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1. Executive summary 

For the purpose of gathering expertise in tree phenotyping the survey was conducted 
across forestry laboratories to gain information on traits measured and existing techniques 
used for their assessment, and operability and quality of those methods in terms of 
objectiveness, capacity (throughput), simplicity, destructiveness and cost. 

The results of the survey are summarized according to major groups of traits. 

 

 Growth and morphology 

The growth and morphology traits included in the survey on phenotyping techniques 
involve stem, crown and branch traits, radial growth and root traits. Methods for root 
traits require separate discussion.  

The advantages of the methods for aboveground growth and morphology assessment are 
their general simplicity, nondestructiveness and medium to high throughput. The medium 
to high cost of labour and travel involved in these methods is balanced by the low need for 
special facilities and equipment, thus very low or nonexisting cost of equipment and 
special infrastructure. However, many traits in this group are scored, meaning that their 
objectivity may be questioned. Most of these methods were rendered not suitable for 
automation, although the use of remote sensing techniques was suggested, especially for 
stem and crown traits, which would improve the capacity and/or objectiveness.  

The methods for root traits are more objective than for aboveground part and 
intermediately difficult. However, these methods are labour-intensive, destructive and 
costly as they require special equipment and facilities. The throughput of the root trait 
methods highly depends on tree size, but is rather low (adult trees) to medium (seedlings). 

Some innovations were suggested for aboveground trait methods, most of which would 
improve accuracy and objectiveness of assessment. 

The assessment of aboveground traits was constrained to a various degree by different 
impediment factors, but no factor was highly constraining. In contrast, root traits 
assessment was highly constrained by the factors from the list. The survey did not identify 
the lack of protocol for trait assessment (except for stem taper). The low turnout of 
responses regarding root traits indicates that these traits are generally not assessed either 
because of labour intensity or because of lack of interest among the partners (no 
respondent of the survey have indicated root traits as potentially interesting and not 
currently assessed). Future developments should be directed towards increasing objectivity 
of traits that are typically scored (common protocol), cutting cost of labour and travel, 
possibly by applying innovative approach using remote sensing techniques. 
 

 Resistance to abiotic and biotic factors 

This part of the survey on phenotyping techniques involve frost, drought and pest/disease 
resistance, and the traits contributing to resistance/tolerance.  

The advantage of the methods for resistance traits assessment is their objectiveness (most 
traits are measured). Most methods are not rendered suitable for remote sensing or 
automation, but some methods are suitable for automation that would reduce labor-
intensity and improve objectiveness. This group of traits is mostly intermediately difficult 
or easy to assess. Almost equal shares of the methods are destructive and nondestructive, 
although the assessment of traits contributing to resistance that require physiological 
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measurements and/or chemical analyses are destructive. The disadvantage of the 
resistance assessment methods is their mostly low to medium throughput and a high cost of 
labour, and to some extent cost of special infrastructure and equipment. 

Some innovative work has been already done, which would likely improve throughput and 
objectiveness of resistance assessment. 

The assessment of resistance traits was constrained to a various degree by different 
impediment factors, but no factor was highly constraining to the assessment of all traits. 
The assessment of traits contributing to resistance was constrained in a high or very high 
degree by the size of trees, time pressure, overall cost and destructiveness. Due to 
specificity of working with various stress agents (abiotic factors, various insects and 
pathogens) the approach to the assessment may be hard to generalize. Future 
developments should be directed into increasing objectivity of traits that are typically 
scored. The common protocol for measured physiological traits should be worked out 
especially in the context of reducing the overall cost and destructiveness of these 
methods. 

 

 Phenology and sexual reproduction  

The advantage of the methods in this group is that they are mostly intermediately difficult 
or easy to assess, nondestructive, and have medium to high throughput. However, for most 
reproduction traits the throughput of methods is low to at most medium. Although the 
majority of methods involve scoring (reducing the objectivity), the large share of traits is 
measured, thus increasing objectivity. The methods generally do not require special 
equipment or infrastructure, minimizing the cost of those factors. The disadvantage of the 
methods is a costly labour.  

Most of these methods were rendered not suitable for automation, although some room for 
remote sensing techniques was suggested, which would improve the capacity and/or 
objectiveness. Some innovative work has been already done, which would mostly improve 
the objectiveness of traits assessment. 

The assessment of phenology and sexual reproduction traits was constrained in a high 
degree by the size of trees, time pressure and the need for repeated assessment, and to a 
considerable extent by travel and the overall cost. The low turnout of responses regarding 
stem lignification and fruit ripening suggest that these traits are generally not assessed 
either because of lack of interest among the partners or because the lack of protocol (bud 
burst was identified as a trait lacking protocol for assessment).  

Future developments should be directed towards cutting the cost of labour and travel, and 
relieving the constraints to assessment, mostly posed by the time pressure, the need for 
repeated assessment and travel, possibly by applying remote sensing techniques.  
 

 Wood properties 

The advantage of the methods in this group is that they are mostly based on 
measurements, thus may be considered objective. However, most of these methods are 
destructive (used in a traditional approach) and difficult. The cost of labour and 
equipment is high, and the throughput of these methods is low to at most medium. 
However, any generalizations on the capacity for wood properties techniques is difficult, 
because many methods exist for the assessment, even for the same traits; the 
“traditional” approaches are usually less efficient than the newly developed techniques.  

The assessment of wood properties is constrained in a high or very high degree by the 
destructiveness of the methods, the need for special equipment and the overall cost.  
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New technologies have been developed to the benefit of wood properties assessment. 
Many traits could be assessed by the use of emergent techniques, such as for example, X-
ray microdensitometry and NIRS (near-infrared spectrometry), which would allow 
increasing throughput, and reducing destructiveness, labour-intensity and cost. Future 
developments should be directed towards calibration of the new methods to accommodate 
as many traits as possible and towards development of common protocols for trait 
assessment. 

 

2. Introduction 

Expertise in tree phenotyping is spread over many disciplines and research teams across 
Europe. Thus, the first step towards bringing this expertise together requires an inventory 
of the different techniques used for phenotyping and an assessment of their quantitative, 
qualitative and operational value. For this purpose the survey was prepared in connection 
with WP2 and distributed across forestry laboratories (participants and laboratories outside 
the consortium). The objective of this survey was to gain information on different traits 
measured and existing phenotyping techniques or tools used for their assessment, and 
operability and quality of those methods in terms of objectiveness, capacity (throughput), 
simplicity, destructiveness and cost. This report summarizes the results of this survey. 

The report is structured according to major groups of traits: 

 Growth and morphology 

 Resistance to abiotic and biotic factors 

 Phenology and sexual reproduction  

 Wood properties 

The major criteria to judge the existing methods of trait assessments are summarized in 
Table 1.  

 

Table 1. The generalized set of criteria for an ideal phenotyping technique.  

