrag, D.P., 
2005)etc.Very less work has been done in the field of utilising IRMS for wood forensic 
studies as compared to its application in other fields. It has been well recommended that 
stable isotopic ratio analysis can be used as an effective approach for verifying the 
geographical origin of timber (Rees, G.O., 2015, Horacek et al., 2009; Lee et al., 2015).  

 
Conclusion 

Illegal timber trade is one of the seriousproblem and a matter of great concern as 
far as global biodiversity is concerned. CITES is the main governing body regulating the 
trade of flora and fauna including timber to protect them from over-exploitation. The major 
problem faced by law enforcement agencies is accurate identification of wood species and 
determination of its geographical origin. Some of the time, conventional method of wood 
anatomy alone is not sufficient for authentic wood identification at species level. Therefore, 
need for complementary techniques arises which can assist in fast and reliable 
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identification of wood species. A number of techniques has been explored by different 
researchers for their efficiency in identifying wood species and their geographical origin 
like wood anatomy, chemical methods (NIRS, DART-MS, FTIR, stable isotope analysis etc.) 
andgenetic methods (DNA barcoding and DNA fingerprinting). Although these techniques 
are capable of addressing issues related to forensic wood identification but no single 
technique is capable of answering all wood forensic related questions.For example, wood 
anatomy can quickly identify genus of a timber but can identify wood species occasionally. 
Similarly, stable isotopic analysis can provide information about geographical origin of 
timber but cannot provide information regarding genus and species of wood. Therefore, 
need for integration of these techniques arises so that they can complement each other for 
accurate identification of wood species and its origin. Future work should involve analysing 
greater number of authentic/reference samples covering vast number of locations for 
developing large databases and models which can be helpful for correct identification of 
wood. 
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