 Objectiveness  Capacity Simplicity Destructiveness Cost 

High × × ×   

Medium  ×    

Low    × × 

 

These criteria are mostly self-explanatory. However, regarding the low or non-
destructiveness criterion a misconception may arise, especially for wood characteristics. 
According to the IUFRO division 5.02.01 the non-destructive methods allow “identifying 
the physical and mechanical properties of a material without altering its end-use 
capabilities and then using this information to make decisions regarding appropriate 
applications” (http://www.iufro.org/science/divisions/division-5/50000/50200/50201/). 
This definition applies the non-destructiveness criterion to the end-use material (wood). In 
contrast, breeders are interested in methods where it applies to the original objects 
(trees). Thus, only tests performed on standing trees or on samples that allow preservation 

http://www.iufro.org/science/divisions/division-5/50000/50200/50201/
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of individual trees may be regarded “purely” non-destructive from the standpoint of 
phenotyping. Similarly, invasiveness refers to the effect measurement / assessment has on 
growth and health of standing trees/seedlings. 

The capacity criterion also needs some comment. The number of samples (trees) possible 
to screen for phenotype in a unit time is generally not comparable to the techniques used 
in molecular genetics, where for example, the newest DNA sequencing technologies are 
highly automated and can create millions of reads in a single run. For phenotyping such 
capacities are not achievable, thus usually any technique which allows screening hundreds 
to thousands of samples in a unit time could be considered a high-throughput method. 

Examination of traits may involve direct measurements or visual assessments (scoring). 
For brevity these two terms are treated synonymously throughout this report. 

The responses to the survey were obtained from 17 institutions. In three cases multiple 
responses from different units of the same institutions were available (partners 1, 6 and 
19), which were treated as separate responses making the number of possible responses 21 
in total. However, not all parts of the survey were addressed by all respondents, thus the 
total number of respondents varied from 11 to 15 for various parts of the survey. Two of 
the respondents were from outside the consortium – these were the partners in the 
TREEBREEDEX project. 

 

 

3. Growth traits 

Methods of assessment for growth and morphology traits were divided into five sub-
sections according to traits (Table 2). Originally 24 traits were included in the survey, all 
of which were of interest to at least one respondent. In addition the respondents identified 
five “other” traits which were of interest to them. In total 15 respondents addressed the 
questions in this part of the survey, and each have addressed from 4 to 25 traits. The 
fewest responses were obtained for root characters, and only from three institutions. 

Because the assessment of root traits requires different approach than the other traits in 
this part, the results are summarized jointly for aboveground traits involving stem, crown 
and branch traits, and radial growth, and for root characters they are summarized 
separately. 

 

Table 2. Growth and morphology traits examined in the survey. Within each category the traits are 
also indicated which were defined as “other” by the respondents with the corresponding partner 
number. 

Stem traits Crown traits Branch traits Annual radial growth Root characters 

 height 

 straightness / 
sinuosity 

 basal sweep 

 forks / 
multiple 
leaders 

 stem form / 
multiple 

 live crown ratio (ratio 
of crown length to 
tree height) 

 crown diameter 

 crown shape ratio 
(ratio of crown 
diameter to crown 
length) 

 crown size 

 branch number 

 branch thickness 

 branch length 

 branch angle 

 spikes and knots 

 other (general 
branchiness; 
P25) 

 diameter 
measurements 

 wood cores 
 

 root biomass 

 root morphology – 
length, diameter 

 root branching order 

 number of root tips 

 root turnover 
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stems 

 stem taper 

 self-pruning 

 other 
(polycyclism; 
P10) 

 other (apical 
dominance; 
P19) 

 other (bark 
thickness; 
VULHM) 

 crown density 

 other (biosocial class; 
P17) 

 

All tree species that were included in the survey table were of interest at least to some 
respondents. From the species included in the list, the highest number of traits were 
assessed for Pseudotsuga menziesii and Fagus sylvatica (27), and the fewest for 
Mediterranean pines (15). In addition, respondents identified a list of other species or 
genera, which were of interest to them: Cedrus libani, Cedrus atlantica, Abies 
bornmuelleriana, Abies nordmaniana, Juglans regia and hybrids (J. nigra x regia), Betula 
pendula, Robinia pseudoaccacia, Sorbus torminalis, Alnus, Salix, Acer pseudoplatanus, 
Picea sp., Abies alba and Abies sp.; Pinus sp. excl. mediterr. pines; Tilia sp.; Alnus sp.; 
Betula sp.; Acer sp.; Fraxinus sp. 

 

In the open questions respondents have also identified:  

 

 Species that require special attention with a reason: 

P4: Cedrus libani, Cedrus atlantica, Abies bornmuelleriana, Abies nordmaniana: poorly 
studied species 

P25: Fagus sylvatica: difficult to assess  

P28: Acer pseudoplatanus: poorly studied species 

VULHM: Taxus, Carpinus: either rare or poorly studied species 

TEAGASC: Prunus avium: the amount (number of cuts / yr) of pruning needed per tree 
needs assessment  

 

 Traits not listed in the survey, but of interest to the respondents and not currently 
assessed: 

P4: Annual growth development of species/provenances not assessed because of 
prohibitive cost and lack of resourcess. 

P10: Ecophysiological parameters not assessed because of a need for large sets of trees. 

P19: Stem taper not assessed due to lack of protocol. 

 

 Traits typically assessed by the respondents but omitted in the survey list of traits: 

P1 and P19: Ramicorns (number) 

P10: Polycyclism in Pseudotsuga 
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P20: Biomass of various components assessed together with root biomass on seedlings: 
stems, juvenile leaves and adult leaves and leaf area 

P28: Biomass assessment and general branchiness. 

3.1 Aboveground growth and morphology traits: stem, crown and 

branch traits, and radial growth 

3.1.1 Objectiveness, simplicity and destructiveness 

The 53% of responses for aboveground traits show that traits are scored as a categorical 
trait (dominated by the stem straightness/sinuosity), 43% of responses identified the traits 
as measured (dominated by tree height and diameter), and only 4% are scored as a binary 
trait (basal sweep and forks). Some traits were either measured or scored, but some were 
measured only (e.g., height, live crown ratio, crown diameter, radial growth), and some 
were scored only (e.g., self-pruning, crown density). 

The 66% of responses indicated that the methods were described in the literature, but 
citations were provided in 40% of responses.  

The 58% of responses identified assessment of aboveground traits as easy, 39% as 
intermediately difficult, and only 3% as difficult (straightness, forks, stem form and crown 
density). 

Methods for assessment of most aboveground traits are nondestructive and noninvasive, 
except for measuring radial growth by means of wood cores, which was found destructive 
in 1 out of 5 responses, and invasive in 3 out of 5 responses. 

3.1.2 Capacity (throughput) 

Most (82% of responses) of aboveground traits are assessed repeatedly in more than one 
growing season, but the assessment is in general not repeated within a single growing 
season, except for one response for tree height. Assessment of aboveground traits requires 
taking more than 2 samples per individual in 40% of responses, of 2 samples per individual 
in 11% of responses and no multiple samples are taken in 49% of cases.  

The assessment of aboveground traits is in general not automated, although some partners 
have indicated automation of assessment of tree height, live crown ratio, diameter and 
wood cores without further details. However, P25 indicated automation of branch angle 
assessment together with suitability of the method for remote sensing.  

Most responses identified aboveground traits as not suitable for remote sensing. However, 
some responses suggested that stem, crown and branch traits, and diameter measurements 
may be suitable for assessment by means of photography, satellite photography and 
airborne or ground-based LIDAR. 

The capacity of methods for aboveground traits assessment varies from 50 to 4000 trees 
per day. The lowest values are given to wood coring, and assessment of tree height and 
straightness. Those two latter traits were also given the highest numbers – such contrasting 
values likely reflect growing constraints to height measurement with increasing tree size. 
In general the stem and branch traits have greater maximum values (up to 4000 trees per 
day) than most crown traits (up to 500 trees per day). Thus, the methods for aboveground 
growth and morphology assessment have medium to high throughput. 
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3.1.3 Cost 

According to respondents the assessment of aboveground traits does not require any 
special facilities other than existing field trials, except for processing wood cores that 
requires a laboratory.  

The question regarding the need for special equipment was likely misinterpreted by some 
respondents. The special equipment for aboveground traits was intended to indicate any 
special devices other than height pole/tree height meter, and tree calipers or diameter 
tape. Some respondent indicated the need for the height meter – these responses were 
moved to the “no need” category. However, the number of respondents has indicated the 
need for special equipment for tree height and diameter without any details, so there is no 
ground for excluding these responses from this category. In general (85% of responses) the 
assessment of these traits does not require special equipment. Examples of identified 
special equipment include: Lintab, Trephor and a custom device for extracting and analysis 
of wood cores, goniometer for branch angle assessment, and a custom device for basal 
sweep measurement (P1). 

The magnitude of costs in major costs categories for aboveground trait assessment is 
shown in Figure 1. In most responses the cost of labour is identified as high or medium. 
The highest fraction of low-cost labour (about 20% of responses) was found for stem and 
branch trait assessment. Travel cost was mostly identified as medium, and equipment and 
special infrastructure costs as not applicable or very low. The only exception among the 
sub-sections of aboveground traits was a cost of equipment for radial growth assessment 
where the magnitude of cost was almost equally shared among scale values (not shown). 

Fig. 1. The magnitude of cost for the major cost factors for assessment of aboveground growth and morphology 
traits. Numbers within pie-charts show fractions of responses at a given magnitude of cost within a given cost 
factor. 

 

 

 

3.1.4 Constraints to trait assessment 

The magnitude to which the aboveground trait assessment is constrained by major 
impediment factors is shown in Figure 2. One of the respondents identified field 
topography, tree size and presence of undergrowth vegetation as factors highly affecting 
capacity, thus posing the constraint to trait assessment.  

Overall no impediment factor shows the dominance by any step of the scale, except that 
three factors were mostly identified as “not applicable” as the constraint to trait 
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assessment: the lack of control of a trait in nature, the need for special equipment (Fig. 2) 
and destructiveness (not shown). The size of trees impedes trait assessment in a high 
degree in 37% of responses, however, either large or small tree size may be limiting, 
depending on the trait. Almost equal shares of responses identified travel to remote sites 
as an either high or medium constraint, and the overall cost as an either high or low 
constraint to trait assessment. Among the sub-sections of aboveground traits the size of 
trees, travel and the overall cost were identified as highly impeding for crown trait 
assessment. 

 

Fig. 2. The magnitude of impediment to assessment of aboveground growth and morphology traits. Numbers 
within pie-charts show fractions of responses at a given magnitude of impediment within a given factor.  

 

3.1.5 Innovation 

Innovative approach 

P20: Used photographs of the crowns to evaluate crown density in the lab. The accuracy 
and repeatability of this method is being tested. 

P23: Developed a socket with which increment borer could be attached to a power drill, 
which enables sampling hundreds of increment cores with less effort than with bare hands. 
In the forest the workers have several loaded replaceable batteries for a drill. Also an 
aggregate could be at hand. 

 

Creative ideas 

P4: Suggested for tree height using representative trees, e.g. stem of mean basal area or 
mean height. The method should be tested with statistical methods. 

P17: Suggested investigating the usefulness of remote sensing methods (especially ground-
based LIDAR) for a more objective stem traits assessment. Possibly the data could be 
compared with some "standards" using image analysis. 

P25: Suggested using photographs for measurement of height growth and crown density. 
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3.2 Belowground growth and morphology traits 

The responses regarding assessment of root characters were obtained only from three 

institutions. This reflects that root traits are generally not assessed either because of 

labour intensity or because of lack of interest among the partners (no respondent of the 

survey have indicated root traits as interesting and not currently assessed). All three 

respondents assess root biomass (one have indicated that it is done only on seedlings), two 

of them assess root morphology, and only one addressed the other root traits. 

3.2.1 Objectiveness, simplicity and destructiveness 

Root traits are measured, except for root branching order and turnover, which are scored 
as categorical traits. All respondents indicated that the methods were described in the 
literature, but only one citation was provided for root biomass. The assessment of root 
traits is intermediately difficult and destructive. 

3.2.2 Capacity (throughput) 

One out of three partners indicated assessment of root traits repeatedly in more than one 
growing season, but the assessment is not repeated within a single growing season. Except 
for one case (root biomass of seedlings) the two or more samples are taken per individual. 
The assessment of root traits is not automated and not suitable for remote sensing.  

The capacity of methods for root traits assessment highly depends on tree size. One 
partner did not provide any indication of number of trees per day. The other described is 
as “tens”. In case of root biomass assessment one partner gave the estimate of about 100 
to 200 seedlings per day and 10 to 20 adult trees per day. Thus, the methods for 
belowground growth and morphology have low to medium throughput at most. 

3.2.3 Cost 

Two out of three partners indicated that the assessment of root traits requires laboratory, 
and special equipment. Examples of identified special equipment include: stove, precision 
scales, specific equipment for root traits and characteristics measurement and evaluation. 
The magnitude of costs in major cost categories for root trait assessment is shown in 
Figure 3. Mostly, labour and travel costs are identified as medium, and equipment and 
special infrastructure costs as high. 
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Fig. 3. The magnitude of cost for the major cost factors for root traits. Numbers within pie-charts show 
fractions of responses at a given magnitude of cost within a given cost factor. 

 

 

 

3.2.4 Constraints to trait assessment 

The magnitude to which the root traits assessment is constrained by major impediment 
factors is shown in Figure 4. The respondents did not identify other impediment factors. In 
general, almost all identified factors posed high or very high impediment to root trait 
assessment.  Not shown is destructiveness which was mostly rendered a medium constraint 
to assessment. 

 

Fig. 4. The magnitude of impediment to assessment of root traits. Numbers within pie-charts show fractions of 
responses at a given magnitude of impediment within a given factor.  
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3.2.5 Innovation 

The respondent did not provide any innovative approaches or ideas regarding root trait 
assessment 

3.3  Summary 

The growth and morphology traits included in the survey on phenotyping techniques 
involve stem, crown and branch traits, radial growth and root traits. Methods for root 
traits require separate discussion.  

The advantages of the methods for aboveground growth and morphology assessment are 
their general simplicity, nondestructiveness and medium to high throughput. The medium 
to high cost of labour and travel involved in these methods is balanced by the low need for 
special facilities and equipment, thus very low or nonexisting cost of equipment and 
special infrastructure. However, many traits in this group are scored, meaning that their 
objectivity may be questioned. Most of these methods were rendered not suitable for 
automation, although the use of remote sensing techniques was suggested, especially for 
stem and crown traits, which would improve the capacity and/or objectiveness.  

The methods for root traits are more objective than for aboveground part and 
intermediately difficult. However, these methods are labour-intensive, destructive and 
costly as they require special equipment and facilities. The throughput of the root trait 
methods highly depends on tree size, but is rather low (adult trees) to medium (seedlings). 

Some innovations were suggested for aboveground trait methods, most of which would 
improve accuracy and objectiveness of assessment. 

The assessment of aboveground traits was constrained to a various degree by different 
impediment factors, but no factor was highly constraining. In contrast, root traits 
assessment was highly constrained by the factors from the list. The survey did not identify 
the lack of protocol for trait assessment (except for stem taper). The low turnout of 
responses regarding root traits indicates that these traits are generally not assessed either 
because of labour intensity or because of lack of interest among the partners (no 
respondent of the survey have indicated root traits as potentially interesting and not 
currently assessed). Future developments should be directed towards increasing objectivity 
of traits that are typically scored (common protocol), cutting cost of labour and travel, 
possibly by applying innovative approach using remote sensing techniques. 
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4. Resistance to abiotic and biotic factors 

 

Methods of assessment for resistance to abiotic and biotic factors were divided into three 
sub-sections relating to frost, drought and pest/disease resistance (Table 3). Originally 23 
traits were included on the list, and three of those were not addressed by any respondent 
(electrical admittance, concentration of chemical compounds reducing resistance / 
tolerance and tissue physical properties). However, the respondents indicated two other 
traits which were of interest to them. Only one institution addressed the questions 
regarding traits contributing to pest/disease resistance (P23). In total 15 respondents 
addressed the questions in this part of the survey, and each have addressed from 1 to 16 
traits.  

Table 3. Resistance to biotic and abiotic factors traits examined in the survey. Within each category the traits 
are also indicated which were defined as “other” by the respondents with the corresponding partner number. 

Frost resistance Drought resistance Pest (insect) / disease resistance 

 damage after natural 
frost 

 damage after 
freezing test (whole 
seedlings) 

 damage after 
freezing test 
(stem/branch 
sections and buds) 

 cell sap 
concentration 

 other (freezing point; 
P28) 

Damage 

 damage to foliage natural drought 

 damage to foliage induced drought 

 survival after induced drought 

 growth reduction 

 other (stem cracks and diebacks; P1) 

 in the field 

 after artificial inoculation / infestation 

 survival after artificial inoculation / 
infestation 
 

Traits contributing to resistance / tolerance 

 integrated water-use efficiency– δ
13

C 

 tissue water potential 

 specific hydraulic conductivity 

 vulnerability to cavitation 

 turgor loss point 

 transpiration / stomatal conductance 

 chlorophyll fluorescence 

 electrical admittance 

 morphology and biomass allocation 
(root/shoot ratio) 
 

 concentration of chemical compounds 
increasing resistance / tolerance 

 concentration of chemical compounds 
reducing resistance / tolerance 

 tissue physical properties 
 

 

All tree species that were included in the survey table were of interest at least to some 
respondents. From the species included in the list, the highest number of traits was 
assessed for Populus (13), and the fewest for Prunus avium (4). In addition, respondents 
identified a list of other species or genera, which were of interest to them: Abies alba, 
Juglans regia, Robinia pseudoaccacia and Salix. One partner has not identified any species, 
but the traits assessed were independent on the species. 

 

In the open questions respondents have also identified:  

 

 Species that require special attention with a reason: 

P4: Cedrus libani, Cedrus atlantica, Abies bornmuelleriana as rare species 
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P19: Fraxinus excelsior due to its infestation with Chalara pathogen 

P28: Acer pseudoplatanus as a poorly studied species 

 

 Traits not listed in the survey, but of interest to the respondents and not currently 
assessed 

P1: resistance to pine wilt disease not assessed due to lack of resources - very expensive 
equipment (confined greenhouse). 

4.1 Objectiveness, simplicity and destructiveness 

The 50% of responses for resistance traits indicate that those traits are measured – here 
the traits contributing to drought resistance dominated. The 39% of responses identified 
the traits as scored as categorical traits (dominated by the pest/disease damage and frost 
damage in the field), and 11% of responses showed that traits are scored as binary traits 
(mostly survival). Some traits were either measured or scored, but most were measured 
only (e.g. all traits contributing to drought resistance) and some were scored only (e.g., 
damage after natural frost, drought and pest/pathogen injury). 

The 68% of responses indicated that the methods were described in the literature, but 
citations were provided in 31% of responses.  

The 39% of responses identified the assessment of resistance traits as intermediately 
difficult, 30% as easy, 27% as difficult, and only 4% as very difficult. The single most 
variable trait in terms of simplicity was the assessment of pest/disease damage in the field 
which was rated from simple to very difficult, with most responses (8 out of 12) identifying 
the method as intermediately difficult. 

The 56% of responses identified assessment of resistance traits as nondestructive and 71% 
as noninvasive. However, most of these responses relate to damage under natural 
conditions (frost, drought and pest/disease-caused) and growth reduction. The methods to 
assess traits contributing to resistance/tolerance are mostly destructive. However, the 
criterion of nondestructiveness as defined in the introduction was probably violated, 
because at the same time most of these methods were identified as noninvasive.  

4.2  Capacity (throughput) 

Most (63% of responses) of resistance traits are assessed repeatedly in more than one 
growing season, but the assessment is in general (65% of responses) not repeated within a 
single growing season. However, for some traits, especially for damage from various 
factors, the assessment is repeated either 2 or more times during a growing season. As 
pointed by one of the respondents the need for repetition of assessment depends on the 
scientific objective and the experimental set-up. Similarly, most methods did not require 
multiple samples taken on an individual tree, but 46% of responses indicated the need for 2 
or more samples from an individual, even for the same traits. The only traits that 
undoubtedly did not require multiple samples per individual are integrated water-use 
efficiency and a concentration of compounds increasing resistance. On the other hand, the 
assessment of damage after freezing test and to foliage after artificial drought, and 
transpiration/stomatal conductance is always done on multiple samples per individual. 

The assessment of resistance traits is in general not automated, although some possibilities 
for automation of growth reduction, transpiration and integrated water-use efficiency 
measurements are indicated (see the Innovation part below).  
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Most responses identified resistance traits as not suitable for remote sensing. However, 
P25 has suggested that the assessment of damage after natural frost could be suitable for 
ground-based LIDAR. 

The capacity of methods for resistance traits assessment varies from 5 to 3000 trees per 
day. The lowest values are given to assessment of traits contributing to resistance, which 
require detailed measurements – most are confined to several trees or a few tens of trees 
per day (except for chlorophyll fluorescence – up to 500). Damage assessment in general 
has a greater throughput, up to 3000 for scored traits. It also depends on experimental set-
up, and in some cases is dependent on sample collection and preparation (as for example 
for freezing tests and integrated water-use efficiency). The capacity of methods suitable 
for automation in the Pollux platform is limited by the number of trees (seedlings) that 
could be accommodated by the platform (140). Over the all, the methods of resistance 
assessment have rather low to medium throughput. 

4.3  Cost 

For 16 traits out of 22 addressed in this part of the survey the assessment requires special 
facilities such as laboratory space, growth chamber or a greenhouse. However for 13 traits 
(sometimes the same as in a previous group) no special facilities were needed – this group 
contained the majority of responses (54%), because many responses regarded damage in 
the field (pest/disease, frost and drought). Similarly, for the same reason, most responses 
(63%) have identified no need for special equipment. However, any method that is based 
on the experimental manipulation of conditions, chemical analysis or physiological 
measurements in general requires special equipment. The list of identified special 
equipment by the trait subsections is as follows: 

 Frost resistance: climate chamber, monitored freezing chamber, refractometer, 
osmometer 

 Drought resistance 
o damage: growth reduction 1) by hand - calipers, meters, 2) automated on 

Pollux platform, only for seedlings, high investment but no labour   
o traits contributing to drought resistance: milling equipment, weighing 

(balance with precicion of 0.01mg), IRMS system, Scholander pressure 
chamber (plant water status console), double ended pressure collar, Sperry 
apparatus, xylem embolism meter, porometers or gas exchange equipment, 
Platform Pollux for whole seedling transpiration, modulated fluorometer 
(plant efficiency analyser). 

 Pest/disease resistance 
o damage: cultivation of sorgho straw, climatic chamber for inoculum 

preparation, a laboratory dedicated to plants micro-propagation and 
another one specialized dedicated to the fungus culture, isolation 

o traits contributing to resistance: GC-MS (gas chromatography-mass 
spectrometry) instrument. 

 

The magnitude of costs in major cost categories for resistance traits assessment is shown 
in Figure 5. In most responses the cost of labour is identified as high or very high. The large 
share (49% of responses) of travel costs were either not applicable or very low, because 
many traits are assessed in the laboratory. The cost of equipment was identified in almost 
equal share as high, medium, very low and not applicable, and only a small fraction of 
responses identified it as low or very high. As mentioned above, many answers regarded 
the assessment of damage after natural occurrence of a damaging agent. Thus, the large 
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share of responses also identified the cost of special infrastructure as not applicable. 
However, at the same time in 28% of responses this cost factor was high or very high.   

Fig. 5. The magnitude of cost for the major cost factors for assessment of traits of resistance to abiotic and 
biotic factors. Numbers within pie-charts show fractions of responses at a given magnitude of cost within a 
given cost factor. 

 

 

 

4.4  Constraints to trait assessment 

Because the assessment of damage from stress agents and the traits contributing to 
resistance/tolerance require some different approaches, the results of analysis of 
impediments to trait assessment are shown separately for this subsections in Fig. 6 and 7, 
respectively.  

For the assessment of damage, in general no impediment factor shows the dominance by 
any step of the scale, except that the lack of control of a trait in nature is mostly 
identified as not applicable a constraint to trait assessment. However, at the same time 
this factor was identified as a high or very high impediment in 36% of responses. The size 
of trees impedes trait assessment in a high or very high degree in 37% of responses, but an 
even greater share of responses (42%) defined this impediment as low or very low. The 
overall cost was either high or medium a constraint to damage assessment.  

 

 

 

 

 

 

 

 

 



  D11.1 Report on existing methodologies for given set of traits 

 

Trees4Future (FP7 284181) Page 16 of 27  

 

Fig. 6. The magnitude of impediment to assessment of resistance traits (mostly damage). Numbers within pie-
charts show fractions of responses at a given magnitude of impediment within a given factor.  

 

 

 

The magnitude to which the assessment of traits contributing to resistance/tolerance is 
constrained by major impediment factors is shown in Figure 7. The pattern differs from the 
above in that the size of trees is very highly or highly constraining trait assessment, and 
the assessment is largely time sensitive, destructive and costly. The large shares of 
responses also identified the need of repeated assessment and the need for special 
equipment as high or very high constraints to trait assessment. 

 

Fig. 7. The magnitude of impediment to assessment of traits contributing to resistance/tolerance. Numbers 
within pie-charts show fractions of responses at a given magnitude of impediment within a given factor.  
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4.5  Innovation 

Innovative approach 

P1: Growth reduction assessment was done by the automated measurements on 140 

seedlings in the automated platform Pollux. The same platform was used for the 

automated measurements of whole seedling transpiration and diameter growth, and work 

is being conducted for other phenotyping methods to be added to the automated plant 

weighing system Pollux.      

P10: Damage and survival after artificial inoculation/infestation of Prunus avium with 

Phytophthora spp. has been assessed "in vitro" on different micro-propagated clones. 

P19: Developed a reliable method for assessment of resistance to bacterial canker by 

artificial inoculation for Fraxinus excelsior and Prunus avium. 

 

Creative ideas 

P17: Proposed to use remotely-controlled photography to assess damage. 

 

4.6  Summary 

The resistance to abiotic and biotic factors included in the survey on phenotyping 
techniques involve frost, drought and pest/disease resistance, and the traits contributing 
to resistance/tolerance.  

The advantage of the methods for resistance traits assessment is their objectiveness (most 
traits are measured). Most methods are not rendered suitable for remote sensing or 
automation, but some methods are suitable for automation that would reduce labor-
intensity and improve objectiveness. This group of traits is mostly intermediately difficult 
or easy to assess. Almost equal shares of the methods are destructive and nondestructive, 
although the assessment of traits contributing to resistance that require physiological 
measurements and/or chemical analyses are destructive. The disadvantage of the 
resistance assessment methods is their mostly low to medium throughput and a high cost of 
labour, and to some extent cost of special infrastructure and equipment. 

Some innovative work has been already done, which would likely improve throughput and 
objectiveness of resistance assessment. 

The assessment of resistance traits was constrained to a various degree by different 
impediment factors, but no factor was highly constraining to the assessment of all traits. 
Among the subsections, the assessment of traits contributing to resistance was constrained 
in a high or very high degree by the size of trees, time pressure, overall cost and 
destructiveness. The survey did not identify any major gaps. However, due to specificity of 
working with various stress agents (abiotic factors, various insects and pathogens) the 
approach to the assessment may be hard to generalize. Future developments should be 
directed into increasing objectivity of traits that are typically scored. The common 
protocol for measured physiological traits should be worked out especially in the context 
of reducing overall cost and destructiveness of these methods. 
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5. Phenology and sexual reproduction 

Methods of assessment of phenology and sexual reproduction traits were divided into two 
sub-sections (Table 4). Originally 17 traits were included in the list, all of which were of 
interest to at least one respondent. The respondents did not identify any “other” traits in 
this part of the survey. In total 13 respondents addressed the questions in this part of the 
survey, and each have addressed from 1 to 10 traits. The assessment of two traits – stem 
lignification and fruit ripening – was addressed by only one respondent each. 

 

Table 4. Phenology and sexual reproduction traits examined in the survey. Within each category the traits are 
also indicated which were defined as “other” by the respondents with the corresponding partner number. 

Phenology Sexual reproduction 

 bud burst 

 stem elongation 

 free growth – Lammas shoots 

 free growth – proleptic shoots 

 bud set 

 start of cambial activity 

 stem lignification 

 leaf colouring/senescence 

 leaf fall 

 time to flowering 

 flower / strobili count 

 duration of male flowering / pollen release 

 duration of female flowering / receptivity 

 fruit / cone count 

 flower / cone abortion 

 seed count 

 fruit ripening (phenology) 

 

All tree species that were included in the survey table were of interest at least to some 
respondents. From the species included in the list, the highest number of traits was 
assessed for Pinus (12), and the fewest for Fraxinus (3). In addition, respondents identified 
a list of other species or genera, which were of interest to them: Abies alba, Juglans regia, 
Abies nebrodensis, Betula pendula, Tilia cordata, Alnus glutinosa, Robinia pseudoaccacia 
and Salix.  

 

In the open questions respondents have also identified:  

 

 Species that require special attention with a reason: 

P4: Abies alba as a poorly studied species 

P28: Acer pseudoplatanus as a poorly studied species. 

 

 Traits not listed in the survey, but of interest to the respondents and not currently 
assessed: 

P10: Ecophysiology not assessed because it is adapted to greater amounts of samples 

P19: Bud set not assessed due to lack of protocol for assessment. 

5.1  Objectiveness, simplicity and destructiveness 

The 51% of responses for the traits of interest show that traits are scored as categorical 
traits (dominated by bud burst), 42% of responses identified the traits as measured, and 
only 7% as scored as on a binary scale (free growth). However, some traits were either 
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measured or scored, whereas some were scored only (e.g., bud burst, leaf fall), and some 
were measured only (e.g., stem elongation). Very interesting approach to objective 
measurement of leaf colouring is presented by the use of colorimeter (P10; see also the 
Innovation part below).  

The 64% of responses indicated that the methods were described in the literature, but 
citations were provided in 39% of responses.  

The 37% of responses identified assessment of phenology and sexual reproduction traits as 
easy, 41% as intermediately difficult, and only 22% as difficult. 

Methods for assessment of all phenology and sexual reproduction traits are nondestructive 
and noninvasive, except for measuring start of cambial activity and seed count, which 
were also identified as partially invasive and invasive, respectively.  

5.2  Capacity (throughput) 

Most (76% of responses) of phenology and sexual reproduction traits are assessed 
repeatedly in more than one growing season, but equal proportion of responses – often for 
the same trait – indicates that the assessment is not repeated within a single growing 
season (46% of responses) or is repeated more than 2 times during a growing season (47% of 
responses). This reflects differences due to experimental set-up and the detailed approach 
to the research objectives. In 64% of responses no multiple samples per individual are 
required for trait assessment, and in 36% of responses the two or more samples per 
individual are being taken. 

The assessment of phenology and sexual reproduction traits is in general not automated, 
with the exception of seed count using seed counter (one answer). Most responses 
identified these traits as not suitable for remote sensing. However, some responses 
suggested that bud burst, leaf senescence, time to flowering and fruit ripening may be 
suitable for assessment by means of time-lapse photography or ground-based LIDAR (see 
the Innovation part below). 

The capacity of methods for phenology assessment varies in general from 100 to 2500 of 
trees per day. However, for two phenology traits the lower numbers are given. For the 
assessment of the start of cambial activity the capacity goes down to 20 trees (need for 
collecting and processing wood cores). For the innovative assessment of leaf coloring the 
capacity is 40 trees per day (200-250 leaves). In general, for the phenology traits 
assessment methods the throughput could be considered medium to high. 

The capacity of methods for sexual reproduction assessment is generally lower than for 
phenology. For three out of eight traits the capacity varies from 50 or 250 to 1200-2000 
trees per day (time to flowering, flower count, and fruit/cone count) that makes medium 
to high throughput. However, for other traits in this subsection the capacity estimates vary 
from 5 trees to a few hundreds, thus the throughput is low to medium at most. 

 

5.3  Cost  

According to the respondents the assessment of phenology and sexual reproduction traits 
generally does not require any special facilities other than existing field trials, although 
the need for laboratory was indicated for the assessment of three traits (start of cambial 
activity, leaf colouring and seed count), and one partner (P10) indicated the assessment of 
bud burst and time to flowering would require growth chambers. Similarly, only those 
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traits mentioned require the use of special equipment which includes: Trephor for 
extracting and analysis of wood cores, colorimeter (Datacolor international microFlash 
V4.0) for leaf coloring assessment, and ladders, clippers for seed collection, equipment to 
extract seeds (stove) and remove the wings, and seed counter. 

The magnitude of costs in major cost categories for the assessment of phenology and 
sexual reproduction traits is shown in Figure 8. In most responses the cost of labour is 
identified as high. Travel cost was mostly identified as medium, although a quarter of 
responses identified it as very high (especially relevant to phenology assessment). The 
costs of equipment and special infrastructure are mostly not applicable or very low.  

Fig. 8. The magnitude of cost for the major cost factors for assessment of phenology and sexual reproduction 
traits. Numbers within pie-charts show fractions of responses at a given magnitude of cost within a given cost 
factor. 

 

 

5.4  Constraints to trait assessment 

The magnitude to which the assessment of phenology and sexual reproduction traits is 
constrained by major impediment factors is shown in Figure 9. The assessment of these 
traits is constrained in a very high or high degree by the size of trees, time pressure and a 
need for repeated assessment. Travel to remote sites and the overall cost impede trait 
assessment mostly in a medium to high degree. Destructiveness and a need for special 
equipment were mostly not identified as impediments to the trait assessment. The lack of 
control of a trait in nature was marked as not applicable in 41% of responses, however the 
large share of responses also identified this factor as limiting in a high or very high degree, 
especially for phenology assessment.  
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Fig. 9. The magnitude of impediment to assessment of phenology and sexual reproduction traits. Numbers 
within pie-charts show fractions of responses at a given magnitude of impediment within a given factor. 

 

 

5.5  Innovation 

Innovative approach 

P10: Developed the innovative approach to objectively measure leaf colouring using the 
colorimeter "Datacolor international microFlash V4.0", which assesses the chromatic 
coordinates within the CIELab color space. 

P19: Tested an innovative approach to the assessment of flowering period for Prunus avium 
by recording every 48 hours the percentage of receptive flowers. 

 

Creative ideas 

P10: Suggested using the time-lapse photography (TimelapseCam 8.0) for the assessment 
of bud burst, time to flowering and fruit ripening. 

P17: Suggested using remote sensing methods (remotely-controlled photography) to assess 
bud burst, leaf senescence and duration of male flowering. 

P25: Suggested using remote sensing methods (ground-based LIDAR) for bud burst and leaf 
senescence assessment.  

 

5.6  Summary 

This part of the survey focused on the assessment of phenology and sexual reproduction 
traits. The advantage of the methods in this group is that they are mostly intermediately 
difficult or easy to assess, nondestructive, and have medium to high throughput. However, 
for most reproduction trait assessment methods the throughput is low to at most medium. 
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Although the majority of methods involve scoring (reducing the objectivity), the large 
share of traits is measured, thus increasing objectivity. The methods generally do not 
require special equipment or infrastructure, minimizing the cost of those factors. The 
disadvantage of the methods is a costly labour.  

Most of these methods were rendered not suitable for automation, although some room for 
remote sensing techniques was suggested, which would improve the capacity and/or 
objectiveness. Some innovative work has been already done, which would mostly improve 
the objectiveness of traits assessment. 

The assessment of phenology and sexual reproduction traits was constrained in a high 
degree by the size of trees, time pressure and the need for repeated assessment, and to a 
considerable extent by travel and the overall cost. The low turnout of responses regarding 
stem lignification and fruit ripening suggest that these traits are generally not assessed 
either because of lack of interest among the partners or because the lack of protocol (bud 
burst was identified as a trait lacking protocol for assessment).  

Future developments should be directed towards cutting the cost of labour and travel and 
relieving the constraints to assessment, mostly posed by the time pressure, the need for 
repeated assessment and travel, possibly by applying remote sensing techniques.  

 

 

6. Wood properties 

Wood properties are a specific group of traits from a tree breeders’ point of view as they 
are rarely measured/assessed on standing trees, and the traditional methods of assessment 
are usually destructive and/or invasive (in the meaning defined in the introduction). One 
of the objectives was to investigate whether new methods would overcome these 
shortcommings. 

Methods for assessment of wood properties were divided into three sub-sections related to 
physical, mechanical and chemical wood characters (Table 5). Originally 24 traits were 
included on the list, four of which were not addressed by any respondent (fiber saturation 
point, microfibril angle, tensile strength, and impact bending). The respondents identified 
6 “other” traits which were of interest to them, but 11 traits were addressed by only one 
respondent each. In total 11 respondents addressed the questions in this part of the 
survey, and each have addressed from 1 to 11 traits. 

 

Table 5. Wood properties examined in the survey. Within each category the traits are also indicated which 
were defined as “other” by the respondents with the corresponding partner number. 

Physical/structural Mechanical Chemical 

 specific gravity 

 shrinkage coefficient 

 fiber saturation point 

 spiral grain 

 fiber/tracheid diameter 

 cell wall thickness 

 ring width 

 earlywood/latewood ratio 

 sapwood/heartwood ratio 

 hardness 

 bending strength (modulus of 
rupture) 

 modulus of elasticity 

 compressive strength 

 tensile strength 

 shear strength 

 impact bending 

 natural durability 

 cellulose content 

 lignin content 

 extractives content 

 other (lignin composition; P18) 
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 juvenile wood proportion 

 reaction wood proportion 

 fiber/tracheid length 

 microfibril angle 

 other (wood colour; P1&P10) 

 other (tension wood; P8) 

 other (wood density; P10) 

 other (latewood/ earlywood 
density; P15) 

 other (moisture content; P25) 

 

Almost all tree species that were included in the survey were of interest to at least some 
respondents – the respondents did not indicate an interest for any trait assessment in 
Fraxinus. From the species included in the list, the highest number of traits was assessed 
for Larix (16), and the fewest for Quercus (2). In addition, respondents identified a list of 
other species or genera, which were of interest to them: Pinus pinaster, Pinus caribaea, 
Eucaliptus globulus, E. grandis, E. urograndis.  

 

In the open questions respondents have also identified:  

 

 Species that require special attention with a reason: 

P1: All species require special attention in terms of cellulose extraction which is difficult 
to assess 

P8: New properties must be considered from an industrial point of view, such as the 
presence of green vein in Prunus avium or tension wood in Eucalyptus globulus. These 
traits are difficult to assess 

P25: Poplars need special attention because of industrial requirements (interest). 

 

 Traits not listed in the survey, but of interest to the respondents and not currently 
assessed: 

P15: Cambial activity during growing season not assessed because of lack of resources. The 
method is expensive and time consuming. 

 

 Traits typically assessed by the respondents but omitted in the survey list of traits: 

P8: Tension wood – there is a growing interest in nondestructive techniques 

P10: Wood colour – needs specific equipment for colour assessment. 

P18: Lignin composition 

P25: Moisture content 
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6.1 Objectiveness, simplicity and destructiveness 

All the methods of wood properties assessment rely on measurements, thus are rendered 
highly objective. Only two traits (spiral grain and natural durability) were also scored as 
categorical traits.  

Most of responses (93%) indicated that the methods were described in the literature, and 
citations were provided in 61% of responses.  

The 52% of responses identified assessment of wood properties as difficult or very difficult, 
33% as intermediately difficult, and 15% as easy. 

Most responses (66%) defined the methods for wood properties assessment as destructive. 
Physical wood properties have the largest share of nondestructive methods or methods 
that could be modified towards nondestructiveness. Some methods in this subsection were 
defined as only nondestructive (for fiber/tracheid diameter, cell wall thickness, 
fiber/tracheid length, and latewood/earlywood density) using FiberLab analysis or X-ray 
microdensitometry. The ratio of earlywood to latewood can be obtained by X-ray 
microdensitometry or with the Resistograph®. For specific gravity, along with the 
traditional destructive methods, the methods are available or are being developed to 
reduce destructiveness (X-ray microdensitometry or Resistograph®, NIRS - near-infrared 
spectroscopy). 

Among the five mechanical wood properties addressed by the respondents the 
nondestructive methods are available only for the assessment of MOE (modulus of 
elasticity) on standing trees using either the custom-made tool (rigidimeter; P1) or 
acoustic methods.  

Nondestructive but perhaps invasive methods are available or are being developed for 
assessment of chemical wood properties: natural durability (on wood powder / solid wood) 
and extractives or cellulose content using X-ray microdensitometry and NIRS. The HPLC 
(high-pressure liquid cromatography) is used for phenolics content analysis. These methods 
could be used on wood cores. Lignin content and composition are assessed by analytical 
pyrolysis or by NIRS. The “traditional” methods for chemical properties assessment are 
used as reference values for calibration of NIR spectroscopy. 

6.2 Capacity (throughput) 

Most responses (68%) claimed that 2 or more samples are taken from an individual for 
assessment. According to 63% of responses the wood properties assessment is not 
automated, especially for mechanical and chemical properties.  

The generalization on capacity for wood properties is very hard. Some respondents did not 
give the estimates for the traits they addressed. As remarked by one of the respondents it 
is very difficult to estimate working time for the type of traits which usually demand a 
wood sample preparation – the time depends on type of samples received (log, disk, board, 
cores). For the chemical properties assessment, e.g. cellulose extraction, the extraction 
time would need to be also included in the capacity estimate. However, many 
“traditional”  methods in wood properties assessment are mostly destructive and have low 
throughput, which typically varies from one or two to 50 trees(samples) per day. The 
single estimate for spiral grain at 1000 trees per day was given for scoring this trait. 
However, new methods, such as X-ray microdensitometry or NIRS (near infra-red 
spectrometry) allow for limiting destructiveness and improving capacity. For example 
trough X-ray microdensitometry a number of traits can be assessed in the same operation, 
such as specific gravity, ring width, earlywood/latewood ratio. The NIR spectrometry 
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methods applied to the analysis of wood chemical properties could greatly improve the 
throughtput (estimated at 100-200 samples per day) compared to traditional methods (2-18 
samples per day). Over the all, methods for wood properties assessment have low to at 
most medium throughput. 

6.3  Cost  

Most methods for wood properties assessment require access to the laboratory. One 
respondent indicated the need for growth chamber for natural durability assessment, and 
the other one indicated no need for special facilities for spiral grain assessment (scored). 
Thus, most methods also require specialized equipment (only four responses indicated no 
such a need for the four traits). The list of identified equipment include: 

 for physical wood properties: stove, caliper, balance, microscope, colorimeter, 
Resistograph® for specific gravity, spirolite for spiral grain, cabinet dryer, power 
drill with increment core borer attached to sample living trees or chain saw to cut 
the trees, equipment to prepare the wood blocks, for microdensitometry - Multi 
soft X-ray film shooting apparatus, film development and a Micro densitometer, 
Windendro software, image analysis software, NIR spectrometer 

 for mechanical wood properties: either the rigidimeter on standing trees or Bing 
vibration device for specimen, Resistograph®, equipment for acoustic 
determination of MOE 

 for chemical wood properties: grinding mill, balance, ultrasonic bath, power drill 
with increment core borer attached to sample living trees or chain saw to cut the 
trees, equipment to prepare the wood blocks, specialized glassware laboratory 
equipment,  extractors, extractor hoods, etc., gas or liquid chromatograph, mass 
spectrometer, NIR spectrometer, UV spectrometer. 

The magnitude of costs in major cost categories for the assessment of wood properties is 
shown in Figure 10. In most responses the costs of labour and equipment are identified as 
high or very high. The travel cost was mostly identified as medium or low, and that of 
special infrastructure as medium or high. The difficulty of the generalization arises from 
that the cost (and time investment) depends on the method. For example, in the 
“traditional” analysis of wood chemical properties the time need and the costs are medium 
to high, whereas when using NIRS the time need and the costs are low after the instrument 
has been bought and the calibration of the NIR instrument has been done.    

Fig. 10. The magnitude of cost for the major cost factors for assessment of wood properties. Numbers within 
pie-charts show fractions of responses at a given magnitude of cost within a given cost factor. 
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6.4 Constraints to trait assessment 

The magnitude to which the assessment of wood properties is constrained by major 
impediment factors is shown in Figure 11. The three factors that impede the assessment of 
these traits mostly in a high or very high degree are destructiveness, the need for special 
equipment and the overall cost.  

 

 

Fig. 11. The magnitude of impediment to assessment of wood properties. Numbers within pie-charts show 
fractions of responses at a given magnitude of impediment within a given factor.  

 

 

 

6.5  Innovation 

Innovative approach 

 
P1: For MOE (modulus of elasticity): use of the rigidimeter on standing tree and of the 
BING device on clearwood specimen;  
For natural durability and extractives: development of NIRS calibration models for indirect 
assessment of decay resistance and phenolics content; 
For cellulose assessment, use of a robot platform which enables the evaluation of wood 
sugar contents. 

P6: Use of NIR spectroscopy for specific gravity, natural durability, lignin content and 
extractives content. Most of these traits can be determined by NIRS after calibration with 
medium to high accuracy, depending on the trait,.  

P8: Tests the methods to determine tension wood on standing trees with the NIR 
techniques and also to determine MOE using acoustic methods in very young trees. Both 
approaches may be considered nondestructive. 
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P18: NIR spectroscopy and analytycal pyrolysis to assess Klason lignin and lignin 

composition 

 

6.6  Summary 

This part of the survey focused on the assessment of physical, mechanical and chemical 
wood properties. The advantage of the methods in this group is that they are mostly based 
on measurements, thus may be considered objective. However, most of these methods are 
destructive (used in a traditional approach) and difficult. The cost of labour and 
equipment is high, and the throughput of these methods is low to at most medium. 
However, any generalizations on the capacity for wood properties techniques is difficult, 
because many methods exist for the assessment, even for the same traits; the 
“traditional” approaches are usually less efficient than the newly developed techniques.  

The assessment of wood properties is constrained in a high or very high degree by the 
destructiveness of the methods, the need for special equipment and the overall cost.  

The advantage for the wood properties assessments is the development of new 
technologies. Many traits could be assessed by the use of emergent techniques, such as for 
example, X-ray microdensitometry and NIRS (near-infrared spectrometry), which would 
allow increasing throughput, and reducing destructiveness, labour-intensity and cost. 
Future developments should be directed towards calibration of the new methods to 
accommodate as many traits as possible and towards development of common protocols 
for trait assessment.  
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